
 

 

 
 

 

Solution for VTU Question Paper- JUNE/JULY-2023 

Database Management System (22MCA21) 
 

 

Q. No. 1a)Explain the database system environment with neat diagram 

 
1b) Discuss the characteristics and advantages of Database Approaches 

 Describe the characteristics ofDatabase Approach 
1) Self-Describing Nature of a Database System. 
2) Isolation between Programs and Data, and Data Abstraction 
3)Support for Multiple Views of the Data 

4)Sharing of knowledge and Multi-user Transaction Processing 

Advantages of Database Approach: 

The following are the advantages of using a DBMS: 

 

 

 

 



 

 

 

 

 

 

 

Q. No. (2)a. Explain with proper diagram, the 3-schema architecture of DBMS. 

 



 



 
            (2)b. What are the different types of attributes? Explain with example. 

 



 



 



 

 



 
 

 
 
 
Q. No. (3)a. Explain unary Operation Select and prove it is commutative. 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

 
            



 (3)b.Explain schema update operations, with a suitable examples. 
 

 



 



 



 
 
 
 
 
 
 
 
 
 
 
 
4.a.  with a suitable example, explain join and division operation in relational algebra.  



 

 



 
4.b. Explain in detail ER-to Relational mapping algorithms.  

 
 
5.a. Expalin with suitable example the basic structure of SQL query. 



 
 
 
5.b. What are views in SQL? Explain.  



 

 
 



6.a.  In SQL how to handle the Aggregate functions with group by and having clause? With examples. 

 



 
6.b. What are aggregate functions? Explain with an examples. 



 

 
 
 
 
 
 
 
 
 



6.c. Explain the architecture of JDBC main componenets and types of drivers. 

 



 

 



7. a. Discuss informal design guidelines for relational schema. 
 

Four informal guidelines that may be used as measures to determine the quality of relation schema design: 
(1) Imparting Clear Semantics to Attributes in Relations 
•Design a relation schema so that it is easy to explain its meaning 
•Do not combine attributes from multiple entity types and relationship types into a single relation 
if a relation schema corresponds to one entity type or one relationship type, it is straightforward to interpret 
and to explain its meaning. if the relation corresponds to a mixture of multiple entities and relationships, 
semantic ambiguities will result and the relation cannot be easily explained. 

 



 
 

 

(2) Removing Redundant Information in Tuples and Update Anomalies 
 

§One goal of schema design is to minimize the storage space used by the base relations 
§Grouping attributes into relation schemas has a significant effect on storage space 

 

update anomalies 
• insertion anomalies 
• deletion anomalies, 
• modification anomalies 

 

(3) Removing NULL Values in Tuples 
 

As far as possible, avoid placing attributes in a base relation whose values may frequently be NULL 
§ If NULLs are unavoidable, make sure that they apply in exceptional cases only and do not apply to a majority 
of tuples in the relation 
§ Using space efficiently and avoiding joins with NULL values are the two overriding criteria that determine 
whether to include the columns that may have NULLs in a relation or to have a separate relation for those 
columns with the appropriate key columns 

 

(4) Removing Spurious Tuples 
Spurious Tuples are those rows in a table, which occur as a result of joining two tables in wrong manner. They 
are extra tuples (rows) which might not be required 
Design relation schemas so that they can be joined with equality conditions on attributes that are appropriately 
related (primary key, foreign key) pairs in a way that guarantees that no spurious tuples are generated 
§Avoid relations that contain matching attributes that are not (foreign key, primary key) combinations because 
joining on such attributes may produce spurious tuples. 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
7.b What is normalization? What are its advantages ? discuss 1NF,2NFand 3NF 

Normalization of data can be considered a process of analysing the given relation schemas based on their FDs 
and primary keys to achieve the desirable properties of 

(1) minimizing redundancy and minimizing the insertion, deletion, and update anomalies 
 
Second Normal Form (2NF) 
•In the 2NF, relational must be in 1NF. 
•In the second normal form, all non-key attributes are fully functional dependent on the primary key 
Example: Let's assume, a school can store the data of teachers and the subjects they teach. In a school, a teacher 
can teach more than one subject. 
 

In the given table, non-prime attribute TEACHER_AGE is dependent on TEACHER_ID which is a proper subset of 
a candidate key. That's why it violates the rule for 2NF. 

 
To convert the given table into 2NF, we decompose it into two tables: 
(2)  
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8.b. Discuss the different inference rules for functional dependencies.  

