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UNIT II DATABASE DESIGN           8 
 

 Entity-Relationship model – E-R Diagrams – Enhanced-ER Model – ER-to-Relational Mapping – Functional 

Dependencies – Non-loss Decomposition – First, Second, Third Normal Forms, Dependency Preservation – Boyce/Codd 

Normal Form – Multi-valued Dependencies and Fourth Normal Form – Join Dependencies and Fifth Normal Form 
 

 

ENTITY RELATIONSHIP MODEL 

 
 

The entity relationship (ER) data model was developed to facilitate database design by 

allowing specification of an enterprise schema that represents the overall logical structure of a 

database. The E-R data model is one of several semantic data models. 

The semantic aspect of the model lies in its representation of the meaning of the data. The E-R 

model is very useful in mapping the meanings and interactions of real-world enterprises onto a 

conceptual schema. 

The ERDs represent three main components entities, attributes and relationships. 

Entity sets: 

An entity is a thing or object in the real world that is distinguishable from all other objects. 

Example: 

Each person in an enterprise is entity. 
 

An entity has a set of properties, and the values for some set of properties may uniquely 

identify an entity. 

Example: 

A person may have a person-id would uniquely identify one particular property 

whose value uniquely identifies that person. 

An entity may be concrete, such as a person or a book, or it may be abstract, such as a 

loan, a holiday, or a concept. An entity set is a set of entities of the same type that share the 

same properties, or attributes. 

Example: 

Relationship sets: 

A relationship is an association among several entities. 

Example: 

A relationship that associates customer smith with loan L-16, specifies that Smith is a 

customer with loan number L-16. A relationship set is a set of relationships of the same type. 

The number of entity sets that participate in a relationship set is also the degree of the 
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relationship set. A unary relationship exists when an association is maintained within a single 

entity.  

Attributes: 

For each attribute, there is a set of permitted values, called the domain, or value set, 

of that attribute.  

Example: 

The domain of attribute customer name might be the set of all text strings of a certain 

length. An attribute of an entity set is a function that maps from the entity set into a domain. 

An attribute can be characterized by the following attribute types: 

•Simple and composite attributes. 

• Single valued and multi valued attributes. 

•Derived attribute. 

Simple attribute (atomic attributes) 

An attribute composed of a single component with an independent existence is called 

simple attribute. Simple attributes cannot be further subdivided into smaller components. 

 

An attribute composed of multiple components, each with an independent existence is 

called composite attribute. 

Example: 

The address attribute of the branch entity can be subdivided into street, city, and 

postcode attributes. 

Single-valued Attributes: 

An attribute that holds a single value for each occurrence of an entity type is called single 

valued attribute. 

Example: 

Each occurrence of the Branch entity type has a single value for the branch number 

(branch No) attribute (for example B003). 

Multi-valued Attribute 

An attribute that holds multiple values for each occurrence of an entity type is called 

multi- valued attribute. 

Example: 

Each occurrence of the Branch entity type can have multiple values for the telNo 

attribute (for example, branch number B003 has telephone numbers 0141-339-2178 and 
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0141-339-4439). 

Derived attributes 

An attribute that represents a value that is derivable from the value of a related attribute or 

set of attributes, not necessarily in the same entity type is called derived attributes. 

 
 

 
 

Here in this ER diagram the entities are 

1.Vistor 

2.Website 

3.Developer 

 
Relationships are 

1.visits 

2.creates 
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E-R DIAGRAM REPRESENTATIONS 
 

 

 

 

 
 

Keys: 

A super key ofan entity set is a set of one or more attributes whose values uniquely 

determine each entity. 

A candidate key of an entity set is a minimal super key. 
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–social-security is candidate key of customer 

–account-number is candidate key of account 

 
 

Although several candidate keys may exist, one of the candidate keys is selected to 

be the primary key. The combination of primary keys of the participating entity sets 

forms a candidate key of a relationship set. 

- must consider the mapping cardinality and the semantics of the relationship set when selecting 

the primary key. 

– (social-security, account-number) is the primary key of depositor  

 

E-R Diagram Components 

 Rectangles represent entity sets. 

 Ellipses represent attributes. 

 Diamonds represent relationship sets. 

 Lines link attributes to entity sets and entity sets to relationship sets. 

 Double ellipses represent multivalued attributes. 

 Dashed ellipses denote derived attributes. 

 Primary key attributes are underlined.  

