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Entity-Relationship Model

Entity

A thing in real world with an independent existence

It can be

· Physical object such as car,person,house,employee

· A conceptual object such as company, job, departmemt

Conceptual

Created or conceived by mental concepts

Attributes

Every entity has attributes—the particular properties describing it

Employee has name, address, age, homephone etc

Single valued attributes

Most attributes have a single value for a particular entity. Age is a single valued attribute of person. Name is a single valued attribute of a company.

Multivalued attributes

One attribute for the same entity can have a set of values

For a car the colors attribute can have many values

For a person collegedegree attribute can have many values

Derived attributes

Age can be calculated from birthdate attribute. Amount can be calculated as product of qty and rate attribute.  Noofemployes can be derived by counting the number in a department. Such entities are called derived entities.

Null values

Some employees many not have a college degree. For the the collegedegree attribute will be null. Some employees may not be eligible for commission. For them the commission attribute will be null.

Composite and atomic attributes

Composite attributes can be devided into sub parts. Name can be divided as fname, mname, lname. An Address can be divided as flatno, building, street, city, pin etc. If the attributes are not divisible they are called single or atomic attributes. A composite attribute is a concatenation of simple attributes. If the attribute is referenced as a whole, there is no need to subdivide it.

Complex attributes

Multivalued attributes can be nested in an arbitrary way. We display mutivalued attributes in {} and their values in ()

{AddressPhone({phone(areacode, phonenumber)}, {Address ({streetadress(number,street, apartmentnumber)},city,state, zip)})}

entity types

An entity type defines a collection or set of entities that have the same attributes.

All employees in a company will have same set of attributes. Each employee is an entity. The entity type can be an entity type with attributes name, age salary.

The company can be entity type with name, headquarters, president as attributes.

The entities can be e1, e2, e3 and c1, c2 etc in each of the above cases.

The word employee can refer to the entity type and also the current set of all employess.

In a database the heading row refer to entity type with attribute names

The records represent entity set.

In ER diagrams a rectangular box encloses the entity type name

Attributes are given in ovals

They are attached to entity type by lines. 

Composite attributes are attached to their component attributes by lines.

Multivalued attributes are displayed in double ovals.

Entity type describes the schema or intension of a set of entities.

Entity set is collection of entities of a particular entity type grouped together is also called the extension of the entity type.

Key attribute

An entity type usually has an attribute whose values are distinct for each individual entity in a collection. Such an is called a key attribute, and its values can be used to identify each entity uniquely. Name attribute is a key of the company entity , no two companies can have the same name. For employee it is the ssn. In case you don’t have ssn , you should introduce a attribute called empno.

Composite key

Some times more than one attribute has to be combined to form a key. In a orderdetail entity set ordno, prodno together will be required to determine a unique record.

The key attributes are underlined in ER diagrams

The uniqueness property must hold for every extension of the entity type. Hence it is a constraint that prohibits any two entities from having the same value for the key attribute. Some entities can have more than one key. A car can have  vehicleID or registration as a key.

Some entity type may not have a key. Such entities are called weak entities.

value sets (domains) of attributes

The set of values an attribute can take is called its domain or value set. Age can have domain of 16 to 70 for an employee.

The conceptual design of the company database

1. An entity type DEPARTMENT with attributes name, number, locations, manager and managerstartdate. Locations is  a multivalued attribute. Name and number both are key attributes.

2. PROJECT with attributes name, number location, controllingdepartment. Both name and number can be key attributes

3. EMPLOYEE with attributes name, ssn, sex, address, salary, birthdate, department, and supervisor. Name and address can be composite attributes. Check whether any user has to refer to them separately.

4. DEPENDENT with attributes, employee, dependantname, sex, birthdate and relationship (to the employee)

DEPARTMENT

Name, number, {locations}, manager, managerstartdate

PROJECT

Name, number, location, contollingdepartment

EMPLOYEE

Name(fname, minit,lname),ssn, sex, address, salary

Birthdate, department, supervisor, {workson(project,hours)}

DEPENDENT

Employee, dependentname, sex, birthdate, relationship

relationship

There are several implicit relationship among the various entity types. When ever the attribute of one entity refers to another entity type, a relationship exits. The attribute manger of the department entity refers to an employee. The attribute controllingdepartment of project refers to a department.  These references should not be represented as attributes but as relationships

Relation types

Consider a relationship type works_for between employee and department. Each relationship instance ri  is connect to the employee and department. In ER diagram relationship types are displayed in diamonds with relationship names inside . They are connected by lines to rectangular boxes representing entities. 

Degree of a relation

Degree of a relationship type is the number of p[articipating entity types. Works_for is of degree two. It is called a binary relationship. If three entities are involved its ternary. Supply is a ternary relation with supplier, parts and project. Most common relationships are binary.

Relationship as attributes

It is possible to introduce an attribute department in employee entity. Each employee will have a value for the department attribute. Department attribute will have the value set as the set of all department entities.  Or we can have an employee attribute in department entity. Either of these entities can represent the work_for relationship type. If both are represented, they are constrained to be inverses of each other.

Role names and recursive relationships

The role name signifies the role that a participating entity from the entity type plays in each relationship instance. In the works_for relation, employee plays the roll of an employee or worker, and department plays the role of department or employer. Where all the participating entity types are distinct the role names are not required. 

But take the case supervision relationship. An employee will have a supervisor. The supervisor itself is an employee who is supervised by another supervisor. This results in recursive relationship. Each relationship instance ri in supervison associates two employee entities the one he is supervising and his boss.

Constraints on relationship types

If the company has a Rule that each employee must work for exactly one department, then this constraint has to be described in the schema. We can distinguish two types of relationship constraints: cardinality ratio and participation.

Cardinality ratio for binary relationships

Cardinality ratio for a binary relationship specifies the number of relationship instances that an entity can participate in. The works_for relationship department:employee is of cardinality 1:N, one department will have many employees. For employee:department ratio is only N:1 one employee can have only one department. Various cardinality ratios are 1:1, 1:N, N:1, M:N. 

Manages relation is 1:1 one manger manages one department. And a department has only one manager. Works_on relation employee: project can have M:N relationship. An employee can work on many projects. A project can have many employees. In ER diagram cardinality is displayed using 1,M,N on the diamonds

Participation constraints and existence dependencies. 

If every employee should belong to a department, then in works_for relationship instance the participation of employee is total participation., meaning every entity in the total set of employee entity must be related to a department entity. Total participation is also called existence dependency. Every employee will not be managing a department. So in Manages relationship the participation of employee in partial, meaning that some or part of the set of employee entities are related to department through manages. The cardinality and participation constraints together we call structural constraints.

ER diagram total participation is given by double line and partial by single line.

Attributes of relationship types

Relationship types can also have attributes. To record the number of hours per week that an emplyee works on a particular project, we can include an attribute hours for works_on. We can include a date on which a manger started manging a department via startdate for manages relationship. The startdate conceptually belong to manages, but it can be given to either employee or department. Manages is 1:1 relationship, so every department or employee participates in at most one relationship instance. So the value of the startdate can be determined by a department or the employee(manager). 

For a 1:N relationship the relationship attribute can be migrated to the N side only. If the works_for relationship has a startdate of employee starting work this can be migrated to employee only.

In M:N relationship the attributes may be determined by the combination of participating entities. The hours attribute of works_on; the number of hours an employee works on a project is determined by an employee_project combination  And not separately by either entity.

weak type entities

Entities that do not have key attributes of their own are called weak entity types. Entities belonging to Weak entities are identified by being related to specific entities from another entity type along with some of their attribute values. A weak entity has a total participation constraint with respect to its identifying relationship, because it can not be identified without its owner entity.A weak entity can have a partial key, which is the set of attributes that can uniquely identify weak entity. In the dependent entity type name is a partial key.In ER diagram the weak entity and relation is enclosed in double line box and diamonds. The partial key is underlined with dotted line.

refining er diagram for the company database

1. manages , a 1:1 relationship type between employee and department. Employee participation is partial, department participation is not clear from the requirements. The attribute startdate is assigned to the relationship type.

2. works_for, 1:N relationship department : employee. Both participation being total.

3. controls, a 1:N relationship between department:project. Participation of project is total, department is partial. 

4. supervision, a 1:N relationship between employee (in supervisor role) and employee (in supervisee role). Both participations are partial.

5. works_on, M:N relation with attribute hours between employee:project both total.

6. dependents_of, a 1:N relationship between employee and dependent, employee participation is partial , dependant participation is total

After specifying this we remove these relationships from the entities.

Notations for ER diagrams

ER diagram the emphasis is on representing the schemas rather than the instances. This is more useful because the data base schema changes very rarely., where as extension changes frequently. In addition, the schema is usually easier to display than the extension of a database, because it is much smaller.

Entity : rectangular box

Weak entity: double line rectangular box

Relationship : diamond

Attributes : ovals attached to entities by straight lines.

Component attribute of a composite attribute given in oval attached by straight line to the composite attribute

Multivalued attributes shown in double ovals

Key attributes are underlined

Derived attributes are given in dotted ovals

Weak entity relationship also is shown in double line diamond

Partial key of the weak entity is given in dotted underline.

Cardinality ratio of a binary relationship is shown with 1,N,M on each participating edge of the diamond.

Naming convension

Entity, relationship in uppercase

Attributes are capitalized

Roll in lower case

Nouns for names and verb for relationship

Design choice for conceptual design

1.a concept may be first modeled as an attribute and then refined into a relationship because it is determined that the attribute is a reference to another.

2. if several entities are having the one attribute common, it can be considered to be made to an entity. If department is attribute of student, teacher, course then we should create an entity called department.

3. if a entity like department with only one attribute department is related to one entity called student then the entity must be made an attribute of student.

For ER diagram of company entity refer next page.





























ER diagram for the company schema, with all role names included and with structural constraints of relationships specified using the alternate notation (min, max) participation.

Q1. The university keeps track of each 

Student -> name, student number, ssn, address and phone, permanent address and phone, birthdate, sex, class(freshman, sophomore, graduate), major department, minor department(if any), degree program (BA,Bsc,…..Phd). some user application has to refer to city, state and zip code  And to students last name. Both SSn and student no got unique values.

Department is described by name, department code, office number, office phone, and college. Both name and code is unique.

Course got name, description, course number, no of semester hours, level, and offering department.

Section has instructor, semester, year, course, and section number,. Section no distinguishes sections of the same course that are taught during the same semester/year; its values 1,2,3 upto no of sections taught during each semester.

Grade report has a student, section, letter grade, and numeric grade (0,1,2,3,4)

Draw the ER diagram.

Q2. Design an ER schema for keeping track of information about votes taken in the U.S. House of Representatives during the current two-year congressional session. The database needs to keep track of each U.S. STATE’s Name (e.g., Texas, New York, California) and includes the Region of the state (whose domain in {North-east, Midwest, Southeast, Southwest, West}). Each CONGRESSPERSON in the House of Representatives is described by their Name, and includes the District represented, the StateDate when they were first elected, and the political Party they belong to (whose domain is {Republican, Democrat, Independent, Other}). The database keeps track of each BILL (i.e. proposed law), and includes the BillName, the DateOfVote on the bill, whether the bill PassedOrFailed (whose domain is {YES, NO}), and the sponsor (the congressperson(s) who sponsored – i.e., proposed – the bill). The database keeps track of how each congressperson voted on each bill (domain of vote attribute is {Yes, No, Abstain, Absent}). Draw an ER schema diagram for the above application. State clearly any assumptions you make.

Extended E_R Features

Specialization

An entity set may include sub groupings of entities that are distinct in some way from other entities in the set. 

Consider the entity set person, with attributes name, street, and city. A person may further classified as customer and employee. Each of these person types include all attributes of person plus some attributes of the type. The process of designating subgroups is called specialization. The specialization of person allows us to distinguish among according to whether they are employees or customers.

Another example. Accounts main group can be subdivided into saving ac, current ac. The saving account will have interest rate, current account can have overdraft facility.

Bank employees may be further classified into officer, teller, secretary. In ER diagram specialization is depicted by a triangle with a lable ISA meaning ‘is a’.

Generalization

Specialization is top-down, while generalization is bottom down. When we find certain attributes are common to a set of entities we make a super class with the common entities, which are inherited by the subclass. In customer and employee the person entity is the super class derived using generalization. Since generalization is inverse process of specialization we do not distinguish between them in ER-diagram.

Attribute inheritance

In the above two categories the attributes of higher entity is inherited by lower entities. The officer, teller and secretary can participate in the work_for relationship because the super class employee participates in the works_for relationship.

Constraints on generalizations

· Condition defined

Assume the high level entity account got a account type attribute with values saving and current. All the lower level entities can belong to only these two.  This is called attribute defined.

· User defined

User-defined lower level entity sets are not constrained by a membership constraint; rather, the database user assigns entities to a given entity ser. Let us say after three months of employment, bank employees are assigned to one of four work teams. The teams are four lower level entity sets of higher-level employee entity set. In this case there is no explicit defining condition.

