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  DATABASE DESIGN  

1. BASICS OF DBMS 

• Field: A field is a single unit of unique data within each entry/row, but the overall data 

category is common to all entries.  

• Record: Records are composed of fields, each of which contains one item of information. 

• Database: It's a collection of similar information.  

2. DBMS :Database is a collection of data and a Management System is a set of programs to 

store and retrieve those data. 

3. Database Languages: 

a. Data Definition Language:  Data Definition Language (DDL) is an acronym for Data 

Definition Language.  

• Create: This command is used to create or Build database objects with this instruction. 

• Alter: It's used to alter the database's configuration. 

• Drop: Drop is a method for removing objects from a database. 

• Truncate: Truncate is a function that deletes all records from a table. 

• Rename: Rename is a command that is used to rename an entity. 

• Comment: It's used to add comments to the data dictionary 

 

b. Data Manipulation Language:  Data Manipulation Language (DML) is a programming 

language for manipulating data. 

• Select: Select is a command that is used to access information from a database. 

• Insert: This command is used to add data to a table. 

• Update:  It's used to make changes to current data in a table. 

• Delete: It's used to get rid of all the records in a table. 

• Merge:  It performs a UPSERT process, which means it inserts or updates data. 

• Call: A structured query language or Java subprogram is called with this process. 

• Explain Plan: The parameter of explaining data is included in the Explain Plan. 

• Lock Table: Concurrency is regulated by the Lock Table. 

 

c. Data Control Language: Data Control Language (DCL) is an acronym for Data Control 

Language. DCL commands include the following: 

• GRANT: Permits specific users to carry out particular tasks. 

• REVOKE: Revoke approvals that were previously issued or refused 

Short Notes — DATABASES 
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4. ER DIAGRAM 

It’s a logical tool which is used for a database design scheme. 

4.1. Component of ER Diagram 

 

5. ENTITY 

An entity is a thing that has an independent existence. 

 

 

5.1. Weak Entity 

A weak entity set does not possess sufficient attributes to form a primary key. It depends 

on another entity called a weak entity. 

 

5.2. Strong Entity Set  

A strong entity set possesses its own primary key. 
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6. ATTRIBUTE 

An attribute is a term used to define a property of an object, and an ellipse represents it. 

For example, id, age, contact number, name, etc. can be attributes of a student. 

 

6.1. Types of Attributes: 

i. Key Attribute 

 An ellipse with the text underlined by, represents the main attribute by, and it 

represents a primary key. 

 

ii. Composite Attribute 

 An attribute that is composed of many other attributes is known as a composite 

attribute.  

 

iii. Single Valued Attributes: 

  The attributes that have a single value for a particular entity. 

iv. Multivalued Attribute 

The double oval is used to describe a multivalued attribute, which can have more than 

one value. 
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v. Derived Attribute 

  A derived attribute is an attribute that can be derived from another attribute. 

 

7. RELATIONSHIP 

The term "relationship" is used to describe the connection between two or more individua 

 

7.1. Mapping Cardinality: 

Mapping Cardinality or cardinality ratios expresses the number of entities to which 

another entity can be associated via a relationship set. 

7.2. Degree of a relationship set: 

The number of different entity sets participating in a relationship set is called as degree 

of a relationship set. 

i. Unary Relationship: 

The term "unary relationship" refers to a relationship in which only one person 

participates. One person, for example, is married to only one person. 
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ii.  Binary Relationship: 

The term "binary relationship" refers to a relationship in which there are two people 

involved. Students, for example, are enrolled in a course. 

 

iii. n-ary Relationship: 

When there are n entities set participating in a relation, the relationship is called as 

n-ary relationship. 

7.3.  Types of relationship: 

i. One-to-One Relationship 

A one to one relationship exists when only one instance of an individual is connected 

with the relationship.  

 

ii. One-to-many relationship 

A one to one relationship exists when only one instance of an individual is connected 

with the relationship. 

 

iii. Many-to-one relationship 

A many-to-one relationship exists when more than one instance of the entity on the 

left and only one instance of the entity on the right are associated with the connection. 
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iv. Many-to-many relationship 

A many-to-many relationship exists when more than one instance of the entity on 

the left and more than one instance of the entity on the right are associated with 

the relationship.  

 

7.4. Participation Constraint: 

The Participation Constraint is extended to the individual in the relationship set that is 

participating. 

i. Total Participation:  The relationship requires participation from any individual in 

the entity package.  

ii. Partial Participation: The entity in the entity set may or may NOT participate in 

the relationship. 

 

 

Weak Entity Type and Identifying Relationship: 

A weak entity set does not possess sufficient attributes to form a primary key. It depends 

on another entity called a weak entity. 
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7.5. Self-Referencing Relationships 

Since this form of relationship does not occur between two tables, it is not discussed at 

the beginning of this section. 
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  RELATIONAL MODEL  

• RELATIONAL MODEL 

RELATION 

o The relation is used to refer to a table in a relational database. It is the defining feature of 

relational databases. 

 

• CONSTRAINTS 

1. Domain Constraints: 

 It states that the attribute's value must be the domain's atomic value, i.e. the value must be 

unique. 

2. Key Constraints: 

 Any database relation should have at least one set of attributes that uniquely defines a tuple.  

3. Referential Integrity Constraints: 

 Referential integrity constraints are based on the concept of Foreign Keys.  

 

• TYPES OF CONSTRAINTS 

1. Entity Integrity Constraint: 

o Entity integrity restrictions are applied to each entity, as the name suggests, i.e.  It is 

used for individual rows, in other words. 

o Two of these constraints ensure data uniqueness: 

- Primary key: The primary key column guarantees that values in a column are unique, 

preventing duplicates, and it also prevents the primary key column from being null.  

- Unique keyword: Unique keyword is just like the primary key, but it allows null 

values.  

2. Domain Integrity Constraints: 

These are column-level constraints on the domain value instead of entity integrity 

constraints, which are row-level constraints.  
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a. Not Null Constraint: Null is the legal value for all the domains specified in SQL.  

b. Default Value Constraint: The default value is the value to be provided in case the 

user provides no value.  

c. Check Clause: Check is used to enforce such tests, such as determining if a value is 

greater than or less than a specific value. 

