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Chapter 4 Logical Database Design and the Relational Model

Chapter Overview

The purpose of this chapter is to describe in depth the major steps in logical database design, with emphasis on the relational model. Logical database design is the process of transforming the conceptual data model (described in Chapters 2 and 3) into a logical data model. First, we provide a concise description of the relational data model, including the properties of relations. Next, we describe and illustrate the various types of integrity constraints associated with the relational model. This section introduces SQL table definitions and the concept of well-structured relations. We then provide a detailed description of the process of transforming EER diagrams into relations. Next, we define normalization and describe the steps in normalizing relations. The chapter concludes with a discussion of merging relations and techniques for dealing with typical issues that arise during this process.

Chapter Objectives

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. Show students the position of logical database design within the overall database development process. This is a key chapter in the textbook because students will begin to see how their databases will be implemented.

2. Provide students with a solid understanding of the relational data model including the properties of relations, integrity constraints, and well-structured relations.

3. Discuss the principles and detailed steps involved in mapping EER diagrams to relations. Computer-assisted techniques are often used to speed up this process, but students should still understand the principles involved.

4. Provide students with a firm grasp on the principles of functional dependencies, determinants, and related concepts of normalization.

5. Emphasize why normalization is important to stable database design with the relational model, and then present a concise description of the various normal forms and the normalization process.

6. Discuss some of the anomalies that arise when merging relations, and discuss how to apply the principles we have learned to address these anomalies.
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Classroom Ideas

1. Motivate the need for logical database design. We sometimes start by showing students the conceptual data model (E-R diagrams) for Pine Valley Furniture Company (Figure 2-22). Emphasize that this E-R diagram must be transformed through logical database design before it can be implemented.

2. Review the position of logical database design in the overall database development process (see Figure 1-10). You might want to discuss who in the organization is usually responsible for this step and what CASE tools might be appropriate.

3. Discuss the relational data model using Figures 1 through 4 as examples.

4. Introduce the important integrity constraints in the relational model using Figure 5 and Table 1. Emphasize that these constraints will be enforced by the DBMS, but must first be specified by the designer.

5. Introduce SQL table definitions (Figure 6). Show how these definitions specify the referential integrity constraints that are diagrammed in Figure 5.

6. Illustrate how anomalies can occur when relations are not well structured, using Figures 2b and 7. Emphasize the fact that much real-world data (including relational data) are not well structured.

7. Discuss the process of transforming EER diagrams to relations (Figures 8 through 21). We suggest you reinforce these concepts by asking your students (in teams of two) to perform Exercise 6a in class immediately following the discussion.

8. Preview the steps in normalization using Figure 22. You will want to use this figure again to summarize normalization at the end of your discussion.

9. Discuss the concepts of functional dependencies, determinants, and candidate keys. Start with your own examples on the board, and then have your students give additional examples. Summarize using Figure 22.

10. Discuss first through third normal forms, using Figures 25 through 29. Additional normal forms (BCNF and 4NF) are presented in Appendix B, if time permits.

11. Discuss merging relations and view integration problems.

12. Use Figure 31 to discuss enterprise keys and their use.

13. We strongly suggest asking your students to work in small teams on one or more end-of-chapter exercises. (Exercises 1 and 2 work well for this purpose.)

Answers to Review Questions

1. Define each of the following terms:

a. Determinant. The attribute on the left-hand side of the arrow in a functional dependency

b. Functional dependency. A constraint between two attributes or two sets of attributes

c. Transitive dependency. A functional dependency between two (or more) nonkey attributes

d. Recursive foreign key. A foreign key in a relation that references the primary key values of that same relation

e. Normalization. The process of decomposing relations with anomalies to produce smaller, well-structured relations

f. Composite key. A primary key that consists of more than one attribute

g. Relation. A named, two-dimensional table of data

h. Normal form. A state of a relation that results from applying simple rules regarding functional dependencies (or relationships between attributes) to that relation

i. Partial functional dependency. A functional dependency in which one or more nonkey attributes (such as Name) are functionally dependent on part (but not all) of the primary key

j. Enterprise key. A primary key whose value is unique across all relations

k. Surrogate primary key. A serial number or other system assigned primary key for a relation

2. Match terms to appropriate definitions:
f 
well-structured relation

e 

anomaly

a 

functional dependency

j 

determinant

g

composite key

d 

1NF

h 

2NF

i 

3NF

c 

recursive foreign key

k

relation

b

transitive dependency

3. Contrast the following terms:

a. Normal form; normalization. Normal form is a state of a particular relation regarding functional dependencies, while normalization is the process of decomposing relations with anomalies to produce smaller, well-structured relations.

b. Candidate key; primary key. A primary key is an attribute (or combination of attributes) that uniquely identifies a row in a relation. When a relation has more than one such attribute (or combination of attributes), each is called a candidate key. The primary key is then the one chosen by users to uniquely identify the rows in the relation.

c. Partial dependency; transitive dependency. A partial functional dependency exists when a nonkey attribute is functionally dependent on part (but not all) of a composite primary key; a transitive dependency is a functional dependency between two or more nonkey attributes.

d. Composite key; recursive foreign key. A composite key is a primary key that consists of more than one attribute, while a recursive foreign key is a foreign key in a relation that references the primary key values of that same relation.

e. Determinant; candidate key. A determinant is the attribute on the left-hand side of the arrow in a functional dependency, while a candidate key uniquely identifies a row in a relation.

f. Foreign key; primary key. A primary key uniquely identifies each row in a relation, while a foreign key is a primary key in another table.

g. Enterprise key; surrogate key. An enterprise key is a primary key whose value is unique across all relations in the whole database and is likely to hold no business meaning. A surrogate key is a primary key whose value is a serial number or other system assigned value and is unique to the relation.
4. Conceptual vs. Logical data modeling:  Conceptual data modeling is about understanding the organization – getting the right requirements built into the database design. Logical data modeling is about creating stable database structures – expressing the organizational requirements correctly in a technical language so that the resulting database operates on a specific type of database technology.