· Disjoint

This requires that an entity can belong to only one lower level entity set. In accounts an entity can belong to either of the two accounts but not both.

· Overlapping

In this an entity may belong to more than one lower level entity set . some mangers of the employee set may belong to more than one group teams.

· Completeness constraint

This specifies whether or not an entity in higher-level entity set must belong to at least one of the lower level entity sets. They can be of

· Total generalization or specialization

Each higher-level entity must belong to a lower level entity set.

· Partial generalization or specialization

Some may not belong to lower level entity set.

Using double line for connecting to a triangle symbol represents total participation. In our examples account generalization is total, while team generalization is partial.

Aggregation

E-R model cannot express relationships among relationships. Let us take a ternary relation works_on, between a employee, branch, job. Now, suppose we want to record managers for tasks performed by an employee at a branch; that is we want to record mangers for employee, branch, and job. Let us assume there is a entity set manager. This is called Aggregation. It is an abstraction through which relationships are treated as higher level entities. Thus, in our case, we regard the relationship works_on as a higherlevel entity set called works_on. Such an entity set is treated in the same manner as is any other entity set. We can then create a binary relationship manages between works_on and manager to represent who manages what task.












design of ER-database schema

Among the designer’s decision are:

· Whether to use an attribute or an entity set to represent an object

· Whether a real world concept is expressed more accurately by an entity set or relationship set

· Whether to use a ternary relationship or a pair of binary relationships

· Whether to use a strong or a weak entity set

· Whether using generalization is appropriate 

· Whether using aggregation is appropriate. Aggregation groups a part of an ER diagram into a single entity set, allowing us to treat the aggregate entity set as a single unit without concern for the details o its internal structure.

Design phases

The initial phase is to characterize fully the data needs of the prospective database users. The outcome of this phase is specification of user requirements.

Then a conceptual schema is designed providing a detail view of the enterprise. We use ER model for this.

This schema should also mention specification of functional requirements, describing the kinds of operations or transactions that will be performed on the data.

At the implementation level two final stages are performed called logical-design phase, then the physical design schema.

Database design for a banking enterprise

Here we consider only a few aspects of banking, in order to illustrate the process of database design.

Data Requirements

Major characteristics of the banking enterprise

· Bank got branches, the branch is identified by a unique name and the city. Bank monitors assets of each branch

· Bank customers are identified by customer_id values. Bank stores customer name, street, city. Customer has accounts and can take loans. Customer may be associated by loan officer or personal banker

· Employees are identified by emp_id. Bank stores name, tel, and names of dependents and the emp_id of the manger of the employee, employees start date and there by service length.

· Bank offers two types of account, savings and checking account. Accounts can be held by more than one customer and customer can have more than one account. Each account has unique acc_no . bank maintains acc_balance, the most recent date of access. In addition a savings bank account can have interest rate, checking account has overdrafts.

· Loan originates at a branch, can be held by one or more customers. Loan got a unique loan number. Bank keeps a track of loan amount and loan payments. Even though loan payment_no does not uniquely identify a particular payment, it does identify a particular payment for a specific loan. The date and amount are recorded for each payment.

In real banking bank keep record of deposit and withdrawals. The modeling required for this are similar to loan payment, we exclude this from our model.

Entity set designation

· Branch: name, city, assets

· Customer: id, name, street, city, banker_name

· Employee: id, name, tel, sal, manager, multivalued dependent_name, start_date, derived service_length

· Two entity sets—savings_account and checking account—with acc_no, balance. In addition savings can have interest rate, and checking overdraft_amont

· Loan: number, amonunt, originating branch

· Weak entity set loan_payment, with payment_no, date, amt

Relation ships

· Brower: many to one relationship between customer and loan

· Loan_branch: many to one rel set which indicates which br a loan originated. It replaces the attribute originating br in loan entity set

· Loan_payment: one-to-many rel from loan to payment, it documents the payment date

· Depositor, many to one rel with customer and account, with attribute access date

· Cust_banker: many to one rel expressing a customer can be advised by a bank emp, and a bank emp can advice many customers, with attribute type.

· Works_for: a relationship set between emp enities with role indicators manger and worker. Cardinality a emp works for only one manger, a manger can have many workers. This replaced manager attribute of the emp

ER-diagram



























Reduction of ER_schema to tables

We represent ER database schema as a collection of tables. For each entity set and for each relationship set there is a table for which we give the name of the entity or relation. Each table has multiple columns, and each has a unique name.

Both ER model and relational-database model are abstract, logical representations of real world enterprises. Although important differences exist between a relation and a table, informally, a relation can be considered as a table.

The constraints specified in an ER-diagram, such as primary key, cardinality constraints are mapped to constraints on the tables generated from ER diagram

Tabular representation of strong enitity sets

Let E be a strong entity set with attributes a1,a2…….an. we represent this entity by a table called E with n distinct columns each of which corresponds to one entity of the entity set E.

Loan entity we make a table called loan with the two attributes loan_number and amount.

The row (L-17,1000) in the loan table means that loan no is L-7 and amount is 1000. we can insert, modify , delete more entities in loan table.

Let D1 demote a set of all loan numbers, D2 a set of all balances any row of the loan table must consist of a 2-tuple (v1,v2) where v1 is loan and v1 is in set D1 and v2 is an amount and is in set D2. The loan table will contain only a subset of all possible rows which is given by the Cartesian product of D1 and D2 namely D1 X D2;

If a table have n colums the cartisian product will be 

D1 x D2 x D3……….Dn

loan_number
amount

L-11
900

L-14
1500

L-17
1500

The loan table

Tabular representaion of weak entities

Let A be a weak entity set with attributes a1, a2….an. Let B the strong entity on which A depends. Let primary key of B consists of set b1, b2,…….bn. We represent A as a table with one column for each attribute of the set.

{a1,a2….an} U {b1,b2…….bn}

In our case the payment is a weak enity of loan. This entity has three attributes no, date, amt.  The primary key of loan on which this depends is Loan_no. so payment will be a table with four colums Loan_no, payment_no, date, amt

Loan_no
Pay_no
pay_date
amt

L-11
53
7/12/2003
125

L-14 
9
3/01/2002
500

L-14
10
3/02/2002
500

The payment table

Tabular representation of relationship sets

Let R be the relation set with attributes a1, a2, …..an formed by the union of the primary  keys of each of the entity sets participating in R, and let the descriptive attribute of R be b1, b2…bn. We represent the relationship as a table called R with one column for each attribute of the set

{a1,a2…..an} U {b1, b2,….bn}

customer with primary key customer_id and loan with the primary key loan_number. Since the relationship set has no attributes, the borrower table has two columns customer_id, Loan_number.

Redundancy of tables

A relationship set linking a weak entity set to the corresponding strong entity is treated specially. These relationships are many to one and have no descriptive attribute. The primary key of the weak entity contains the primary key of the strong entity. Loan-payment relationship has only two columns loan number and payment-no which can be made as table with these two columns called loan-payment table. But the entity set payment has four columns called loan_no, payment_no, payment_date, amt. Since every loan no, payno combination in loan payment table would also be present in payment table. so the table for loan-payment is redundant and not required.

Combination of tables

Consider a 1 to many relationship AB from entity set A to B, we get three tables, A, B, AB. Further the participation of A in B is total, that is every entity a in A must particiapate in relation AB. Then we combine the two tables A and AB to form a single table of the union of both the tables.

Let us consider the participation of Account in acc_br. Account cannot exist without being associated with a branch. The relationship acc_br is many to one from account to branch. So we combine the table for acc_br with the table of accounts. We require only two tables

· Account: acc_no, balance, br_name

· Branch: br_name, city, assets

Composite attributes

We handle composite attributes by creating attribute for each of the component attributes; we avoid the column for the composite attribute. In the case of address composite attribute, we don’t provide a column called address, instead we give columns street, city.

Multivalued attributes

For multivalued attributes new tables are created. For a multivalued attribute M, we create a table T with a column C that corresponds to M and columns corresponding to the primary key of the entity set or relation set of which M is an attribute. In the case of multivalued attribute dependents we create a table called dependents with dependent_name, emp_id.

Tabular representation of generalization

1. create a table for the higher-level entity set. For each lower-level entity set, create a table that includes a column for each of the attributes of that entity plus a column for each attribute of the primary key of the higher level entity

· account: acc_no, balance

· saving_acc: acc_no, interest_rate

· checking_acc: acc_no,. overdraft_amt

2. if generalization is disjoint and complete—that is , if no entity is a member of two lower-level enitity sets, directly below the highlevel-enity and if every entity in the higher level is also a member of one lower_level entity sets. We do not create a table for high level entity set, instead, for each lower level entity set, create a table that includes a column for each of the attributes of that entity set plus a column for each attribute of the highlevel enitity set.

· Saving_acc: acc_no, balance, interest_rate

· Checking_acc : acc_no, balance, overdraft amount

Tabular representation of aggreagatoin

Table for relationship set manages between the aggregation of works_on and the entity set manager, includes a column for each attribute in the primary keys of the entity set manager and the relationship works_on. It may include a descriptive attribute if they exit for the relationship.

Relational Model

Structure of relational databases

A relational database consists of a collection of tables, each or which is assigned a unique name. Each table has a structure similar to what was represented for ER databases by tables. A row in a table represents a relationship among a set of values. Scince a table is a collection of such relationships, there is close correspondence between the concept of table and mathematical concept of relation, from which relational database takes it’s name.

Basic structure

Consider an account table with three cols acc_no, br_name, balance. These headers are referred as attributes. For each attribute there is a set of permitted values, which we call domain of the attribute. Let D1 denote a set of all acc_no, D2 all br_name, D3 all balance. A row of acco0unt table contains a 3-tuple(v1, v2,v3) such that v1 acc_no is in domain D1, etc. In general, account will contain only a subset of all possible rows . The account is a subset of 

D1 x D2 x D3

In General a table of n attributes is a subset of 

D1 x D2 x D3………..Dn

Mathematics defines a relation to be a sub set of a Cartesian product of a list of domains. Only difference in our definition of table is that we give names for attributes while math gives numbers starting the first column with 1.  So we will use the mathematical terms relation and tuple in place of the terms table and row. A tuple variable is a  variable that stands for a tuple; in other words, a tuple variable is a variable whose domain is the set of all tuples.

Acc_no
br_name
balance

A-101
Downtown
500

A-102
perryridge
400

A-201
Brignton
900

A-222
Brignton
750

In The account relation, there are three tuples. Let the tuple variable t refer to the first tuple of relation. We use a notation t[acc_no] to denote the value of t  on the acc_no attribute. Alternatively we can also write t[1] =”A-101”, t[2]=”Downtown” and so on. Since a relation is set of tuples, we use the notation t ε r to denote t is relation r.

The order in which tuples appear in a relation is irrelevant, since a relation is a set of tuples. So if the tuples appear in sorted order or unsorted order the relation is the same, since both the relations contain the same set of tuples.

We require that, for all relations r, the domains of all attributes of r be atomic. A domain is atomic if elements of the domain are considered to be indivisible units. A set of integers is an atomic domain. But a set of all sets of integers is a non-atomic domain. The distinction is that we don not normally consider integers to have subparts, but we consider sets of integers to have subparts—namely the integers composing the set.  The important issue is not what the domain itself is, but rather how we use domain elements in our database. 

It is possible for several attributes to have the same domain. Customer_name, employee_name can have the same domain, namely a set of person name, which at physical level is a set of character strings. But at physical level branch_name, and customer​_name are character strings. However, at the logical level, we may want customer_name and branch_name to have distinct domains.

One domain value that is a member of any possible domain is the null value, which signifies the value is unknown or does not exist. Suppose we include telephone in customer relation, it may be possible that a customer many not have a telephone. We have to resort to null values. Null values cause lot of difficulties when we access or update the database, and thus should be eliminated if at all possible.

Database schema

We must differentiate between the database schema, which is the logical design of the database, and a database instance, which is a snapshot of the data in the database at a given instant in time. 

The concept of relation corresponds to the programming language notation of variable, more precisely a structure variable. And the concept of relation schema corresponds to the notation of type definition or structure definition. 

Just like we give names to type definitions in programming language, we give name to a relation schema. We use a convention, using lower case names for relations, and names beginning with an upper case letter for relation schema for relation account. Thus

Account-schema =(acc_no, br_mane, balance)

We denote account as a relation on Account-schema by account(Account-schema)
In general, a relation schema consists of a list of attributes and their corresponding domains. 

The concept of relation instance corresponds to the programming language notation of value of a variable. The value of variable will change with time; similarly the contents of relation instance will change with time as the relation is updated. 