Functional dependencies are a concept in database management that describe the relationship between attributes in 

a relational database. Inference rules for functional dependencies help derive additional dependencies based on a 

given set of dependencies. Here are some common inference rules for functional dependencies: 

Reflexivity Rule: 

If Y is a subset of X, then X → Y. 

This rule states that if a set of attributes (Y) is functionally dependent on another set of attributes (X), and Y is a 

subset of X, then X → Y is also true. 

Augmentation Rule: 

If X → Y, then XZ → YZ. 

This rule allows the extension of a functional dependency by adding attributes to both sides of the dependency. 

Transitivity Rule: 

If X → Y and Y → Z, then X → Z. 

Transitivity allows the derivation of a new functional dependency based on two existing dependencies. 

Union Rule: 

If X → Y and X → Z, then X → YZ. 

This rule enables combining two dependencies into a single dependency. 

Decomposition Rule: 

If X → YZ, then X → Y and X → Z. 

Decomposition allows breaking down a dependency into two or more dependencies. 
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Pseudotransitivity Rule: 

If X → Y and WY → Z, then WX → Z. 

Pseudotransitivity helps derive new dependencies when there is a transitive relationship through an intermediary 

set of attributes. 

Trivial Dependency Rule: 

If Y is a subset of X, then X → Y is a trivial dependency. 

This rule emphasizes that if Y is a subset of X, then X → Y is considered a trivial dependency. 

Union-Additivity Rule: 

If X → Y and X → Z, then X → YZ. 

Similar to the union rule, the union-additivity rule allows combining two dependencies into a single dependency. 

Intersection Rule: 

If X → Y and X → Z, then X → Y ∩ Z. 

This rule allows combining two dependencies into a single dependency by taking the intersection of the dependent 

attributes. 

These rules provide a foundation for reasoning about and inferring functional dependencies in a relational 

database. They are fundamental for database normalization processes and ensuring data integrity. Understanding 

these rules helps in designing efficient and well-structured database schemas. 
 
   
9.b. Discuss the characterizing schedules based on recoverability. 

In database management, schedules refer to the order in which transactions are executed. Recoverability is an 

important property of schedules that ensures that, in the event of a system failure, the database can be restored to a 

consistent state. There are two types of schedules based on recoverability: recoverable schedules and non-

recoverable schedules. 

Recoverable Schedules: 

A schedule is considered recoverable if, in the event of a transaction failure, it is possible to bring the system back 

to a consistent state. 

The recoverability property ensures that if a transaction T1 reads a value written by another transaction T2, T2 

must commit before T1. 

In recoverable schedules, the system keeps track of all intermediate states, allowing for a rollback to a consistent 

state if necessary. 

The two common techniques to ensure recoverability are using undo logs (rollback logs) and before-image (write-

ahead logging). 

Non-Recoverable Schedules: 

A schedule is non-recoverable if it does not ensure recoverability in case of a failure. 

In non-recoverable schedules, there is no mechanism to undo the effects of committed or uncommitted 

transactions. 

If a transaction T1 reads a value written by another transaction T2, T2 might commit or abort before T1 

completes. In the case of an abort by T2, T1 is left with potentially incorrect data. 
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Non-recoverable schedules are generally not suitable for systems where data consistency is critical. 

Example: 

Consider two transactions, T1 and T2, with the following operations: 

T1: Read(A), Write(A), Read(B), Write(B) 

T2: Write(B), Read(B), Write(A), Read(A) 

Recoverable Schedule: 

T1: Read(A), Write(A), Read(B), Write(B) 

T2: Write(B), Read(B), Write(A), Read(A) 

In this case, T1 reads and writes to A before T2 reads A, and T2 writes to B before T1 reads B. This schedule is 

recoverable because if T2 aborts, T1 can be rolled back to a consistent state. 

Non-Recoverable Schedule: 

T1: Read(A), Write(A), Read(B), Write(B) 

T2: Write(B), Read(B), Write(A), Read(A) 

If T2 commits before T1 completes, and T1 later fails, there is no mechanism to undo the effects of T2 on A. This 

schedule is non-recoverable. 

Ensuring recoverability is crucial for maintaining the integrity of the database in the face of failures. The use of 

appropriate logging mechanisms and transaction control protocols helps achieve recoverability in database 

systems. 

 

10.a. Discuss a lock based concurrency contril issue in DBMS transaction processeing.  

It is a mechanism in which a transaction cannot read or write data unless the appropriate lock is acquired. This 

helps in eliminating the concurrency problem by locking a particular transaction to a particular user. The lock is a 

variable that denotes those operations that can be executed on the particular data item.   

