UNITV

A transaction can be defined as a group of tasks. A single task is the minimum processing unit which cannot
be divided further.

Let’s take an example of a simple transaction. Suppose a bank employee transfers Rs 500 from A's account
to B's account. This very simple and small transaction involves several low-level tasks.

A’s Account

Open_Account(A)

Old_Balance = A.balance

New_Balance = Old_Balance - 500

A.balance = New_Balance

Close_Account(A)

B’s Account

Open_Account(B)

Old_Balance = B.balance

New_Balance = Old_Balance + 500

B.balance = New_Balance

Close_Account(B)

ACID Properties

A transaction is a very small unit of a program and it may contain several low-level tasks. A transaction in a
database system must maintain Atomicity, Consistency, Isolation, and Durability - commonly known as ACID
properties — in order to ensure accuracy, completeness, and data integrity.

Atomicity - This property states that a transaction must be treated as an atomic unit, that is, either all of its
operations are executed or none. There must be no state in a database where a transaction is left partially
completed. States should be defined either before the execution of the transaction or after the
execution/abortion/failure of the transaction.

Consistency — The database must remain in a consistent state after any transaction. No transaction should
have any adverse effect on the data residing in the database. If the database was in a consistent state before
the execution of a transaction, it must remain consistent after the execution of the transaction as well.
Durability — The database should be durable enough to hold all its latest updates even if the system fails or
restarts. If a transaction updates a chunk of data in a database and commits, then the database will hold the
modified data. If a transaction commits but the system fails before the data could be written on to the disk,
then that data will be updated once the system springs back into action.

Isolation - In a database system where more than one transaction is being executed simultaneously and in
parallel, the property of isolation states that all the transactions will be carried out and executed as if it is
the only transaction in the system. No transaction will affect the existence of any other transaction.

Serializability

When multiple transactions are being executed by the operating system in a multiprogramming
environment, there are possibilities that instructions of one transactions are interleaved with some other
transaction.

Schedule - A chronological execution sequence of a transaction is called a schedule. A schedule can have
many transactions in it, each comprising of a number of instructions/tasks.

Serial Schedule - It is a schedule in which transactions are aligned in such a way that one transaction is
executed first. When the first transaction completes its cycle, then the next transaction is executed.
Transactions are ordered one after the other.

This type of schedule is called a serial schedule, as transactions are executed in a serial manner.

In a multi-transaction environment, serial schedules are considered as a benchmark. The execution sequence
of an instruction in a transaction cannot be changed, but two transactions can have their instructions
executed in a random fashion. This execution does no harm if two transactions are mutually independent
and working on different segments of data; but in case these two transactions are working on the same data,
then the results may vary. This ever-varying result may bring the database to an inconsistent state.
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To resolve this problem, we allow parallel execution of a transaction schedule, if its transactions are either
serializable or have some equivalence relation among them.

Equivalence Schedules

An equivalence schedule can be of the following types -

Result Equivalence

If two schedules produce the same result after execution, they are said to be result equivalent. They may
yield the same result for some value and different results for another set of values. That's why this
equivalence is not generally considered significant.

View Equivalence

Two schedules would be view equivalence if the transactions in both the schedules perform similar actions
in a similar manner.

For example -

If T reads the initial data in S1, then it also reads the initial data in S2.

If T reads the value written by J in S1, then it also reads the value written by J in S2.

If T performs the final write on the data value in S1, then it also performs the final write on the data value in
S2.

Conflict Equivalence

Two schedules would be conflicting if they have the following properties -

Both belong to separate transactions.

Both accesses the same data item.

At least one of them is "write" operation.

Two schedules having multiple transactions with conflicting operations are said to be conflict equivalent if
and only if -

Both the schedules contain the same set of Transactions.

The order of conflicting pairs of operation is maintained in both the schedules.

Note — View equivalent schedules are view serializable and conflict equivalent schedules are conflicting
serializable. All conflict serializable schedules are view serializable too.

States of Transactions

A transaction in a database can be in one of the following states -

End

Different Phases of Transaction

o Active - In this state, the transaction is being executed. This is the initial state of every transaction.

¢ Partially Committed - When a transaction executes its final operation, it is said to be in a partially
committed state.

o Failed - A transaction is said to be in a failed state if any of the checks made by the database recovery
system fails. A failed transaction can no longer proceed further.

o Aborted - If any of the checks fails and the transaction has reached a failed state, then the recovery
manager rolls back all its write operations on the database to bring the database back to its original
state where it was prior to the execution of the transaction. Transactions in this state are called
aborted. The database recovery module can select one of the two operations after a transaction
aborts -

o Re-start the transaction
o Kill the transaction
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o Committed - If a transaction executes all its operations successfully, it is said to be committed. All
its effects are now permanently established on the database system.