5. Six important properties of relations:

a. Each relation in a database has a unique name.

b. An entry at the intersection of each row and column is atomic (or single valued).

c. Each row is unique.

d. Each attribute within a table has a unique name.

e. The sequence of columns is insignificant.

f. The sequence of rows is insignificant.

6. Two properties that must be satisfied by candidate keys:

a. Unique identification: For every row, the value of the key must uniquely identify that row.

b. Nonredundancy: No attribute in the key can be deleted without destroying the property of unique identification.

7. Three types of anomalies in tables:

a. Insertion anomaly: A new row cannot be inserted unless all primary key values are supplied.

b. Deletion anomaly: Deleting a row results in the loss of important information not stored elsewhere.

c. Modification anomaly: A simple update must be applied to multiple rows.

8. Fill in the blanks.

a. second

b. third

c. first

9. Well-structured relations definition and importance:  A well-structured relation is one that contains a minimum amount of redundancy and allows users to insert, modify, and delete the rows in a table without errors or inconsistency. Well-structured relations are important because they promote database integrity.

10. Correspondence of ERD relationships to relational data model:  Relationships in an E-R diagram are expressed in a corresponding relational data model through the use of foreign keys. For example, in the Pine Valley Furniture Company EERD (shown in Figure 2-22) there is a relationship between the CUSTOMER and ORDER entities. In the corresponding relational data model, this association between the CUSTOMER and ORDER tables is defined by including the CustomerID attribute (CUSTOMER table primary key) as a foreign key in the ORDER table.

11. Describe ERD components’ transformation into relations:

a. Regular entity type: Each entity type is transformed into a simple relation. Each simple attribute of the entity type becomes an attribute of the relation.

b. Relationship (1:M): A relation is created for each of the two entity types participating in the relationship. The primary key attribute of the entity on the one-side of the relationship becomes a foreign key in the relation on the many-side of the relationship.

c. Relationship (M:N): A new relation is created to represent this relationship. The primary key for each of the participating entity types is included in this new relation.

d. Relationship (supertype/subtype): A separate relation is created for the supertype and each of its subtypes. The primary key of the supertype is assigned to each subtype, as well as attributes that are unique to the subtype.

e. Multivalued attribute: A new relation is created to replace the multivalued attribute. The primary key of this new relation consists of two attributes: the primary key of the original relation, plus the multivalued attribute itself.

f. Weak entity: A new relation is created corresponding to the weak entity. The primary key of this relation consists of the primary key of the owner relation, plus the partial identifier of the weak entity type.

g. Composite attribute: The simple component attributes of the composite attribute are included in the new relation.

12. Normalization purpose:  The primary purpose of normalization is to develop a way of grouping attributes together in relations that results in a removal of insertion, deletion, and modification anomalies.

13. Four typical problems in merging relations:

a. Synonyms: Two (or more) attributes have different names but the same meaning. Solution: Convince users to standardize a single name.

b. Homonyms: A single attribute has more than one meaning.

Solution: Create new attribute names that capture the separate meanings.

c. Transitive dependency: Merging relations produces transitive dependencies.

Solution: Create 3 NF relations by removing the transitive dependency.

d. Supertype/subtype: May be implied by content of existing relations.

Solution: Create new relations that explicitly recognize this relationship.

14. Three conditions that imply a relation is in second normal form:

a. The primary key consists of a simple attribute.
b. No nonkey attributes exist in the relation.
c. Every nonkey attribute is functionally dependent on the full set of primary key attributes.
15. Integrity constraints enforced in SQL CREATE TABLE commands:

a. Entity integrity: enforced by NOT NULL clause, and by the PRIMARY KEY clause in Oracle (which includes the setting of the NOT NULL constraint in Oracle physical database implementation)

b. Referential integrity: enforced by FOREIGN KEY REFERENCES statement

16. Benefits of design enforced integrity constraints:  The major benefit of enforcing the integrity constraints as part of the database design and implementation process is that these constraints will be consistently applied by the database. Placing integrity constraints within application design is risky due to the need to ensure (and subsequently test) that the constraints are implemented in the application code.

17. Relational data model representation of entity relationships:  Relationships between entities are represented by foreign key values in one relation that match primary key values in another relation.

18. Relational model 1:M unary relationship: A 1:M unary relationship is represented by a recursive foreign key whose values reference the primary key values of the same relation.

19. Relational model M:N ternary relationship: A M:N ternary relationship is represented by a new associative relation whose primary key consists of the primary key attributes of the participating entity types.

20. Relational model associative entity: A new relation (called the associative relation) is created to represent the associative entity. The default primary key consists of the primary key values from the relations that participate in the association. 

21. Primary Key and functional dependencies:  All of the nonkey attributes of a relation are functionally dependent on the primary key of that relation.

22.
Foreign Key null restriction: A foreign key must not be null when the minimum cardinality of the relationship implied by the foreign key is one. 

23.
Avoiding key ripple effects: The only way to eliminate ripple effects is to create an enterprise key from the very beginning of database development.