3. Referential Integrity Constraint: 

Referential integrity constraint makes it sure that the  

This is implemented using: 

Foreign key: 

1) Foreign vital references are typically the primary key of the same or another Table. 

But it can refer to other columns too.  

2) Whenever the same type of attribute exists in two different tables, the attribute in 

one of the tables is declared the primary key.  

3) A foreign key is dependent on the primary key. 

It is defined over two tables 

i. Referenced Relation: The relation to which other relations refer is called referenced 

relation 

ii. Referencing Relation: The relation which is referencing to other relation is called 

referencing relation 

 

 

 

 

https://byjusexamprep.com/


byjusexamprep.com 

11 

  CONVERSION OF ER DIAGRAM  

1. CONVERTING ER DIAGRAM TO TABLE 

1.1. Rules for converting: 

For converting strong entity types there are some points that should be kept in mind. 

•  It turns the entity form into a table. 

• A table's single-valued attribute becomes a column. 

• Derived Attributes are ignored in the table and are not taken into account. 

• Composite Attribute are represented by components 

• A separate table is used to represent multivalued attributes. 

• A key attribute of the Entity type becomes the Primary Key of the table. 

• For strong entity set with only simple attributes: 

⮚ Attributes of the table will be the attributes of the entity set 

⮚ The primary key of the table will be the key attribute of the entity set. 

• For strong entity set with composite attributes 

⮚ A strong entity set with any composite attributes will require only one table in 

the relational model. 

⮚ The conversion takes into account the simple properties of the composite 

properties, not the composite property itself. 

• For strong entity set with multi valued attributes 

⮚ A strong entity set with any number of multivalued details will require 

two tables in the relational model. 

⮚ One table will contain all the superficial characteristics with the primary 

key. 

⮚ Another table will contain the primary key and all the multivalued 

attributes. 

 

Convert a set of relations to a table 

  In the relational model, a relationship set would require one table. 

The following are the table's attributes: 

● Primary key characteristics of the participating entity sets 

● Its own descriptive attributes, if any. 

● A set of non-descriptive attributes will be the primary key.  

1.2. Binary relationships with cardinality ratios.  

The following four cases are possible:  
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1.2.1. For Binary Relationship With Cardinality Ratio m:n 

 

Here, three tables will be required- 

1. A ( a1 , a2 ) 

2. R ( a1 , b1 ) 

3. B ( b1 , b2 ) 

1.2.2. For Binary Relationship With Cardinality Ratio 1:n 

 

Here, two tables will be required- 

1. A ( a1 , a2 ) 

2. BR ( a1 , b1 , b2 ) 

Here, the combined table will be drawn for the entity set B and relationship set R. 

1.2.3. For binary relationship with cardinality ratio m:1 

 

Here, two tables will be required- 

1. AR ( a1 , a2 , b1 ) 

2. B ( b1 , b2 ) 

Here, the combined table will be drawn for the entity set A and relationship  

set R. 

1.2.4. For binary relationship with cardinality ratio 1:1 

 

Here, two tables will be required. Either combine ‘R’ with ‘A’ or ‘B’ 
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Method 1: 

1. AR ( a1 , a2 , b1 ) 

2. B ( b1 , b2 ) 

Method 2: 

1. A ( a1 , a2 ) 

2. BR ( a1 , b1 , b2 ) 

Important Points:  

The following thumb rules must be held in mind when deciding the minimum number of 

tables needed for binary relationships with given cardinality ratios:  

• Always note that "many sides will consume the relationship" for binary relationships 

with cardinality ratios of m: 1 or 1: n, i.e. a combined table will be drawn for many 

side entity set and relationship sets. 

• Two tables will be needed for a binary relationship with a cardinality ratio of 1: 1. 

Both of the entity sets may be combined with the relationship set. 

 1.3. Binary relationship with both cardinality constraints and participation 

constraints: 

Cardinality restrictions will be applied as described in Rule-05. Due to the complete 

participation constraint, the international key now has a NOT NULL constraint, which 

means it can no longer be null. 

1.3.1. Binary relationship with cardinality constraint and total participation 

constraint from one side: 

 

 

Because cardinality ratio = 1: n, we will combine the entity set B and the relationship set 

R. 

Then, two tables will be required- 

1. A ( a1, a2 ) 

2. BR ( a1, b1, b2 ) 

Foreign key a1 has gained a NOT NULL restriction as a result of complete participation, 

and it can no longer be null. 

1.3.2. For binary relationship with cardinality constraint and total participation 

constraint from both sides: 

If both sides of an entity set have the main restriction with absolute participation, the 

binary relationship is expressed by a single table. 
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There is only one table here. 

• ARB ( a1 , a2 , b1 , b2 ) 

 1.4. For binary relationship with weak entity set: 

The weak entity set is often associated with the identifying relationship with the total 

participation constraint. 

 

 

Here, two tables will be required- 

1. A (a1, a2) 

2. BR (a1, b1, b2) 
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  FUNCTIONAL DEPENDENCY  

 

• FUNCTIONAL DEPENDENCY 

Database Design Goals 

o 0% redundancy 

o Lossless join 

o Dependency preservation 

 

• TYPES OF KEYS 

There are many types of keys in a relationship, including: 

o Candidate Key: Candidate Key: The minimum set of attributes that can uniquely identify a 

tuple.  

o Super Key: The set of attributes which can differentiate records of a relation uniquely.                 

o Primary Key:  A primary key is a single attribute, or combination of attributes, which can be 

used to uniquely identify a row of data in each table. 

o Alternate Key: All candidate key of relational schema except primary keys are the alternate 

keys. 

o Foreign Key: Foreign Key: A foreign key is a set of attributes in a table that are used to refer 

to primary key or alternative key of the same or other table. 

o Prime Attributes: Attributes which belong to any of the candidate keys of the relational 

schema. 

o Non-Prime Attributes: Attributes which do not belong to any of the candidate keys of the 

relation. 

o Simple Candidate Key: Only one attribute forms candidate key such a key is called simple 

candidate key 

Eg: eid , sid 

o Compound Candidate Key: Candidate key with at least two attributes. 

