ER Modelling	Answers to Selected Questions
Where relevant there are databases containing answers to odd-numbered questions.

Page 14 Exercises
1. Verbalizing the product table for ABC Foods:
The product with id … has product name …, unit price …, and has … units in stock
3. Verbalizing the report for the Human Resources department:
The employee with id … has first name …, last name …, and works in the … department

Page 19 Exercises
1. Rewrite the verbalization for the Employees table using elementary verbalizations.
Employee with ID … has a first name …
Employee with ID … has a last name …
Employee with ID … is of … gender
3. What verbalizations apply to the Loan table in the Library database? 
Note there is more than one row with the same id value, and there is more than one row with the same call number value. This table has been organized such that there is one row for any possible id and call number combination. 
The member with id … borrowed a book with call number … on … 
The member with id … borrowed a book with call number … and returned the book on … 
The member with id … borrowed a book with call number … which was due on …
5. Why would some of the date returned fields appear to have no value at all? 
At the time of a book being loaned to a library member we should enter a row into the loan table. Since we do not know when it will be returned, no value is entered for the date returned. In this way we have a row in the table telling us who has borrowed the book. Later, when the member brings the book back to the library the row can be updated with a date for dateBorrowed.


Page 62 Exercises
Note for question 5 the use of * for all fields to be shown, and that the last name and first name fields are additionally included with Show not selected. Those two columns in the grid are used for sorting purposes. The order of columns involved with sorting is important.  Because last name column appears before first name column, it is applied to sort the rows of the result set. First name is used to arrange rows with the same value for last name in sequence by first name. 
What happens if the columns for last name and first name are reversed?

Page 65 Exercises
When you view the answer for question 5 you will see the criteria 
Like "*medicine*" And Like "*medieval*"   as depicted in this grid:
[image: Graphical user interface, text, application, email

Description automatically generated]
However, the query was entered using 3 columns as shown below. MS Access transformed  the query, simplifying it, into a query using the And operator.
[image: Table

Description automatically generated]

For more information on logical expressions see chapter 6.
Page 75 Exercises
Answer to Q3b:
[image: Diagram, timeline

Description automatically generated]

Page 82 Exercises
Note we have assumed CHEM and PHYS are the dept codes for Chemistry and Physics respectively.
Note the sample database does not have any CHEM or PHYS courses.


Page 97 Exercises
Q3 was developed with two columns in the grid constrained as shown below
[image: Table

Description automatically generated]
However, MS Access transformed the statement to use the and logical operator:
[image: Graphical user interface, text, application

Description automatically generated]
Q3Between is equivalent and illustrates the between  operator. The between operator is used along with the keyword and.
Page 104 Exercises
Note the use of  [ creditHours ]  in the update expression instead of just creditHours. The square braces tell  Access to use the current value of the creditHours field.
Page 109 Exercises
Note that the relationships tool was used first to ensure the relationships between tables were set.



Page 120
Q1
[image: Table

Description automatically generated]
Q3
[image: Diagram, table

Description automatically generated]


Q5
[image: Diagram, table

Description automatically generated]

Page 130
Q1. In Fall 2020 the UW reported 9,396 undergraduate students and 295 graduate students. 
Typical attributes for students would be student number, first name, middle name, last name, birthdate.
Q3. Some useful entity types are: Course, Classroom, Student, Professor
Relationships (simplified): students take courses, courses are assigned classrooms, professors deliver courses, etc.
Attributes: 
Course – course number, title, credit hours, description, …
Student – student number, first name, last name, …
Classroom – room number, floor, building, number of seats, …
Professor – staff number, first name, last name, …
An ERD (with many unmentioned assumptions):

[image: Diagram

Description automatically generated]

Page 133
Q1. We are assuming an employee can have many dependents where 
· An employee can have many dependents
· Each dependent is associated with only one employe
· Each dependent for an employee has a distinct first name
· There can be several dependents of the same first name but they must be associated with different employees 
· Employees are identified by their staff number, and departments are identified by a department number
· An employee works in one department
· A department may have many employees who work in it.

[image: Diagram

Description automatically generated]
Page 135
Q1. If we choose to use 3 separate attributes (first name, middle name, and last name) then we can keep the 3 values separated and combine them if required. Separate fields would make producing a sorted list (say by last name then first name) easier to accomplish.
Q3. If we choose to use separate attributes for each of floor, building, and room number we would have atomic attributes, and we would gain flexibility for reporting needs similar to above.