24.
Difference in 1:M vs. M:N unary: A unary 1:M relationship always utilizes a recursive foreign key, whereas an M:N recursive relationship dictates that a second table must be created for the relationship.

25.
The following three conditions are adequate to suggest that a surrogate key should be developed for a relation:

a. the presence of a composite primary key

b. the natural primary key (the one initially identified by users during conceptual modeling activities) is too long or made up of more than two attributes which will cause performance issues with database software

c. the natural primary key cannot be guaranteed to be unique over time (e.g., due to duplicates or re-use over time)

Answers to Problems and Exercises

Note to Instructors: In this section, we have adopted a number of notational conventions to indicate the Primary and Foreign Keys in the relations. Primary Keys are noted with an underlined name. Foreign Keys are noted in italics. 
1. Transforming E-R diagrams to relations:

a. 
The derived attribute YearsEmployed is not going to be an actual column, so it is not displayed here; relations from Figure 2-8.
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b.
Relations from Figure 2-9b
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c.
Relations from Figure 2-11a
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d.
Relations from Figure 2-11b
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e.
Relations from Figure 2-15a (relationship version)
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f.
Relations from Figure 2-15b (attribute version)
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g.
Relations from Figure 2-16b 
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h.
Relations from Figure 2-19
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2. Transforming EER diagrams to relations:

a.
Relations from Figure 3-6b
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b.
Relations from Figure 3-7a
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c.
Relations from Figure 3-9
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d.
Relations from Figure 3-10
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e.
Relations from Figure 3-12, solution shown on next page.
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3. The normal form for the relations are (Foreign keys shown in italics):

a. 3NF

b. 3NF

c. 2NF

CLASS (CourseNo, SectionNo, Room)

ROOM (Room, Capacity)

d. 1NF

COURSE (CourseNo, CourseName)
CLASS (CourseNo, SectionNo, Room)

ROOM (Room, Capacity)

a. 4a, Relations for Chemist situation, Ch2, P&E 17b
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b. 4b, Relations for Gallery situation, Ch2, P&E 17g
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c. 4c, Relations for Defendant/Plaintiff situation, Ch2, P&E 17h
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d. 4d, Relations for Book, Publisher situation, Ch2, P&E 17i
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e. Relations for Concert situation, Ch2, P&E 23
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f. 4f, Relations for Stillwater Antiques situation, Ch2, P&E 26
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4. 3NF relations for Millennium College are (Foreign keys shown in italics):

OBJECT (OID, ObjectType)

INSTRUCTOR (OID, InstructorName, InstructorLocation)

COURSE (OID, CourseNo, CourseTitle, InstuctorName)

STUDENT (OID, StudentNo, StudentName, Major)

OUTCOME (OID, StudentNo, CourseNo, Grade)

5. Transforming an E-R diagram to relations (parts a and b), Figure 33
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c. Using an enterprise key (Foreign keys shown in italics)

OBJECT (OID, ObjectType)

CUSTOMER (OID, CustomerID, CustName, CustAddress)

CARD ACCOUNT (OID, AccountID, ExpDate, CardType, CustomerID)

DEBIT CARD (OID, DAccountID, BankNo)

CREDIT CARD (OID, CAccountID, CurrBal)

CHARGES (OID, MerchID, CAccountID, ChargeDate, ChargeTime, Amount)

MERCHANT (OID, MerchID, MerchAddr)

7.
Transforming Table 3 to relations:

a.
PART SUPPLIER (PartNo, Description, VendorName, Address, UnitCost)

(Illustrated with sample data)

	PartNo
	Description
	VendorName
	Address
	UnitCost

	1234
	Logic Chip
	Fast Chips
	Cupertino
	10.00

	1234
	Logic Chip
	Smart Chips
	Phoenix
	8.00

	5678
	Memory Chip
	Fast Chips
	Cupertino
	3.00

	5678
	Memory Chip
	Quality Chips
	Austin
	2.00

	5678
	Memory Chip
	Smart Chips
	Phoenix
	5.00


b.
Functional dependencies



Possible (Composite) Candidate Key: PartNo + VendorName
c.

Insert anomaly: We cannot insert a new vendor unless we also include a part number that the supplier provides (and vice-versa).
Delete anomaly: If we delete the last part information for a given supplier, we also lose information about that vendor. (For example, Part 5678 from Quality Chips Vendor)

Modification anomaly: If a vendor’s address changes, we have to modify all records (or rows) for that vendor.

d.
PartSupplier



e.
1NF

f.
PART






g.  3NF relations in Visio notation
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8. Transforming Table 4 (GRADE REPORT) to relations:

a. 

[image: image22.png]



b. First normal form (1NF)
c.  3NF relations for GRADE REPORT
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d.  Relational schema with functional dependencies
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e.
An ERD to show the final version of the relations
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9.
Transforming Table 5 (shipping manifest) to relations:
a.
Total weight is a derived attribute and can be calculated from weight and quantity. Therefore it is not shown here as part of the relational schema. Relational schema shown below:
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b.
First normal form (1NF)
c.
3NF relations
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d. 
3NF relations with referential integrity and functional dependencies shown
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e. Relational schema shown in Visio notation
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10.
EER diagram resulting from P&E 9 relations:
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11.  Transform EER diagrams to relational schemas
a. 
Legal entity/plaintiff situation, Ch3 P&E 15:
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b. 
Theatre/screen situation, Ch3 P&E 20
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12.  Transform Figures 2-15a and 2-15b to 3NF relations
Attribute version:

EMPLOYEE




SKILL


Relationship version:

EMPLOYEE




POSSESSES


SKILL

The attribute version of the 3NF relations is similar to Figure 10. However, we have a much clearer definition of a primary key in this version. One main advantage of the relationship version is that we do not have to store SkillTitle and SkillType many times. If a skill title was changed or types were reclassified, this would make things much easier since update anomalies are eliminated in the relationship version of relations.