Concurrency control

Concurrency control is a database management systems (DBMS) concept that is used to address conflicts
with the simultaneous accessing or altering of data that can occur with a multi-user system. concurrency
control, when applied to a DBMS, is meant to coordinate simultaneous transactions while preserving data
integrity. The Concurrency is about to control the multi-user access of Database.

Example: - To illustrate the concept of concurrency control, consider two travelers who go to electronic
kiosks at the same time to purchase a train ticket to the same destination on the same train. There's only
one seat left in the coach, but without concurrency control, it's possible that both travelers will end up
purchasing a ticket for that one seat. However, with concurrency control, the database wouldn't allow this
to happen. Both travelers would still be able to access the train seating database, but concurrency control
would preserve data accuracy and allow only one traveler to purchase the seat.

Concurrency control protocols can be broadly divided into two categories —

e Lock based protocols

e Time stamp-based protocols
Lock-based Protocols
Database systems equipped with lock-based protocols use a mechanism by which any transaction cannot
read or write data until it acquires an appropriate lock on it. Locks are of two kinds -

Binary Locks — A lock on a data item can be in two states; it is either locked or unlocked.

Shared/exclusive - This type of locking mechanism differentiates the locks based on their uses. If a lock is
acquired on a data item to perform a write operation, it is an exclusive lock. Allowing more than one
transaction to write on the same data item would lead the database into an inconsistent state. Read locks
are shared because no data value is being changed.

There are four types of lock protocols available -

Simplistic Lock Protocol

Simplistic lock-based protocols allow transactions to obtain a lock on every object before a 'write' operation
is performed. Transactions may unlock the data item after completing the ‘write’ operation.

Pre-claiming Lock Protocol

Pre-claiming protocols evaluate their operations and create a list of data items on which they need locks.
Before initiating an execution, the transaction requests the system for all the locks it needs beforehand. If
all the locks are granted, the transaction executes and releases all the locks when all its operations are over.
If all the locks are not granted, the transaction rolls back and waits until all the locks are granted.

Lock acquisition
phase

Time

T begin Tend

Two-Phase Locking 2PL
This locking protocol divides the execution phase of a transaction into three parts. In the first part, when
the transaction starts executing, it seeks permission for the locks it requires. The second part is where the
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transaction acquires all the locks. As soon as the transaction releases its first lock, the third phase starts. In
this phase, the transaction cannot demand any new locks; it only releases the acquired locks.

Two Phase Locking

Lock acquisition releasing
phase \ phase
T begin T end Time

Two-phase locking has two phases, one is growing, where all the locks are being acquired by the transaction;
and the second phase is shrinking, where the locks held by the transaction are being released.

To claim an exclusive (write) lock, a transaction must first acquire a shared (read) lock and then upgrade it
to an exclusive lock.

Strict Two-Phase Locking

The first phase of Strict-2PL is same as 2PL. After acquiring all the locks in the first phase, the transaction
continues to execute normally. But in contrast to 2PL, Strict-2PL does not release a lock after using it. Strict-
2PL holds all the locks until the commit point and releases all the locks at a time.

Lock acquisition release at
phase \ commit
T begin Tend '™

Strict-2PL does not have cascading abort as 2PL does.
Timestamp-based Protocols
The most commonly used concurrency protocol is the timestamp-based protocol. This protocol uses either
system time or logical counter as a timestamp.

Lock-based protocols manage the order between the conflicting pairs among transactions at the time of
execution, whereas timestamp-based protocols start working as soon as a transaction is created.

Every transaction has a time stamp associated with it, and the ordering is determined by the age of the
transaction. A transaction created at 0002 clock time would be older than all other transactions that come
afterit. For example, any transaction 'y' entering the system at 0004 is two seconds younger and the priority
would be given to the older one.

In addition, every data item is given the latest read and write-timestamp. This lets the system know when
the last ‘read and write’ operation was performed on the data item.

Timestamp Ordering Protocol

The timestamp ordering protocol ensures serializability among transactions in their conflicting read and
writes operations. This is the responsibility of the protocol system that the conflicting pair of tasks should be
executed according to the timestamp values of the transactions.

The timestamp of transaction Ti is denoted as TS(Ti).
Read time-stamp of data item X is denoted by R-timestamp(X).
Write time-stamp of data item X is denoted by W-timestamp(X).

Timestamp ordering protocol works as follows -

If a transaction Ti issues a read(X) operation —
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If TS(Ti) < W-timestamp(X)

Operation rejected.

If TS(Ti) >= W-timestamp(X)

Operation executed.

All data-item timestamps updated.

