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Answers to Chapter 7 Problems

1. stdcity FDs and sample data that violates the FDs. The rows refer to the sample data below.

stdcity ( offerno is violated by the first two rows and the last two rows

stdcity ( offterm is violated by the last two rows

stdcity ( enrgrade is violated by the first two rows and the last two rows

stdcity ( courseno is violated by the first two rows and the last two rows

stdcity ( crsdesc is violated by the first two rows and the last two rows

	stdssn
	stdcity
	stdclass
	offerno
	offterm
	offyear
	enrgrade
	courseno
	crsdesc

	s1
	seattle
	jun
	o1
	fall
	2005
	3.5
	c1
	db

	s1
	seattle
	jun
	o2
	fall
	2005
	3.3
	c2
	vb

	s2
	bothell
	jun
	o3
	spring
	2006
	3.1
	c3
	oo

	s2
	bothell
	jun
	o2
	fall
	2005
	3.4
	c2
	vb


2. stdcity FDs not violated by the original sample data are listed below along with a reference to new rows (after row 4) that violate the FDs.

stdcity ( stdssn is violated by either the first or second row and the fifth row

stdcity ( stdclass is violated by either the first or second row and the fifth row

stdcity ( offyear is violated by either the first or second row and the fifth row

	stdssn
	stdcity
	stdclass
	offerno
	offterm
	offyear
	enrgrade
	courseno
	crsdesc

	s1
	seattle
	jun
	o1
	fall
	2006
	3.5
	c1
	db

	s1
	seattle
	jun
	o2
	fall
	2006
	3.3
	c2
	vb

	s2
	bothell
	jun
	o3
	spring
	2007
	3.1
	c3
	oo

	s2
	bothell
	jun
	o2
	fall
	2006
	3.4
	c2
	Vb

	s3
	seattle
	SR
	O1
	fall
	2007
	3.3
	C1
	DB


3. PatZip FDs and sample rows that violate the FDs. The rows refer to the sample data below.

PatZip ( PatNo is not violated by the sample data

PatZip ( PatAge is not violated by the sample data

PatZip ( VisitDate is not violated by the sample data

PatZip ( VisitNo is not violated by the sample data

PatZip ( ProvNo is violated by the first two rows

PatZip ( ProvSpecialty is violated by the first two rows

PatZip ( Diagnosis is violated by first two rows

	VisitNo
	VisitDate
	PatNo
	PatAge
	PatCity
	PatZip
	ProvNo
	ProvSpecialty
	Diagnosis

	V10020
	1/13/2007
	P1
	35
	Denver
	80217
	D1
	internist
	Ear Infection

	V10020
	1/13/2007
	P1
	35
	Denver
	80217
	D2
	NURSE PractiTIoner
	INFLUENZA

	V93030
	1/20/2007
	P3
	17
	Englewood
	80113
	D2
	NURSE PractiTIoner
	pregnancy

	V82110
	1/18/2007
	P2
	60
	Boulder
	85932
	D3
	cardiologist
	murmur


4. PatZip FDs not violated by the original sample data are listed below along with a reference to the new rows (after row 4) that violate the FDs.

PatZip ( PatNo is violated by the third and fifth rows

PatZip ( PatAge is violated by the third and fifth rows

PatZip ( VisitDate is violated by the third and fifth rows

PatZip ( VisitNo is violated by the third and fifth rows

	VisitNo
	VisitDate
	PatNo
	PatAge
	PatCity
	PatZip
	ProvNo
	ProvSpecialty
	Diagnosis

	V10020
	1/13/2004
	P1
	35
	Denver
	80217
	D1
	internist
	Ear Infection

	V10020
	1/13/2004
	P1
	35
	Denver
	80217
	D2
	NURSE PractiTIoner
	INFLUENZA

	V93030
	1/20/2004
	P3
	17
	Englewood
	80113
	D2
	NURSE PractiTIoner
	pregnancy

	V82110
	1/18/2004
	P2
	60
	Boulder
	85932
	D3
	cardiologist
	murmur

	V34210
	1/18/2004
	P4
	65
	ENGLEWOOD
	80113
	D3
	CARDIOLOGIST
	IRREGULAR BEAT


5. The simple synthesis procedure is applied to the following list of FDs:

	PatNo (  PatAge, PatCity, PatZip

	PatZip (  PatCity

	ProvNo (  ProvSpecialty

	VisitNo  (  PatNo, VisitDate, PatAge, PatCity, PatZip

	VisitNo, DocNo (  Diagnosis


Step 1: There are no extraneous columns to remove

Step 2: Remove the following FDs because they can be derived through transitivity: 