13.  Millenium College Public Safety Parking situation:
a.
Parking ticket table
	STID
	LName
	FName
	PhoneNo
	St
Lic
	LicNo
	Ticket#
	Date
	Code
	Fine

	38249
	Brown
	Thomas
	111-7804
	FL
	BRY 123
	15634
	10/17/10
	2
	$25

	38249
	Brown
	Thomas
	111-7804
	FL
	BRY 123
	16017
	11/13/10
	1
	$15

	82453
	Green
	Sally
	391-1689
	AL
	TRE 141
	14987
	10/05/10
	3
	$100

	82453
	Green
	Sally
	391-1689
	AL
	TRE 141
	16293
	11/18/10
	1
	$15

	82453
	Green
	Sally
	391-1689
	AL
	TRE-141
	17892
	12/13/10
	2
	$25


The determinants are: STID, Ticket#, Code. 

b.
Dependency diagram
[image: image33.png]



c.
An insertion anomaly would occur if you tried to insert a student who has never had a parking ticket.

A deletion anomaly would occur if you were to delete a record of any student with only one parking ticket since all student information would be lost.

A modification anomaly would occur whenever the PhoneNo (or Name, State License, or License Number) data of a student was updated.

d. Millenium College Public Safety Parking, 3NF relations
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e.   Millenium College Public Safety Parking, EER diagram
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14.
PVFC Materials Management situation:
a.  PVFC Dependency diagram
  [image: image36.png]!





b.  PVFC 3NF relations
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c.
PVFC EER diagram
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15.
 Manufacturing Company Shipment situation, Table 8
a.  Shipment situation, Dependency diagram
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b. 
Second normal form. There is a transitive dependency between origin/destination and distance.

Note to Instructor: An interesting discussion point for you to make the students aware of is the issue of symmetry in this problem. By symmetry, we mean: is the distance from A to B the same as from B to A? If it is, then there is an interesting issue about whether the Distances table potentially has redundancy. You may wish to consider assigning an advanced exercise to remove the potential redundancy from the relations under these circumstances.
c.  Shipment situation, 3NF relations
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Illustration of resulting tables with sample data

Shipment

	Shipment#
	Origin
	Destination

	409
	Seattle
	Denver

	618
	Chicago
	Dallas

	723
	Boston
	Atlanta

	824
	Denver
	Los Angeles

	629
	Seattle
	Denver


Distances

	Origin
	Destination
	Distance

	Seattle
	Denver
	1537

	Chicago
	Dallas
	1058

	Boston
	Atlanta
	1214

	Denver
	Los Angeles
	975

	
	
	


16.
Vacation Property Rentals
a.
3NF Relations
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b.
3NF Relations, with functional dependencies noted
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c. 
All relations are in third normal form.

d.
An action assertion could be used such as:

A property shall have one and only one rental agreement in force at one time, where “in force” means that a given date falls between BeginDate and EndDate.

17.
Ch3, P&E16; Relational schemas and functional dependencies; all relations are in 3NF.
[image: image43.png]ROOM v v v 2

RoomID | Buildi RoomNo RaomCapacity RoomType

CLASSROOM

CRoomiD | BoardType

LAB COMPUTER

LRoc CtypelD | ComputerType | TypeDescription | DiskCapacity | ProcessorSpeed

LAB INVENTORY f f [ [ [ L)

LRoomID | CuypelD

MR ASSIGNMENT

MRAssignD RoomID | MiypelD

M n’l\/

MtypelD \mh.lmn»‘ MediaTypeDese

TR \m\«,‘\

TrainlD | EmpID | MupelD

INSTRUCTOR,

1 v v

EmplD | EmpName | EmpRank | EmpOfficePhone

PREFERENCT TIMESLOT

PreflD EmpID | TSID —bi TSID | DayofWeek | StartTime | EndTime

SCHEDULF
¥ v/_/v v

SchedID | RoomID | TSID | SectionID | CourselD

I

SECTION

ctionlD | CourselD EnrLimit | Sem wv-l

COURSE
v v PREREQUISITE

CourselD | CourseDese ‘ CourseCredits CourselD | PrereglD

[}





18.
Car Racing League; all relations are in 3NF.
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19.
Middle-sized software vendor; all relations are in 3NF.
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20. 
Note: For this situation in Figure 37, we assume that Client information is stored even if there is not a corresponding instance of Retention with an Attorney and a Case. We also assume that Attorney information is stored even if there is not a corresponding instance of Retention with a Client and a Case.

All relations are in 3NF since there are no partial functional dependencies or transitive dependencies. It could be argued that zip code is determined by city and state (also by address with 9-digit zip codes). This could be a good point to discuss in class.
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21.  Diagram Notes: 

· Purchase date information refers to a Customer’s purchase of a pet from the store.

· Delivery date information refers to a Store’s receipt of a shipment of a pet from the pet’s supplier.

· Date of Last Purchase can be determined by viewing the data stored in the delivery date fields.

· LastCustomerName can be determined by viewing the data stored in the CustomerName fields.