Page 136
Q1. If we consider a phone number to comprise country code, area code, prefix, and line number then we could model this as:
[image: Diagram

Description automatically generated]
Q3. If we consider an address to comprise street, city, province and country, and if we consider a street to comprise apartment number, street number and street name, we can use the following:
[image: Diagram

Description automatically generated]

Page 137
Q1. In this case we have an entity type with 4 attributes:
[image: Diagram, schematic

Description automatically generated]

Page 139
Q1. a) We have an employee entity type and employees have dependents (with names):
[image: A picture containing text, shoji

Description automatically generated]
b) Dependent names are composite:
[image: A picture containing text, businesscard

Description automatically generated]

Page 140
Q1. An educational system must keep track of all courses a student has taken including grades obtained. The information stored in a database allows the system to calculate a student’s average. Assuming the above, a student’s average can  be calculated and shown in an ERD as a derived attribute. In order to determine the average, the system must implement the rule for that calculation. 

[image: Diagram

Description automatically generated]


Page 142
Q1. The key is prodNum. Other attributes describing a product are prodDesc and prodPrice:
[image: Diagram

Description automatically generated with medium confidence]

Q3. The key is composite comprising account number and account type. We must show the composite nature of the key.  An attribute such as current balance must be derivable from other data (such as opening balance, deposit, withdrawal, etc). Accordingly, we show it as derivable.

[image: A picture containing text, businesscard

Description automatically generated]



Page 145
Q1. For now the important parts of the diagram below are:
Department has a key deptCode 
deptCode is shown as an attribute of Department only
Course has a partial key courseNumber
Course is a weak entity type
The ‘1’ and the ‘N’ that appear on either side of ‘offers’ are cardinalities of the offers relationship and are discussed later in the text.
[image: Diagram

Description automatically generated]



Page 146
Q1. A simple integer data type is often used.
Page 147
Q3. If we can assume that a book cannot be taken out of the library twice on the same day by a member, then we could have this combination: book identifier, member identifier, date borrowed as a key. However, given that the due date is likely calculated as say, for example 2 weeks in the future, book identifier, member identifier, date due would be a key too.  In this scenario we can say we have four key attributes, and one non-key attribute: date returned.

However, this is not realistic – we should let someone take a book out, return it, and then take it out again the same day.  This would be an opportunity to use a surrogate key – just a number that uniquely identifies the transaction of borrowing a book. And now all the previously mentioned attributes are non-key. Here’s an ERD for this situation:
[image: Diagram

Description automatically generated]



Page 158
Q1. 
[image: Diagram

Description automatically generated]

An alternative design could have ParkingLot, Customer and Car entity types and no Space entity type. In that case 
· There must be a relationship between Customer and ParkingLot, and this relationship could have an attribute for the parking space assigned (or since a customer only rents one spot, that attribute could appear on Customer)
· The number of spaces would no longer be derived
· Application code would need to ensure the same space is not rented to two different customers.



Q3. 
[image: Diagram

Description automatically generated]

Q5. 
In this solution there are 2 one-to-many relationships. Each marriage must participate in both ‘wedded in’ relationships – this ensures a marriage involves exactly two people:
[image: Chart

Description automatically generated]
An alternative outside the scope of these notes:
Use a n-ary relationship for ‘wedded in’ where n is 3. This ternary relationship involves 2 persons and one marriage. 

Q7. 
Consider using two entity types Person and Marriage as above, but now we use a many-to-many relationship:
[image: Diagram

Description automatically generated with medium confidence]
The cardinality ‘m’ on the Person side means several persons can be involved in one marriage. The cardinality ‘n’ on the Marriage side means persons can be involved in more than one marriage – if you change that to a ‘1’ then a person can be involved in only one marriage.

Q9. 
A many-to-many allows a student to be related to many courses, and vice versa a course can be related to many students. See the design immediately below.  So, a student can enroll in any number of courses, and a course can have many students. However, each student can be related to a specific course only one time. So, if we let a student enroll in a specific course more than once we would just be keeping the most recent attempt.

[image: Diagram

Description automatically generated]

If we want to allow a student to retake a course and keep history we need to add a discriminator attribute to ‘enrolls in’, such as the term the student took the course. See below:
[image: Diagram

Description automatically generated]
Now, we can relate a student to the same course as many times as we wish so long as the value of the discriminator is different. So now a student can take a course again and again so long as it’s taken in different terms.