The various types of lock include : 

 Binary lock: It ensures that the data item can be in either locked or unlocked state  

 Shared Lock: A shared lock is also called read only lock because you don’t have permission to update data 

on the data item. With this lock data item can be easily shared between different transactions. For example, if 

two teams are working on employee payment accounts, they would be able to access it but wouldn’t be able 

to modify the data on the payment account.  

 Exclusive Lock: With exclusive locks, the data items will not be just read but can also be written  

 Simplistic Lock Protocol: this lock protocol allows transactions to get lock on every object at the start of 

operation. Transactions are able to unlock the data item after completing the write operations  

 Pre-claiming locking: This protocol evaluates the operations and builds a list of the necessary data items 

which are required to initiate the execution of the transaction. As soon as the locks are acquired, the 

execution of transaction takes place. When the operations are over, then all the locks release.  
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 Starvation: It is the condition where a transaction has to wait for an indefinite period for acquiring a lock.  

 Deadlock: It is the condition when two or more processes are waiting for each other to get a resource 

released  

 
10.b. Describle granularity of data items and Multiple Granularity locking. 

The various Concurrency Control schemes have used different methods and every individual Data item is the 

unit on which synchronization is performed. A certain drawback of this technique is if a transaction Ti needs to 

access the entire database, and a locking protocol is used, then Ti must lock each item in the database. It is less 

efficient, it would be simpler if Ti could use a single lock to lock the entire database. But, if it considers the 

second proposal, this should not in fact overlook certain flaws in the proposed method. Suppose another 

transaction just needs to access a few data items from a database, so locking the entire database seems to be 

unnecessary moreover it may cost us a loss of Concurrency, which was our primary goal in the first place. To 

bargain between Efficiency and Concurrency. Use Granularity.  

Let’s start by understanding what is meant by Granularity.  

Granularity 

It is the size of the data item allowed to lock. Now Multiple Granularity means hierarchically breaking up the 

database into blocks that can be locked and can be tracked what needs to lock and in what fashion. Such a 

hierarchy can be represented graphically as a tree.  

For example, consider the tree, which consists of four levels of nodes. The highest level represents the entire 

database. Below it is nodes of type area; the database consists of exactly these areas. The area has children 

nodes which are called files. Every area has those files that are its child nodes. No file can span more than one 

area.  

Finally, each file has child nodes called records. As before, the file consists of exactly those records that are its 

child nodes, and no record can be present in more than one file. Hence, the levels starting from the top level 

are:  

 database 

 area 

 file 

 record 
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Multi Granularity tree Hiererchy 

Consider the above diagram for the example given, each node in the tree can be locked individually. As in 

the 2-phase locking protocol, it shall use shared and exclusive lock modes. When a transaction locks a node, in 

either shared or exclusive mode, the transaction also implicitly locks all the descendants of that node in the 

same lock mode. For example, if transaction Ti gets an explicit lock on file Fc in exclusive mode, then it has an 

implicit lock in exclusive mode on all the records belonging to that file. It does not need to lock the individual 

records of Fc explicitly. this is the main difference between Tree-Based Locking and Hierarchical locking for 

multiple granularities.  

Now, with locks on files and records made simple, how does the system determine if the root node can be 

locked? One possibility is for it to search the entire tree but the solution nullifies the whole purpose of the 

multiple-granularity locking scheme. A more efficient way to gain this knowledge is to introduce a new lock 

mode, called Intention lock mode.  

Intention Mode Lock 

In addition to S and X lock modes, there are three additional lock modes with multiple granularities:  

 Intention-Shared (IS): explicit locking at a lower level of the tree but only with shared locks. 

 Intention-Exclusive (IX): explicit locking at a lower level with exclusive or shared locks. 

https://www.geeksforgeeks.org/dbms-concurrency-control-protocols-two-phase-locking-2-pl/
https://www.geeksforgeeks.org/dbms-concurrency-control-protocol-graph-based-protocol/


CMR INSTITUTE OF TECHNOLOGY 

Affiliated to VTU, Approved by AICTE, Accredited by NBA and NAAC with “A++” Grade 

ITPL MAIN ROAD, BROOKFIELD, BENGALURU-560037, KARNATAKA, INDIA 

Department of MCA Academic Year: 2022-23 

 
 

 

 Shared & Intention-Exclusive (SIX): the subtree rooted by that node is locked explicitly in shared mode 

and explicit locking is being done at a lower level with exclusive mode locks. 

