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Join Dependency

If a table can be recreated by joining multiple tables and each of this table have a
subset of the attributes of the table, then the table is in Join Dependency. It is a
generalization of Multivalued Dependency

Join Dependency can be related to 5NF, wherein a relation is in 5NF, only if it is already
in 4NF and it cannot be decomposed further.

Example
<Employee>

EmpName EmpSkills EmpJob (Assigned Work)
Tom Networking EJOO1
Harry Web Development EJO02
Katie Programming EJO02

The above table can be decomposed into the following three tables; therefore it is not in
SNF:

<EmployeeSkills>

EmpName EmpSkills

Tom Networking

Harry Web Development
Katie Programming

<EmployeeJob>

EmpName EmpJob
Tom EJOO1
Harry EJOO2
Katie EJO02
<JobSkills>

EmpSkills EmpJob
Networking EJOO1
Web Development EJO02
Programming EJO02

Our Join Dependency:

[{(EmpName, EmpSkills ), ( EnpName, EmpJob), (EmpSkills, EmpJob)} |

The above relations have join dependency, so they are not in 5NF. That would mean
that a join relation of the above three relations is equal to our original
relation <Employee>.
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Multivalued Dependency

o Multivalued dependency occurs when two attributes in a table are independent of each other but, both
depend on a third attribute.

o A multivalued dependency consists of at least two attributes that are dependent on a third attribute
that's why it always requires at least three attributes.

Example: Suppose there is a bike manufacturer company which produces two colors(white and black) of each
model every year.

BIKE_MODEL MANUF_Y EAR COLOR
M2011 2008 White
M2001 2008 Black
M3001 2013 White
M3001 2013 Black
M4006 2017 White
M4006 2017 Black

Here columns COLOR and MANUF_YEAR are dependent on BIKE_MODEL and independent of each other.

In this case, these two columns can be called as multivalued dependent on BIKE_MODEL. The representation of
these dependencies is shown below:

BIKE_MODEL — — MANUF_YEAR
BIKE_MODEL — — COLOR

This can be read as "BIKE_MODEL multidetermined MANUF_YEAR" and "BIKE_MODEL multidetermined
COLOR".
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Query Processing

Query Processing would mean the entire process or activity which involves query translation into
low level instructions, query optimization to save resources, cost estimation or evaluation of
query, and extraction of data from the database.

Goal: To find an efficient Query Execution Plan for a given SQL query which would minimize the
cost considerably, especially time.

Cost Factors: Disk accesses [which typically consumes time], read/write operations [which
typically needs resources such as memory/RAM].

The major steps involved in query processing are depicted in the figure below;

Translation

INPUT

ata Dictionary

Y
Result g Evl?#;’?;':n l—— Execution Plan @

ouTPuUT

Data

Figure 1 - Steps in Database Query Processing

Let us discuss the whole process with an example. Let us consider the following two relations as
the example tables for our discussion;

Employee(Eno, Ename, Phone)
Proj_Assigned(Eno, Proj_No, Role, DOP)
where,
Eno is Employee number,
Ename is Employee name,
Proj_No is Project Number in which an employee is assigned,
Role is the role of an employee in a project,
DOP is duration of the project in months.

With this information, let us write a query to find the list of all employees who are working in a
project which is more than 10 months old.

SELECT Ename
FROM Employee, Proj_Assigned
WHERE Employee.Eno = Proj_Assigned.Eno AND DOP > 10;

Input:

A query written in SQL is given as input to the query processor. For our case, let us consider the
SQL query written above.

Step 1: Parsing



http://3.bp.blogspot.com/-q8kgpgvYS-E/VCQ6hbin8FI/AAAAAAAABKc/M1JI___HJfw/s1600/queryprocessing.jpg
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In this step, the parser of the query processor module checks the syntax of the query, the user’s
privileges to execute the query, the table names and attribute names, etc. The correct table
names, attribute names and the privilege of the users can be taken from the system catalog
(data dictionary).

Step 2: Translation

If we have written a valid query, then it is converted from high level language SQL to low level
instruction in Relational Algebra.

