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Answers to the Chapter 6 Problems

Data Modeling Problems

1.
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7. The following solution uses a two level generalization hierarchy. The investment entity type was added because mutual funds and stocks share two attributes. The share balance is not shared because the balance for stocks is a whole number (no partial shares) but a real number of mutual funds (fractional shares). The set constraints (disjoint and complete) are used because the financial software does not permit other kinds of accounts to be defined. These constraints may not hold in other financial software databases. 
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8 and 9.
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10.
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11.
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18.
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This solution enforces the constraint that a contractor can have only 1 specialty (supplies relationship).  In the providedby relationship, a contractor can be related to many combinations of project-specialty combinations.  There is no constraint ensuring that the specialty is the same in all related project-specialty combinations.  This solution also enforces the constraint that that a combination of project and specialty is related to a minimum of two contractors. The number 2 by the min cardinality means that a contractor must be related to at least two projectneeds entities. ERD tools (such as Visio Professional) may not support this cardinality specification.
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This solution enforces the constraint that a contractor can have only 1 specialty (supplies relationship). This solution does not enforce the constraint that that a combination of project and specialty is related to a minimum of 2 contractors.

19.
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1. An interview may be initially setup without knowing the student or interviewer.

Transformations: see ERD below

· Remove the position entity type so that positions are not standardized across companies. Add attributes to the comppos entity type for the position name, start date, end date, and number of openings. To reduce the number of attributes in the combined primary key of comppos, a unique identifier has been added. In this case, the compid, city, state, and startdate attributes are a combined candidate key.

· Add an entity type (interviewblock) and relationships between interviewblock and interview and between interviewblock and company.  The new entity type and relationships allow companies to schedule blocks of time.  An interview block will contain a collection of interviews with the same company.  

· Add an entity type for bids.  The bid entity type should be connected to student and interviewblock.
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20.
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1. An workorder cannot be created unless at least 1 task is known.

Transformations: 

· Workdetail could be a M-N relationship.

· Add an entity type for material.  Connect material to work order in an associative entity type or a M-N relationship.  

· Move esthrs from task to workdetail.
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21.
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1. The minimum cardinality of 0 is necessary because there may be times when a key is not assigned to an employee, for example, between the time that one employee leaves an office and a new employee is assigned. 

2. The OfficeNo attribute could be replaced by a 1-M relationship to the room entity type. The problem specification does not indicate whether office number should be connected to the room entity type.

Transformations: 

· The issuedto relationship should be changed into an entity type and two 1-M relationships.  The new entity type is identification dependent on key and employee.  The dates assigned (beginning and ending) should be recorded in the new entity type.

· Add additional attributes to either the key entity type or the new entity type.  If the attributes are added to the key entity type, only the current status can be recorded.  If added to the new entity type, past status can be recorded.  The most suitable solution is probably adding the attributes to the key entity type.  Past status data is partially available through the new entity type.
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22.

In the first solution, the Part entity type contains all parts and products. The PartImage attribute contains a line drawing of the part. The PartDiagram contains a line drawing showing the parts explosion diagram. The Product? attribute is true if the part is a final product. If there are other differences between parts and products, a generalization hierarchy could be used in place of the Product? attribute. The self-referencing contains relationship represents the assembly details. The parts list is derived from the contains relationship. The InstructionStep entity is a weak entity dependent on part through the identifying assembles relationship.  The references relationship shows the parts referenced in an instruction step.
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In the second solution, the contains relationship is replaced with an entity type (Component) and two 1-M relationships. The Component entity type is not identification dependent on the Part entity type because a given part can occur many times as a component. Each occurrence of Component contains the geometry of the component within the part. In the first solution, the geometry of each component was not represented.  The parts list is derived from the Contains and UsedIn relationships.
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23.

The ERD below fixes the errors in the original ERD. The following list describes the problem resolutions.
· The Manages relationship should be 1-M, not M-N (cardinality design error).
· The Limits relationship should be M-N, not 1-M (cardinality design error).
· The Limits relationship should have an attribute for the amount.