The relation schema for customer is

Customer-schema = (cust_name, cust_street, cust_city)

The relation schema for branch is

Branch-schema = (br_name, br_city, assets)

We also require a relation describe the association between customers and accounts. The relation schema for this will be

Depositor-schema=(cust_name, acc_no)

Why we are having several relations, why not only one relation like

(br_name, br_city, assets, cust_name, cust_street, cust_city, acc_no, balance)

 Now if a customer has several accounts, we must list her address once for each account. That is, we have to repeat certain information several times. This repetition is wasteful and is avoided by the use of several relations.

In addition if a new branch has no accounts we can not construct a complete tuple on the single relation, because no data concerning the customer account is available yet. To represent incomplete tuples we have to use null values.  By having several relations we can construct a tuple on Branch-schema and create other tuples in other schemas when appropriate.

We include two additional relations to describe data about loans maintained in various branches.

Loan-schema=(loan_no, br_name, amount)

Borrower-schema = (cust_name, loan_no)














The ER diagram depicts the banking enterprise that we have just described. Note that the tables for account-branch and loan-branch have been combined into the tables for accout and loan. This is possible because the many to one relationship from accout to loan and account to branch, further the participation of account and loan in the relationships are total. Also note that customer relation may contain information about customers who got no loans or accounts.

Keys

Superkey: of an entity set is a set of one or more attributes that, taken collectively, allows us to identify uniquely an entity in the entity set. We choose a minimal superkey for each entity set from among its super keys; this minimal superkey is termed, as entity set’s primary key.

For example, cust_id attribute of the entity set customer is sufficient to distinguish a customer. So cust_id is a superkey. The cust_name is not a superkey because several customers can have the same name. But cust_id and cust_name together is also a superkey. But we are interested in superkeys for which no proper subset is a superkey. Such superkeys are called candidate keys.  Even though the cust_id and cust_name together can distinguish a customer, the combination is not a candidate key, since the attribute cust_id, which is subset alone, is needed to identify a customer. Cust_id is a candidate key. If cust_name, cust_street together can identify a customer then that becomes a candidate key.

We shall use the term primary key to denote a candidate key that is chosen by the database designer as the principal means of identifying entities within an entity set. All the three keys are the properties of the entity set rather than that of entity.

These notions of superkey, candidate key and primary key are also applicable to the relational model.

Let R be a relation schema. If we say that a subset K of R is a superkey for R, then we are restricting consideration to relations r(R) in which no two distinct tuples have the same values on all attributes in K. if t1, t2 are two tuples  in r  and t1 ≠  t2, then t1[K] ≠ t2[K].

If a relational database schema is based on tables derived from an ER schema, it is possible to determine the primary key for a relation schema from the primary key of the entity or relationship sets from which the schema is derived.

· Strong entity set The primary key of the entity set becomes the primary key of the relation.

· Weak entity set: The table, and thus the relation, corresponding to a weak entity set includes
1) The attributes of the weak entity set
2) The primary key of the strong entity set on which the weak entity set depends.
The primary key of the relation consists of the union of the primary key of the strong entity set and the discriminator of the weak entity set.

· Relationship set: The union o the primary keys of the related entity sets becomes a superkey of the relation. If the relationship is many to many, this superkey is also the primary key. No table is generated for relationship sets linking a weak entity set to the corresponding strong entity set.

· Combined tables: A binary many to one relationship set from A to B can be represented by a table consisting of the attributes of A and the attributes of the relationship set (if any exist). The primary key of the many entity becomes the primay key of the relation. In the above case the primary key of the A is the primary key of the relation. For one to one relations the relation is constructed the same way, but we can take the primary key of either entity as the primary key of the relation, since both are candidate keys.

·  Multivalued attributes: A multivalued attribute M is represented by a table consisting of the primary key of the entity set or relationship set of which M is an attribute plus column C holding an individual value of M. The primary key of the entity or relationship set , together with the attribute C , becomes the primary key for the relation.

A relation schema, say r1 may include among its attributes the primary key of another relation schema, say r2. ( as in the case of M to 1 relationship, etc). This attribute is called Foreign key from r1, referencing r2. The relation r1 is called referencing relation of the foreign key dependency, and r2 is called referenced relation of the foreign key. 

The attribute br_name in Account-schema is a foreign key from accout-schema referencing Branch-schema, since the br_name is the primary key of Branch-schema.  In any database instance, given any tuple ta , from the account relation, there must be some tuple tb, in the brach-schema, such that the value of the branch-name attribute of ta is the same as the value of the primay key, br_name , of tb.

It is customary to list the primary key attributes of a relation schema before the other attributes; for example , the br_name of the branch-schema is listed first, since it is the primary key.

Schema Diagram

A database schema along with primary key and foreign key dependencites can be represented by schema diagrams.







Schema diagram for the banking enterprise.

Each relation appears in a box.

Attributes are listed inside the box.

The relation name is given above the box.

A horizontal line below the primary key attribute.

Foreign key attributes appear as arrows from the foreign key attributes of the referencing relation to the primary key of the referenced relation.

Query languages

A query language is loanguage in which a user requests information from the database. These languages are usually on a level higher than that of a standard programming language. Query languages can be categorized as either procedural or non procedural. In a procedural language, the user instructs the system to perform a sequence of operations on the database to compute the desired result. In a nonprocedural language, the user describes the desired information without giving a specific procedure to obtain it.

Most commercial relational-database systems offer a query language that includes elements of both the procedural and nonprocedural approaches. Some of  this languages are SQL, QBE, Datalog. 

Next we will examine pure languages:

The relational algebra is procedural

The tuple relational calculus and domain relation calculus are non procedural.

Relational algebra

The relational algebra is a procedural query language. I consists of a set of operations that take one or two relations as input and produce a new relation as their result. 

The fundamental operations

The select operation

The select operation selects tuples that satisfy a given predicate. We use the lowercase sigma (σ) to denote selection. The predicate appears as a subscript to σ the argument relation is in brackets after the σ.

To select the tuples of loan relation where the branch is “perryridge” we write

σ br_name = “perryridge”(loan)

to select all tuples in which the amount lent is more than 1200

σ amount > 1200 (loan)

comparison operators are =,  ≠, <,  ≤, >, ≥

and (() or (() not (()

to find loan greater than 1200 at perryridge

σ br_nane =”perryridge” ^ amount >1200(loan)

The selection predicate may include comparisons between two attributes. Consider the relation loan_officer that consist of three attributes cust_name, banker_name, and loan_no. This specifies a particular baker is the loan officer for a particular loan belonging to some customer. To find all cuatomers with the same loan officer

σ cust_name = banker_name(loan-officer)

The project operation

Suppose we want to list all loan numbers and the amount of the loans, but do not care about the br_name. The project operation allows us to produce this relation. The project operation is a unary operation that returns its argument relation, with certain attributes left out. Since a relation is a set, any duplicate rows are eleiminated. Projection is denoted by upper case pi ∏ and we list the attributes as subscript.

∏ loan_no,amount (loan)

Composition of relational operations

To find customers from city Harrison

∏ cust_name(σ cust_city =”Harrison” (customer))

The Union Operation

Find the names of all bank customers who have either an  account or loan or both.

The cuatomer relation does not contain the information, since a customer does not need a account or loan at the bank. We require the information from depositor and borrower relation. We find all customers with the query 

∏ customer_name (borrower)

∏ customer_name(depositor)

to make a single query we require a union or both this queries.

∏ customer_name (borrower) U ∏ customer_name(depositor)

This will return all names eliminating duplicates

We took the union of two sets, both of which consisted of customer_name values. We must ensure that unions are taken between compatible relations. For a union operation r U s to be valid, we require that two conditions hold:

1. the relations r and s must be of the same arity. That is, they must have the same number of attributes.

2. The domains of the ith attribute of r and ith attribute of s must be same.

The set difference

The set difference is denoted by -, allows us to find tuples that are one relation but not in ano0ther The expression r – s produces a relation containing those tuples in r but not in s.  Find all customers who have an account but not a loan.

∏ customer_name(depositor) - ∏ customer_name (borrower)

As with the union operation, we must ensure that set differences are taken between compatible relations.  For a set difference operation r - s to be valid, we require that the relations r and s be of the same arity, and that the domains of the ith attribute of r and ith attribute of s  be the same.

The Cartesian product operation

This denoted by X, allows us to combine information from any two relations. We Cartesian product of relations r1 and r2 as r1 x r2

A relation is a subset of a Cartesian product of a set of domains. Since the same attribute name may appear in both r1 and r2 we devise a naming schema by attaching to an ttribute the name of the relation.  R = borrower X loan is

(borrower.cust_name, borrower.loan_no, loan.loan_no, loan.branch_name, loan.amount) 

However, if an attribute comes only once in the above relation we drop the relation name from it. So the above schema will become

(cust_name, borrower.loan_no, loan.loan_no, branch_name, amount) 

 Suppose we want to find the manes all customers who have a loan at the perryridge branch. We need the information in both loan relation and the borrower relation to do so.

σ br_name = “perryridge” (borrower x loan)

This will have customers who do not have a loan at perryridge branch., because the Cartesian product takes all possible pairings of one tuple of loan with every tuple of borrower with one tuple of loan.. 

But we know if a customer has a loan in perryridge, then there is some tuple in borrower x loan that contains his name and borrower.loan_no=loan.loan_no

σ borrower.loan_no=loan.loan_no (σ br_name = “perryridge” (borrower x loan))

Now we get only those tuples of borrower x loan that pertains to customers who have a loan at the perryridge branch. But we want only customer name, so we do projection.

∏ customer_name(σ borrower.loan_no=loan.loan_no (σ br_name = “perryridge” (borrower x loan)))

Rename operation

Unlike relation in the database, the results of relational algebra expressions do not have a name that we can use to refer to them. It is useful to be able to give them names; the rename operator, denoted by lowercase greek letter rho ρ, lets us do this. Given the relational algebra expression E, the expression 

ρx (E)    returns the result of expression E under the name x.

A relation r itself is a trivial relational algebra expression, so we can apply rename to any relation also.

If a relational algebra expression E has an airty n, then the expression

ρx(A1,A2….An) (E)  

returns the result of expression E under the name x, and with the attributes renamed to A1,A2….An

Let us find out the largest account no in a branch.  

Step 1. compute a temporary relation consisting of those balances that are not largest.

Step 2. take the set difference between the relation ∏ balance (account) and the above relation.

Step1. we need to compare the values of all account balances. We do this comparison by computing the Cartesian product account x account and forming a selection to compare the value of any two balances appearing in one tuple.  To distinguish between the two balances, we use the rename operation to rename one reference to the account relation;

∏ acount.balance  (σ acount.balance < d.balance (account x ρd(account))

this expression gives all balances accept the largest one.

To find the largest account balance in a bank we write

∏ balance (account) - ∏ acount.balance  (σ acount.balance < d.balance (account x ρd(account))

find the names of all customers who live on the same street and in the same city as Smith.

Step 1. obtain smith’s city and street

∏ customer_street, customer_city  (σ customer_name = “Smith” (customer))

to get the other customers with this street and city, we must refer to customer relation again after renaming it as smith_addr.

∏ customer.customer_name  (σ customer.customer_street =smith_addr.street ^ customer. city = smith_addr.customer_city (customer x ρsmith_addr(street,city)( ∏ customer_street, customer_city  (σ customer_name = “Smith” (customer)))))

Formal definition of relational algebra

A basic expression in the relational algebra consists of either one of the following:

·  A relation in the database

· a constant relation

A constant relation is written by listing its tuples within {}, for example

{(A101,downtown,500), (A102, Mianus,700)}

A general expression in relational algebra is constructed out of smaller subexpressions. Let E1 and E2 be relational algebra expressions. Then all relational algebra expressions are:

· E1 U E2

· E1 – E2

E1 x E2

· σ p (E1) where p is predicate on attributes in E1

· ∏ S (E1) where S is a list consisting of some of the attributes of E1

· ρx (E1), where x is the new name for the result of E1.

Additional operations

The fundamental operations of the relational algebra are sufficient to express any relational algebra query. However, if we restrict ourselves to just the fundamental operations, certain common queries are lengthy to express. Therefore, we define additional operations that do not add any power to the algebra, but simplify common queries. For each new operation, we give an equivalent expression that uses only the fundamental operations.

The set intersection operation

Suppose we wish to find all customers who have both a loan and account. Using set intersection we can write.

∏ customer_name  (borrower) ∩ ∏ customer_name  (depositor)

Note that we can rewrite any relational algebra expression that uses set intersection by reloacing the intersection with a pair of set difference operations as

r ∩ s = r – (r –s)

The natural join operation

Consider the query find the names of all customers who have a loan at the bank, along with the loan number and the loan amount.

We first form the caresian product of the borrower and loan relations. Then we select those tuples that pertain to only the same loan_no. followed by the projection of customer_name, loan_no, amount.