VisitNo ( PatCity

VisitNo ( PatZip

VisitNo ( PatAge

PatNo ( PatCity

Step 3: Arrange the remaining FDs into groups by determinant

	PatNo (  PatAge, PatZip

	PatZip (  PatCity

	ProvNo (  ProvSpecialty

	VisitNo  (  PatNo, VisitDate

	VisitNo, DocNo (  Diagnosis


Step 4: For each FD group, make a table with the determinant as the primary key. In the table list, the primary keys are underlined. 


Patient (PatNo, PatAge, PatZip)



FOREIGN KEY (PatZip) REFERENCES ZipCode

ZipCode(PatZip, PatCity)


Provider(ProvNo, ProvSpecialty)


Visit(VisitNo, VisitDate, PatNo)



FOREIGN KEY (PatNo) REFERENCES Patient


DiagnosisTbl(VisitNo, ProvNo, Diagnosis)



FOREIGN KEY (VisitNo) REFERENCES Visit



FOREIGN KEY (ProvNo) REFERENCES Provider

Step 5: Merge tables with the same columns. There is no work because no duplicate tables are present.

6.


	CustNo (  CustBal, CustDiscount

	OrdNo (  CustNo, ShipAddr, OrderDate

	ItemNo (  ItemDesc

	ItemNo, PlantNo  (  ReorderPoint, QtyOnHand

	OrderNo, ItemNo (  LineNo, QtyOrdered, QtyOutstanding

	OrderNo, LineNo (  ItemNo, QtyOrdered, QtyOutstanding


7.


	custno
	custbal
	orderno
	ShipAddr
	orderdate
	itemno
	itemdesc
	qtyord
	plantno
	reordpoint
	qtyonhand

	C1
	100
	O1
	S1
	2/1/2004
	I1
	Bolt
	10
	P1
	10
	15

	C1
	100
	O1
	S1
	2/1/2004
	I2
	Nut
	5
	P1
	20
	25

	C2
	50
	O2
	S2
	2/3/2004
	I1
	Bolt
	1
	P1
	10
	15

	C1
	100
	O3
	S3
	2/4/2004
	I3
	Screw
	10
	P1
	10
	14

	C1
	100
	O3
	S3
	2/4/2004
	I3
	Screw
	10
	P2
	15
	20


The above table is missing several fields due to space limitations. There are many modification anomalies in the table:

· Insertion anomalies: cannot insert a new customer without having an order, item, and a plant to stock the item.

· Update anomaly: must change the customer balance multiple times.

· Deletion anomaly: deleting an order (for example order O2) causes deletion of customer if customer has only one order.

8.


2NF tables are shown below:

O1(orderno, shipaddr, orderdate, custno, custbal, custdiscount)

O2(itemno, itemdesc)

O3(orderno, itemno, lineno, qtyordered, qtyoutstanding)

O4(plantno, itemno, qtyonhand, reorderpoint)

9.


All tables except O1 are in 3NF. For 3NF, O1 should be split as shown below:

O1.1(orderno, shipaddr, orderdate, custno) 

O1.2(custno, custbal, custdiscount)

10.

The steps of the BCNF process are listed below.

Step 1: There are no extraneous columns to remove

Step 2: There are no transitively derived FDs. If the following FDs were in the dependency diagram, they should be removed:

orderno ( custbal

orderno ( custdiscount

Step 3: Arrange the remaining FDs into groups by determinant

	custno (  custbal, custdiscount

	orderno (  orderdate, shipaddr, custno

	itemno (  itemdesc

	orderno, itemno  (  qtyord, qtyoutstanding, lineno

	orderno, lineno  (  qtyord, qtyoutstanding, itemno

	itemno, plantno (  qtyonhand, reorderpoint


Step 4: For each FD group, make a table with the determinant as the primary key. In the table list, the primary keys are underlined.