The compatibility matrix for these lock modes are described below:  

 
Multi Granularity tree Hierarchy 

The multiple-granularity locking protocol uses the intention lock modes to ensure serializability. It requires that 

a transaction Ti that attempts to lock a node must follow these protocols:  

 Transaction Ti must follow the lock-compatibility matrix. 

 Transaction Ti must lock the root of the tree first, and it can lock it in any mode. 

 Transaction Ti can lock a node in S or IS mode only if Ti currently has the parent of the node-locked in 

either IX or IS mode. 

 Transaction Ti can lock a node in X, SIX, or IX mode only if Ti currently has the parent of the node-locked 

in either IX or SIX modes. 

 Transaction Ti can lock a node only if Ti has not previously unlocked any node (i.e., Ti is two-phase). 

 Transaction Ti can unlock a node only if Ti currently has none of the children of the node-locked. 
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Observe that the multiple-granularity protocol requires that locks be acquired in top-down (root-to-leaf) order, 

whereas locks must be released in bottom-up (leaf to-root) order.  

As an illustration of the protocol, consider the tree given above and the transactions:  

 Say transaction T1 reads record Ra2 in file Fa. Then, T2 needs to lock the database, area A1, and Fa in IS 

mode (and in that order), and finally to lock Ra2 in S mode. 

 Say transaction T2 modifies record Ra9 in file Fa . Then, T2 needs to lock the database, area A1, and file 

Fa (and in that order) in IX mode, and at last to lock Ra9 in X mode. 

 Say transaction T3 reads all the records in file Fa. Then, T3 needs to lock the database and area A1 (and in 

that order) in IS mode, and at last to lock Fa in S mode. 

 Say transaction T4 reads the entire database. It can do so after locking the database in S mode. 
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8. a. Explain with an example the Boyce Codd normal form (BCNF) 
•BCNF is the advanced version of 3NF. It is stricter than 3NF. 
Rules for BCNF in DBMS 
A table or relation is said to be in BCNF (Boyce Codd Normal Form) if it satisfies the following two conditions : 
•It should satisfy all the conditions of the Third Normal Form (3NF) 
•For any functional dependency (A->B), A should be either the super key or the candidate key. In simple words, 
it means that A can't be a non-prime attribute if B is given as a prime attribute. 

In this example, we have a relation R with three columns: Id, Subject, and Professor. 



CMR INSTITUTE OF TECHNOLOGY 

Affiliated to VTU, Approved by AICTE, Accredited by NBA and NAAC with “A++” Grade 

ITPL MAIN ROAD, BROOKFIELD, BENGALURU-560037, KARNATAKA, INDIA 

Department Of MCA Academic Year: 2022-23 

 

 

 

 
In this Example , we will decompose the table into two tables: the Student table and the Professor table to 
satisfy the conditions of BCNF. 

 
 

Professor is now the primary key and the prime attribute column, deriving the subject column. Hence, it is in 
BCNF. 

 
 
 
 
 

b) 
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Q. No. (9)  

 
 
 
Transactions should possess several properties, often called the ACID properties 
A Atomicity: 
a transaction is an atomic unit of processing and it is either performed entirely or not at all. 
C Consistency Preservation: 
a transaction should be consistency preserving that is it must take the database from one consistent state to 
another. 
I Isolation/Independence: 



CMR INSTITUTE OF TECHNOLOGY 

Affiliated to VTU, Approved by AICTE, Accredited by NBA and NAAC with “A++” Grade 

ITPL MAIN ROAD, BROOKFIELD, BENGALURU-560037, KARNATAKA, INDIA 

Department of MCA Academic Year: 2022-23 

 

 

 
 

 

A transaction should appear as though it is being executed in isolation from other transactions, even though 
many transactions are executed concurrently. 
D Durability (or Permanency): 
if a transaction changes the database and is committed, the changes must never be lost because of any failure. 
The atomicity property requires that we execute a transaction to completion. It is the responsibility of the 
transaction recovery subsystem of a DBMS to ensure atomicity. 
The preservation of consistency is generally considered to be the responsibility of the programmers who write 
the database programs or of the DBMS module that enforces integrity constraints. 
The isolation property is enforced by the concurrency control subsystem of the DBMS. If every transaction does 
not make its updates (write operations) visible to other transactions until it is committed, one form of isolation 
is enforced that solves the temporary update problem and eliminates cascading rollbacks 

Durability is the responsibility of recovery subsystem. 
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