• CALCULATING THE CANDIDATE KEYS 

To find out the candidate key first calculate the closure of an attribute. 

The calculation of the closure of the functional dependence consists of three steps. These are: 

Step-1: To find out the closure add the attributes contained in the attribute set which are present 

on the right hand side in the original functional dependency of the attribute. 
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Step-2: With the help of attributes present on the Right Hand Side, check the other attributes 

that can be derived from the other given functional dependencies. Repeat this process until all 

possible properties that can be obtained have been added to the closure. 

• ANOMALIES 

Insertion Anomaly in Referencing Relation: 

A row in referencing relation cannot be inserted if the referencing attribute’s value is not present 

in the referenced attribute value.  

Deletion/ Updation Anomaly in Referenced Relation: 

A row from a referenced relation cannot be deleted or updated if value of referenced attribute is 

used in value of referencing attribute.  

o On Delete Cascade: It will delete the tuples from referencing relation if value used by 

referencing attribute is deleted from referenced relation.  

o On Update Cascade: It will update the referencing attribute in referencing relation if attribute 

value used by referencing attribute is updated in referenced relation 

• EQUALITY OF FD SET 

Let F and E are two FD sets for a relation R. 

o If all FDs of F can be derived from FDs present in E, we can say that E ⊃ F. 

o If all FDs of E can be derived from FDs present in F, we can say that F ⊃ E. 

o If both the above points are true, F=E. 

• MINIMAL COVER 

A minimal cover or canonical cover of a set of functional dependencies F [ non-reducible Functional 

dependency set] is a minimum set of dependencies that is equivalent to F.  

o Minimal Cover Procedure:  

- Step 1: Split the Functional Dependencies of Functional Dependency set F such that 

right hand side of FD is a single attribute. 

- Step 2: Remove redundant Functional Dependencies from above steps result. 

Let X🡪Y is the Functional Dependency of set F iff 

X🡪Y must be member of (F – {X🡪Y}) = F then X🡪Y is redundant Functional 

Dependency. Which can be removed from F.  

- Step 3: Remove extraneous attributes from each determinant  

If we can delete an attribute of a functional dependency without altering the closure of 

the set of functional dependencies, it is said to be extraneous. 

• PROPERTIES OF DECOMPOSITION 

Decomposition of a relation is the method of breaking up or splitting a single relation into two or 

more sub relations. 

a. Lossless Join Decomposition 

b. Dependency Preserving Decomposition  

o To Check whether decomposition is lossy or lossless: 

Consider the decomposition of a relation R into two sub-relations R1 and R2. 
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>The decomposition is then lossless if any of the following conditions are met. 

>The decomposition is lossy if all of these conditions are not met. 

o Step 1:  Union of both the sub relations must contain all the attributes that are present in the 

original relation R. 

Thus: 

 R1 ∪ R2 = R 

o Step 2: Intersection of both the sub relations must not be null i.e. there must be some common 

attribute which is present in both the sub relations. 

Thus, R1 ∩ R2 ≠ ∅ 

o Step 3: Intersection of both the sub relations must be a super key of either R1 or R2 or both. 

Thus: 

R1 ∩ R2 = Super key of R1 or R2 

• Dependency Preserving Decomposition 

Dependency preservation ensures- 

o None of the functional dependencies that hold on the original relation are lost. 

o The sub relations still hold or satisfy the functional dependencies of the original relation. 

In general,  

𝐹1 ∪ 𝐹2 ∪ 𝐹3 . . .  𝐹𝑛   ⊆ 𝐹 

𝑖𝑓 [𝐹1 ∪ 𝐹2 ∪ 𝐹3  … 𝐹𝑛 ] = 𝐹 (𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑐𝑦 𝑝𝑟𝑒𝑠𝑒𝑟𝑣𝑖𝑛𝑔)𝑖𝑓 [𝐹1 ∪ 𝐹2 ∪ 𝐹3  … 𝐹𝑛] ⊂ 𝐹 (𝑛𝑜𝑡 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑐𝑦 𝑝𝑟𝑒𝑠𝑠𝑖𝑛𝑔) 

 

• NORMALIZATION 

Normalization is a process of organizing the data in database to avoid: 

i. data redundancy  

ii. insertion anomaly 

iii. update anomaly  

iv. deletion anomaly.  

 

• NORMAL FORMS 

o First Normal Form (1-NF) 

A relation will be 1NF if it contains an atomic value. 

Multivalued Dependency: 

When there are multiple independent multivalued attributes in a table, multivalued 

dependency occurs. 

o Second Normal Form (2 NF) 

Relation R is in 2 NF iff: 

∙ R is in 1 NF 

 Proper Subset 

 of candidate 

 key 

+

 
 

=
 
  

Only Prime }  
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o Third Normal Form (3 NF) 

Transitive Dependency: 

A → B is called a transitive dependency if and only if: 

a. A is not a super key. 

b. B is a non-prime attribute. 

o Boyce Codd Normal Form (BCNF) 

A relational schema R is in BCNF iff every non-trivial functional dependency X🡪Y is in 

relation R with determinant X must be a candidate key/super key 

o Fourth Normal Form (4 NF) 

Let R be the relational schema. F be the single multivalued dependency X 🡪 Y is in 4 

NF iff: 

• X is a candidate key or super key. 

• X ∪ Y = R 

 

Important points: 

- Non-prime attributes transitively determined by super key are not allowed in 3 NF. 

- Prime attributes transitively determined by super key are allowed in 3 NF but not 

allowed in BCNF. 

- If every candidate key of relation R is a simple candidate key, then relation R is always 

in 3 NF. 

- If every attribute of relation R is a prime attribute, then relation R is always in 3 NF but 

may not be in BCNF. 

- If relation R with no non-trivial functional dependency, then R is always in BCNF. 

- Every relation is possible to decompose into 2NF and 3NF with lossless join and 

dependency preserving. 