Order(OrderNo, ShipAddr, OrderDate, CustNo)


FOREIGN KEY (CustNo) REFERENCES Customer

Customer(CustNo, CustBal, CustDiscount)

Item(ItemNo, ItemDesc)

OrderLine1(OrderNo, ItemNo, LineNo, QtyOrdered, QtyOutstanding)


FOREIGN KEY (OrderNo) REFERENCES Order


FOREIGN KEY (ItemNo) REFERENCES Item

OrderLine2(OrderNo, LineNo, ItemNo, QtyOrdered, QtyOutstanding)


FOREIGN KEY (OrderNo) REFERENCES Order


FOREIGN KEY (ItemNo) REFERENCES Item

PlantStocking(PlantNo, ItemNo, QtyOnHand, ReorderPoint)


FOREIGN KEY (ItemNo) REFERENCES Item

Step 5: Merge tables with the same columns. The tables orderline1 and orderline2 should be merged into one table. Either (orderno, itemno) or (orderno, lineno) can be chosen as the primary key.

11.

If shipaddr determines custno, the order table is not in BCNF because shipaddr is a determinant but not a candidate key. The order table should be split into two tables as shown below:

order(orderno, shipaddr, orderdate)

shipping(shipaddr, custno)

This FD may not be reasonable for retail organizations. Two customers can share the same shipping address such as roommates. Even small businesses can share the same office space.

12.

To keep track of shipping addresses independently of orders, a separate table should be added. The new table contains two columns as shown below. All shipping addresses for a customer are stored in this new table. The order table contains a shipping address field also. The foreign key in the order table should reference shipaddress, not customer.

shipaddress(custno, shipaddr)


FOREIGN KEY (CustNo) REFERENCES Customer

13.

There are many modification anomalies in the big expense report table. 

· Insertion anomalies: Since ExpItemNo is the primary key, information about expense reports, expense categories, and users cannot be inserted unless there exists an expense item number. It should be possible to add expense reports, expense categories, and users independently of expense items.

· Update anomalies: Multiple rows will need to be changed when updating columns associated with expense reports, expense categories, and users. For example to update expense category limit, every expense item row in which it appears will need to be changed.

· Deletion anomalies: Deleting a row can inadvertently remove details about a user, expense report, or expense category. If the user, expense report, or expense category is used in only one expense item, the entity (user, expense report, or expense category) will be deleted.

14.

The following FDs violate 2NF because they involve part of a key on the LHS. There are two candidate keys for the big expense report table: ExpItemNo (expense item number) and the combination of CatNo (category number) and ERNo (expense report number).

· ERNo  ( UserNo, ERSubmitDate, ERStatusDate

· CatNo ( CatName, CatLimit

Here are tables that satisfy 2NF but not 3NF.

· ExpenseReport(ERNo, UserNo, ERSubmitDate, ERStatusDate)
· ExpenseCategory(CatNo, CatName, CatLimit)

· The remainder of the columns can be put in the same table (BigExpenseItemTable) with ExpItemNo as the primary key and the combination of ERNo and CatNo as a candidate key.

15.

The ExpenseReport and ExpenseCategory tables are in 3NF. The BigExpenseItem table does not satisfy 3NF because the following FDs violate 3NF (nonkey on the LHS). There are two candidate keys for the big expense report table: ExpItemNo (expense item number) and the combination of CatNo (category number) and ERNo (expense report number).

· UserNo ( UserFirstName, UserLastName, UserPhone, UserEmail

· UserEmail ( UserNo

· CatName ( CatNo

Here are tables that satisfy 3NF. The first table carries over from the previous problem.

· ExpenseReport(ERNo, UserNo, ERSubmitDate, ERStatusDate)

· ExpenseCategory(CatNo, CatName, CatLimit, CatName)

· User(UserNo, UserFirstName, UserLastName, UserPhone, UserEmail)

· ExpenseItem(ExpItemNo, ExpItemDesc, ExpItemDate, ExpItemAmt, CatNo, ERNo)
16.