· Note to Instructor:  The problem states that “Peter Corona wants to implement a Web-enabled database application” for use by his branch stores for entering inventory, ordering, and sales data. This is a good opportunity to discuss with students the issues involved in converting a legacy, flat-file “system” that mixes together inventory, customer purchases, and store purchases into a relational design that will support a web application and future growth. Stress the importance of re-designing the data structure to support the tracking of all customer purchases and store deliveries, rather than just the four presented in the flat-file. You might also note that there appears to be some data missing from the “old” system that would be useful in managing inventory and sales data at the stores (e.g., quantity sold, quantity purchased, quantity received, etc.).

a.
Dependency diagram shown on next page.
[image: image47.png]StoreName

PetName

PetDescription (]

SupplicrName

ShippingTime





b. 
This structure is not a relation nor is it in any normal form due to the presence of DeliveryDate1-4, PurchaseDate1-4, and CustomerName1-4 attributes. These attributes appear to suggest that they are repeating groups. In order to show a relation in 1NF, repeating groups must be removed. Peter might change his structure to the following 1NF solution, which will result in having more data instances in his structure to store the same data that is currently being stored in his flat-file “system”. The attributes of LastCustomerName, DateLastPurchase, and DateLastDelivery are not stored as part of the proposed 1NF solution as this data can be determined by viewing the stored data in the revised relation below.
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c. Normalized data model; Relations and functional dependencies  
Note:  PetID attribute added as unique surrogate key for PET relation to maintain database integrity.
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22.
EERD after relations normalized:
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23.
Changes to P&E 21 and 22?  If a type of fish could be supplied by multiple suppliers, the data model needs adjustment to track this.  A SUPPLIER relation has been added to track additional SUPPLIERs, and a relation of SHIPMENT added to track the event between PET and SUPPLIER relations.
Revised normalized data model:
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22. (Continued)

Revised E-R Diagram:
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24.  Transform Figure 38 EERD
a and b – relational schema and functional dependencies

[image: image53.png]MENL

MenulD | MenuTyp MenuDescription

MENU DISH

DISH

DishiD

DISH INGREDIENT [ DishiD

wareoient [ sy | i

EVENT

WORK SCHEDULF

EmplD Name Salary SupervisorlD

EXPERTISE SKILL





c. All relations are in 3NF.

25.
Relation for computers, software, vendors, and users:
a.
Functional dependencies
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b. 
This relation is not in 3NF as there are a number of issues with its structure. There are partial functional dependencies in this relation as the full primary key (from existing attributes) would be comprised of ComputerSerialNbr, SoftwareID, and UserID attributes that individually determine other attributes in the relation. A transitive dependency also exists with VendorID determining vendor information (and possibly VendorSupportID determining Vendor Support information). For the set of relations to be in 3NF, these dependencies in the data must be removed.

c. 
Set of relations in 3NF; Primary keys are underlined, foreign keys are in italics. (This solution uses composite keys for tables that link multiple tables.)

VENDOR (VendorID, VendorName, VendorPhone, VendorSupportID)

VENDOR SUPPORT (VendorSupportID, VendorSupportName, VendorSupportExtension)

COMPUTER (ComputerSerialNbr, PurchasePrice, VendorID)

USER (UserID, UserName)

SOFTWARE (SoftwareID, SoftwareName, SoftwareVendor)

AUTHORIZATION (UserID, ComputerSerialNbr, SoftwareID, UserAuthorizationStarts, UserAuthorizationEnds, UserAuthorizationPassword)

LICENSE (SoftwareID, ComputerSerialNbr, SoftwareLicenseExpires, SoftwareLicensePrice)

Alternate Solution. Set of relations in 3NF; Primary keys are underlined, foreign keys are in italics. (This solution uses surrogate keys for tables that link multiple tables.)

VENDOR (VendorID, VendorName, VendorPhone, VendorSupportID)

VENDOR SUPPORT (VendorSupportID, VendorSupportName, VendorSupportExtension)

VENDOR (VendorID, VendorName, VendorPhone)

COMPUTER (ComputerSerialNbr, PurchasePrice, VendorID)

USER (UserID, UserName)

SOFTWARE (SoftwareID, SoftwareName, SoftwareVendor)

AUTHORIZATION (AuthID, UserAuthorizationStarts, UserAuthorizationEnds, UserAuthorizationPassword, UserID, ComputerSerialNbr, SoftwareID)

LICENSE (LicenseID, SoftwareLicenseExpires, SoftwareLicensePrice, SoftwareID, ComputerSerialNbr)

26.   Online video rental service situation
a. 
Functional dependencies
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b. 
This relation is not in 3NF as there are a number of issues with its structure. In fact, due to the repeating groups indicated by the sample data (multiple characters listed in the curly bracketed information), this relation is not even in first normal form (1NF). There are partial functional dependencies in this relation as the full primary key (from existing attributes) would be comprised of MovieNbr and MovieLicenseNbr attributes that individually determine other attributes in the relation. Transitive dependencies also exist with DirectorID determining Director information, StudioID determining Studio information, and ActorID determining Actor information. For the set of relations to be in 3NF, these dependencies in the data must be removed.

c. 
Set of relations in 3NF; Primary keys are underlined, foreign keys are in italics.