· The minimum cardinality of the Limits relationship for a user should be 1, not 0 (cardinality design error).

· ExpenseItem should not be a weak entity (weak entity diagram error).
· The Submits relationship was added from User to ExpenseReport. Without this relationship, the user for an expense report cannot be determined (missing relationship design error).
· The StatusOf relationship should not be identifying (identifying relationship diagram error).

· The Expenses relationship from ExpenseCategory to ExpenseReport should be removed because it is inconsistent with the specification and redundant if corrected (cardinality and redundant relationship design errors). The specification indicates that an expense report is related to many expense items and that each expense item is related to one expense category. Thus, an expense report can be related to many expense categories. Revising the Expenses relationship to M-N makes the relationship redundant with the Contains and Categorizes relationships.
· The specification is incomplete about attribute constraints such as null value allowed and data types.
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24.

The ERD below fixes the errors in the original ERD. The following list describes the problem resolutions.

· The Contains relationship should be identifying (weak entity diagram error).

· The EventPlanLine table should be weak (identifying relationship diagram error).

· The HeldAt relationship was added from Facility to EventRequest (missing relationship design error). Without this relationship, the facility for an event request cannot be determined until an event plan line uses the facility.
· The Requires relationship should be from Resource to EventPlanLine, not Resource to EventPlan (misplaced relationship design error). Each line in an event plan can involve a different resource.
· The Supports relationship should be 1-M, not M-N (cardinality design error).
· The minimum cardinality in the Submits relationship should be 1 not 0 as a customer must be related to at least one event request (cardinality design error).

· The specification is incomplete in the minimum number of event plan lines related to a resource and a location and in the minimum number of event plans supervised by an employee.
· The specification is also incomplete about attribute constraints such as null value allowed and data types.
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25.

The ERD below fixes the errors in the original ERD. The following list describes the problem resolutions.

· The VolunteersFor relationship should be M-N, not 1-M (cardinality error).
· VolunteerWork should not be a weak entity (weak entity diagram error).
· WorksOn should be optional for Event (cardinality error).
· The Coordinates relationship should be involve Family and VolunteerArea, not Family and Event (misplaced relationship).
· FamNo is redundant with the WorkDone relationship (redundant foreign key diagram error).
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26.

This ERD supports the documents shown in the problem description. Design notes follow the ERD.
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Design notes
· The generalization hierarchy is not complete because regular programs are neither movies nor sporting events. Regular programs can be added as another subtype if there are attributes unique to regular programs.
· A generalization hierarchy is not essential in the ERD although it is a good idea. Sporting events and movies are significant subsets of programming. Sporting events and movies have some unique attributes so a generalization hierarchy avoids null values for a significant subset of programming.

· It is assumed that there is a function to compute the day of the week given a date.
· The starting time for a scheduled item is null except when the item does not start on a half hour interval.

· The design assumes that public access programming begins on half hour intervals.

· The use of optional relationships in the cardinalities near the weak entities allows flexibility when adding entities to the database.

· The narrative is not clear about the placement of the attributes Rerun, Live, and ClosedCaption. In the solution ERD, the Rerun attribute is placed in the ScheduledItem entity type because it is assumed that the same program can be shown for the first time or as a rerun. The Live and ClosedCaption attributes are placed respectively in the SportEvent and Program entity types because these attributes are assumed to be associated with all viewings. These assumptions should be verified with the user for clarification.

· Primary keys for most entity types were not specified in the problem. The primary keys added meet the stable and single-purpose criteria. The choice of primary keys should be evaluated with knowledgeable users especially to see if there are any standard accepted primary keys. The industry may use bar codes to identify programs.
Conversion Problems

1.

· Entity Type Rule: generate home, owner, agent, and office tables

· 1-M Relationship Rule: foreign keys in home (agentid and ssn) and agent (officeid)

Result after conversion

home(homeid, agentid, ssn, street, city, state, zip, nobedrms, nobath, sqft, price, …)



FOREIGN KEY(agentid) REFERENCES agent



FOREIGN KEY(ssn) REFERENCES owner


agent(agentid, officeid, name, phone)



FOREIGN KEY(officeid) REFERENCES office


owner(ssn, name, spousename, profess, spouseprofess)


office(officeid, mgrname, phone, address)

2.