Weak Entity Set 

An entity set that does not have a primary key is referred to as a weak entity set. The 

existence of a weak entity set depends on the existence of a strong entity set;it must relate to the 

strong set via a one-to-many relationship set. The discriminator (or partial key) of a weak entity 

set is the set of attributes that distinguishes among all the entities of a weak entity set. The 

primary key of a weak entity set is formed by the primary key of the strong entity set on which 

the weak entity set is existence dependent, plus the weak entity set’s discriminator. A weak 

entity set is depicted by double rectangles 

 

Specialization 

This is a Top-down design process designate sub groupings within an entity set 

that are distinctive from other entities in the set. 
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These sub groupings become lower-level entity sets that have attributes or 

participate in relationships that do not apply to the higher-level entity set. Depicted by 

a triangle component labeled ISA (i.e., savings-account “is an”account ) 

 

Generalization: 

A bottom-up design process – combine a number of entity sets that share the same features 

into a higher-level entity set. Specialization and generalization are simple inversions of each 

other; they are represented in an E-R diagram in the same way. 

 

Attribute Inheritance – a lower-level entity set inherits all the attributes and relationship 

participation of the higher-level entity set to which it is linked. Design Constraints on 

Generalization: 

Constraint on which entities can be members of a given lower-level entity set. 

– condition-defined 

– user-defined 

-Constraint on whether or not entities may belong to more than one lower-level entity set within 

a single generalization. 

– disjoint 

– overlapping 

-Completeness constraint – specifies whether or not an entity in the higher-level entity set must 

belong to at least one of the lower-level entity sets within a generalization. 

– total 

- partial Joints in Aggregation 

– Treat relationship as an abstract entity. 

– Allows relationships between relationships. 

– Abstraction of relationship into new entity. 

–Without introducing redundancy, the following diagram represents that: 

– A customer takes out a loan 

– An employee may be a loan officer for a customer-loan pair 
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FUNCTIONAL DEPENDENCY 

 
A functional dependency is defined as a constraint between two sets of attributes in a relation 

from a database. 

Given a relation R, a set of attributes X in R is said to functionally determine another attribute 

Y, also in R, (written X → Y) if and only if each X value is associated with at most one Y 

value. 

X is the determinant set and Y is the dependent attribute. Thus, given a tuple and the values of 

the attributes in X, one can determine the corresponding value of the Y attribute. The set of all 

functional dependencies that are implied by a given set of functional dependencies X is called 

closure of X. 

A set of inference rules, called Armstrong's axioms, specifies how new -functional dependencies 

can be inferred from given ones. 

Let A, B, C and D be subsets of the attributes of the relation R. Armstrong's axioms are as 

follows: 

1)Reflexivity 
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If B is a subset of A, then A —>B. 

2)Augmentation: 

If A->B, then A,C-> B,C 

3)Transitivity 

If A->B and B->C, then A->C 

4)Self-determination 

A->A 

5)Decomposition 

If A->B,C then A->B and A->C 

6)Union 

If A->B and A->C, then A->B,C 

7)Composition 

If A->B and C—>D then A,C-> B,D 
 

SSN NAME JOBTYPE DEPTNAME 

    

    

 

KEYS 

 
A key is a set of attributes that uniquely identifies an entire tuple, a functional 

dependency allows us to express constraints that uniquely identify the values of certain 

attributes. However, a candidate key is always a determinant, but a determinant doesn’t 

need to be a key. 

 CLOSURE 

Let a relation R have some functional dependencies F specified. The closure of F (usually 

written as F+) is the set of all functional dependencies that may be logically derived from F. 

Often F is the set of most obvious and important functional dependencies and F+, the closure, is 

the set of all the functional dependencies including F and those that can be deduced from F. The 

closure is important and may, for example, be needed in finding one or more candidate keys of 

the relation. 

AXIOMS 
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To determine the closure of the relation, Student, a set of rules used are called axioms. 

 
Developed by Armstrong in 1974, there are six rules (axioms) that all possible 

functional dependencies may be derived from them. 

1. Reflexivity Rule --- If X is a set of attributes and Y is a subset of X, then X ? Y holds. 

each subset of X is functionally dependent on X. 