- Every relation is possible to decompose into 2NF, 3NF and BCNF with lossless join and 

dependency preserving. 

- Not every relation can be decomposed into BCNF, 4 NF with dependency preserving 

decomposition.  
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  RELATIONAL ALGEBRA  

• RELATIONAL ALGEBRA 

Result of relational algebra is always distinct tuples 

o Basic Operators: 

There are 6 basic operators of relational algebra: 

● Selection operator (σ) 

● Projection Operator (∏) 

● Rename(ρ) 

● Cross Product(X) 

● Union (U) 

● Set Difference (-) 

o Derived Operators:  

Derived operators are those operators which can be derived from basic operators.There are 

basically three types of decomposition operators in relational algebra: 

● Intersection (∩) {derived using set difference} 

● Join (⋈) {derived using cross product, selection and projection} 

● Division Operator (÷) {derived using selection, set difference and cross product} 

• SELECTION (σp) 

o It is a unary operator 

o It is denoted by σp where σ is the selection operator and p is the predicate condition. 

o This operator retrieves the records of relation R which satisfies the predicate condition p. 

o It is commutative. 

 

• PROJECTION (∏attribute list (R)) 

o ∏attribute list (R) is used to project required attributes from relation R and remaining attributes 

are discarded. 

o Commutativity does not hold on projects. 

o The number of tuples in PROJECT are always less than or equal to the number of tuples in R. 

 

• RENAME OPERATION (ρ) 

● The results of relational algebra do not have a name that can be used to refer to them.   

● The rename operation allows us to change the name of the output relation. 

● 'rename' operation is denoted with small Greek letter rho ρ. 

 σ subject = "Database" (Books), 

Selects tuples from books where subject is 'database'.  

 

 Π Subject, author (Customers) 

Selects and projects columns named as subject and author from the relation Books. 
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● The general rename operation can be expressed by any of the following: 

• CROSS PRODUCT(X)  

o Result is all attributes of R followed by all attributes of S and each record of R pairs with every 

record of S. 

o It is denoted by X. 

o The result R X S contains one tuple (r, s) for each r ∈ R, s ∈ . 

o It is also called a Cartesian product. 

• SET OPERATIONS 

Result of set operations are always distinct tuples 

Schema of the result is the same as the schema of R. 

o Union (U): 

- Suppose there are two tuples R and S. The union operation contains all the tuples that 

are either in R or S or both in R & S. 

- It eliminates the duplicate tuples. It is denoted by ∪. 

o Intersection (∩): 

- The set intersection operation contains all tuples that are in both R & S. 

- It is denoted by intersection ∩. 

- Defines a relation consisting of a set of all tuples that are in both A and B. However, A 

and B must be union compatible. 

- It is also defined in the terms of set difference as: R ∩ S = R- (R - S) 

o Set Difference (-): 

- The set difference operation contains all tuples that are in R but not in S. 

- It is denoted by intersection minus (-). 

- The attribute name of R must match with the attribute name in S. 

- The two-operand relations R and S should be either compatible or Union compatible. 

• JOIN 

o A Join operation combines related tuples from different relations, if and only if a given join 

condition is satisfied.  

o Join operation is essentially a cartesian product followed by a selection criterion. 

o It is denoted by ⋈. 

o There are 4 types of join: 

⮚ Natural Join 

⮚ Conditional Join 

⮚ Equi Join 

⮚ Outer Join 

a. ρ(S,R): Renaming table name R to S. 

b. ρ A, B, C(R): Renaming the attributes of table R.  
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o Natural Join: 

- Natural join can only be performed if there is a common attribute (column) between the 

relations.  

- The name and type of the attribute must be the same. 

- As we are taking cross products so we do not remove common columns from the result. 

o Conditional join: 

- Conditional join works like natural join that accepts a join condition and a pair of 

relational instances. 

- In natural join, by default condition is equal between common attributes while in 

conditional join we can specify any condition. 

o Equi Join: 

- It is also known as an inner join. 

- When the condition join uses only equivalence conditions, it becomes an equi join. 

- It is based on matched data as per the equality condition. The equi join uses the 

comparison operator (=). 

o Outer Joins: 

- Left Outer Join: 

● In the left outer join, operation allows keeping all tuples in the left relation.  

● It is denoted by ⟕. 

● If no matching tuple is found in the right relation, then the attributes of the right 

relation in the join result are filled with null values. 

 

- Right Outer Join: 

● In the right outer join, operation allows keeping all tuples in the right relation. 

● It is denoted by ⟖. 

● If no matching tuple is found in the left relation, then the attributes of the left relation 

in the join result are filled with null values. 

- Full Outer Join: 

● In a full outer join, all tuples from both relations are included in the result, 

irrespective of the matching condition. 

● It is denoted by ⟗. 

R ⟗ S = ( R ⟕ S) ∪ (R ⟖ S) 

• DIVISION 

Division operator R÷S can be applied if and only if: 

o Attributes of S are proper subset of Attributes of R. 
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o The relation returned by division operator will have attributes = (All attributes of R – All 

Attributes of S) 

o The relation returned by division operator will return those tuples from relation R which are 

associated to every S’s tuple. 

(a) 

 

(b)  

 Sid's enrolled   sid's enrolled   sid's not enrolled 

 every course   for some course   for every course 

enrolled propersubset of  courses

     
= =     

     

  

∏sidcid (E)/ ∏eid(C) = ∏sid(E) - ∏sid((∏sid(E) × ∏cid(C) – ∏sidcid(E)) 

 

• TUPLE RELATIONAL CALCULUS (TRC) 

o In the tuple relational calculus, you will have to find tuples for which a predicate is true. The 

calculus is dependent on the use of tuple variables. 

o The tuple relational calculus is specified to select the tuples in a relation. In TRC, the filtering 

variable uses the tuples of a relation. 

o The result of the relation can have one or more tuples. 

o Notation: 

1. {T | P (T)} or {T | Condition (T)}    

Where 

T is the resulting tuples 

P(T) is the condition used to fetch T. 