For example, our SQL query can be converted into a Relational Algebra equivalent as follows;

Mename (GDO P>10 A Employee.Eno=Proj_Assigned.Eno (Employee X PrOf_ASSigned ))
Step 3: Optimizer

Optimizer uses the statistical data stored as part of data dictionary. The statistical data are
information about the size of the table, the length of records, the indexes created on the table,
etc. Optimizer also checks for the conditions and conditional attributes which are parts of the
query.

Step 4: Execution Plan

A query can be expressed in many ways. The query processor module, at this stage, using the
information collected in step 3 to find different relational algebra expressions that are
equivalent and return the result of the one which we have written already.

For our example, the query written in Relational algebra can also be written as the one given
below;
Mename (EMployee Mg, (Opop-19 (Prof_Assigned)))

So far, we have got two execution plans. Only condition is that both plans should give the same
result.

Step 5: Evaluation

Though we got many execution plans constructed through statistical data, though they return
same result (obvious), they differ in terms of Time consumption to execute the query, or the
Space required executing the query. Hence, it is mandatory choose one plan which obviously
consumes less cost.

At this stage, we choose one execution plan of the several we have developed. This Execution
plan accesses data from the database to give the final result.

In our example, the second plan may be good. In the first plan, we join two relations (costly
operation) then apply the condition (conditions are considered as filters) on the joined relation.
This consumes more time as well as space.

In the second plan, we filter one of the tables (Proj_Assigned) and the result is joined with the
Employee table. This join may need to compare less number of records. Hence, the second plan
is the best (with the information known, not always).

Output:
The final result is shown to the user.

The overall information discussed above are depicted in Figure 2:
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INPUT
SELECT Ename FROM Employee, Proj_Assigned WHERE
Employee.Eno = Proj_Assigned.Eno AND DOP = 10;

v

Step 1 [PARSING]
What does it do? — Checks for correct attribute names, table names, and the

privileges given to the userwho wrote this query If everything fing, then we can
move on to next stage, Translation.

Where do get this information? — Data Dictionary (System Catalogue)

v

Step 2 [TRANSLATION]
What does it do? — Converts the parsed S0L guery into itz Relational Algehra
euivalent.

E lent Relational Algebra E :
TrEname(UDOF‘ﬂ 0/ Employee Eno=Proj_~Assigned Eno {Emplnyee X
Prof _Assigned))

v

Step 3 [OPTIMIZER]
What does it do? — Tries to develop several alternate relational algebra
expressions for the given RA expression in Step 2.

How does it do? — It uses Data Dictionary (System Catalogue) to get
statistical information about the tables in gquestion.

¥

Step 4 [EXECUTION PLAN]
What do we have now? — From Step 3, we can have a set of one or few eguivalent

Felational Algebra expressions that are equivalent to the RA expression in Step 2.
Thiz iz along with the cost (Time as well as Space)

TTename(Employee NJeno (Ooor-10 (Prof_Assigned)))

v

Step 5 [EVALUATION]
What does it do? — Calculates the cost involved in executing the query Using
every Execution plan that we have derived at the previous step. After

calculation, it chooses hest plan amond them. And executes the quenywith the
chosen plan by accessing the database.

!

OUTPUT
Set of tuples (records) as requested through the Guery

Figure 2 - Query Processing [Note: in Step 4, NJ means Natural Join]
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UNIT-3

Concurrency:

Concurrency is the ability of a database to allow multiple users to affect
multiple transactions. This is one of the main properties that separates a
database from other forms of data storage like spreadsheets.

The ability to offer concurrency is unigue to databases. Spreadsheets or other
flat file means of storage are often compared to databases, but they differ in
this one important regard. Spreadsheets cannot offer several users the ability
to view and work on the different data in the same file, because once the first
user opens the file it is locked to other users. Other users can read the file, but
may not edit data.

Concurrency Control

o In the concurrency control, the multiple transactions can be executed
simultaneously.

o It may affect the transaction result. It is highly important to maintain the
order of execution of those transactions.

Problems of concurrency control

Several problems can occur when concurrent transactions are executed in an
uncontrolled manner. Following are the three problems in concurrency control.