∏ customer_name,, loan.loan_no, amount    (σ borrower.loan_no = loan.loan_no (borrower x loan))

natural join is a binary operator that allows us to combine certain selections and a Cartesian product into one operation. It is denoted by the join symbol |x|. The natural join forms a cartesian product of its two arguments, performs a selection forcing equality on those attributes that appear in both the relation schemas, and finally removes duplicate attributes.

We express the above query as

∏ customer_name,, loan.loan_no, amount    (borrower |x| loan)

since the schemas got a common attribute loan_no, natural join considers only pairs of tuples that have the same value on loan_no. It combinres each such pair of tuples into9 a single tuple on the union of the two schemas (that is customer_name, branch_name, loan_no, amount) After performing a projection from this relation we get the result.

Consider two relation schemas R and S which are two list of attribute names. We can denote those attributes that appear in both by R ∩ S , and all attributes that occur in R or S or both by R U S. The attributes that appear in R but not in S by R – S.  and the attributes that appear in S but not in R by S – R.

Consider two relations r(R) and s(S). The natural jon of r and s, denoted by r |x| s is a relation of schema RUS formally defined as follows

r |x| s = ∏ R U S  (σ r.A1=s.A1^s.A2=s.A2^….^r.An=s.An r x s)

where R ∩ S ={A1, A2, …..An}

natural join is central to much of relational-database theory and practice, we give several examples of its use.

Find the names of all branches with customers who have an account in the bank and who live in Harrison.

∏ br_name  (σ.customer_city =”Harrison” (customer |x| account |x| depositor))

Find all customers who have both a loan and an account at the bank

∏ customer_name  (borrower) ∩ ∏ customer_name  (depositor)

or 

∏ customer_name  (borrower |x| depositor)

let r(R) and s(S) be relations without any attributes in common, that is R ∩ S = φ (φ denotes an empty set) then r |x| s = r x s

The theta join operation is an extenstion to the natural join operation that allows us to combine a selection and a Cartesian product into a single operation. Consider the relations  r(R) and s(S), let   θ  be a predicate on attributes in the schema R U S. the theta join operation is defined as follows

r |x| θ s =σ θ (r x s)

the division operation

division operator denoted by ÷ is suited to queries that include the phrase “for all”. suppose that we wish to find all customers who hav3e an account at all the branches located at Brooklyn. We obtain all branches in Booklyn by the expression

r1= ∏ br_name  amount    (σ br_city = “Brooklyn” (branch)

we can find all customer-name, br_name pairs for which the customer has an account at a branch by writing

r2=∏ customer_name,br_name  (account |x| depositor)

now we have to find customers who appear in r2 with every branch name in r1.the operation that provide this is r2 ÷ r1.

Formally, let r(R) and s(S) be relations, and let S ( R ; that is, every attribute of schema S is also in schema R. the relation r ÷ s is a relation of schema R – S ( that is, on the schema containing all attributes of schema R that are not in schema S). A tuple t is in r ÷ s if and only if both of two conditions hold:

1. t is in ∏ R-S(r)

2. every tuple ts in s, there is a tuple tr in r satisfying both of the following 

a. tr[S] = ts[S]

b. tr[R-S] = t

using fundamental operations we can write the division as

r ÷ s = ∏ R-S (r) - ∏ R-S ((∏ R-S (r)  x s) - ∏ R-S,S (r))

The assignment opreration

It is convenient at times to write a relation algebra expression as assigning a parts of it to temporary relation variables. Assignment operator ( is similar to the assignment in a programming language. Let us consider the division r ÷ s

Temp1  ( ∏ R-S (r)

Temp2  ( ∏ R-S ((∏ R-S (r)  x s) - ∏ R-S,S (r))

Result = temp1 – temp2

With assignment operation a query can be written as a sequential program consisting of a series of assignments.

Extended relational algebra operations

Generalized projection

Generalized projection operation extends the projection operation by allowing arithmetic function to be used in the projection list. 

∏ F1,F2,…..Fn (E)

in this E is any relational algebra expression, f1, f2 …. Is an arithmetic expression

∏ customer_name, limit –creditbalance (credit-info)

The attribute resulting from the expression limit – creditbalance does not have a name . we can supply the rename operation to the relsult of gerneralized projection in order to give it a name. 

  ∏ customer_name, limit –creditbalance as credit_available (credit-info)

Aggregate functions

Aggregate functions take a collection of values and return a single value as a result. 

G sum(salary) (pt-works)

The result of the expression above is relation with a single attribute.

We can eliminate multiple references to a function in an aggregate function using distinct.

G count-distinct(brname) (pt-works)

We can group the aggregate function to take say sum salary for each branch

br_name G sum(salary) (pt-works)

we can combine more than one function

br_name G sum(salary), max (salary)  (pt-works)

since the result of an aggregate function has not got a name we can rename them

br_name G sum(salary) as sumsal, max (salary) as maxsal  (pt-works)

outer join

Outer join is an extension of the join operation to deal with missing information.

Consider the two relations

Employee(ename, street, city)

Ptworks (ename, br_name, salary)

Suppose we want street, city, br_name, salary of all employees a possible approach is to make a natural join. 

Employee |x| ptworks

Suppose a tuple describing an employee Smith is missing in ptworks we will not get the information.

To get the missing information with null values from the other table we use outer join.

Employee ]x[ ptworks

The above is called full outer join. Which will include missing records from both the relations. We can have left outer join ]x| which will all records from left side relation, but only matching records from right side. Similarly we have right outer join |x[.

Null values

Operations and comparisons of null values has to be avoided. Null means value unknown or nonexistent. Any arithmetic operation involving null values must return null value as result. Any comparison with null value results in a special value called unknown. 

True and unknown 
= unknown

False and unknown
= false

Unknown and unknown 
= unknown

True or unknown

= true

Flase or unknown.

=  Unknown

Unknown and unknown 
= unknown

Not unknown

=unknown

How different relational algebra operations deal with null values

select: The selection operation evaluates predicate P in σp(E) for each tuple t in E. if the predicate returns true , t is added to the result. If it returns false or unknown t is not added to the result

join: join is cross product followed by a selection r |x| s if two tuples tr and ts both have null values in a common attribute, then the tuples do not match.

· Projection: The projection operation treats nulls just like any other value when eliminating duplicates. Thus if two tuples in a projection result are exactly the same, both have nulls in the same fields, they are treated as duplicates.  The decision is bit arbitrary since without knowing the value we can not say they are duplicates.

· Union, intersection, difference: The treatment is same as in projection regarding duplicates.

· Generalized projection: same as projection

· Aggregate: in grouping if null occurs aggregate operation as in projection. If tow tuples are the same on all grouping attributes , the operation places them in the same group, even if some of their attribute values are null. 
when nulls occur in aggreagated attributes , the operation deletes null values at the outset, before applying aggregation.

· Outer join: outer join operations behave ju like join operations, except on tuples that do not ocuur in the join result. Such tuples may be added to the result padded with nulls.

Modification of the database

Deletion

 We express a delete request in as much the same way as query. However, instead of displaying the typles to the user, we remove the selected tuples from the database. We can not delete values  only on particular attributes. You can only delete a tuple.

In relational algebra we express deletion as 

r ( r – E where r is a relation and E is a relational algebra query.

Deletes Smiths record

depositor ( depositor – σ custname =”Smith” (depositor)

Insertion

To insert data into a relation, we either specify a tuple to be inserted or write a query whose result is a set of tuples to be inserted. Obviously, the attribute values for inserted tuples must be members of the attributes domain. Similarly the tuples inserted must be of the correct arity. The relational algebra expresses an insertion by 

r ( r U E

where r  is relation and E is a relational algebra expression.. we express the insertion of a single typle by letting E be a constant relation containing one tuple.

account ( account U {(A-973, “perryridge”. 1200)}


We may want to insert data which is a result of a query.

We want to provide as a gift  for all customers of peryridge a new $200 savings account. Let the loan no serve as the account number for this savings account.

r1 ( (σbr_name = “perriyridge” (borrower |x| loan)

r2 ( ∏ loan_no, br_name (r1)

account ( account U (r2 x {(200)})

depositor ( depositor U ∏ cust_name, loan_no (r1)

updating

sometimes, we want to change the value in a tuple without changing all values in the tuple. We can use generalized projection to do this.

Suppose interest payments are made and all the balances are to be increased by 5 %

account ( ∏ acc_no, br_name, balance * 1.05 (account)

views

In all our examples we operated on logical model. For security reason or for personalized collection it many not be desirable to show the entire relation to a users. Certain data may be hidden from certain users. 

Any relation that is not part of the logical model, but is made visible to a user as a virtual relation, is called a view. It is possible to support a large number of views on top of any given set of actual relations.

View definition

We define a view using the create view statement

Let us consider a view containing branches and their customers

Create view all_customer as 

∏ branch_name, cust_name (depositor |x| account)

U ∏ branch_name, cust_name (borrower |x| loan)

View definitions differs from the relational algebra assignment

r1 ( ∏ branch_name, cust_name (depositor |x| account)

U ∏ branch_name, cust_name (borrower |x| loan)

We evaluate the assignment operation once and r1 does not change when we update the relations depositor, account, loan or borrower. In contrast any modifications we make to these relations changes the set of tuples in the view all_customer as well. At any given time, the set of tuples in the view relation is the result of evaluation of the query expression that defines the view at that time.

When we define a view, the database sysytem stores the definition of the view itself, rather than the result of the evaluation. When a view relation appears in a query, it is replaced by the stored query expression. Thus, whenever we evaluate the query, the view relation gets recompiled.

Updates through views and null values

Although vies are useful tool for queries, they present serious problems if we express updates, insertions or deletions with them. The difficulty is that a modification to the database expressed in terms of a view must be translated to a modification to the actual relations in the logical model of the database.

Suppose we have view containing loan_no and br_name from loan table without the balance, when we insert a new record through the view the balance will be null. Some times the primary key of a relation may not be in the view. If the view is updated with a new record the primary key of the relation will become null, which can not happen.

Because of problems such as these, modifications are generally not permitted on view relations, except in limited cases.

Views defined by using other views

One view may be used  in definition of another view.

We can define a view for perryridge customers as

Create view perriridge_customer as 

∏ cust_name (σ br_name=”perryridge” (all_customers)

The tuple relational calculus

When we srite a relational algebra expression, we provide a sequence of procedure that generates the answer to our query. The tuple relational calculus, by contrast, is a nonprocedural query language. It describes the desired information without giving a specific procedure for obtaining that information. A query is expressed as 

{t | P(t)}

it is the set of all tuples t such that predicate P is true for t.

we use t[A] to denote the value of tuple t on attribute A and we use t ( r to denote tha tuple t is in relation r.

Example queries

We want to find the br_name, loan_no, amount for loans over 1200.

{t | t ( loan ( t[amount] >1200}

( is and

Suppose we want only loan_no attribute. We need to write an espression for a relation on the schema (loan_no). we need those tuples on (loan_no) such that there is a tuple in loan with the amount attribute > 1200. for this we have to construct there exists ( 

( t ( r (Q(t))

there exists a tuple t in relation r such that the predicate Q(t) is true.

For finding the loan_no for each loan above 1200 amount we write

{t | ( s ( loan(t[loan_no] = s[loan_no] ( s[amount] >1200)}

this is read as 

the set of all tuples t such that, there exists a tuple s in relation loan for which the values of t and s for loan_no attrubute are equal, and the values of s for amount attribute is greater than 1200.

Tuple variable t is defined on only the loan_no attribute, since that is the only attribute having a condition specified for t.

Find the names of all customers who got a loan at perryridge branch.

This query involves borrower and loan relations. This requires two there exists clauses connected by and

{ t | ( s ( borrower(t[cust_name} = s[cust_name]

( ( u ( loan (u[loan_no] = s[loan_no] ( u[br_name] = “Perryridge”))}

in English, this expression is the set of all cust_name tuples for which the customer has a loan that is at perryridge. 

To find all customers who have a loan, an account or both we used the union operator in relational algebra. In tuple calculus we need two there exits connected by or 

{t | ( s ( borrower (t[cust_name] = s[cust_name])

( ( u ( depositor (t[cust_name] = u[cust_name])

to find customers who got both loan and account we change the expression with and

{t | ( s ( borrower (t[cust_name] = s[cust_name])

( ( u ( depositor (t[cust_name] = u[cust_name])

to find customers who got an account but not a loan we use not operator also in the above expression

{t | ( s ( borrower (t[cust_name] = s[cust_name])

( ( ( u ( depositor (t[cust_name] = u[cust_name]) 

implication is denoted by ( . P ( Q mean P implies Q, that “if P is true Q must be  true”  logical equivalent to this is ( P ( Q

“for all” ( 

( t ( r(Q(t))

means Q is true for all tuples t in relation r

formal definition

a tuple calculus expression is of the form     {t | P(t)}

where P is a formula. Several tuples may appear in the formula.  A tuple variable is said to be a free variable unless it is quantified by a ( or (. If quantified it is said to be bound variable.