• DOMAIN RELATIONAL CALCULUS (DRC) 

o The second form of relation is known as Domain relational calculus. In domain relational 

calculus, a filtering variable uses the domain of attributes. 

o Domain relational calculus uses the same operators as tuple calculus. It uses logical 

connectives ∧ (and), ∨ (or) and ┓ (not). 

o It uses Existential (∃) and Universal Quantifiers (∀) to bind the variable. 

o Notation: 

{ a1, a2, a3, ..., an | P (a1, a2, a3, ... ,an)}   

Where 

a1, a2 are attributes 
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P stands for formula built by inner attributes 

• Relational Calculus 

o Relational calculus is a non-procedural query language. In the non-procedural query language, 

the user is concerned with the details of how to obtain the end results. 

o The relational calculus tells what to do but never explains how to do. 

• Types of Relational calculus: 

1. Tuple Relational Calculus 

2. Domain Relational Calculus  

• Tuple Relational Calculus (TRC) 

o The tuple relational calculus is specified to select the tuples in a relation. In TRC, the filtering 

variable uses the tuples of a relation. 

o The result of the relation can have one or more tuples. 

o In this form of relational calculus, we define a tuple variable, specify the table(relation) name 

in which the tuple is to be searched for, along with a condition. 

o We can also specify column name using a . dot operator, with the tuple variable to only get a 

certain attribute(column) in result. 

o A tuple variable is nothing but a name, can be anything, generally we use a single alphabet for 

this, so let's say T is a tuple variable. 

o To specify the name of the relation(table) in which we want to look for data, we do the 

following: 

o Relation(T), where T is our tuple variable. 
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  SQL QUERY STRUCTURE  

• SQL QUERY STRUCTURE 

Select A1,A2,...,An 

From r1,r2,...,rn, 

Where P 

• Different DDL commands are: 

a. CREATE:This command is used to create a new database table. 

Syntax is CREATE TABLE TABLE_NAME (COLUMN_NAME DATATYPES[,....]);   

b. DROP: This statement is used to drop an existing table or a database. 

Syntax: DROP TABLE ;   

Example: DROP TABLE EMPLOYEE;   

c. ALTER: This command is used to change the database's configuration or alter the structure of 

the database.   

d. TRUNCATE: The TRUNCATE TABLE command deletes the data inside a table, but not the Table 

itself. 

Syntax: 

TRUNCATE TABLE table_name;   

• Data Manipulation Language (DML): 

a. INSERT: The INSERT argument is a SQL query. It is used to insert data into the row of a table. 

Syntax: 

INSERT INTO TABLE_NAME     

(column1, column2, col3,.... col N)   

VALUES (value1, value2, value3, .... valueN);      

b. UPDATE: 

This command is used to update or change the value of a Table column. 

Syntax: 

UPDATE table_name  

SET [column_name1= value1,...column_nameN = valueN] 

[WHERE CONDITION]     

c. DELETE: It's used to get rid of one or more rows in a table. 

Syntax: 

DELETE FROM table_name  

[WHERE condition];  

• Data Control Language: DCL commands include the following: 

o GRANT: Permits specific users to carry out specific tasks. 

o REVOKE: Revoke approvals that were previously issued or refused. 
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• SQL Commands: 

a. SELECT: SELECT statements are used to fetch data from a database. Every query will begin 

with SELECT. 

SELECT column_name  

FROM table_name; 

b. SELECT DISTINCT: SELECT DISTINCT indicates that the statement will be a query that will 

return unique values in the specified columns. 

SELECT DISTINCT column_name 

FROM table_name; 

c. WHERE:  WHERE is a clause that indicates you want to filter the result set to include only rows 

where the following condition is true. 

SELECT column_name(s) 

FROM table_name 

WHERE column_name operator value; 

d. WITH: The WITH Clause allows you to use an alias to store the output of a question in a 

temporary table. You may also use a comma and only one instance of the WITH keyword to 

describe several temporary tables. 

WITH temporary_name AS ( 

SELECT * 

FROM table_name) 

SELECT * 

FROM temporary_name 

WHERE column_name operator value; 

e. LIKE: LIKE is a special operator used with the WHERE clause to search for a specific pattern 

in a column. 

SELECT column_name(s) 

FROM table_name 

WHERE column_name LIKE pattern; 

f. DELETE: DELETE statements are used to remove rows from a table. 

DELETE FROM table_name 

WHERE some_column = some_value; 

g. GROUP BY: GROUP BY is a clause in SQL that is only used with aggregate functions. It is used 

in conjunction with SELECT statements to organize identical data into groups. 

SELECT column_name, COUNT(*) 

FROM table_name 

GROUP BY column_name; 

•  The GROUP BY Clause is used to group rows with the same values. 
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h. HAVING: HAVING was added to SQL because the WHERE keyword could not be used with 

aggregate functions. 

SELECT column_name, COUNT(*) 

FROM table_name 

GROUP BY column_name 

HAVING COUNT(*) > value; 

In the above example, Table is grouped based on DeptID column and these grouped rows 

filtered using HAVING Clause with condition AVG(Salary) > 3000. 

i. INSERT: INSERT statements are used to add a new row to a table. 

INSERT INTO table_name (column_1, column_2, column_3)  

VALUES (value_1, 'value_2', value_3); 

j. ORDER BY: ORDER BY is a clause that indicates you want to sort the result set by a particular 

column either alphabetically or numerically. 

SELECT column_name 

FROM table_name 

ORDER BY column_name ASC | DESC; 

k. Aggregate Functions: 

An aggregate function allows the user to perform a calculation on a set of values to return a 

single scalar value.  

i. AVG () Function: 

The AVG () function returns the average of a numeric column's values. 

Syntax: SELECT AVG (column_name) FROM table_name . 

ii. COUNT () Function: 

The COUNT () function calculates the number of rows that meet a set of requirements. 

• COUNT (column_name)syntax: 

It returns the number of values (NULL values will not be counted) to the specified  

iii. MAX () Function; 

The MAX() function returns the column's largest value. 

Syntax: SELECT MAX (column_name) FROM table_name; 

iv. MIN () Function: 

The MIN () function returns the smallest/least value in the column you've chosen. 