In the first step of the simple synthesis procedure, the FDs in which the LHS are not minimal are removed. All of the FDs in the original problem list have minimal FDs so the FD list is not changed. The only FD that could be non minimal is ERNo, CatNo ( ExpItemNo. Since the problem does not give any information that both columns are not required, we must assume that the LHS is minimal.

· ERNo  ( UserNo, ERSubmitDate, ERStatusDate

· ExpItemNo ( ExpItemDesc, ExpItemDate, ExpItemAmt, CatNo, ERNo

· UserNo ( UserFirstName, UserLastName, UserPhone, UserEmail

· CatNo ( CatName, CatLimit

· ERNo, CatNo ( ExpItemNo

· UserEmail ( UserNo

· CatName ( CatNo

In the second step of the simple synthesis procedure, transitively derived FDs must be removed. None of the FDs is transitively derived. Examples of transitively derived FD are ExpItemNo ( UserNo, UserEmail ( UserFirstName, and CatName ( CatLimit.
In the third step, the FDs are grouped by LHS.

· ERNo  ( UserNo, ERSubmitDate, ERStatusDate

· ExpItemNo ( ExpItemDesc, ExpItemDate, ExpItemAmt, CatNo, ERNo

· UserNo ( UserFirstName, UserLastName, UserPhone, UserEmail

· CatNo ( CatName, CatLimit

· ERNo, CatNo ( ExpItemNo

· UserEmail ( UserNo

· CatName ( CatNo

In the fourth step, one table is made for each FD group.

· ExpenseReport(ERNo, UserNo, ERSubmitDate, ERStatusDate)

· ExpenseCategory1(CatNo, CatName, CatLimit)

· ExpenseCategory2(CatName, CatNo)

· User1(UserNo, UserFirstName, UserLastName, UserPhone, UserEmail)

· User2(UserEmail, UserNo)

· ExpenseItem1(ExpItemNo, ExpItemDesc, ExpItemDate, ExpItemAmt, CatNo, ERNo)

· ExpenseItem2(ERNo, CatNo, ExpItemNo)
In the fifth step, redundant tables are merged. The following tables are redundant: User1-User2, ExpenseCategory1-ExpenseCategory2, and ExpenseItem1-ExpenseItem2). These tables are merged in the following list of tables. Foreign keys are identified using italics.

· ExpenseReport(ERNo, UserNo, ERSubmitDate, ERStatusDate)

· ExpenseCategory(CatNo, CatName, CatLimit)

· User(UserNo, UserFirstName, UserLastName, UserPhone, UserEmail)

· ExpenseItem(ExpItemNo, ExpItemDesc, ExpItemDate, ExpItemAmt, CatNo, ERNo)

17.


Result after conversion

Student(StdId, Name, Email, Phone, Web, Major, Minor, GPA, AdviserNo, AdviserName)

Attends(InterviewId, StdId)



FOREIGN KEY(InterviewId) REFERENCES Interview



FOREIGN KEY(StdId) REFERENCES Student

Interview(InterviewId, BldgName, RoomNo, RoomType, Date, Time)

Conducts(InterviewId, InterviewerId)



FOREIGN KEY(InterviewId) REFERENCES Interview



FOREIGN KEY(InterviewerId) REFERENCES Interviewer

Interviewer(InterviewerId, Name, Phone, Email, CompId)



FOREIGN KEY(CompId) REFERENCES Company

Company(CompId, CompName)

Position(PosId, Name)

CompPos(CompId, PosId, City, State)



FOREIGN KEY(CompId) REFERENCES Company



FOREIGN KEY(PosId) REFERENCES Position

Conversion without the optional 1-M relationship Rule

The above conversion uses the optional 1-M relationship rule (Rule 5). If using Rule 2 instead, the conversion changes as follows:

· Replace the Attends table with StdId added as a foreign key in the Interview table.

· Replace the Conducts table with InterviewerId as a foreign key in the Interview table.