· Entity Type Rule: generate statement and stmtline tables

· 1-M Relationship Rule: foreign key in stmtline

· Id Dependency Rule: make the combination of stmtno and lineno the primary key

Result after conversion

statement(stmtno, date, acctno)


stmtline(stmtno, lineno, mername, transdate)



FOREIGN KEY(stmtno) REFERENCES statement

3.

· Entity Type Rule: generate part, supplier, and project tables

· M-N Relationship Rule: generate uses table

Result after conversion

part(partno, …)

supplier(suppno, …)

project(projno, …)

uses(partno, suppno, projno)



FOREIGN KEY(partno) REFERENCES part

 

FOREIGN KEY(suppno) REFERENCES supplier



FOREIGN KEY(projno) REFERENCES project

4.

· Entity Type Rule: generate part, supplier, project, and usage tables

· 1-M Relationship Rule: generate foreign keys in usage table

· Id Dependency Rule:  3 applications make the primary key in usage

Result after conversion

part(partno, …)

supplier(suppno, …)

project(projno, …)

usage(partno, suppno, projno)



FOREIGN KEY(partno) REFERENCES part

 

FOREIGN KEY(suppno) REFERENCES supplier



FOREIGN KEY(projno) REFERENCES project

5.

· Entity Type Rule: generate part and account tables

· Optional 1-M Relationship Rule: generate the decomposed table

· M-N Relationship Rule:  generate the contains table

Result after conversion

part(partno, partdesc, color)

account(acctid, acctname, balance)

decomposed(acctid, parent_acctid)



FOREIGN KEY(acctid) REFERENCES account



FOREIGN KEY(parent_acctid) REFERENCES account

contains(super_partno, sub_partno)



FOREIGN KEY(super_partno) REFERENCES part

 

FOREIGN KEY(sub_partno) REFERENCES part

6.

· Entity Type Rule: generate student table

· Generalization Rule: generate the undstudent and gradstudent tables

Result after conversion

student(stdid, name, gender, dob, admitdate)

undstudent(stdid, major, minor, class)



CONSTRAINT FKUndStudent FOREIGN KEY(stdid) REFERENCES student

gradstudent(stdid, advisor, thesistitle, asststatus)



CONSTRAINT FKGradStudent FOREIGN KEY(stdid) REFERENCES student

7.

· Entity Type Rule: generate home and agent tables

· Optional 1-M Relationship Rule: generate the lists table

Result after conversion

home(homeno, address, …)

agent(agentid, name, …)

lists(homeno, agentid)



FOREIGN KEY(homeno) REFERENCES home



FOREIGN KEY(agentid) REFERENCES agent

8.

Result after conversion

proiect(projno, …)

specialty(specno, …)

contractor(contrno, specno, …)



FOREIGN KEY(specno) REFERENCES specialty


projectneeds(projno, specno)



FOREIGN KEY(projno) REFERENCES project

 

FOREIGN KEY(specno) REFERENCES specialty


providedby(contrno, projno, specno)



FOREIGN KEY(projno, specno) REFERENCES projectneeds

 

FOREIGN KEY(contrno) REFERENCES contractor

Conversion rules

· Use the entity type rule to convert each entity type

· Use the M-N rule to convert the providedby relationship

· Use the 1-M relationship rule to convert the has, fulfills, and supplies relationships.
· Use the identification dependency rule to determine the primary key of the projectneeds relationship.
9.