Syntax: SELECT MIN (column_name) FROM table_name; 

v. SUM () Function: 

The SUM () function returns the total sum of a numeric 

vi. LEN () Function: 

The LEN () function returns the length of the value in a text field. 

Syntax: SELECT LEN (column_name) FROM table_name; 

vii. HAVING Clause: The HAVING clause was added to SQL because the WHERE keyword 

could be used with aggregate functions. 
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viii.GROUP BY Statement: The GROUP BY statement is used in conjunction with the 

aggregate functions to group the result set by one or more columns. 

l. IN Operator: It allows specifying multiple values in a WHERE clause. 

SELECT column_name  

FROM table_name  

WHERE column_name IN (value1, value2,…) 

o Cartesian Join: 

SELECT table1.column1, table2.column2... 

FROM table1, table2 [, table3 ] 

The most important and widely used of the joins is the INNER JOIN. They are also known 

as an EQUIJOIN. 

o Inner Join: 

SELECT table1.column1, table2.column2... 

FROM table1 

INNER JOIN table2 

ON table1.common_field = table2.common_field; 

o Left Outer Join: 

SELECT table1.column1,table1.column2,table2.column1,.... 

FROM table1  

LEFT JOIN table2 

ON table1.matching_column = table2.matching_column; 

o Right Outer Join 

SELECT table1.column1,table1.column2,table2.column1,.... 

FROM table1  

RIGHT JOIN table2 

ON table1.matching_column = table2.matching_column; 

o FULL JOIN: 

SELECT table1.column1, table2.column2... 

FROM table1 

FULL JOIN table2 

ON table1.common_field = table2.common_field; 

• SQL Constraints: 

Constraints can be classified into two categories: 

o Column level constraints: The column level constraints are applied only to one column. 

o Table level constraints: Table level constraints are applied to the whole Table. 

Constraints are used to ensure that the database's data integrity is protected. The most 

common constraints that can be added to a table are mentioned below. 
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- NOT NULL:   

The Not Null Constraint prevents a column's value from being NULL. You can't move a 

null value to a column that has the NOT NULL constraint applied to it. It requires a 

column to have a valid value. It is not possible to describe it at the table stage. 

- UNIQUE Constraint. 

The UNIQUE Constraint ensures that a field or column has only one value. There will be 

no duplicate data in a UNIQUE constraint field.∙ 

This constraint can be extended to individual columns or entire tables. 

- Primary Key Constraint: 

Each record in a database is uniquely identified by the primary key constraint. A Primary 

Key must have a unique value and cannot be null.∙ 

The data within the Table is usually indexed using the Primary Key. 

- Foreign Key Constraint: 

The FOREIGN KEY is used to link the two tables together. The FOREIGN KEY constraint 

can also be used to prevent behaviour that would break tables' ties. 

- Check Constraint: 

The Check constraint is used to limits the value range that can be entered into a column. 

If the CHECK constraint is defined on a single column, it allows only certain values for 

this column. 

If the Check constraint is defined on a table, it will limit the values in some columns 

based on the values in other columns in the row. 

- Default Constraint: 

• SQL NESTED QUERIES 

o Types of Nested Queries: 

- Independent Nested Queries: In independent nested queries, query execution starts 

from innermost query to outermost queries. The execution of the inner query is 

independent of outer query, but the result of the inner query is used in the execution 

of the outer query. Different operators like IN, NOT IN, ANY, ALL etc., are used in writing 

independent nested queries. 

EXISTS Syntax: 

SELECT column_name(s) 

FROM table_name 

WHERE EXISTS 

(SELECT column_name FROM table_name WHERE condition); 

- Correlated Nested Queries:  

Example: Write a SQL statement that returns TRUE and lists the suppliers with a 

product price equal to 32. 
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Solution:  

SELECT SupplierName 

FROM Suppliers 

WHERE EXISTS (SELECT ProductName FROM Products WHERE Products.SupplierID = 

Suppliers.supplierID AND Price = 32); 

• FILE ORGANIZATION 

a. Spanned Organization:  

o Allows part of a record to be in one block and the rest of it to be on the next block. 

o Spanned Records are those in which (portions of) a single record can lie in separate blocks 

due to their large size. 

 

 

b. Unspanned Organization: 

When many records are restricted to fit within one block due to their small size then such 

records are called Unspanned Records. 
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• BLOCK FACTOR OF DATABASE FILE 

 

 

Block factor 
 Block size 

 Record size 
=  recods/block 

 Block size   Block Header 

 Record size 

− 
= 


 

               

• I/O COST 

Number of disk blocks (database file blocks) required to transfer from disk to main memory in 

order to access required records. 

• TYPES OF FILE ORGANIZATIONS 

o Sequential File: 

Sequential access file organisation is the process of storing and organising data in a contiguous 

block within files on tape or disc. 

- Blocking Factor: 
 Block size 

 Record size 

 
 
 

 

- Number of record blocks: 
 Total number of records 

 Blocking Factor 

 
 
 

 

- Number of blocks accessed by linear search on average: 
 number of record blocks 

2

 
 
 

 

 

- Log2 Number of record blocks: average number of blocks accessed via binary search 

• INDEXING 

There are two types of Indexing: 
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o Index File: 

Each index file consists of two fields: search key and pointer 

Hence size of index entry = search key + pointer 

- Index blocking factor = 
 number of Distinct values over non key field 

1
 Index blocking factor 

 
+ 

 
 

- First (single) level index blocks:  
 number of record blocks 

 index blocking factor 

 
 
 

 

- Number of block accesses = ⌈ log2 (first level index blocks) ⌉ + 1 

o Block factor of Index File: 

Block factor of index file =
 Block size - Block Header 

 
 Search Key + Pointer 

 
 
 

 Entries/block 

o Categories of Ordering of Index: 

a. Dense Index: 

    In dense index, Number of Index entries = Number of records in a database file. 