The revised interview table is shown below:

Interview(Interviewid, BldgName, RoomNo, RoomType, Date, Time, StdId, InterviewerId)



FOREIGN KEY(InterviewerId) REFERENCES Interviewer



FOREIGN KEY(StdId) REFERENCES Student

Further normalization
· The student table is not in BCNF because AdviserNo  AdviserName.  If this FD is significant, split student into 2 tables with AdviserNo and AdviserName in a new table.  AdviserNo is the primary key of the new table.

· The Interview table is not in BCNF because BldgName, RoomNo  RoomType.  If this FD is significant split interview into 2 tables with BldgName, RoomNo, and RoomType in a new table.  The combination of BldgName and RoomNo is the primary key of the new table.
· Another possible interpretation of the RoomNo attribute is that it contains both a building abbreviation and a room number. For example, PL212 means room 212 in the Plaza building. If RoomNo contains both a room number and a building abbreviation, then RoomNoBldgName, RoomType. If this FD is significant split the interview table into 2 tables with BldgName, RoomNo, and RoomType in a new table. The primary key of the new table is RoomNo.
18.

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


Person(SSN, Name, Phone)


Owner(SSN, SpouseName, Profess, SpouseProfess)



FOREIGN KEY(SSN) REFERENCES Person ON DELETE CASCADE


Buyer(SSN, Address, BdRms, BathRms, MinPrice, MaxPrice, AgentId)



FOREIGN KEY(AgentId) REFERENCES Agent



FOREIGN KEY(SSN) REFERENCES Person ON DELETE CASCADE


Office(OfficeId, MgrName, Phone, Address)

MakesOffer(SSN, HomeId, ExpDate, Price, CounterOffer)



FOREIGN KEY(HomeId) REFERENCES Home



FOREIGN KEY(SSN) REFERENCES Buyer

Further normalization:

· The home table is not in BCNF because zip  state.  If the city means the city where the post office is located, then zip  city also holds. If these FDs are significant, split the home table into 2 tables with zip, city, and state in a new table.  Zip is the primary key of the new table.

19. The UNIQUE constraints enforce the candidate key constraints in the problem definition.
Result after conversion

User(UserNo, UserFirstName, UserLastName, UserPhone, UserEmail, UserLimit,          

         MgrNo)



UNIQUE (UserEmail)


FOREIGN KEY(MgrNo) REFERENCES User

ExpenseCategory(CatNo, CatDesc, CatLimitAmount)



UNIQUE (CatDesc)


StatusType(StatusNo, StatusDesc)



UNIQUE (StatusDesc)


ExpenseReport(ERNo, ErDesc, ERSubmitDate, ERStatusDate, StatusNo, UserNo)



FOREIGN KEY(StatusNo) REFERENCES Status


FOREIGN KEY(UserNo) REFERENCES User


ExpenseItem(ExpItemNo, ExpItemDesc, ExpItemDate, ExpItemAmount, ERNo, CatNo)



FOREIGN KEY(ERNo) REFERENCES ExpenseReport


FOREIGN KEY(CatNo) REFERENCES Category


UNIQUE (ERNo, CatNo)

Limits(UserNo, CatNo, Amount)



FOREIGN KEY(UserNo) REFERENCES User


FOREIGN KEY(CatNo) REFERENCES Category
Further normalization:

· For each table, the PK determines the other columns.

· In addition to the FDs associated with the PKs, there are FDs associated with each candidate key. In the conversion, the UNIQUE constraints designate candidate keys that are not primary keys. For example, the FDs for the User table include the FDs with the primary key (UserNo) as the LHS and the FDs with the candidate key (Email) as the LHS.
· All tables are in BCNF. The FDs with the candidate keys as the LHS do not violate BCNF.

