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Solution 4.1: Database Design

Notation
1NF = First normal form
2NF = Second normal form
3NF = Third normal form

Solution 1

- A minimum graph of functional dependencies (FD) is a graph that contains all of the functional dependencies using the minimum number of links (arrows). 

Here is the minimum graph for the relation Employee:
LabNb

EmpNb




EmpNb
Proj_Name
ProjNb
Address




- In this case, the key is a composite primary key of two attributes (EmpNb, LabNb)

- Update anomalies are possible if the relation is not in the third normal form. There are different types of update anomalies. The table below will help to illustrate.

	EmpNb
	LabNb
	Emp_Name
	Address
	ProjNb
	Proj_Name

	1
	1
	Will Smith
	22 Black Street
	124
	MIB

	2
	1
	Mac Gyver
	13 Murdock Street
	124
	MIB

	3
	2
	James Bond
	13 Murdock Street
	007
	Doctor No




1) Modification: It is possible that an entry occurs more than once in a table (circled in the above table). If information that is repeated is changed for one entry, it is also changed for every other entry. 

2) Deletion: If there is information that only appears once in the database, it could get lost if the entry is deleted. For example, the address “22 Black Street” will be lost if Employee number 1 was deleted from the database.

3) Insertion: An entry cannot be added to the database until all of the information is available. For example, if James Bond has been given the project “Goldfinger”, the information cannot be put into the database until an address and lab number has also been given.
 
- The relation is in 1NF but not in 2NF (there are left-hand side functional dependencies that are not complete keys).

- In order to avoid update anomalies, the relation can be decomposed to give:
EmpNb
LabNb

R1 (EmpNb, LabNb, ProjNb)

ProjNb



(Remark: the attribute EmpNb refers to the identifier Emp_Name of relation R2, and the attribute ProjNb refers to the identifier Proj_Name of relation R3.)

R2 (EmpNb, Emp_Name, Address)
Emp_Name

EmpNb

Address


R3 (ProjNb, Proj_Name)Proj_Name
ProjNb



These relations are in the third Normal Form

Solution 2

a. Reductions

	INITIAL DEPENDANCIES
	REDUCTION
	RESULTING DEPENDANCIES

	B  C

A, B  C
	
 A, B  C non-elementary
	
 B  C

	A, B  D
D  E
A, B  E
	
 A, B  E deduced
	 A, B  D

 D  E

	A, B  D
D  F
A, B  F
	
 A, B  F deduced
	 A, B  D

 D  F



The minimum group of functional dependencies of R1 is 
{B C, AB D, D E, D F}.

A
B
C
D
E
F
Minimal graph
A
B
C
D
E
F
Non-minimal graph (initial dependencies)






A minimal graph of functional dependencies (FD) is a graph that contains all functional dependencies with minimum number of links (arrows). The relation key can be identified with the minimal graph. In this case, the key of R1 is AB.

b. R1 is in 1NF, not in 2NF because there are functional dependencies that are not complete keys. For example B in FD: B  C

c. Relation R11 is in 2NF but not in 3NF because there are transitive functional dependencies between AB  D and D  E (or D  F). Relation R12 is in 3NF.

d. Decomposition of R11 in 3NF. We obtain the two relations R111 (D, E, F) and R112 (A, B, D).

Solution 3

PART 1

The following functional dependencies were given:

Bridge identifier (ID)  Location
ID  Year of construction
(ID, Date of inspection)  Bridge inspector

Considering the relation “bridge inspections” presented in Table 5.1 and the attribute “date of inspection” as an independent attribute (separate entity), the following minimal graph can be drawn:
Bridge Identifier (ID)
Date of Inspection
Bridge Inspector
Location
Year of Construction










(a) The relation “bridge inspections” is in 1NF, not in 2NF because there are left-hand sides of function dependencies that are not complete keys. For example, the attribute “location” only depends on the attribute “bridge identifier (ID)”.

(b) The composite key “bridge identifier (ID)” – “date of inspection” identifies the way the information has been recorded in the table.

(c) Considering the relation “bridges” in Table 5.2 the relation “bridge inspections” in Table 5.3 the following minimal graphs can be drawn.

Bridge Identifier (ID)
Location
Year of Construction






Bridge Identifier (ID)
Date of Inspection
Bridge Inspector








	Therefore, this database design (Table 5.2 and 5.3) is in 3NF.


(d) The primary key in Table 5.3 is the composite key “Bridge identifier (ID)” – “date of inspection”.

(e) When the following functional dependency is valid:

(Location, Date of inspection)  Bridge inspector

the following minimal graph can be drawn:
Bridge Identifier (ID)
Year of Construction
 
Location
Date of Inspection
Bridge Inspector












Decomposing Table 5.1 into the third normal form would give:


Bridge Identifier (ID)
Location
Year of Construction

Location
Date of Inspection
Bridge Inspector

















Note the difference between (c) and (e).
PART 2

Below are Tables 5.4 and 5.5 which have been filled with the values from Table 5.1:

		Table 5.4
	ID
	Year of Construction
	Data of Inspection

	1
	1979
	July/1989

	1
	1979
	August/1994

	2
	1989
	July/1995

	3
	1980
	September/2011



		Table 5.5
	ID
	Location
	Bridge Inspector

	1
	Geneva
	A

	1
	Geneva
	B

	2
	Bern
	B

	3
	Lausanne
	C




1. All the values in table 5.1 are shown in the new tables. No values were forgotten.
2. The information for the new bridge can be seen in the tables above.
3. On the basis of tables 5.4 and 5.5, the engineer responsible for the last inspection cannot be identified.

The database people made the error of making the changes to the database without consulting the engineering team. The functional dependency

(ID, Date of inspection)  Bridge inspector

which is present in Table 5.1,was forgotten. The bridge inspector can no longer be identified for a specific inspection. This is because Tables 5.4 and 5.5 do not represent all functional dependencies.


For exercises 4 and 5 :

· The identifier (unique or composite) of the relation is underlined. 
· The external identifier(s) are explicitly mentioned.
· There might be other solutions.


Solution 4

Automobile (ChassisNb, ManYear, Brand, Color, EngineCapacity, Type, TireBrand)
	Brand is a key in another relation, see Warranty(Brand)

Owner (OwnerNb, Surname, Name, Address, City, Country, TelNb)

Warranty (Brand, Duration)

Repair (ChassisNb, EmpNb, Date, Type, ReperationCost)
	ChassisNb is a key in another relation, see Automobile(ChassisNb)
	EmpNb is a key in another relation, see Employee(EmpNb)

Employee (EmpNb, Surname, Name, Address, City, Country,PhoneNb, Salary, PensionFund, CivilStatus)


Solution 5

Remark: As in Solution 4, attribute "ID" represents an identifier that is artificially created to simplify the relations.

Book (ISBN, Title, [Prize], [PrizeYear])

Edition (ID, ISBN, NumberEdition, Date, NumberCopies, Price)
ISBN is a key in another relation, see Book(ISBN)


Note: A book is awarded a prize independent of the edition. Therefore, prize is in the relation Book. The price depends on the edition number. Therefore, the attribute price is in the relation Edition.


Author (ID, Name, Surname, [PenName])

Bookstore (ID, Name, Address)

Order (BookstoreID, EditionID, Date, Quantity)
	BookstoreID is a key in another relation, see Bookstore(ID)
	EditionID is a key in another relation, see Edition(ID)

Note: Notation [name] signifies that name is an optional attribute.
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