MOVIE (MovieNbr, Title, DirectorID, StudioID)

DIRECTOR (DirectorID, DirectorName)

STUDIO (StudioID, StudioName, StudioLocation, StudioCEO)

ACTOR (ActorID, ActorName)

MOVIE CHARACTER(MovieNbr, Character, ActorID)

MOVIE LICENSE (MovieNbr, MovieLicenseNbr, MovieLicenseType, LicenseRentalStatus, LicenseReturnDate)

MOVIE RENTAL PRICE(MovieNbr, MovieLicenseType, MovieRentalPrice)
27.   Bus Company situation
27a    Dependency diagram of functional dependencies (on next page)
Note:  In the current sample data, it appears that that combination of RouteID, ScheduleDate, and ScheduledDepTime act as a multi-attribute determinant of the Driver and Vehicle data.  When you know the Route (38), ScheduleDate (9/12/2012), ScheduledDepTime (9.30), and ScheduledArrTime (10.12), then you also know that a particular Driver (John Jones) is driving that particular scheduled route, and is certified to drive that particular vehicle (id=5673, make=GreatTrucks, model=CityCoach).  An alternative interpretation might be that the combination of RouteID, ScheduleDate, and DriverID act as a multi-attribute determinant of the remaining Schedule data along with the Vehicle data.  Additional information from the bus company would be needed to accurately depict the appropriate functional dependencies, but would normally be acquired by later steps in the design process.
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27b.  
This relation is not in 3NF as there are a number of issues with its structure. In fact, due to the repeating groups indicated by the sample data (multiple characters listed in the curly bracketed information), this relation is not even in first normal form (1NF). There are partial functional dependencies in this relation as the full primary key (from existing attributes) would be comprised of RouteID, ScheduleDate, and ScheduledDepTime attributes that individually determine other attributes in the relation. Transitive dependencies also exist with DriverID determining Driver information, VehicleID determining Vehicle information, and the combination of DriverID, VehicleID, and Driver Certification Start Date determining the Certification end date information. For the set of relations to be in 3NF, these dependencies in the data must be removed.

27c.
A set of relations in 3NF; Primary keys are underlined, foreign keys are in italics.

ROUTE (RouteID, RouteStartPoint, RouteEndPoint, RouteStdDriveTime)

SCHEDULE (RouteID, ScheduleDate, ScheduledDepTime, ScheduledArrTime, DriverID, VehicleID)

CERTIFICATION (DriverID, VehicleID, DriverCertStartDate, DriverCertEndDate)

DRIVER (DriverID, DriverFName, DriverLName, DateDriverJoinedCompany, DriverDOB)

VEHICLE (VehicleID, VehicleMake, VehicleModel, VehiclePassengerCapacity)

An alternative 3NF solution using non-intelligent and shorter primary keys is shown below. Primary keys are underlined, foreign keys are in italics.
ROUTE (RouteID, RouteStartPoint, RouteEndPoint, RouteStdDriveTime)

SCHEDULE (ScheduleID, ScheduleDate, ScheduledDepTime, ScheduledArrTime, RouteID, DriverID, VehicleID)

CERTIFICATION (CertID, DriverCertStartDate, DriverCertEndDate, DriverID, VehicleID)

DRIVER (DriverID, DriverFName, DriverLName, DateDriverJoinedCompany, DriverDOB)

VEHICLE (VehicleID, VehicleMake, VehicleModel, VehiclePassengerCapacity)

27d.
EER diagram of the relations.
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27e.
Areas to expand data model.  Student answers may vary.  One possibility is this model could be expanded to track the actual departure and arrival times of each scheduled route’s operations.
Suggestions for Field Exercises

1.  For this exercise, we suggest you interview at least two organizations: a manufacturing company and a service sector organization. (You may choose to combine this exercise with Field Exercise 2 in Chapter 3). First, determine what methodology, if any, each uses for conceptual design: E-R diagrams, object diagrams, etc. Then determine how these models are transformed into logical data models (relational schema, object-oriented designs, etc.). To what extent are these activities automated through the use of CASE tools? If the target data model is relational, determine the role of normalization: who is responsible for normalization, to what level is it performed, and how are users involved (if at all) in these activities?

2.  We suggest you first perform this as an in-class exercise with student participation in the process. Bring a copy of your own document to class, and ask the students to volunteer a document as well. This provides students with valuable “hands-on” experience in the bottom-up design process. 

3.  (You may choose to combine this exercise with Exercise 1 above). Student answers will vary depending on the organizations and the person who is the subject of the interview. We suggest that you use the student interview notes as a means of stimulating class discussion regarding the amount of variation in practice regarding the extent of normalization activities.

4.  This exercise is really a continuation of Exercise 2 above, now possibly applied to a more complex document. Use a report or other document that has detail lines and requires the use of normalization skills. 

Project Case

Case Questions

1. Mountain View Community Hospital should continue to use relational technology for several reasons:

a. The present IS staff is trained and experienced in using this technology.

b. The present relational systems are stable and support existing operations quite well.

c. Conversion to newer technology would be costly and would entail a number of risks.

2. Yes, Mountain View Community Hospital should use normalization in designing its relational database. Normalization helps avoid anomalies that impair data quality. Normalization shows data in its most simple, atomic form, but does not constrain physical database design. (See Chapter 5.)

3. Entity integrity helps assure that two real-world entities (such as patient or tests) are not confused. Also, it makes sure that no two instances of the same type of entity are confused. Certainly, primary keys are not null. Foreign keys which point to optional members in a relationship may be null. Often, when master data (strong entities) are entered, not all data are known, so many attributes may be null (e.g. Patient Home Address). For transactional data, often associative entities, most attributes of the transaction will be known (e.g., the date a test was done).

4. Referential integrity helps assure that one real-world entity (such as a test result) is not lost or disassociated from its owner entity (such as patient).