20. The UNIQUE constraints enforce the candidate key constraints in the problem definition.

Result after conversion


Facility(FacNo, FacName)



UNIQUE (FacName)


Location(FacNo, LocNo, LocName)



FOREIGN KEY(FacNo) REFERENCES Facility


Resource(ResNo, ResName, ResRate)



UNIQUE (ResName)

Employee(EmpNo, EmpName, EmpPhone, EmpEmail, EmpDeptNo,          

         EmpMgrNo)



UNIQUE (EmpEmail)

Customer(CustNo, CustName, CustPhone, CustEmail, CustContactName)          



UNIQUE (CustEmail)



UNIQUE (CustName)

EventRequest(ERNo, ERDateHeld, ERRequestDate, ERAuthDate, ERStatus,

                       EREstCost, EREstAudience, CustNo, FacNo)          



FOREIGN KEY(CustNo) REFERENCES Customer



FOREIGN KEY(FacNo) REFERENCES Facility
EventPlan(EPNo, EPDate, EPNotes, EPActivity, ERNo, EmpNo)


FOREIGN KEY(ERNo) REFERENCES EventRequest


FOREIGN KEY(EmpNo) REFERENCES Employee
EventPlanLine(EPNo, LineNo, EPLTimeStart, EPLTimeEnd, EPLQty, ResNo, FacNo, LocNo)



FOREIGN KEY(EPNo) REFERENCES EventPlan


FOREIGN KEY(ResNo) REFERENCES Resource


FOREIGN KEY(FacNo, LocNo) REFERENCES Location

Further normalization:

· For each table, the PK determines the other columns.

· In addition to the FDs associated with the PKs, there are FDs associated with each candidate key. In the conversion, the UNIQUE constraints designate candidate keys that are not primary keys. For example, the FDs for the Resource table include the FDs with the primary key (ResNo) as the LHS and the FDs with the candidate key (ResName) as the LHS.

· All tables are except Employee are in BCNF. The FDs with the candidate keys as the LHS do not violate BCNF.

· The Employee table is not in BCNF because EmpDeptNo determines EmpMgrNo. EmpDeptNo is a determinant but not a candidate key. The Employee table should be decomposed to achieve BCNF.

Employee(EmpNo, EmpName, EmpPhone, EmpEmail, DeptNo)


UNIQUE (EmpEmail)



FOREIGN KEY(DeptNo) REFERENCES Department

Department(DeptNo, MgrNo)



UNIQUE (EmpEmail)

21. This problem demonstrates the difficulty of capturing M-N relationships using FDs rather than an ERD.
New FDs

paperno  sessno, order

sessno, order   paperno

sessno  starttime, duration, date, room, chair, title

Complete list of FDs

AuthNo  AuthName, AuthEmail, AuthAddress  

AuthEmail  authno

PaperNo   primary-authno, title, abstract, status, sessno, order

SessNo, Order   PaperNo

RevNo  RevName, RevEmail, RevAddress 

RevEmail  RevNo

SessNo  starttime, duration, date, room, chair, title

RevNo, PaperNo    auth-comm, prog-comm, date, 5 rating columns

FD Notes:

· A paper can appear in at most 1 session.

· A paper can have at most 1 order in a session.

· For the list of authors, subject categories, and expertise categories, FDs with null right hand sides can be written:

paperno, authno ( (
paperno, catname ( (
revno, catname ( (
BCNF Tables

author(authno, authname, authemail, authaddress)

paper(paperno, primary-authno, title, abstract, status, sessno, order)


FOREIGN KEY (primary-authno) REFERENCES author


FOREIGN KEY (sessno) REFERENCES session

Because the combination of sessno and order is also a candidate key, there is no violation of BCNF.

reviewer(revno, revname, revemail, revaddress)

review(paperno, revno, auth-comm, prog-comm, date, 5 rating attributes)


FOREIGN KEY (paperno) REFERENCES paper


FOREIGN KEY (revno) REFERENCES reviewer

session(sessno, title, chair, starttime, date, room, duration)

paper-author(paperno, authno)


FOREIGN KEY (paperno) REFERENCES paper


FOREIGN KEY (authno) REFERENCES author

paper-category(paperno, catname)


FOREIGN KEY (paperno) REFERENCES paper

reviewer-category(revno, catname)


FOREIGN KEY (revno) REFERENCES reviewer

22.