2. Augmentation Rule --- If X -> Y holds and W is a set of attributes, then WX -> WY holds. 

 
3. Transitivity Rule --- If X -> Y and Y -> Z holds, then X -> Z holds. 

 
4. Union Rule --- If X -> Y and X -> Z holds, then X -> YZ holds. 

 
5. Decomposition Rule --- If X -> YZ holds, then so do X -> Y and X -> Z. 

 
6. Pseudotransitivity Rule --- If X -> Y and WY -> Z hold then so does WX -> Z. 

 

 

 

S.NO S.NAME C.NO C.NAME INSTR. ADDR OFFICE 

 

Based on the rules provided, the following dependencies can be derived. 

 
 

(SNo, CNo) ?? SNo (Rule 1) -- subset 

(SNo, CNo) ?? CNo (Rule 1) (SNo, CNo) ?? (SName, CName) (Rule 2) -- augmentation 

CNo ?? office (Rule 3) -- transitivity 

SNo ?? (SName, address) (Union Rule) etc. 

 
Using the first rule alone, from our example we have 2^7 = 128 subsets. This will further lead to 

many more functional dependencies. This defeats the purpose of normalizing relations. find 

what attributes depend on a given set of attributes and therefore ought to be together. 

Step 1 Let X^c <- X 

 
Step 2 Let the next dependency be A -> B. If A is in X^c and B is not, X^c <- X^c + B. 

Step 3 Continue step 2 until no new attributes can be added to X^c. 

FOR THIS EXAMPLE 
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Step 1 --- X^c <- X, that is, X^c <- (SNo, CNo) 

 
Step 2 --- Consider SNo -> SName, since SNo is in X^c and SName is not, we have: X^c <- 

(SNo, CNo) + SName 

Step 3 --- Consider CNo -> CName, since CNo is in X^c and CName is not, we have: X^c <- 

(SNo, CNo, SName) + CName 

Step 4 --- Again, consider SNo -> SName but this does not change X^c. 

Step 5 --- Again, consider CNo -> CName but this does not change X^c. 

NORMALIZATION 

Initially Codd (1972) presented three normal forms (1NF, 2NF and 3NF) all based on 

functional dependencies among the attributes of a relation. Later Boyce and Codd proposed 

another normal form called the Boyce-Codd normal form (BCNF). The fourth and fifth normal 

forms are based on multi-value and join dependencies and were proposed later. 
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Suppose we combine borrower and loan to get 

 
bor_loan = (customer_id , loan_number , amount ) 

Result is possible repetition of information 

The primary objective of normalization is to avoid anomalies. 

 
Suppose we had started with bor_loan. How would we know to split up (decompose) it into 

borrower and loan? 

 
Write a rule “if there were a schema (loan_number, amount), then loan_number would be a 

candidate key” 

Denote as a functional dependency: 

 
loan_number ? amount 

 
In bor_loan, because loan_number is not a candidate key, the amount of a loan may have to be 

repeated. This indicates the need to decompose bor_loan. 

Not all decompositions are good. Suppose we decompose employee into 

 
employee1 = (employee_id, employee_name) 

 
employee2 = (employee_name, telephone_number, start_date) 

 
The next slide shows how we lose information -- we cannot reconstruct the original employee 

relation -- and so, this is a lossy decomposition 

FIRST NORMAL FORM 

A relational schema R is in first normal form if the domains of all attributes of R are 

atomic Non-atomic values complicate storage and encourage redundant (repeated) storage 

of data 

Example: Set of accounts stored with each customer, and set of owners stored with each 

account. 

Atomicity is actually a property of how the elements of the domain are used. 
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Example: Strings would normally be considered indivisible 

 
Suppose that students are given roll numbers which are strings of the form CS0012 or EE1127 

 
If the first two characters are extracted to find the department, the domain of roll numbers is not 

atomic. 

Doing so is a bad idea: leads to encoding of information in application program rather than 

in the database. 

First normal form is a relation in which the intersection of each row and column contains 

one and only one value.To transform the un-normalized table (a table that contains one or more 

repeating groups) to first normal form, identify and remove the repeating groups within the table, 

(i.e multi valued attributes, composite attributes, and their combinations). 

Example:Multi valued attribute -phone number 

Composite attributes -address. 

There are two common approaches to removing repeating groups from un-normalized tables: 

1)Remove the repeating groups by entering appropriate data in the empty columns of rows 

containing the repeating data. This approach is referred to as 'flattening' the table, with this 

approach, redundancy is introduced into the resulting relation, which is subsequently removed 

during the normalization process. 

1) Removing the repeating group by placing the repeating data, along with a copy of the original 

key attribute(s), in a separate relation. A primary key is identified for the new relation. 