A tuple relational calculus formula is built up out of atoms . An atom has one of the following forms.

· s ( r, where s is a tuple  variable and r is a relation ( we do not use not in ( operator)

s[x] ⊝ u[y], where s and u are tuple variables, x is an attribute on which s is defined and y is anttribute on which u is defined, and  ⊝  is a comparison operator such as > ,< etc. we require that attributes x and y have domains whose members can be compared.
· S[x]  ⊝  c, where s is a tuple variable, x is an attribute on which s is defined, ⊝  is a comparison operator, and c is a constant in the domain of attribute x..

We build up formulae from atoms by using the following rules.

· An atom is a formula.

If P is a formula, then so are (P and (P)

· If P1 and P2 are formulae,  then so are P1 ( P2 , P1 ( P2 and P1 ( P2

· If P(s) is a formula containing a free tuple variable s, and r is a relation, then

( s ( r(P(s)) and ( s ( r(P(s)) are also formulae.

The domain relational   calculus

This takes domain variables that take on values from an attributes domain, rather than values for entire tuple. This is used in QBE language, just as relational algebra serves as the basis for the SQL language.

SQL

Background

IBM developed the original version of SQL in 1970. This language was originally called Sequel. This language has evolved since then, and tis name has changed to SQL (Structured Query Language). 

The SQL language has several parts:

· Data-definition language (DDL): The SQL DDL provides commands for definition of relation schemas, deleting relations, and modifying relation schemas.

· Interactive data manipulation language (DML): The SQL DML includes a query language based on both the relational algebra and the tuple relational calculus. It also includes commands to insert tuples into, delete tuples from and modify tuples in the database. 

· View definition. The SQL DDL includes commands for defining views.

· Transaction control: SQL includes commands for specifying the beginning and ending of transactions.

· Embedded SQL and dynamic SQL: embedded and dynamic SQL define how SQL statements can be embedded  within general purpose programming languages such as C, C++, Java, PL/I, Cobol, Pascal, Fortran.

· Integrity: the SQL DDL includes commands for specifying integrity constraints that the data stored in the database must satisfy. Updates that violate integrity constraints are disallowed.
· Authorization: The SQL DDL includes commands for specifying access rights to relations and views.
In SQL statements examples we use the bank schema with all hyphens replaced with underscore.

basic structure

A relational database consits of a collection of relations, each of which is assigned a unique name. Each relation has a structure. SQL allows the use of null values to indicate that the value either is unknown or does not exist. It allows user to specify which attributes cannot be assigned null values.

The basic structure of an SQL expression consists of three clauses: select, from, and where

· The select clause corresponds to the projection operation. It is used to list the attributes desired in the result of a query.

· The from clause corresponds to the Cartesian product operation. It lists the relations to be scanned in the evaluation of the expression

· The where clause corresponds to the selection predicate of the relational algebra. It consists of a predicate involving attributes of the relations that appear in the from clause.

A typical query

Select a1, a2, a3….an

From r1,r2,r3….rm

Where P

Each Ai represents an attribute, and each ri a relation. P is a predicate. The query equivalent to ∏ a1,a2,a3…….an (σ P (r1 x r2 x r3 …….rm))

If the where clause is ommited the predicate P is true. Unlike the result of a relational algebra expression, the result of SQL query may contain multiple copies of some tuples

The select cause 

Select br_name from loan

Select distinct br_name from loan

Select all br_name from loan

The word all means do not remove duplicates. Since duplicate detection is the default we don’t use all. to eliminate duplicates we use distinct.

Select clause can contain arithmetic expressions

Select loan_no, br_name, amount * 100  from loan

The where clause

SQL uses the logical connectives and, or and not. The operants of the loagical connectives can be expressions involving the comparison operators <, <=, >, >=, =, <>

 SQL includes a between comparison operators for a range of values.

Select loan_no

From loan

Where amount between 9000 and 10000

The from clause

The from clause by itself defines a Cartesian product of the relations in the clause. 

Select cust_name, borrower.loan_no, amount

From borrower , loan

Where borrower.loan_no = loan.loan_no

If the above query requires that the loan should be  from perryridge

Select cust_name, borrower.loan_no, amount

From borrower , loan

Where borrower.loan_no = loan.loan_no and br_name =”perryridge”

The rename operation

SQL provides a mechanism for renaming both relations and attributes. It uses the as clause taking the form

Old_name as new_name.

Thus the result of the above query is a relation with the attributes cust_name, loan_no, amount

The name of the attributes in the result are derived from the names of the attributes in the relations in the from clause. 

But in the case of a arithmetic expression used in the select clause , the resulting attribute does not have a name. We can rename it with as

Select cust_name, borrower.loan_no as loan_id, amount

From borrower , loan

Where borrower.loan_no = loan.loan_no

Tuple variables

The as clause is particularly useful in defining the notation of tuple variable, as is done in the tuple relational calculus. Tuple variables are defined in the from clause by way of the as clause.

Select T.cust_name, T.loan_no, S.amount

From borrower as T , loan as S  Where T.loan_no = S.loan_no

Tuple variables are most useful in self join.

String operations

SQL specifies strings by enclosing them in single quotes eg. ‘Perryridge’

If single quote is part of the string two single quote characters will represent one.

‘It’’s right’

pattern matching is done using like operator. % matches any substring, _ mathes any character.

· ‘Perry%’ matches any string beginning with “Perry”

· ‘%idge%’ matches any string containing “idge” as a substring

· ‘-----‘ matches any string of exactly 5 charecters.

· ‘---%’ matches any string of at least three characters

SQL allows to include the special characters. This requires an escape character to be used before the special character.

Like ‘ab\%cd%’ escape ‘\’

Matches all strings beginning with “ab%cd”

SQL allows us to match mismatches instead of matches by using the not like operator.

Many other function such as concatenation (using “||” ) extracting substring, uppercase and lowercase convertions.

Ordering the display of tuples

The order by clause causes the tuples in the result of a query to appear in sorted order

Select cust_name, borrower.loan_no, amount

From borrower , loan

Where borrower.loan_no = loan.loan_no

Order by cust_name

Select * from loan

Order by amount desc , loan_no asc

Set operations

SQL allows operations union, intersect, and except

The Union operation

(Select cust_name from depositor)

union

(select cust_name from borrower)

the union operator eliminates duplicates . if we want to retain the duplicates we can use union all

The intersect operation

(Select cust_name from depositor)

intersect

(select cust_name from borrower)

this also automatically removes duplicates. If you want the duplicates to be retained use intersect all.

The except operation

In oracle it is the minus operator. 

(Select cust_name from depositor)

except (select cust_name from borrower)

if you want to retain duplicates you can use except all. however in oracle all is not there with intersect and minus.

Aggregate functions

Aggregate functions are that take a collection (a set or multiset) of values as input and return a single value. SQL offers five built in aggregate function called, avg, min, max, sum and count

The input to sum and avg must be a collection of numbers, but the other operators can operate on collections of nonnumeric data types.

Select avg(balance) from account where br_name = “Perryridge”

The result of this query is relation with a single attribute, containing a single tuple. We can name the attribute of the result relation by using as clause.

There are circumstances where we would like to apply the aggregate function not only to a single set of typles, but also to a group of sets of typles;; we specify this in SQL using group by. The tuples with the same name value on all attributes in the group by clause are placed in one group.

Select br_name, avg(balance)

From account

Group by br_name

Retaining duplicates are important in calculating the avg. if we want to eliminate duplicates we use the word distinct.

Find the number of depositors at each branch?

Select br_name , count(distinct cust_name)

From account, depositor

Where depositor.acc_no = account.acc_no

Group by br_name.

At times it is useful to state a condition that applies to groups rather than tuples. For this we use having clause in SQL.

Select br_name , avg(balance)

From account

Group by br_name

Having avg(balance) >1200

At times we wish to treat the entire relation as a single group. Here we do not use group by clause.

Select avg(balance)

From account

If a where clause and a having clause appear in the same, SQL applies the predicate in the where clause first. Tuples satisfying the where predicate are then placed into groups by group by clause. SQL then applies the having clause to each group; it removes the groups that do not satisfy the having clause predicate. The select clause uses the remaining groups to generate tuples of the result of the query.

Select d.cust_name, avg(a.balance)

From depositor d, account a, customer c

Where d.acc_no = a.acc_no and 

d.cust_name = c.cust_name

and c.cust_city =”Harrison”

group by d.cust_name

having count (distinct d.acc_no) >=3

NULL values

SQL allows the use of null values to indicate absence of information about the value of an attribute. To test for null we use key word  is null in a predicate.

Select loan_no]

From loan

Where amount is null

The predicate is not null tests for the absence of null value.The result of an arithmetic expression involving +,-,*,/ is null. SQL treats as unknown the result of any comparisons involving null value (other than is null and is not null)

· and : T and Unknown is unknown, F and unknown is false, while unknown and unknown is unknown

· or: The result of true or unknown is true, false or unknown is unknown, while unknown or unknown is unknown

· not: the result of not unknown is unknown.

Select ….from r1, r2, r3….rn where P

The result of an SQL statement of the form above to contain projections of tuples I R1xR2….Rn for which predicate P evaluates to true. If the peridcate evaluates to either false or unknown for a tuple in R1xR2……Rn the projection of the tuple is not added to the result.

SQL also allows us to test whether the result of a comparison is unknown, rather than true or false, by using the clauses is unknown and is not unknown.

Null values when they exist, also complicate the processing of aggreagate operators. Assume some tuple in the laon relation have a null value for amount. Consider the query

Select sum (amount) from loan

The values to be summed in the preceding value involves null values. Rather than say that the overall sum is itself null, the SQL standard says that the sum operator should ignore null values in its input. 

In general aggregate functions treat nulls according to the following Rule. All aggregate functions except count(*) ignore null values in their input collection. As a result of null values being ignored , the collection values may be empty. The count of a empty collection is defined as 0. all other aggregate functions return null when applied to an empty collection.

nested subqueries

set membership

The in connective tests for set membership, where set is a collection of values produced by a select clause. Not in tests for absence of set membership. Find all customers who got a loan and an account.

Select distinct cust_name from borrower

Where cust_name in (select cust_name from depositor)

Set comparison

Find the names of all branches that have assets greater than those of at least one branch located in Brooklyn 

We wrote this as 

Select distinct T.br_name

From branch as T, branch as S

Where T.assets > S.assets and S.br_city =’Brooklyn’

We use some meaning “greater than at least one” for this query.

Select br_name from branch

Where assets > some (select assets from branch where br_city = ‘Brooklyn’)

To find names of all branches that have an asset value greater than that of each branch in Brooklyn. We use All instead of some.

Test for empty relations

SQL includes a feature for testing whether a subquery has any tuples in its result. The exists construct returns the value true if the argument subquery is nonempty 

Using the exists construct we can write the query find all customers who have both an account and loan at the bank.

Select cust_name from borrower

Where exists (select * from depositor

Where depositor.cust_name = borrower.cust_name)

We can test non existence of tuples using not exists

Test for the absence of duplicate tuples

SQL includes a feature for testing whether a subquery has any duplicate tuples in its result. The unique construct returns true if the argument subquery contains no duplicate tuples.

Find all customers who have at most one account at the perriridge branch.

Select T.cust_anme fro depositor T

Where unique (select R.cust_name from account, depositor as R

Where T.cust_name = R..cust_name and R.acc_no = account.acc_no

And account.br_name =’Perryridge’)

We test for existence of duplicate tuples with not unique. If we use the not unique in the above query we get customers who got at least two accounts.

Views

We define a view in SQL by using a the create view command. 

Create view v as <query expression>

You can give attribute names also for the view.

Create view br_loan_total  (br_name, total_loan) as

Select br_name, sun(amount

From loan

Group by br_name)

Complex queries

SQL allows a subquery expression to be used in the from clause. If we use such an expression we must give the resultant expression a name and we can rename the attributes.

Select br_name, avg_balance

From ( select br_name, avg(balance) from account

Group by br_name)

As branch_avg (br_name, avg_balance)

How ever in oracle you can write the following way.

select deptno, avg_sal from

(select deptno, avg(sal) avg_sal from emp group by deptno)

The with clause

Complex queries are much easier to write and to understand if we structure them by breaking then into smaller views and combine them.

Unlike a procedure in programming languages the create view makes a view definition in the database. But with with command we make a temporary view whose definition is available only to eh query.

With max_balance (value) as select max(balance ) from account

Select acc_no from account, max_balance

Where account.balance = max_balance.value

With is not there in oracle.

Modification of the database

Deletion

Delete from r where P

We can delete only whole tuples. We can not delete values on only particular attributes. P is a predicate and r is a relation. Delete statement first findes all tuyples t in r for which P(t) is true, and then deletes them from r. if the where clause is omitted all tuples of r gets deleted.

Delete command operates only on one relation.