5. The attribute chosen to be a relation’s primary key must be unique, unlikely to change over time, and should not be an intelligent key. Although Social Security number, physician license number, DEA registration number, and a hospital assigned PhysicianID will all meet the uniqueness criterion of a primary key, there are other issues that should be reviewed. One scenario to consider is that of whether a physician’s license number or DEA registration number could possibly change over time – for instance, what happens if a license or DEA registration number is suspended or revoked? Are those numbers re-used by these external-to-the-hospital organizations that issued these numbers to physicians? Another issue to consider is that of physician privacy rights and possible identity theft – each of the non-hospital assigned attributes (Social Security number, license number, and DEA registration number) is sensitive information about the physician that could potentially be abused if stolen or not kept securely within the hospital records. Given these concerns, it would seem a better course of action to use the hospital-assigned PhysicianID as the primary key of the Physician relation.
6. An enterprise key will enable MVCH to have a primary key that does not have business meaning. This could be important since identifying information for a particular entity (such as Physician) could change easily in the medical environment. Also, if MVCH expands by merger, other acquired hospitals may have their own keys, and an enterprise key would make it easier to consolidate the data.

7. Often times, we may need to revise the EER model based upon normalization. Normalization suggests missing data elements from the original EER models. Also, because of the passing of time from one phase to the next, new requirements may emerge which need to be added to all data models.

Case Exercises

1. 
In this answer, we skip from an unnormalized relation to the answer in part b.

a.

 i. Patient Bill
 1) Initial 
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2) After normalization
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 ii. Room Utilization Report
  1) Initial
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 2) After normalization 
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iii. Patient Display
1) Initial
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iii. Patient Display
2) After normalization
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iv. Physician Report
1) Initial
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2) After normalization
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c. 
Merged relations
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d.
One suggestion:

Include a surrogate primary key for the Treats relation.

e.
You could add a time column to the Treats relation. Alternately, you could assign a surrogate primary key to Treats that would be different for each treatment.

2. 
Multiple Sclerosis (MS) Clinic situation and questions
a. 
I would suggest a composite primary key made up of Patient#, VisitDate and VisitTime. This would take into consideration two visits on the same day.

b. 
This table is not a relation since it is not even in 1NF due to the presence of repeating groups in the data structure.

c. 
There is a deletion anomaly since SocialWorker is not stored in another relation. For example, if we delete all records for patient # 4211, any reference to social worker Lynn Riley is gone.

There is an update anomaly since a name change of the patient would need to be replicated across many relations.

There is an insert anomaly since a patient cannot be added before visiting the MS Center.

d.  Functional dependencies in MS data/table/spreadsheet
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“Possible Solution A” assumes that the social worker always stays the same for the patient. If this were not the case, then the figure labeled “Possible Solution B” would represent the functional dependencies:

e.  MS Clinic 3NF relations
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If we consider that a social worker could be different for each visit, the 3NF relations would be as follows:
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f.   MS Clinic relational schema, Visio notation
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g.  MS Clinic, Data Definition Language SQL statements

CREATE TABLE Patient_T


 (PatientNbr 

varchar2(5) primary key,


 Name


varchar2(35),


 FirstSeen

date,


 SocialWorker
varchar2(35));


CREATE TABLE Visit_T


 (PatientNbr 

varchar2(5) references Patient_T(PatientNbr),


 VisitDate

date,


 VisitTime

varchar2(5),


 VisitReason

varchar2(40),


 NewSymptoms
varchar2(50),


 PainLevel

integer,


 Constraint VisitPK primary key (PatientNbr, VisitDate, VisitTime);

3. 
MS Clinic Management System scenario
a. 
Functional dependencies
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b. 
MS Clinic Management System, 3NF Relational Schema
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c.  MS Clinic Management System, Relational schema, Visio notation
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Project Assignments

Notes to Instructor:

The Chapter 3 EER is very complex to support the richly described Case situation. When the EER is mapped to a relational schema, there are over 40 relations that are created. Because of the degree of detail (and multiple pages) needed to show all of these relations, we have taken the following steps in preparing the solution to the Project Assignments in Chapter 4:

· For Project Assignment 1, we have listed all the relations in shorthand form. We display primary keys with an underlined name and foreign keys in italics. Attributes that are both primary keys and foreign keys (e.g., a subtype’s primary key, or a weak entity’s primary key) are shown with both italics and underline.

· For all Project Assignments, we developed surrogate keys for the relations necessary to support the multivalued attributes and repeating groups shown in the EER.

· For Project Assignment 2, we show only the referential integrity dependency arrows in the solution. Additionally, we show the relations in shorthand form rather than use the traditional dependency diagram “boxes” in order to save space in the solution. The same notation for PK and FK as in Project assignment 1 is used in Project Assignment 2.

· For Project Assignment 3, we show only the referential integrity dependency arrows for the foreign keys relation-specific ObjectIDs back to the primary key relation-specific ObjectIDs (e.g., VOID in VOL MVCH SERVICE is a FK back to the PK of VOID in VOLUNTEER). It should be noted that the primary key relation-specific ObjectIDs are also serving a foreign key role for referential integrity with the ObjectID in the OBJECT relation (e.g., VOID in VOLUNTEER is FK back to PK of OID in OBJECT).

P1. All relations mapped from Chapter 3 EERD.

Note to Instructor: In this section of the solution, the primary key (PK) of each relation is underlined. Foreign keys are shown in italics, rather than with a double underline. PKs that are both a primary key and a foreign key are noted in Italics with an underline. Relation names are shown in bold.