Example 1: 

(Multi valued). 

Consider the contacts table, which contains the contact tracking information 
 

 
Contact_JD Name Con_date Condescl Con_date2 Con_desc2 

 

The above table contains a repeating group of the date and description of two conversations.The 

only advantage of designing the table like this is that it avoids the need 

GOALS OF 1NF 

 
Decide whether a particular relation R is in “good” form. 
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In the case that a relation R is not in “good” form, decompose it into a set of relations {R1, R2, ..., 

Rn} such that each relation is in good form the decomposition is a lossless-join decomposition 

Our theory is based on: 

 
functional dependencies 

multivalued dependencies 

 
SECOND NORMAL FORM 

A functional dependency, denoted by X —>Y, between two sets of attributes X and Y that are 

subsets of R specifies a constraint on the possible tuples that can form a relation state r of R 

 
 

SSN PNUMBER HOURS ENAME PNAME PLOCATION 

 

 

 

The relation holds the following functional dependencies. 

FDI {SSN, PNumber} -> Hours. 

A combination of SSN and PNumber values uniquely determines the number of 

Hours the employee works on the project per week. 

FD2 SSN -> EName. 

The value of an employee's SSN value uniquely determines 

EName FD3 PNumber -> {PName, PLocation}. 

The value of a project's number uniquely determines the project Name and location. 

A functional dependency X—>Y is a full functional dependency if removal of any attribute A 

from X means that the dependency does not hold any more. 

Example: 

{SSN, PNumber} ->Hours. 

A functional dependency X —> Y is a partial dependency if some attribute 

A £ X can be removed from X and the dependency still holds. 

Example: 

{SSN, PNumber} —> EName is partial because SSN —>EName holds. 
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Second normal form applies to relations with composite keys, ie. relations with a primary key 

composed of two or more attributes. A relation with a single attribute primary key is 

automatically in at least 2 NF. 

A relation that is in first normal form and every non-primary-key attribute is fully 

functionally dependent on the primary key is in Second Normal Form. 

The Normalization of I NF relations to 2 NF involve the removal of partial 

dependencies. If a partial dependency exists, remove the functionally dependent attributes 

from the relation by placing them in a new relation along with a copy of their determinant. 

 

THIRD NORMAL FORM 

A functional dependency X —> Y in a relation schema R is a transitive dependency if 

there is a set of attributes Z that is neither a candidate key nor a subset of any key of R, and both 

X->Z and Z —>Y hold. 

Example: 

Consider the relation EMP_Dept 
 

 

 

ENAME SSN BDATE ADDRESS DNO DNAME DMGRSS 

N 

 

The dependency SSN —> DMGRSSN is transitive through DNumber in EMP_DEPT 

because both the dependencies 

SSN—DNumber and DNumber —>DMGRSSN hold and DNumber 

is neither a key itself nor a subset of the key of EMP_DEPT. 

A relation that is in first and second normal form, and in which no non-primary key 

attribute is transitively dependent on the primary key is in Third Normal form.The normalization 

of 2NF relations to 3NF involves the removal of transitive dependencies. If a transitive 

dependency exists, remove the transitively dependent attribute(s) from the relation by placing the 

attributes(s) 
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in a new relation along with a copy of the determinant.The update (insertion, deletion and 

modification) anomalies arise as a result of the transitive dependency. 

Example: 

To transform the EMPDept relation into third normal form, first remove the transitive 

dependency by creating two new relations EDI and ED2 

 
3NF NORMALIZATION RESULTS AS 

FD1 

ENAME SSN BDATE ADDRESS DNO 

 
FD2 

 

DNO DNAME DMGRSSN 

 
BOYCE CODD NORMAL FORM 

 
 

Relations that have redundant data may have problems called update anomalies, which are 

classified as insertion, deletion or modification anomalies. These anomalies occur because, when 

the data in one table is deleted or updated or new data is inserted, the related data is also not 

correspondingly updated or deleted. One of the aims of the normalization is to remove the update 

anomalies. 

Boyce-codd Normal Form (BCNF) is based on functional dependencies that take into 

account all candidate keys in a relation.A candidate key is a unique identifier of each of the 

tuple.For a relation with only one candidate key, third normal form and BCNF are equivalent.A 

relation is in BCNF if any only if every determinant is a candidate key.To test whether a relation 

is in BCNF, identify all the determinants and make sure that they are candidate keys. A 

determinant is an attribute or.a group of attributes on which some other attribute is fully 

functionally dependent.The difference between third normal form and BCNF is that for a 

functional dependencyA ->B, the third normal form allows this dependency in a relation if 'B' is 

a primary- key attribute and 'A' is not a candidate key, whereas BCNF insists that for this 

dependency to remain in a relation, 'A' must be a candidate key. 