Insertion

To insert data into a relation, we wither specify a tuple to be inserted or write a query whose result is a set of tuples to be inserted. The attribute values of the inserted tuples must be members of the attribute’s domain. Similarly tuples inserted must be of the correct arity.

Insert into account values (‘A=9797’, ‘Perryridge’,1200)

The values are specified in the order in which the corresponding attributes are listed in the relation schema. SQL allows attributes to be specified as part of the insert statement.

Insert into account (br_name, acc_no, balance) 

Values (‘Perryridge’, (‘A=9797’,1200)

Also we can give a select clause whose resulting tuples can be inserted into.

Insert into depositor select cust_name, loan_no from borrower.

Updates

To change a value in a tuple without changing all values in the tuple we use update statement. 

Update account set balance = balance *1.05 where balance >=1000

If where clause is omitted all tuples will be updated.

Also SQL provides conditional updates using case

update emp set sal = case

when sal>2000 then sal *1.05

else sal*1.10

end

this is not there in oracle.

Update views

SQL allows updating through  views. The view name appears in insert delete update in place of relation names.

Transactions

Transaction consists of a sequence of query and /or update statements. The SQL standard specifies that a transaction begins implicitly when an SQL statement is executed. One of the following SQL statements must end the transaction.

· Commit work: commits the current transaction; that is, it makes the updates performed by the transaction become permanent in the database. After the transaction is committed, a new transaction is automatically started.

· Rollback work: causes the current transaction to be rolled back; that is, it undoes all the updates performed by the SQL statements in the transaction. Thus, the database state is restored to what it was before the first statement of the transaction was executed.

The key work is optional in both statements.

Once a transaction has executed commit work, its effects can no longer be undone by rollback work. The database system guarantees that in the event of some failure, such as an error in one of the SQL statements, a power outage, or a system crash, a transaction’s effect will be rolled back if it has not yet executed commit work. In the case of power outage or other system crash, the rollback occurs when the system restarts.

For instance, to transfer money from one account to another we need to update two account balances. The t3wo update statements would form a transaction. An error while a transaction executes one of this statements would result in undoing the effects of the earlier statements of the transaction, so that the database is not left in a partially up[dated state.

If a program terminates without executing either of these commands, the updates are either committed or rolled back. The choice is implementation dependent. In many SQL implementations, by default each SQL statement is taken to be a transaction on its own, gets committed as soon as it is executed. Automatic commit of individual SQL statements must be turned off if a transaction consisting of multiple SQL statements needs to be executed. 

A better alternative, is to allow multiple SQL statements to be enclosed between the key words begin…end. All statements with in the key words become a transaction.

Joined relations

SQL provides not only Cartesian product but also others like condition join, natural join and outer joins.

Inner join

Loan inner join borrower on loan.loan_no = borrower.loan_no

As lb(loan_no,br, amount, cust, cust_loan_no)

The expression computes the theta join of the loan and borrower the join condition. The attribute of the result consists of the attributes of the ladt side relation followed by attributes of the right side relation.. the renaming can be done with the as clause if required.

Left outer join

Loan left outer join borrower on loan.loan_no = borrower.loan_no

Outer join is computed the following way. First compute the result of the inner join as before. Then for every tuple t in the left hand side relation loan that does not match any tuple in the right side relation borrower in the inner join ass a tuple r to the result of the join. the attributes of r that are derived from the left hand side relation are filled with values from tuple t and the remaining attributes are filled with null values. 

Natural join

Loan natural join borrower

The only attribute name common to loan and borrower is loan_no. The result is the same as inner join with on condition. Except for loan no which will occur as one attribute in the result.

Join types and conditions

Although outer join expressions are typically used in the form clause, they can be used anywhere that a relation can be used.

Each of the variants of the join operations in SQL consists of a join type and a join condition. The join condition defines which tuples in the two relations match and what attributes are present in the result of the join. The join type defines how tuples in each relation that do not match any tuple in the other relation are treated.

The use of an on condition is mandatory for outer joins, while it is optional for inner joins( if it is omitted a Cartesian product is  the result).

Right outer join is symmetric to left outer join. 

Full outer join is a combination of left and right.

Loan full outer join borrower using (loan_no)

The using clause specifies the attributes to be taken as common attribute for joining rather than all the matching attributes.

Find all customers who have either an account or a loan ( but not both) at the bank.

Select cust_name

From (depositor natural full outer join borrower

Where acc_no is null or loan_no is null

Data definition language

The set of relations in a database must be specified to the system by means of a data defininition language ddl.

The SQL ddl allows specification of not only a set of relations, but also information about each relation including

· The schema for each relation

· The domain of values associated with each attribute

· The integrity constraints 

· The set of indices to be maintained for each relation

· The security and authorization information for each relation

· The physical storage structure of each relation on disk.

domain types in SQL

· Char(n): A fixed length character string with user specified length n. The full form character can be used instead.

· Varchar(n): a variable length character string with user specified maximum length n. The full form, character varying is equivalent.

· Int: an integer (a finite subset of integers that is machine dependent). The full form, integer is equivalent.

· Smallint: a small integer ( a machine dependent subset of the integer domain type).

· Numeric (p, d): a Fixed-point number with user specified precision. The number consists of p digits plus a sign and d of the p digits are to the right of the decimal point. Numeric (3,1) allows 44.5

· Real, double precision: floating point and double precision floating point numbers with machine dependent precision.

· Float (n): a floating point number with precision of the least n digits.

· Date: a calendar date containing a four-digit year, moth and day of the month

· Time: the time of day in hours, minutes, and seconds. A variant time (p) can be used to specify the number of factional digits for seconds 

· Timestamp: a combination of date and time. A variant timestamp (p) can be used to specify the number of factional digits for seconds

The SQL allows the domain declaration of an attribute to include the specification not null and thus prohibits the insertion of a null value for this attribute. 

Schema definition in SQL

We define a SQL relation by using the create table command

Create table r (a1d1,a2d2…..andn,(integrity constrtaint1)……(integrity constraintk)

Where r is the name of the relation, each ai is the name of an attribute in the schema of relation r, and di is the domain type of values in the domain of attribute ai. The allowed integrity constraint include 

· Primary key(aj1,aj2….ajm): the pr9imary key specificaiion says that attributes aji, aj2…ajm form the primary key for the relaion. 

· Check(P): the check clause specifies a predicate P that must be satisfied by every tuple in the relation.

Create table branch

(br_name 
char(10),

br_city 
char(30),

assets
integer,

primary key (br_name),

check (assets>=0))

create table depositor

(cust_name 
char(10),

acc_no

char(10),

primary key (cust_name, acc_no))

The unique key word specifies that an attribute form a candidate key, that is two tuples in the relation can be equal on primary key attributes. However, candidate key attributes are permitted to be null unless they have explicitly been declared not null. 

To remove table we use

Drop table r

To alter table we use

Alter table r add A D

Where a is attribute and d is domain type

Alter table r drop A

To drop an attribute

Embedded SQL

SQL provides a powerful declarative query language. Writing queries in SQL is usually much easier than coding the same queries in general purpose-programming language. However, programmer must have access to a database from a general purpose programming language for at least two reasons.

1. Not all queries can be expressed in SQL, since SQL does not provide the full expressive power of a general-purpose language. That is, there exist queries that can be expressed in a language such as c java, or Cobol that cannot be expressed in SQL. To write such queries, we can embed SQL within a more powerful language.

2. Non-declarative actions—such as printing a report, interacting with a user, or sending the results of a query to a graphical user interface—can not be done from within SQL. 

SQL standard defines embedding of SQL in a variety of programming languages, such as C, Cobol, Pascal, java. A language in which SQL queries are embedded is referred to as a host language. And the SQL structures permitted in the host language constitute embedded SQL.

Programs written in the host language can use the embedded SQL, syntax to access and update data stored in a database. In the embedded SQL all query processing is performed by the database system, which then makes the result of the query available to the program one tuple at a time.

A special preprocessor, prior to compilation, must process an embedded SQL program. The preprocessor replaces embedded SQL requests with host language declarations and procedure calls that allow run-time execution of the database accesses. Then, the resulting program is complied by the host language compiler. To identify embedded SQL requests to the preprocessor, we use the exec SQL statement 

Exec SQL <embedded SQL statement> end-exec

The exact syntax for embedded SQL requests depends on the language in which SQL is embedded. For instance, a semicolon is used instead of end-exec when SQL is embedded in C. in java

#SQL {<embedded SQL statement>};

We place the statement SQL include in the program to identify the place where the preprocessor should insert the special variables used for communication between the program and the database system. The variables of the host language can be used within embedded SQL statements, but they must be preceded by a colon (:) to distinguish from SQL variables.

Embedded SQL statements are similar to the SQL statements that we described so far, with some important differences.

To write a relational query, we use th declare cursor statement. The result of the query is not yet computed. Rather, the program must use the open and fetch commands to obtain the result tuples.

Consider the banking schema that we have used. Assume we have a host language variable amount. And we wish to find the names and cities of customers who got more than amount dollars in any account. We write

Exec-SQL

Declare c cursor for

Select cust_name, cust_city

Form depositor, customer, account

Where depositor. Cust_name = customer.cust_name and 

Account.acc_no = depositor.acc_no and 

Account.amount > :amount

End-exec

The variable c is called a cursor for the query. We use this variable to identify the query in the open statement, which causes the query to be evaluated. And in the fetch statement, which causes the values of one tuple to be placed in host language variables.

Exec-SQL open c end-exec

This statement causes the database system to execute the query and to save the results within a temporary relation. The query has a host-language variable (:amount) the query uses the value of the variable at the time the open statement was executed.

If the SQL query results in an error, the database system stores an error diagnostic in the SQL communication-area (SQLCA) variable, whose declarations are inserted by the SQL include statement.

The embedded SQL program executes a series of fetch statements to retrieve tuples of the result. The fetch statement requires one host language variable for each attribute of the result relation.

Exec SQL fetch c into :cn, :cc end-exec

This produces one tuple of the result relation. To fetch all tuples of the result , the program must contain a loop to iterate over all tuples. Although, a relation is conceptually a set, the executes an open statement on a cursor, the cursor is set to point to the first tuple of the result. Each time it executes a fetch statement, the cursor is updated to point to the enext tuple of the result. When no further tuples remain to be processed, the variable SQLSTATE in the SQLCA is set to ‘02000’( meaning “no data”). Thus we can use a while loop to process each tuple of the result.

We use close statement to tell the database system to delete the temporary relation that held the result of the query.

Exec-SQL close c end-exec

SqlJ, the java embedded of SQL, provides a variation of the above acheme, where java iterators are used in place of cursors. Sqlj associates the results of a query with an iterator, and the next( ) method of the java iterator interface can be used to step through the result tuples.

Embedded SQL expressions for update, insert, delte do not return a result.

Declare c cursor for

Select * from account Where br_name = ‘Perryridge’

For update

We then iterate through the tuples by performing fetch and after fetching each tuple we execute

Update account set balance = balance +100

 Where current of c

Dynamic SQL

The dynamic SQL component of SQL allows programs to construct and submit SQL queries at run time. In contrast embedded SQL statements must be completely present at compile time; they are compiled by the embedded SQL preprocessor. Using dynamic SQL programs can create SQL queries as strings at run time (perhaps based on input from the user) and can either have then executed immediately or have then prepared for subsequent use. Preparing a dynamic SQL statement compiles it and subsequent uses of the prepared statement use the compiled version.

char * sqlprog =”update account set balance = balance * 1.05

where acc_no =?”

EXEC SQL  prepare dynprog from :sqlprog;

char account[10] = “A-101”;

EXEC SQL execute dynprog using :account;

This is a dynamic SQL program written in c . it contains a ? Mark,  Which is replaced for a value that is provided when the SQL program is executed.

odbc

The open database connectivity standard defines a way for an application program to communicate with a database server. ODBC defies application program interface (API) that applications can use. Applications can make use of the ODBC API to connect to any database server that supports ODBC.

An example c code to connect using ODBC

 The first step in using ODBC to communicate with a server is to set up a connection with the server. To do so the program first allocates an SQL environment, then a database connection handle. ODBC defines the types HENV, HDBC, and RETCODE. The program then opens the database connection by using sqlconnet. This call takes several parameters, including the connection handle, the server to which to connect, the user identifier, and the password for the database. The constant SQL.NTS denotes that the previous argument is a null terminated string.

int odbcexample()

{

RETCODE error;

HENV env; // environment

HDBC conn; //database connection

SQLAllcEnv(&env);

SQLAllocConnect(env, &conn);

SQLConnection (conn, “aura.bell-labs.com”,SQL.NTS, “avi”, SQL.NTS, “avipasswd”,SQL.NTS);

{ char branchname[80];

float balance;

int lenOut1, lenOut2;

hstmt stmt;

sqlAllocStmt (conn, &stmt);

char * sqlquery =”select br_name, sum(balance) from account group by br_name”;

if (error ==SQL.SUCCESS){

SQLBindCol(stmt, 1, SQL.c_char, br_name, 80, &lenOut1);

SQLBindCol(stmt, 2, SQL.C.FLOAT, &balance, 0, &lenOut2);

while (SQLFetch(stmt) >= SQL.SUCCESS){

print (“%s%g\n”, branchname, balance);

}

}

}

SQLFreeStmt(stmt, SQL.drop);

SQLDisconnect(conn);

SQLFreeConnect(conn);

SQLFreeEnv(env);

}

jdbc

The JDBC standard defines an API that java programs can used to connect to database servers. It stands for java database connectivity. The program must first open a connection to a database, and can then execute SQL statements, but before opeing a connection, it loads the appropriate drivers for the database by using class.forName. The first perameter to the getconnection call specifies the machine name where the server runs etc. 