PERSON (PersonID, PersonName, PersonStrAddress, PersonCity, PersonState, PersonZip, PersonHomePhone, PersonWorkPhone, PersonDOB, PersonEmail, IsPhysician, IsEmployee, IsVolunteer, IsPatient)

VOLUNTEER (VolID, HadFelony, FelonyExplanation, VECLastName, VECFirstName, VECRelationship, VECAddress, VECPhone, VEmployer, VEmployerAddr, VEmployPosition, VEmployStartDate, VEmployEndDate, HadMVCHService, HadVolExp, WhyVolunteer)

VOL MVCH SERVICE (VMSID, MVCHServiceInfo, VolID)

VOL REF INFO (VRIID, VRILastName, VRIFirstName, VRIRelationship, VRIPhone, VRIAddress, VRICity, VRIState, VRIZip, VolID)

VOL EXPERIENCE (VEID, VolunteerExpInfo, VolID)

VOL LANGUAGE (VLID, Language, VolID)

VOL SKILL (VSID, Skill, VolID)

VOL INTEREST (VIID, Interest, VolID)

VOL AVAILABILITY (VAID, DayOfWeek, PortionOfDay, VolID)

VOL SERV HISTORY (VSHID, ServiceBeginDate, ServiceEndDate, ServiceHrsWorked, UnitName, VolID, PhysicianID, EmpID)

PHYSICIAN (PhysicianID, DEANo, PagerNo, Specialty)

PHYSICIAN DX (PDID, DiagnosisDate, DiagnosisTime, PhysicianID, PatientID, DiagnosisCode)

DIAGNOSIS (DiagnosisCode, DiagnosisName)

PATIENT (PatientID, ContactDate, ECLastName, ECFirstName, ECRelationship, ECAddress, ECPhone, CompanyName, PolicyNo, GroupNo, CompanyPhone, SubLastName, SubFirstName, SubRelationship, SubAddress, SubPhone, IsOutpatient, IsInpatient, AdmitPhys, ReferPhys)

RESIDENT (RPatientID, DateAdmitted, DateDischarged, BedNo, RoomNo)

OUTPATIENT (OPatientID)

VISIT (VisitNo, VisitDate, VisitTime, VisitReason, OPatientID)

BED (RoomNo, BedNo)

ROOM (RoomNo, CCUnitName)

CC ASSIGNMENT (CCAID, AssignStart, AssignEnd, HrsWorked, CCUnitName, NurseID)

CARE CENTER (CCUnitName, DayInCharge, NightInCharge)

RN (RNID)

LPN (LPNID, Supervisor)

NURSE (NurseID, CertDegree, StateLicenseNo, NurseSpecialty, NurseType)

FIELD CERTIFICATION (FCID, FCDescription, NurseID)

EMPLOYEE (EmpID, DateHired, EmpType)

STAFF (StaffID, JobClass, UnitName)

TECHNICIAN (TechnicianID, UnitName)

TECHNICIAN SKILL (TSID, TechnicianID, TSSkill)

WORK UNIT (UnitName, FacilityID, Floor, UnitType)

FACILITY (FacilityID, FacilityName)

DIAGNOSTIC UNIT (DXUnitName)

TREATMENT (TrtCode, TrtName, DXUnitName)

TREATMENT ORDER (TOID, TrtDate, TrtTime, Results, TrtCode, OrderID,)

ORDER (OrderID, OrderDate, OrderTime, PatientID, PhysicianID, ItemNo)

ITEM (ItemNo, ItemDesc, ItemUnitCost)

INVENTORY (InvID, ItemNo, VendorID)

VENDOR (VendorID, VendorName)

ITEM BILLING (IBID, StartDate, EndDate, Cost, ItemNo, RoomNo, PatientID)

ITEM CONSUMPTION (ICID, ConsumeDate, ConsumeTime, ConsumeQty, ItemNo, PatientID)

ASSESSMENT (AssessmentID, AssessmentDate, AssessmentTime, Comments, PatientWeight, PatientBP, PatientPulse, PatientTemperature, PatientID, NurseID)

SCHEDULE (ScheduleID, SchedBegin, SchedEnd, FacilityID, PhysicianID)

P2. 
Referential integrity functional dependency arrows for all relations – shown in 3 pages. Primary keys are underlined; foreign keys are in italics; attributes that are both primary and foreign keys are underlined and italicized.

Part 1: Person, Volunteer, associated Volunteer relations, and Employee

Part 2: Person (repeated), Physician, Patient, associated relations for Physician & Patient, CareCenter, Room, Bed, Nurse, Employee (repeated)

Part 3: Facility, WorkUnit, Treatment, Order, Item, Vendor and remaining relations

P3. 
Relations shown after adding an enterprise key to all relations – shown in 3 pages as in P2. Note that Primary Keys (PKs) in all relations serve a double purpose as a foreign key back to the OID primary key in the OBJECT relation. Primary keys are underlined; foreign keys are in italics; attributes that are both primary and foreign keys are underlined and italicized.

Part 1: Person, Volunteer, associated Volunteer relations, and Employee

Part 2: Person (repeated), Physician, Patient, associated relations for Physician & Patient, CareCenter, Room, Bed, Nurse, Employee (repeated)

Part 3: Facility, WorkUnit, Treatment, Order, Item, Vendor and remaining relations

P4.
The affected sections of the EERD are shown over two pages for this solution. The first page shows the additional entities and any changes to entities, along with the relationships that arise out of resolving multivalued attributes and repeating groups shown in the Chapter 3 EERD. The second page shows the entities and their respective attributes.
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