Q11. The question indicated each player was identified by a number, and we assumed this means across all teams. So the key chosen for a Player is number.
The question stated each team has a unique name and so that is the key for Team.
The question was not clear about the key for Game and so we chose to use a surrogate key – an  id the system would ensure is unique for games.
We chose to use two relationships for the situation where two teams play a game. This ensures each game has two teams – one for home and one for visitor.
[image: Diagram

Description automatically generated]



Q13. A call is related to Customer twice – for the customer who initiates the call and for the customer who receives the call. Both relationships are identifying. 
In this solution a call is a weak entity type that is identified by 3 attributes: the caller’s phone number, the receiver’s phone number, and the start time for the call.
[image: Diagram

Description automatically generated]



Q15. This design (based on elements in the question) is missing many things (such as keys for some entities) and so consider this solution just the beginning of a design.
It might be a good idea for the ‘lists’ relationship to evolve and become an entity type named ‘Listing’. If this were done then it would be easy to handle the case where the same property is listed many times, and then attributes such as list price and sale price would be attached to Listing. 
[image: Diagram

Description automatically generated]



Q17. As the question does not refer to many different surveys, our design works for just one survey.  
There are two entity types we suggest: Person and Question. Each question will have some text that would be presented to the user, for example: “You have brown eyes”. Each question would be unique and so the text of the question can serve as a key. 
Nothing is said about information to be kept for a person so we have just used a surrogate key – each person would have a different value of ID. For each question answered we record the answer: true/false. Each person will answer many survey questions, and each question is responded to by many persons, and so the relationship ‘responds’ is many-to-many. 
[image: Diagram

Description automatically generated]



Q19. The question did not state how we identify a customer and so the key for Customer is not shown. We show Transaction as a weak entity type so each transaction is identified by the credit card no and its ID which comprises the date and time.  In practice we might expect each transaction to have a numeric identifier, but as this was not mentioned in the question we leave that for further consideration.
[image: Diagram

Description automatically generated]




Q21.  
· Customers have identifiers and specific attributes.
· Products have two keys and specific attributes. Products can be identified by their ID or by their name.
· Orders may arrive via the internet, or they may be placed over the phone where the customer is speaking with an employee. We will include the name of the employee. An attribute like ‘internet’ below could have a domain of true/false. Regardless of how the order is placed, each order has a generated order number. Orders have two dates: date placed and date required.
· For each order, several products may be included. These are detail lines for an order – we assume lines of an order will be sequenced beginning at one. This makes detail lines a weak entity type.
These considerations lead us to the design on the next page. 
Further comments:
· Note that a product’s ID appears only as an attribute of Product, and it is not shown for a detail line. We say we know the product associated with a detail line through the ‘is for’ relationship. 
· Note that a customer’s ID is only shown as an attribute of Customer, and it is not shown for an order. We say we know the customer for a particular order through the ‘places’ relationship.
· We are suggesting the employee attribute for an order would have the employee’s name who handled the order over the phone.
· We are suggesting the internet attribute could have a domain of true/false to indicate if the order was placed over the internet or via phone.
· Since Detail Line is shown as a weak entity type, each instance of a detail line is identified by the combination of order number and detail line sequence number.
[image: Diagram

Description automatically generated]




Page 167

Q1. There is a relation for the entity type Team, and another relation for the many-to-many relationship plays. Since plays is recursive with Team having two roles, there must be 2 foreign keys referencing Team; the role names are used for these two foreign keys The two foreign keys comprise the primary key for Plays
[image: Table

Description automatically generated]
Q3. PhoneCall is a weak entity type that has two identifying relationships. Since it has a discriminator attribute startTime, we have set the primary key of PhoneCall to be the combination: caller, receiver, startTime.
The attributes caller and receiver are foreign keys referencing Phone.
[image: Table

Description automatically generated]
Note that this model assumes all phone calls involve just two phones: one being the caller and the other the receiver. 
Do you think PhoneCall needs two identifying relationships? Since a caller can only make one call at a time we could model ‘places call’ as identifying, but ‘receives call’ could be a regular relationship. If we made this change, what is the primary key of PhoneCall?