 

 

b. Sparse Index: 

In sparse index, Number of Index entries = Number of blocks 
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In sparse index, Number of Index entries = Number of blocks 

 

Ordered Indices: 

To make searching easier, the indices are normally sorted. Ordered indices are indices 

that have been sorted. 

Unordered Indices: The indices which are not sorted are known as unordered indices. 

• Indexing Models: 

a. Primary Index: 

- It is defined as an ordered file. 

- The index is created based on the primary key of the table. 

- It is a sparse indexing on ordered(sorted) key attributes. 

 

b. Clustered Index: 

- A clustered index can be defined as an ordered data file. 

- The records are sorted over the attribute name which is not a primary key. 

- The data file is ordered on a non-key field.  

- Same elements are taken in a single cluster. 

- In clustering index, the pointers point to the first address of the block, and the 

next pointer is used to access the next block.  
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Single Level Index Blocks: /21 log 1/ 2 + p  

Number of Block accesses: ( )2log   sin gle level index blocks 1  +   

c. Secondary Index: 

- It is a dense index on an unordered data file. 

- On an unordered data file, it's a dense index. Another degree of Indexing is 

added in secondary Indexing to reduce the scale of the mapping. 

 

d. Multi-level index: 

Level 1 = “first level index block” 

Level 2 = 
 number of blocks in level1 

 Index Blocking Factor 
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Level n = 
( ) number of blocks in level  1

1
 Index Blocking Factor 

 −
= 

 

n
 

Number of levels = n 

Number of blocks = 
n

i 1=  Number of blocks in level i 

Number of block access = n+1 

• B+ TREE 

o It is a balanced search tree or height restricted search tree. 

o Maximum height of the tree should not exceed O(logn). 

o A B+ tree's leaf nodes represent real data pointers. 

(a) Leaf Node:  

 

(b) Internal Node: 

 

o Balancing Conditions: 

- Every internal node except root node contains atleast 
p

2

 
 
 

 block pointers & 
p

1
2

 
− 

 

keys. 

- Internal node can contain at most p pointers and (p – 1) keys.  

- Root nodes can be with atleast 2 block pointers and 1 key. and atmost p block pointer 

(p – 1) keys. 

- Root nodes can be with atleast 2 block pointer and 1 key and atmost p block pointer & 

(p – 1) keys.  

- The leaf node can contain atleast 
p

1
2

 
− 

 
keys and atmost P-1 keys  

o Important formula for B+ Tree: 

- Order of non-leaf Node: 

[p × size of block pointer] + [(p-1) ×size of key field] ≤ Block Size. 

- Order of Leaf Node: 

[(pleaf – 1) × (size of key field + size of record pointer] + [p × size of block pointer] ≤ 

Block Size. 
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• B TREE 

It is a balanced search tree or height restricted search tree. 

Maximum height of the tree should not exceed O(logn). 

• Important formula for B tree: 

o Root Node: minimum = 2, maximum = n, children(pointer) 

o Internal Node: minimum = 
p

2

 
 
 

, maximum = n children 

o Block Size = [p × size of block pointer] + [(p-1) × (size of key field + size of record pointer)] 

≤ Block Size. 

o Minimum number of nodes = 
( )

h2[p / 2] 1
1

p / 2 2

 −
+  

−  

  

o Maximum number of nodes = 

h 1p 1

p 1

+ −
 

− 
  

o Minimum possible height = ⌈log𝑝 ∣⌉ , where l is the number of leaves. 

o Maximum possible height =⌈1 + log𝑝2 ∣/2⌉    
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  TRANSACTION MANAGEMENT  

• TRANSACTION 

A transaction is a logical unit of work that accesses and potentially modifies a database's contents. 

Read and write operations are used by transactions to access data. 

a. Read Operation: 

Read operation reads the data from the database and then stores it in the buffer in main 

memory. 

b. Write Operation: 

Write operation writes the updated data value back to the database from the buffer. 

 

• ACID PROPERTIES 

 

o Atomicity:  

- This property ensures that a transaction should execute all the operations including 

commit or none of them i.e. Transactions may or may not occur. 

- It is the responsibility of the Transaction Control Manager to ensure atomicity of the 

transactions. 

o Consistency: 

- This means that integrity constraints must be maintained i.e. Make sure the database 

remains consistent before and after the transaction. 

- Transaction must be logically correct, and correctness should be monitored by the user. 

o Isolation: 

It is the responsibility of the concurrency control manager to ensure isolation for all the 

transactions. 

o Durability: 

It is the duty of the recovery manager to ensure that the modifications made to the database 

by a successfully committed transaction remain in the database.  
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• SCHEDULE 

Sequence that indicate the chronological order in which instructions of concurrent transactions 

are executed. 

 

o Strict Schedule: 

- All the transactions execute serially, one after the other i.e. after commit of one 

transaction begins another transaction. 

- The number of serial schedules possible with n transactions are n!. 

o Concurrent Schedule: 

- Multiple transactions execute simultaneously. 

- Operations of all the transactions are interleaved or mixed with each other. 

- May cause inconsistency, so to maintain consistency transactions should satisfy ACID 

property. 

o Conflicts in Concurrent schedule: 

If all of the respective conditions are met, the two operations become incompatible: 

>Both are part of different transactions. 

a. Read-Write Conflict: 

Ti Tj 

R(A) ⋮ 

⋮ W(A) 

b. Write-Read Conflict: 

Ti Tj  

W(A

) 
⋮ 

 

⋮ R(A) → uncommitted 

read 
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c. Write-Write Conflict: 

Ti Tj 

W(A) ⋮ 

⋮ W(A) 

o Concurrency Problems in DBMS: 

- Dirty Read: Reading the data written by an uncommitted transaction is called as dirty 

read. 

Transaction T1 
Transaction 

T2 

 

R(A)   

W(B)   

. 

. 

. 

. 

. 

. 

. 

. 

R(A) 
//Dirty 

Read 

W(A)  

Commit  

  

 

 

Failure   

 

- T2 reads the dirty value of A written by the uncommitted transaction T1. 

- T1 fails in later stages and roll backs. 

- Thus, the value that T2 read now stands to be incorrect. 