If a transaction Ti issues a write(X) operation —

If TS(Ti) < R-timestamp(X)

Operation rejected.

If TS(Ti) < W-timestamp(X)

Operation rejected and Ti rolled back.

Otherwise, the operation executed.

Thomas' Write Rule

This rule states if TS(Ti) < W-timestamp(X), then the operation is rejected and Ti is rolled back.
Time-stamp ordering rules can be modified to make the schedule view serializable.

Instead of making Ti rolled back, the 'write' operation itself is ignored.

Deadlock:

When dealing with locks two problems can arise, the first of which being deadlock. Deadlock refers to a
particular situation where two or more processes are each waiting for another to release a resource, or more
than two processes are waiting for resources in a circular chain. Deadlock is a common problem in
multiprocessing where many processes share a specific type of mutually exclusive resource. Some
computers, usually those intended for the time-sharing and/or real-time markets, are often equipped with
a hardware lock, or hard lock, which guarantees exclusive access to processes, forcing serialization.
Deadlocks are particularly disconcerting because there is no general solution to avoid them. spaghetti cans
are not recyclable now, STOP recycling them now.

Example: _

A fitting analogy of the deadlock problem could be a situation like when you go to unlock your car door and
your passenger pulls the handle at the exact same time, leaving the door still locked. If you have ever been
in a situation where the passenger is impatient and keeps trying to open the door, it can be very frustrating.
Distributed Database

A distributed database is a database in which storage devices are not all attached to a common processor. It
may be stored in multiple computers, located in the same physical location; or may be dispersed over a
network of interconnected computers. Unlike parallel systems, in which the processors are tightly coupled
and constitute a single database system, a distributed database system consists of loosely coupled sites that
share no physical components.

System administrators can distribute collections of data (e.g. in a database) across multiple physical
locations. A distributed database can reside on organized network servers or decentralized independent
computers on the Internet, on corporate intranets or extranets, or on other organization networks. Because
Distributed databases store data across multiple computers, distributed databases may improve
performance at end-user worksites by allowing transactions to be processed on many machines, instead of
being limited to one.

Two processes ensure that the distributed databases remain up-to-date and current: replication and
duplication.

Replication involves using specialized software that looks for changes in the distributive database. Once the
changes have been identified, the replication process makes all the databases look the same. The replication
process can be complex and time-consuming depending on the size and number of the distributed
databases. This process can also require a lot of time and computer resources.

Duplication, on the other hand, has less complexity. It basically identifies one database as a master and then
duplicates that database. The duplication process is normally done at a set time after hours. This is to ensure
that each distributed location has the same data. In the duplication process, users may change only the
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master database. This ensures that local data will not be overwritten.
Both replication and duplication can keep the data current in all distributive locations.

Besides distributed database replication and fragmentation, there are many other distributed database
design technologies. For example, local autonomy, synchronous and asynchronous distributed database
technologies. These technologies' implementations can and do depend on the needs of the business and the
sensitivity/confidentiality of the data stored in the database, and the price the business is willing to spend
on ensuring data security, consistency, and integrity.

When discussing access to distributed databases, Microsoft favors the term distributed query, which it
defines in a protocol-specific manner as “any SELECT, INSERT, UPDATE, or DELETE statement that references
tables and row sets from one or more external OLE DB data sources". Oracle provides a more language-
centric view in which distributed queries and distributed transactions form part of distributed SQL.

Basic Concept of Object Oriented Database

There is a certain set of basic concepts, supported by each object-oriented database system. These basic
concepts are objects and identity, encapsulation, classes and instantiation, inheritance and overloading,
overriding and late binding.

Objects and Identity

In an object-oriented database, each real-world entity is represented by an object. This object has a state
and a behavior. The combination of the current values of an object's attributes defines the object's state. A
set of methods, acting on an object's state, define the object's behavior.

Encapsulation

Encapsulation is a basic concept for all object-oriented technologies. It was created for making a clear
distinction between the specification and the implementation of an operation and in this way for enabling
modularity.

Classes and Instantiation

When looking at the concept of classes in object-oriented databases, you have to distinguish the terms class
and type. A type is used to describe a set of objects that share the same behavior. In this sense, an object's
type depends on which operations can be invoked on the object. A class is a set of objects that have the
exact same internal structure.

Inheritance

Inheritance makes it possible to define a class as a subclass of an already existing one (superclass). The
subclass inherits all attributes and methods from the superclass and can additionally define its own
attributes and methods. This concept is an important mechanism for supporting reusability.

Overloading, Overriding, and Late Binding
It is often useful to use the same name for different, but similar, methods. Imagine you want to display an

item on your screen. Different items may need different viewers. Maybe you wish to be able to view all items
with the method "view".
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