FDs

flno   origin, destination, deptime, arrtime

flno, date   remseats, serialno

flno, date, empno  role

serialno   modelid, capacity, nextmaindate

modelid  capacity  -- This dependency may not hold.  For some airlines, the same model can be configured with different seating capacities. If this airline only has one class of service, this FD should hold.

mainno   serialno, date, empno, desc

custno   alias, phone

resno    flno, custno, date, fare, paymeth, crcardno, expdate

flno, custno, date  resno, fare, paymeth, crcardno, expdate

empno   name, title, phone

FD Notes:

· It is possible that role is the same value as title. The problem does not provide details about whether role and title are the same. If they are the same, the FD flno, date, empno  role should be deleted. However, there should still be a table containing flno, date, and empno. The FD with the null RHS still holds: flno, date, empno  (.

· It is possible that crews should be assigned a unique number and other properties such as a range of dates for the crew to work together.  This extension would involve FDs with crewno as the LHS and another table to represent a M-N relationship between crew and employee.

· The FD crcardno  expdate does not hold because the expdate changes as a credit card is renewed. Thus, two reservations with the same credit card number can have different expiration dates.

· The FD custno crcardno does not hold because a customer can have multiple credit cards. Likewise the reverse FD does not hold because multiple people can share the same credit card.

BCNF Tables

flight(flno, origin, destination, deptime, arrtime)

schedule(flno, date, remseats, serialno)

   FOREIGN KEY (serialno) REFERENCES airplane

assignment(flno, date, empno, role)

   FOREIGN KEY (flno, date) REFERENCES schedule

   FOREIGN KEY (empno) REFERENCES employee

airplane(serialno, modelid, nextmaindate)

   FOREIGN KEY (modelid) REFERENCES model

model(modelid, capacity)  /* if the modelidcapacity FD does not hold, ignore this table.

maintenance(mainno, serialno, date, empno, desc)

   FOREIGN KEY (serialno) REFERENCES airplane

   FOREIGN KEY (empno) REFERENCES employee

customer(custno, alias, phone)

reservation(resno, flno, custno, date, fare, paymeth, crcardno, expdate)

   FOREIGN KEY (flno, date) REFERENCES schedule

   FOREIGN KEY (custno) REFERENCES customer

employee(empno, name, title, phone)

23.

FDs

userno  username, address, zip, email

email  username, address, zip, userno

zip  city, state

acctno  acctname, address, balance, lastcheckno, startdate, userno, bankno

acctname  acctno, address, balance, lastcheck, startdate, userno, bankno

bankno  bankname, bankaddr

entryno   entdate, entamount, payee, entdesc, acctno, checkno

acctno, checkno  entryno

catno  catname, desc, taxstatus, supcatno

catname  catno

catno, entryno    EntLineAmount, EntLineDesc

FD Notes:

· FDs with checkno as a determinant depend on whether an account can have identical check numbers.  If an account can have duplicate check numbers, this set of FDs should be removed.

· The FDs with email as the determinant assume that users do not share the same email address. For example, a husband and wife might share the same email address if one or both does not use email much. If email addresses can be shared, then the FDs with email as a determinant should be removed.

· Zip determines city unless city is the residence city, not the post office city. If the city represents the post office location, each zip code determines city.

BCNF Tables

User(UserNo, UserName, Address, City, State, Zip, Email)

This table is not in BCNF because zip is a determinant but not a PK.  The zip dependencies are not important to the database so the table is not normalized further.

Account(AcctNo, AcctName, Balance, LastCheckNo, StartDate, BankNo, UserNo)

  FOREIGN KEY (BankNo) REFERENCES Bank

  FOREIGN KEY (UserNo) REFERENCES User

Bank(BankNo, BankName, Address)

Entry(EntryNo, AcctNo, EntDate, EntAmount, EntDesc, CheckNo, EntPayee)

   FOREIGN KEY (AcctNo) REFERENCES Account

Category(CatNo, CatName, CatDesc, SupCatNo)

   FOREIGN KEY (SupCatNo) REFERENCES Category

EntLine(EntryNo, CatNo, EntLineAmount, EntLineDesc)