Other SQL features

Schemas , catalogs, and environments

To understand the motivation for schemas and catalogs, consider how files are named in a file system. Early file systems were flat; that is, all files were stored in a single directory. Current generateion file systems of course have a directory structure, with files stored within subdirectories. To anme a file uniquely, we must specify the full path name of the file. 

Like early file systems, early databse systems also had a single name space for all relations. Users had to coordinate to make sure they did not try to use the same name for differenet relations. Contemporary database systems provide a three level hierarchy for naming relatins. The top level of the hierarchy consists of catalog, each of which can contain shcemas. SQL objects such as relations and views are contained within a schema.

In order to perform any actions on a database, a user must first connect to the database. The user must provide the user name and password. Each user has a default catalog and schema, and the combination is unique to the user. When a user connects to a database system, the default catalog and schema are set up for the connection; this corresponds to the current directory being set to the user’s home directory.

The default catalog and schema are part of an SQL environment that is set up for each connection. The environment additionally contains the user identifier. All the usual SQL statements, including the ddl and dml statements operate in the context of a schema. We can create and drop schemas by means of create schema and drop schema statements.

Procedural extensions and stored procedures

SQL provides a module language, which allows procedures to be defined in SQL. A module typically contains multiple SQL procedures. We can store procedures in the database and then execute them by using call statement. Such procedures are called stored procedures.

Transaction

Often a collection of several operations on the database appears to be a single unit from the point of view of the database user. For example, a transfer of funds from a checking account to a savings account is a single operation from the customer’s standpoint; within the database system, however, it consists of several operations. Clearly it is essential that all these operations occur, or that, in case of a failure, none occur. It would be unacceptable if the checking account was debited, but the savings account was not credited.

Collections of operations that form a single logical unit of work are called transactions. A database system must ensure proper execution of transactions despite failures—either the entire transaction executes, or none of it does. Furthermore, it must manage concurrent execution of transactions in a way that avoids the introduction of inconsistency, in our funds transfer example, a transaction computing the customers total money might see the checking account balance before it is debited by the funds transfer transaction, but see the savings balance after it is credited. As a result, it would obtain an incorrect result.

Transaction concept

A transaction is a unit of program execution that accesses and possibly updates various data items. Usually, a transaction is initiated by a user program written in a high-level data manipulation language, where it is delimited by statements of the form begin transaction and end transaction.

To ensure integrity of the data, we require that the database system maintain the following properties of the transactions: 

· Atomicity. Either all operations of the transaction are reflected properly in the database or none are.

· Consistency. Execution of a transaction in isolation (that is no other transaction executing concurrently) preserves the consistency of the database.

· Isolation. Even though multiple transactions may execute concurrently, the system guarantees that, for every pair of transactions Ti and Tj it appears to Ti that either Tj finished execution before Ti started, or Tj started execution after Ti finished. Thus, each transaction is unaware of other transactions executing concurrently in the system.

· Durability. After a transaction completes successfully, the changes it has made to the database persist, even if there are system failures.

These properties are called ACID properties, with acronym derived from the first letters of the above four properties.

Even though database permanently resides on disk, some portion of it is temporarily residing in main memory.

Transactions access data using two operations:

· Read(x), which transfers the data item x from the database to a local buffer belonging to the transaction that executed the read operation.

· Write(x), which transfers the data item x from the local buffer of the transaction that executed the write back to the database.

In a real database system, the write operation does not necessarily result in the immediate update of the data on the disk. The write operation may be temporarily stored in memory and executed on the disk later. For now, assume write is done immediately.

Let Ti be a transaction that transfers $50 from account A to B. this transaction is 

Ti: 
read(A);


A := A – 50;


Write(A);


Read(B);


B := B+50;


Write (B);

Let us consider each of the ACID requirements.

· Consistency: The consistency requirement here is that sum of A and B be unchanged by the execution of transaction. Without the consistency requirement, money could be created or destroyed by a transaction. It can be verified easily that if the database is consistent before an execution of the transaction, the database remains consistent after the execution of the transaction. Ensuring consistency for an individual transaction if the responsibility of the application programmer, who codes the transaction.

· Atomicity: suppose that just before the execution of transaction Ti the values of accounts A and B are 1000 and 2000. Suppose during the execution of Ti a failure occurred after the write(A) operation but before write (B) operation. Then the values of amount reflected in database will be 950 and 2000. The system destroyed 50 as a result of failure. The sum A + B is no longer preserved.  Such a state is called inconsistent state. We must ensure that such inconsistencies are not visible in a database system. However, the system must at some point be in an inconsistent state even if transaction Ti is executed to completion. There exists a point at which A is made 950 and B is not yet made 2050. But this inconsistent state is eventually replaced by the consistent state. Thus if the transaction never started or was guaranteed to complete, such an inconsistent state would not be visible except during the execution of the transaction. That is the reason for the atomicity requirement: if the atomicity property is present, all actions of the transaction are reflected in the database or none are. The database system keep track of the old values on the disk, on which transaction performs a write and if the transaction does not complete, the database system restores the old values to make it appear that the transaction never occurred. Ensuring atomicity is the responsibility of the database system itself; it is handled by transaction-management component.

· Durability: Once the execution of the transaction completes successfully, and the user who initiated the transaction has been notified that the transfer of funds has taken place, it must be the case that no system failure will result in a loss of data corresponding to this transfer of funds.

The durability property guarantees that, once a transaction completes successfully, all the updates that it carried out o the database persist, even if there is a system failure after the transaction completes execution.

We assume for now that a failure of the computer system may result in loss of data in main memory, but data written to disk are never lost. We can ensure durability by ensuring either

1. The updates carried out by the transaction have been written to disk before the transaction completes.

2. Information about the updates carried out by the transaction and written to disk is sufficient to enable the database to reconstruct the updates when the database system is restarted after the failure.

Ensuring durability id the responsibility of a component of the database system called the recovery management component. 

· Isolation: Even if the consistency and atomicity properties are ensured for each transaction, if several transactions are executed concurrently, their operations may interleave in some undesirable way resulting in an inconsistent state.

We saw earlier that the database is temporarily inconsistent while the transaction to transfer fund is executing. If a second concurrently running trasaction reads A and B at this intermediate point and computes A + B, it will observe an inconsistent value. If this second transaction then performs updates on A and B based on the inconsistent values that it read, the database may be left in an inconsistent state even after both transactions have completed.

A way to avoid this is to execute transactions serially—that is one after another. But concurrent execution provides performance benefits. So other solutions have been developed, which allow multiple transaction to execute concurrently.

The isolation property of a transaction ensures that the concurrent execution of transactions results in a system state that is equivalent to a state that could have been obtained had these transactions executed one at a time in some order.

Transaction state

In the absence of failures, all transactions complete successfully. However, as we noted, a transaction may not always complete its execution successfully. Such a transaction is termed as aborted. If we are to ensure the atomicity property, an aborted transaction must have no effect on the state of the database. Thus, any changes that the aborted transaction made to the database must be undone. Once the changes caused by an aborted transaction have been undone, we say that the transaction has been rolled back. It is the part of the recovery scheme to manage transaction aborts.

A transaction that completes its execution successfully is said to be committed. A committed transaction that has performed updates transforms the database into a new consistent state. Which persist even if there is a system failure.

Once the transaction has been committed we cannot undo its effect by aborting. Only way to undo is to execute compensating transaction. 

We need to be more precise about what we mean by successful completion of a transaction. We therefore establish a simple abstract transaction model. A transaction must be in one of the following states:

· Active, The initial state; the transaction stays in this state while it is executing

· Partially committed, after the final statement has been executed

· Failed, after the discovery that normal execution can no longer proceed

· Aborted, after the transaction has been rolled back and the database has been restored to its state prior to the start of the transaction

· Committed, after successful completion.

A transaction is said to be terminated, if it has not been either committed or aborted.

A transaction starts in the active state. When it finishes its final statement, it enters the partially committed state. At this point, the transaction has completed its execution, but it is still possible that it may have to be aborted, since the actual output may still be temporarily residing in main memory, and thus a hardware failure may preclude its successful completion.

The database system then writes out enough information to disk that, even in the event of a failure, the updates performed by the transaction can be re-created when the system restarts after the failure, When the last of this information is written out, the transaction enters the committed state. We assume that the failures do not result in the loss of data on disk.

A transaction enters the failed state after the system determines that the transaction can no longer proceed with its normal execution (for example, because of hardware or logical errors.) Such a transaction must be rolled back. Then, it enters the aborted state. At this point, the system has two option: 

· It can restart the transaction, but only if the transaction was aborted as a result of some hardware or software error that was not created through the internal logic of the transaction. A restarted transaction is considered to be a new transaction.

· It can kill the transaction. It usually does so because of some internal logical error that can be corrected only by rewriting the application program, or because the input was bad, or because the desired data were not found in the database. 

We must be cautious when dealing with observable external writes, such as writes to a terminal or printer. Once such a write has occurred, it cannot be erased, since it may have been seen external to the database system. Most systems allow such writes to take place only after the transaction has entered the committed state. One way to implement such a scheme is for the database system to store any value associated with such external writes temporarily in nonvolatile storage, and to perform the actual writes only after the transaction enters the committed state. If the system should fail after the transaction has entered the committed state, but before it could complete the external writes, the database system will carry out the external writes (using data in nonvolatile storage) when the system is restarted. 

For certain applications, it may be desirable to allow active transactions to display data to users, particularly for long-duration transactions that run for minutes or hours. Unfortunately, we cannot allow such output of observable data unless we are willing to compromise transaction atomicity. Most current transaction systems ensure atomicity and, therefore, forbid this form of interaction with users. 

Implementation of Atomicity and Durability

The recovery-management component of a database system can support atomicity and durability by a variety of schemes. We first consider a simple, but extremely inefficient, scheme called the shadow copy scheme. This scheme, which is based on making copies of the database, called shadow copies, assumes that only one transaction is active at a time. The scheme also assumes that the database is simply a file on disk. A pointer called db-pointer is maintained on disk; it points to the current copy of the database. 

In the shadow-copy scheme, a transaction that wants to update the database first creates a complete copy of the database. All updates are done on the new database copy, leaving the original copy, the shadow copy, untouched. If at any point the transaction has to be aborted, the system merely deletes the new copy. The old copy of the database has not been affected.

If the transaction completes, it is committed as follows. First, the operating system is asked to make sure that all pages of the new copy of the database have been written out to disk. (UNIX systems use the flush command for this purpose.) After the operating system has written all the pages to disk, the database system updates the pointer db-pointer to point to the new copy of the database; the new copy then becomes the current copy of the database. The old copy of the database is the deleted. 

The transaction is said to have been committed at the point where the updated db-pointer is written to disk.

We now consider how the technique handles transaction and system failures. First, consider transaction failure. If the transaction fails at any time before db-pointer is updated, the old contents of the database are not affected. We can abort the transaction by just deleting the new copy of the database. Once the transaction has been committed, all the updates that it performed are in the database pointed to by db-pointer. Thus, either all updates of the transaction are reflected, or none of the effects are reflected, regardless of transaction failure.

Now consider the issue of system failure. Suppose that the system fails at any time before the updated db-pointer is written to disk. Then, when the system restarts, it will read db-pointer is written to disk. Then, when the system restarts, it will read db-pointer and will thus see the original contents of the database, and none of the effects of the transaction will be visible on the database. Next, suppose that the system fails after db-pointer has updated on disk. Before the pointer is updated, all updated pages of the new copy of the database were written to disk. Again, we assume that, once a file is written to disk, its contents will not be damaged even if there is a system failure. Therefore, when the system restarts, it will read db-pointer and will thus see the contents of the database after all the updates performed by the transaction. 

The implementation actually depends on the write to db-pointer being atomic; that is, either all its bytes are written or none of its bytes are written. If some of the bytes of the pointer were updated by the write, but others were not, the pointer is meaningless, and neither old nor new versions of the database may be found when the system restarts. Luckily, disk systems provide atomic updates to entire blocks, or at least to a disk sector. In other words, the disk system guarantees that it will update db-pointer atomically, as long as we make sure that db-pointer lies entirely in a single sector, which we can ensure by storing db-pointer at the beginning of a block.