Result after conversion

customer(custno, …)

employee(empno, supempno, …)



FOREIGN KEY(supempno) REFERENCES employee
product(prodno, …)

order(ordno, custno, empno, …)



FOREIGN KEY(custno) REFERENCES customer


FOREIGN KEY(empno) REFERENCES employee

contains(ordno, prodno, qty)



FOREIGN KEY(ordno) REFERENCES order
 

FOREIGN KEY(prodno) REFERENCES product
Conversion rules

· Use the entity type rule to convert each entity type

· Use the M-N rule to convert the contains relationship

· Use the 1-M relationship rule for all relationships except the contains relationship

· Can use the optional 1-M relationship rule instead of the 1-M relationship rule to convert the takes and manages relationships. Using the optional 1-M relationship rule, order.empno should be replaced by the takes table and employee.supempno should be replaced by the manages table.
takes(ordno, empno)



FOREIGN KEY(ordno) REFERENCES order

 

FOREIGN KEY(empno) REFERENCES employee

manages(empno, supempno)



FOREIGN KEY(empno) REFERENCES employee

 

FOREIGN KEY(supempno) REFERENCES employee

10.

Result after conversion

patient(patno, …)

provider(provno, …)

physician(provno, …)



FOREIGN KEY(provno) REFERENCES provider ON DELETE CASCADE
nurse(provno, …)



FOREIGN KEY(provno) REFERENCES provider ON DELETE CASCADE
item(itemno, …)

visit(visitno, patno, provno, …)



FOREIGN KEY(patno) REFERENCES patient


FOREIGN KEY(provno) REFERENCES physician

visitdetail(visitno, visitdetailno, provno, itemno)



FOREIGN KEY(visitno) REFERENCES visit


FOREIGN KEY(provno) REFERENCES nurse



FOREIGN KEY(itemno) REFERENCES item

Conversion rules

· Use the entity type rule to convert each entity type

· Use the 1-M relationship rule for all relationships

· Use the identification dependency rule to determine the primary key of visitdetail.

· Can use the optional 1-M relationship rule instead of the 1-M relationship rule to convert the provides relationship. Using the optional 1-M relationship rule, visitdetail.provno should be replaced by the provides table.

provides(visitno, visitdetailno, provno)



FOREIGN KEY(visitno, visitdetailno) REFERENCES visitdetail
 

FOREIGN KEY(provno) REFERENCES nurse
11.

Result after conversion

VolunteerArea(VANo, VAName, VAControl, FamNo)



FOREIGN KEY(FamNo) REFERENCES Family

Family(FamNo, FamLastName1, FamFirstName1, FamLastName2, FamFirstName2, FamHomePhone, FamBusPhone, FamEmail, FamStreet, FamCity, FamState, FamZip)

Event(EventNo, EventDesc, EventEstHrs, EventBegTime, EventEndTime, EventRecPeriod, EventExpDate, EventNumVols, EventDateNeeded, EventDateReq, VANo)



FOREIGN KEY(VANo) REFERENCES VolunteerArea

VolunteerWork(VWNo, VWDate, VWNotes, VWHours, VWLocation, VWFirstName, VWLastName, VWDateEntered, FamNo, EventNo)



FOREIGN KEY(FamNo) REFERENCES Family



FOREIGN KEY(EventNo) REFERENCES Event

VolunteersFor(EventNo, FamNo)



FOREIGN KEY(FamNo) REFERENCES Family


FOREIGN KEY(EventNo) REFERENCES Event

Conversion rules

· Use the entity type rule to convert each entity type

· Use the 1-M relationship rule for all relationships except VolunteersFor.
· Use the M-N relationship rule to convert the VolunteersFor relationship.
· Can use the optional 1-M relationship rule instead of the 1-M relationship rule to convert the WorksOn, Supports, and Coordinates relationships. Using the optional 1-M relationship rule would add tables in place of the foreign keys in the VolunteerWork, Event, and VolunteerArea tables.
WorksOn(VWNo, EventNo)



FOREIGN KEY(VWNo) REFERENCES VolunteerWork



FOREIGN KEY(EventNo) REFERENCES Event

Supports(EventNo, VANo)



FOREIGN KEY(VANo) REFERENCES VolunteerArea



FOREIGN KEY(EventNo) REFERENCES Event

Coordinates(VANo, FamNo)



FOREIGN KEY(VANo) REFERENCES VolunteerArea



FOREIGN KEY(FamNo) REFERENCES Family
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