Consider the client interview relation. 
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CLIENT NO INTERVIEW 

DATE 

INTERVIEW 

TIME 

STAFFNO ROOMNO 

 

(clientNo, interviewDate), 

(staffNo, interviewDate, interviewtime), 

and (roomNo, interviewDate, interviewTime). 

Select (clientNo, interviewDate) to act as the primary key for this relation. 

The client interview relation has the following functional dependencies: 

fdl: clientNo, interviewdate->interviewTime, staffNo, roomNo 

fd2: staffNo, inerviewdate, interviewTime->clientNo (Candidatekey). 

Fd3: RoomNo, interviewdate, interviewtime —>staffNo, clientNo(candidate) 

fd4: staffNo, interviewdate—> roomNo 

As functional dependencies fdl, fd2, and fd3 are all candidate keys for this relation, none of these 

dependencies will cause problems for the relation. 

This relation is not BCNF due to the presence of the (staffNo, interviewdate) determinant, which 

is not a candidate key for the relation.BCNF requires that all determinants in a relation must be a 

candidate key for the relation 

 
MULTIVALUED DEPENDENCIES AND FOURTH NORMAL FORM 

Multi-valued dependency(MVD) represents a dependency between attributes (for 

example, A, B,and C) in a relation, such that for each value of A there is a set of values for B 

and asset of values for C However, the set of values for B and C are independent of each 

other. 

MVD is represented as A->>B,A->>C 

Example: 

Consider the Branch staff owner relation. 
 

 
BRANCHNO SNAME ONAME 
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In this, members of staff called Ann Beech and David Ford work at branch B003, and property 

owners called Carl Farreland Tina Murphy are registered at branch B003.However, as there is no 

direct relationship between members of staff and property owners.The MVD in this relation is 

branchNo-»Sname 

branchNo->> OName 

A multi-valued dependency A->B in relation R is trivial if (a) B is a subset of A or (B) 

AUB = R. 

A multi-valued dependency A->B is nontrivial if neither (a) nor (b) is satisfied 

 
 

FOURTH NORMAL FORM 

A relation that is in Boyce-codd normal form and contains no nontrivial multi-

valued dependencies is in Fourth Normal Form. 

The normalization of BCNF relations to 4NF involves the removal of the MVD from the 

relation by placing the attributes in a new relation along with a copy of the determinant(s). 

Example: 

Consider the BranchStaff Owner relation. 
 

BRANCHNO SNAME ONAME 

 
This is not in 4NF because of the presence of the nontrivial MVD.Decompose the 

relation into the BranchStaff and Branchowner relations. Both new relations are in 4NF 

because the Branchstaff relation contains the trivial MVD 

branch ->>SName, and the branchowner relation contains the trivial MVD branchNo->>OName. 

Branch staff 

 
 

 

 

 

JOIN DEPENDENCIES AND FIFTH NORMAL FORM 
 

Whenever we decompose a relation into two relations the resulting relations have the loss-

less join property. This property refers to the fact that we can rejoin the resulting relations to 

produce the original relation. 

BRANCHNO 

ONAME 

SNAME 

BRANCHNO 
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ITEM DESCRIPTION 

Example: 

The decomposition of the Branch staffowner relation 

 
FIFTH NORMAL FORM 

A relation that has no join dependency is in Fifth Normal Form. 

Example: 

Consider the property item supplier relation. 
 

 
PROPRTY NO ITEM DESCRIPTION SUPPLIER NO 

operation on the Branchstaff and Branchowner relations. 

As this relation contains a join dependency, it is therefore not in fifth normal form. To remove 

the join dependency, decompose the relation into three relations as, 

FD1 
 

 

FD2 
 

 

 

FD3 
 

 

 

The propertyitemsupplier relation with the form (A,B,C) satisfies the join dependency JD 

(R1(A,B), R2(B,C). R3(A, C)).i.e. performing the join on all three will recreate the original 

propertyitemsupplier relation. 

 

SUPPLIER NO 

SUPPLIER NO 

PROPRTY NO 

PROPRTY NO 

ITEM DESCRIPTION 
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