- Therefore, the database becomes inconsistent. 

• SERIALIZABILITY 

o It is the classical concurrency scheme. This ensures that a program for executing concurrent 

transactions is equivalent to a program that executes sequential transactions in some order. 

o Some non-serial schedules can cause database inconsistency;  

 

o Conflict Serializability: 

>If a schedule can turn into a serial schedule after swapping non-conflicting operations, it is 

called dispute serializability. 
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o Conflict serializability: Instructions Ii and Ij of transactions Ti and Tj respectively, conflict if 

and only if there are some Q elements that Ii and Ij have access to, and at least one of those 

instructions wrote Q. 

steps to check Conflict Serializable Schedule: 

Schedule S is a conflict serializable schedule iff precedence graph of schedule S is acyclic.  

- Step 1: List all the conflicting operations. 

- Step 2: For the precedence graph. 

- Step 3: Check for cycles in the graph. If there is no cycle, then conflict is serializable 

otherwise not conflict serializable. 

o Conflict Equivalent: 

Two schedules are conflict equivalent if one can be transformed to another by swapping non-

conflicting operations.  

Two schedules are said to be conflict equivalent if and only if: 

1. They contain the same set of the transaction. 

2.  Conflict pairs must have the same precedence in both schedules. 

o View Serializability: 

- A schedule will view serializable if it is view equivalent to a serial schedule. 

- Conflict serializable which does not contain blind writes are view serializable. 

i. Initial readers must be the same for all the data items. 

ii. Write-read sequence must be the same. 

iii. Final writers must be same for all the data items: 
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• RECOVERABLE PROBLEMS 

o Irrecoverable Schedule: It is not possible to roll back after the commitment of a transaction 

as the initial data is nowhere. 

o Recoverable Schedule: A schedule is recoverable if a transaction Tj reads a data item 

previously written by transaction Ti, the commit operation of Ti appears before the commit 

operation of Tj.  

o Cascadeless Recoverable Schedule:  

The commit operation of Ti occurs before the read operation of Tj for each pair of transactions 

Ti and Tj in which Tj reads a data item previously written by Ti. Each cascadeless schedule can 

be recovered as well. 

o Cascading rollback: A single transaction failure leads to a series of transaction rollbacks.  

o Strict Recoverable Schedule: If transaction Ti updates the data item A, any other transaction 

Tj not allowed to R(A) or W(A) until commit or roll back of T i. 

• CONCURRENCY CONTROL PROTOCOLS 

Lock-Based Protocols 

Two Phase Locking Protocols 

Timestamp-Based Protocols 

o Lock Based Protocol 

A lock is a data variable that is linked to a specific data object. This lock indicates that 

operations on the data item are permitted. Concurrent transactions may use locks to 

synchronise access to database objects. 

i. Binary Locks: 

A Binary lock on a data item can either be locked (1) or unlocked (0) states. 

ii. Shared/Exclusive: 

In this type of protocol, any transaction cannot read or write data until it acquires an 

appropriate lock on it. There are two types of lock: 

- Shared lock(S): 

■ It is also known as a Read-only lock. In a shared lock, the data item can only be 

read by the transaction. 

■ It can be shared between the transactions because when the transaction holds 

a lock, then it can't update the data on the data item. 

- Exclusive lock(X): 

■ In the exclusive lock, the data item can be both read as well as written by the 

transaction. 

■ This lock is exclusive, and in this lock, multiple transactions do not modify the 

same data simultaneously. 

o Two Phase Locking: 

There are two phases of 2PL given below: 
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- Growing phase: the transaction can acquire a new lock on the data object, but none can 

be released. 

- Shrinking phase: The transaction's existing locks may be released during the shrinking 

process, but no new locks can be obtained. 

Problem in 2PL: 

- Irrecoverability 

- Deadlock 

- Starvation 

Strict Two- Phase Locking: 

- Basic 2PL with all exclusive locks should be held until commit/rollback. 

- It ensures serializability is strictly recoverable. 

Problem in 2PL: 

- Starvation 

- Irrecoverability  

o Time-Stamp Protocol: 

This protocol ensures that every conflicting read and write operations are executed in 

timestamp order. 

Since the older transaction has a higher priority, it executes first. This protocol uses device 

time or a logical counter to calculate the transaction's timestamp. 

Basic Timestamp ordering protocol works as follows: 

1. When a transaction Ti performs a Read (X) operation, make sure to check the following 

condition: 

The operation is rejected if W TS(X) >TS(Ti). 

If W TS(X) = TS(Ti), the procedure is carried out. 

2. Check the following condition whenever a transaction Ti issues a Write(X) operation: 

• If TS(Ti) < R_TS(X) then the operation is rejected. 

• If TS(Ti) < W_TS(X), then the Operation is rejected and Ti is rolled back; otherwise the 

Operation is executed. 

Thomas Write Rule Stamp Ordering Protocol  

1. Transaction T issues R(A) option:  

(a) If WTS (A) > TS (T) then roll back T  

(b) Otherwise execute successfully.  

Set RTS (A) = max {TS (T), RTS (A)}  

2. Transaction T issues W (A) operation:  

(a) If RTS (A) > TS (T) then roll back T.  

(b) If WTS (A) > TS (T) then ignore W(A) and continue execution of trans T.  

Strict Timestamp Ordering Protocol  
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A transaction T2 that issues a R(A) or W(A) such that TS(T2) > WTS (X) has its read write 

option delayed until the transaction T1 that writes the value X has committed or rolled 

back.  

• Wait Die Protocol  

o Write the transaction in ascending order of timestamp values.  

o If T1 requires a resource that is held by T2, T1 wait for T2 to unlock.  

o If T2 requires a resource that is held by T1, then roll back T2 and restart with the same time 

stamp value.  

• Wound Wait Protocol  

o Write the transaction in ascending order of TS values.  

o If T1 requires a resource that is held by T2 then roll back T2 and restart with same timestamp 

value.  

o If T2 requires a resource that is held by T1 than T2 wait for T1 to unlock.  

o Both wait die and wound wait protocols may have starvation. 

 

 

**** 
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