Page 174

Q1.  The DROP TABLE commands
	Since Borrow references the others, the drop for Borrow is done first.
DROP TABLE Borrow;
DROP TABLE Patron;
DROP TABLE Book;

The CREATE TABLE commands:
CREATE TABLE Book
(
callNo 	Text(50)  PRIMARY KEY,
title 	Text(100)
);
CREATE TABLE Patron
(
patronId   	Counter  PRIMARY KEY,
lastName 	Text(50),
firstName	Text(50),
gender 		Text(6)
);
Since Borrow references the other tables, the create for Borrow is done last.
CREATE TABLE Borrow
(
patronId   	 Integer,
callNo 		Text(50),
dateDue 	DATETIME,
returned	 YESNO,
PRIMARY KEY (patronId, callNo, dateDue),
FOREIGN KEY (patronId) REFERENCES Patron(patronId),
FOREIGN KEY (callNo)    REFERENCES Book (callNo) 
);

After running the above, the relationships diagram for the database is:

[image: A picture containing text

Description automatically generated]

Q3.  Let’s consider the last question on page 167. The ERD shown in the suggested answer is
[image: Table

Description automatically generated]
The DDL to create the database is 

CREATE TABLE Phone(
[number] text(10) PRIMARY KEY,
name text(10));
The [ ] above are necessary since ‘number’ is a keyword in MS Access.

CREATE TABLE PhoneCall 
(
caller text(10),
receiver text(10),
startTime DATETIME,
endTime DATETIME,
PRIMARY KEY (caller, receiver, startTime),
FOREIGN KEY (caller) REFERENCES Phone ([number]),
FOREIGN KEY (receiver) REFERENCES Phone ([number])
);

After the above, and by just dragging Phone and PhoneCall into the Relationships Tool diagram, MS Access shows:
[image: Diagram

Description automatically generated]


Page 181

Q1. Since productid is the PK there are three FDs:
productid  description
productid  unit price
productid  quantity on hand

Q3. id is the PK of Employee and so we have
id  last name
id  first name
title is the PK of Position and so we have
title  salary
Due to a many-to-many relationship it must be that
id, title  startDate

Q5. a) No, there is not a FD from B to A. Consider the first two rows: there is one value of B (33) and there are two distinct values of A (1 and 2)
b) Let’s consider a feature of the Count aggregate function (not previously discussed in the text) where distinct values of an attribute are counted. Consider the query below that lists groups formed from attribute a having more than 1 distinct value of B in the group
select a from T group by a having count(distinct B) > 1;
The above query is nice and simple. A more difficult approach would be a query that joins T to itself where rows match on a, but do not match on b:
Select T1.a from T T1 inner join T T2 on ( T1.a = T2.a ) where T1.b < > T2.b;


Page 187

Q1. The FDs are: 
deptNo, courseNo, sectionNo   instructor
deptNo, courseNo   title

Yes, there are partial dependencies. The following is a FD where the determinant is a subset of the PK:
deptNo, courseNo   title

Page 189

Q1. The FDs are: 
employeeID  name
employeeID  birthDate
employeeID  birthProvince 
employeeID  currentPopulation 
birthProvince  currentPopulation
Yes, there is a transitive dependency: the FD employeeID  currentPopulation is transitive via birthProvince

Page 193

Q1. We can restructure delivery into 3 attributes: section, term, and slot. And then, if we repeat the deptNo, courseNo values we have:
[image: Table

Description automatically generated]

Page 207

Q1. The Player relation is in BCNF.

Q3. The Player relation is not in BCNF, but can be decomposed losslessly into two BCNF relations:
Player with attributes playerId, first, last, gender, teamId
Team with attributes teamId, teamName, teamCity

Q5. The course table is not in BCNF, but can be decomposed losslessly into two BCNF relations:
Department with attributes deptCode, deptName
Course with attributes deptCode, courseNum, creditHours

Q7. Yes, consider these two relations:
	Province with attributes provName, provCode
	ProvinceLanguages with attributes provName, language, percentMotherTongue

	In this decomposition, we consider provName as the PK of Province and we have provName replacing provCode in ProvinceLanguages.

Q9.	Consider the lossless decomposition:
	R1 with attributes X, Y, W
	R2 with attributes X, V

Q11. Consider the lossless decomposition:
R1 with attributes A, E, F
R2 with attributes A, B, C, D
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