   FOREIGN KEY (CatNo) REFERENCES Category

   FOREIGN KEY (EntryNo) REFERENCES Entry

a)  24.

b)  There is independence among operators and tasks.  For a given machine, if an operator is trained on the machine and the machine can perform the task, then the operator can use the machine for that task.  We are not interested in tracking actual usage of machines by operator and task.  Rename R1 as trainedfor and R2 as performs.

c)  There is dependence among operator, machine, and task.  The goal of the database is to record the combinations of operators, machines, and tasks used, not potential combinations.  The new entity type may be called performson or taskusage. There would probably be one or more attributes of the new entity type. The three relationships can be named: conducts or operatorof (R1), usedfor or machineof (R2), and performedwith or taskof (R3).

25.

FDs

bldgno  bldgname, bldgloc
bldgname  bldgno, bldgloc

roomno  roomsize, roomcap, roomnumentrances, roomequipdesc, bldgno
empno  empname, empposition, empemail, empphone, roomno, kcno
empemail  empname, empposition, empno, empphone, roomno, kcno
keycardno  kcdateencoded, kcauthempno, empno
keycardno, roomno  ( (
FD Notes:

· RoomNo can be represented as one column or two columns (building abbreviation and number). If represented by two columns, the combination of building abbreviation and number determine the other columns. In addition, the combination of BldgNo and number determine the other columns.
· To represent the M-N relationship between key cards and rooms, you can write an FD with a null RHS (keycardno, roomno ( ().
· To represent the 1-1 relationship between employee and key card, use multiple FDs with empno determining key card number, empemail determining key card number, key card number determining empno.

· The FD keycardno determines empemail should not be recorded because it can be transitively derived (keycardno  ( empno, empno  ( empemail implies keycardno  ( empemail).
BCNF Tables

Building(BldnNo, BldgName, BldgLocation)

  UNIQUE(BldgName)

Room(RoomNo, roomsize, roomcap, roomnumentrances, roomequipdesc, BldgNo)

  FOREIGN KEY (BldgNo) REFERENCES Building
Emp(EmpNo, empname, empposition, empemail, empphone, roomno, kcno)

   FOREIGN KEY (RoomNo) REFERENCES Room
   FOREIGN KEY (KCNo) REFERENCES KeyCard

   UNIQUE(EmpEmail)

KeyCard(KCNo, kcdateencoded, kcauthempno, empno)

   FOREIGN KEY (EmpNo) REFERENCES Employee
   FOREIGN KEY (KCAuthEmpNo) REFERENCES Employee

KCAssign(KCNo, RoomNo)

   FOREIGN KEY (KCNo) REFERENCES KeyCard

   FOREIGN KEY (RoomNo) REFERENCES Room

26.

d)  There is independence among materials and tasks.  For a given work assignment, it is necessary to track the material required and the tasks required, not the material usage for each task in the work assignment. Rename R1 as MatUsage and R2 as TasksRequired.
e)  There is dependence among materials and tasks.  For a given work assignment, it is necessary to track the material usage for each task in the work assignment.  It is not enough to track the material required and the tasks required. The new entity type may be called mattaskusage. There would probably be one or more attributes of the new entity type such as to note the estimated and actual quantity of material used for a task. The three relationships can be named: requires (R1), matusage (R2), and taskusage (R3).

27.

FamNo  FamLastName1, FamFirstName1, FamLastName2, FamFirstName2, FamHomePhone, FamBusPhone, FamEmail, FamStreet, FamCity, FamState, FamZip
VANo  VAName, VAControl, FamNo
EventNo  EventDesc, EventEstHrs, EventBegTime, EventEndTime, EventRecPeriod, EventExpDate, EventNumVols, EventDateNeeded, EventDateReq, VANo

VWNo  VWDateVWNotes, VWHours, VWLocation, VWFirstName, VWLastName, VWDateEntered, FamNo, EventNo

The last FD with null RHS records the M-N relationship between events and families. The need for the M-N relationship occurs in the last part in the bullet about events.
EventNo, FamNo  ( (
Application of the simple synthesis algorithm results in the following tables.

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