1. Lost updates
2. Dirty read

3. Unrepeatable read

1. Lost update problem

o When two transactions that access the same database items contain their
operations in a way that makes the value of some database item
incorrect, then the lost update problem occurs.
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If two transactions T1 and T2 read a record and then update it, then the
effect of updating of the first record will be overwritten by the second
update.

Example:
Transaction-X Time Transaction-Y
Read A t2 —
— t3 Read A
Update A t4 —
— t5 Update A
Here,

At time t2, transaction-X reads A's value.
At time t3, Transaction-Y reads A's value.

At time t4, Transactions-X writes A's value on the basis of the value seen
at time t2.

At time t5, Transactions-Y writes A's value on the basis of the value seen
at time t3.

So at time T5, the update of Transaction-X is lost because Transaction y
overwrites it without looking at its current value.

Such type of problem is known as Lost Update Problem as update made
by one transaction is lost here.

. Dirty Read

The dirty read occurs in the case when one transaction updates an item of
the database, and then the transaction fails for some reason. The updated
database item is accessed by another transaction before it is changed
back to the original value.

A transaction T1 updates a record which is read by T2. If T1 aborts then
T2 now has values which have never formed part of the stable database.
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Example:
Transaction-X Time Transaction-Y
— t2 Update A
Read A t3 —
— t4 Rollback

o At time t2, transaction-Y writes A's value.
o At time t3, Transaction-X reads A's value.

o At time t4, Transactions-Y rollbacks. So, it changes A's value back to that
of prior to t1.

o So, Transaction-X now contains a value which has never become part of
the stable database.

o Such type of problem is known as Dirty Read Problem, as one transaction
reads a dirty value which has not been committed.

3. Inconsistent Retrievals Problem

o Inconsistent Retrievals Problem is also known as unrepeatable read.
When a transaction calculates some summary function over a set of data
while the other transactions are updating the data, then the Inconsistent
Retrievals Problem occurs.

o A transaction T1 reads a record and then does some other processing
during which the transaction T2 updates the record. Now when the
transaction T1 reads the record, then the new value will be inconsistent
with the previous value.

Example:

Suppose two transactions operate on three accounts.
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Account-1 Account-2 Account-3

Balance = 200 Balance = 250 Balance = 150

Transaction-X Time Transaction-Y

Read Balance of Acc-1 t2 S

sum <-- 200

Read Balance of Acc-2

Sum <-- Sum + 250 = t3 —

450

e t4 Read Balance of Acc-3

- t5 Update Balance of Acc-3
150 --= 150 - 50 --=
100

e t6 Read Balance of Acc-1

- t7 Update Balance of Acc-1
200 --> 200 + 50 -->
250

Read Balance of Acc-3 t8 COMMIT

Sum <-- Sum + 250 = t9 -

550

o Transaction-X is doing the sum of all balance while transaction-Y is

transferring an amount 50 from Account-1 to Account-3.

o Here, transaction-X produces the result of 550 which is incorrect. If we
write this produced result in the database, the database will become an
inconsistent state because the actual sum is 600.

o Here, transaction-X has seen an inconsistent state of the database.

Concurrency Control Protocol

Concurrency control protocols ensure atomicity, isolation, and serializability of
concurrent transactions. The concurrency control protocol can be divided into

three categories:

1. Lock based protocol

2. Time-stamp protocol
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3. Validation based protocol

Implementation of Locking in DBMS

Locking protocols are used in database management systems as a means of
concurrency control. Multiple transactions may request a lock on a data item
simultaneously. Hence, we require a mechanism to manage the locking
requests made by transactions. Such a mechanism is called as Lock
Manager. It relies on the process of message passing where transactions and
lock manager exchange messages to handle the locking and unlocking of data
items.

Data structure used in Lock Manager —

The data structure required for implementation of locking is called as Lock
table.

1. Itis a hash table where name of data items are used as hashing index.

2. Each locked data item has a linked list associated with it.

3. Every node in the linked list represents the transaction which requested
for lock, mode of lock requested (mutual/exclusive) and current status of
the request (granted/waiting).

4. Every new lock request for the data item will be added in the end of
linked list as a new node.

5. Collisions in hash table are handled by technique of separate chaining.
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