Thus, the atomicity and durability properties of transactions are ensured by the shadow-copy implementation of the recovery-management component.

As a simple example of a transaction outside the database domain, consider a text editing session. An entire editing session can be modeled as a transaction. 
The actions executed by the transaction are reading and updating the file. Saving the file at the end of editing corresponds to a commit of the editing transaction; quitting the editing session without saving the file corresponds to an abort of the editing transaction.

Many text editors use essentially the implementation just described, to ensure that an editing session is transactional. A new file is used to store the updated file. At the end of the editing session, if the updated file is to be saved, the text editor uses a file rename command to rename the new file to have the actual file name. The rename, assumed to be implemented as an atomic operation by the underlying file system, deletes the old file as well. 

Unfortunately, this implementation is extremely inefficient in the context of large databases, since executing a single transaction requires copying the entire database. Furthermore, the implementation does not allow transactions to execute concurrently with one another. There are practical ways of implementing atomicity and durability that are much less expensive and more powerful.

Concurrent Executions

Transaction-processing systems usually allow multiple transactions to run concurrently. Allowing multiple transactions to update data concurrently causes several complications with consistency of the data, as we saw earlier. Ensuring consistency in spite of concurrent execution of transactions requires extra work; it is far easier to insist that transaction run serially – that is, one at a time, each starting only after the previous one has completed. However, there are two good reasons for allowing concurrency:

· Improved throughput and resource utilization. A transaction consists of many steps. Some involve I/O activity; others involve CPU activity. The CPU and the disks in a computer system can operate in parallel. Therefore, I/O activity can be done in parallel with processing the CPU. The parallelism of the CPU and I/O system can therefore be exploited to run multiple transactions in parallel. While a read or write on behalf of one transaction is in progress on one disk, another transaction can be running in the CPU, while another disk may be executing a read or write on behalf of a third transaction. All of this increases the throughput of the system – that is, the number of transactions executed in a given amount of time. Correspondingly, the processor and disk utilization also increase; in other words, the processor and disk spend less time idle, or not performing any useful work.

· Reduced waiting time. There may be a mix of transactions running on a system, some short and some long. If transactions run serially, a short transaction may have to wait for preceding long transaction to complete, which can lead to unpredictable delays in running a transaction. If the transactions are operating on different parts of the database, it is better to let them run concurrently, sharing the CPU cycles and disk accesses among them. Concurrent execution reduces the unpredictable delays in running transactions. Moreover, it also reduces the average response time: the average time for a transaction to be completed after it has been submitted. 

The motivation for using concurrent execution in a database is essentially the same as the motivation for using multiprogramming in an operating system. 

When several transactions run concurrently, database consistency can be destroyed despite the correctness of each individual transaction. In this section, we present the concept of schedules to help identify those executions that are guaranteed to ensure consistency.

The database system must control the interaction among the concurrent transactions to prevent them from destroying the consistency of the database. It does so through a variety of mechanisms called concurrency-control schemes. 

Consider again the simplified banking system, which has several and a set of transactions that access and update those accounts. Let T1 and T2 be two transactions that transfer funds from one account to another. Transaction T1 transfers $50 from account A to account B. It is defined as:

T1: read (A);

A: = A – 50;

write(A);

read(B);

B := B + 50;

write (B)

Transaction T2 transfers 10 present of the balance from account A to account B. It is defined as

T2: read (A);


temp := A * 0.1;


A  := A – temp;


write (A);


read (B);


B := B + temp;


write (B).

Suppose the current values of accounts A and B are $1000 and $2000, respectively. Suppose also that the two transactions are executed one at a time in the order T1 followed by T2. 

If the transactions are executed one at time in the order of T1 followed by T2 or T2 followed by T1 accounts A will be 850 and b will be 2150. The sum of A + B is maintained.

The execution sequences, just described, are called schedules. They represent the chronological order in which instructions are executed in the system. A schedule for a set of transactions must consist of all instructions appears in each individual transaction. 

These schedules are serial. Each serial schedule consists of sequence of instructions from various transactions, where the instructions belonging one single transaction appear together in that schedule. Thus for a set of n transactions, there exist n! Different valid serial schedules.

When a database system executes several transactions concurrently, the corresponding schedule no longer needs to be serial. If two transactions are running concurrently, the operating system may execute one transaction for a little while, then perform a context switch, execute the second transaction for some time, then switch back to the first and so on.  With multiple transactions the CPU time is shared among all the transactions.

Several execution sequences are possible, since the various instructions from both transactions may now be interleaved. It is not possible to predict exactly how many instructions of a transaction will be executed before the CPU switches to another transaction. 

Consider the following schedule.

T1: read (A);

A: = A – 50;

write(A);

T2: read (A);




temp := A * 0.1;




A  := A – temp;




write (A);

read(B);

B := B + 50;

write (B)

read (B);




B := B + temp;




write (B).

in the above shedule we arrive at the same state as the one in which the transactions are executed serially.

Let us consider another schedule.

T1: read (A);

A: = A – 50;

T2: read (A);




temp := A * 0.1;




A  := A – temp;




write (A);

read (B);

write(A);

read(B);

B := B + 50;

write (B)




B := B + temp;




write (B).

After execution of this schedule, we arrive at a state wher the final values of accouns a and b are 950 and 2100. this final state is an inconsistent state, since we gained 50 in the process of concurrent execution. The sum of A + B is not maintained.

If control of concurrent execution is left entirely in the hands of the operating system, many possible schedules, including ones that leave the database in an inconsistent state, such as the one just described, are possible. It is the job of the database system to ensure tht any schedule that gets executed will leave the database in a consistent state. The concurrency control component of the database system carries out this task.

We can ensure consistency of the database under concurrent execution by making sure that any schedule that executed has the same effect as a schedule that cou8ld have occurred without any concurrent execution. That is, the schedule should, in some sense, be equivalent to a serial schedule.

serializability

The database system must control concurrent execution of transactions, to ensure that the database state remains consistent. Before we examine how the database system can carry out this task, we must first understand which schedules will ensure consistency, and which schedules will not.

Since transactions are programs, it is computationally difficult to deternmine exactly what operations a transaction performs, and how operations of various transactions interact. For this reason, we shall not interpret the type of operations that a transactions can perform on a data item. Instead, we consider only tow operations: read and write. We thus assume that, between a read(Q) instruction and a write(Q) instruction on a data item Q, a transaction may perform an arbitrary sequence of operation on the copy of Q that is residing in the local buffer of the transaction. Thus, only significant operations of a transaction, from a scheduling point of view, are its read and write instructions. We shall therefore show only read and write instructions  in schedules, as we do in the next schedule.

T1: read (A);

write(A);

T2: read (A);




write (A);

read(B);

write (B)

read (B);




write (B);

conflict seriability

Let us consider a schedule S in which there are two consecutive instructions Ii and Ij of transactions Ti and Tj, respectively (I <.> j) if Ii and Ij refer to different data items, then, then we can swap Ii and Ij without affecting the results of any instruction in the schedule. However, if Ii and Ij refer to the same data Q, then the order of the two steps may matter. Since we are dealing with only rad and write instructions, there are four cases that we need to consider.

1. Ii = read(Q), Ij = read (Q). The order of Ii and Ij does not matter, since the same value of Q is read by Ti and Tj, regardless of the order.

2. Ii = read(Q), Ij = write (Q). if Ii comes before Ij, then Ti does not read the value of that is written by Tj in instruction Ij. If Ij comes before Ii, then Ti rads the value of Q that is written by Tj. Thus the order of Ii and Ij matters.

3. Ii = write (Q), Ij = read (Q). the order of Ii and Ij matters for reasons similar to the above case.

4. Ii = write (Q), Ij = write(Q). since both are write operations the order does not affect the two transactions. However, the value obtained by the next reas(Q) instruction of S is affected. Since the result of only the latter of the two write instructions is preserved in the database. If there is no other write (Q) instruction after Ii and Ij, in S, then the order of Ii and Ij directly affects the final value of Q in the database state that results from schedule S.

Thus, only in the case where both Ii and Ij are read instructions does the relative order of their execution not matter.

We say that Ii and Ij conflict if they are operations by different transactions on the same data item, and at least one of these instructions is a write operation.

In our last schedule, write (A) instruction of T1 conflicts with read (A) instruction of T2. However, write (A) instruction of T2 does not conflict with read (B) instruction of T1, because the two instructions access different data items.

Let Ii and Ij be consecutive instructions of a schedule S. if Ii and Ij are instructions of different transactions and Ii and Ij do not conflict, then we can swap the order of Ii and Ij to produce a new schedule S’. We expect S to be equivalent to S’, since all instructions appear in the same order in both except Ii and Ij, whose order does not matter.

Since the wirte(A) instructions of T2 does not conflict with the read(B) instruction of T1, we can swap these instructions to generate an equivalent schedule, schedule5. Regardless of the initial system state, schedules 3 and 5 both produce the same final system state.

We continue to swap nonconflicting instructions:

· Swap the read(B) instructions of T1 with the read(A) instruction of T2.
· Swap the write(B) instructions of T1 with the write(A) instruction of T2.
· Swap the write(B) instructions of T1 with the read(A) instruction of T2.
The final result of these swaps, schedule 6, is a serial schedule. Thus, we have shown that schedule 3 is equivalent to a serial schedule. This equivalence implies that, regardless of the initial system state, schedule 3 will produce the same final state as will some serial schedule.

If a schedule S can be transformed into a schedule S’ b a series of swaps of nonconflicting instructions, we say that S and S’ are conflict equivalent.

In our previous examples, schedule 1 is not conflict equivalent to schedule 2. However, schedule 1 is conflict equivalent to schedule 3, because the read(B) and write(B) instruction of T1 can be swapped with the read(A) and write(A) instructions of T2.
The concept of conflict equivalence leads to the concept of conflict serializability. We say that a schedule S is conflict serializable if it is conflict equivalent to a serial schedule. Thus, schedule 3 is conflict serilizable, since it is conflict equivalent to the serial schedule1.

Finally, consider schedule 7, it consists of only the significant operations (that is, the read and write) of transactions T3 and T4. This schedule is not conflict serializable, since it is not equivalent to either the serial schedule <T3,T4> or the serial schedule <T4,T3>.

It is possible to have two schedules that produce the same outcome, but that are not conflict equivalent. For example, consider transaction T5, which transfers $10 from account B to account A. Let schedule 8 be as defined in the figure. We claim that schedule 8 is not conflict equivalent to the serial schedule <T1, T5>, since, in schedule 8, the write(B) instruction of T5 conflicts with the read(B) instruction of T1. Thus, we cannot move all the instructions of T1 before those of T5 by swapping consecutive nonconflicting instructions. However, the final values of accounts A and B after the execution of either schedule 8 or the serial schedule <T1, T5> are the same - $960 and $2040, respectively.

We can see from this example that there are less stringent definitions of schedule equivalence than conflict equivalence. For the system to determine that schedule 8 produces the same outcome as the serial schedule <T1, T5>, it must analyze the computation performed by T1 and T5, rather than just the read and write operations. In general, such analysis is hard to implement and is computationally expensive. However, there are other definitions of schedule equivalence based purely on he read and write operations. We will consider one such definition in the next section.

View Serializability

In this section we consider a form of equivalence that is less stringent than conflict equivalence, but that, like conflict equivalence, is based on only the read and write operation of transactions.

Consider two schedules S and S’, where the same set of transactions participates in both schedules. The schedules S and S’ are said to be view equivalent if three conditions are met:

1. For each data item Q, if transaction Ti reads the initial value of Q in schedule S, then transaction Ti must, in schedule S’, also read the initial value of Q.

2. For each data item Q, if transaction Ti, executes read(Q) in schedule S, and if that value was produced by a write(Q) operation executed by transaction Tj, then the read(Q) operation of transaction Ti must, in schedule S’ also read the value of Q that was produced by the same write(Q) operation of transaction Tj.

3. For each data item Q, the transaction (if any) that performs the final write(Q) operation in schedule S must perform the final write(Q) operation in schedule S’.

Conditions 1 and 2 ensure that each transaction reads the same values in both schedules and, therefore, performs the same computation. Condition 3, coupled with conditions 1 and 2, ensures that both schedules result in the same final system state.

In our previous examples, schedule 1 is not view equivalent to schedule 2, since, in schedule 1, the value of account A read by transaction T2 was produced by T1, whereas this case does not hold in schedule 2. However, schedule 1 is view equivalent to schedule 3, because the values of account A and B read by transaction T2 were produced by T1 in both schedules.

The concept of view equivalence leads to the concept of view serializability. We say that a schedule S is view serializable if it is view equivalent to a serial schedule. As an illustration, suppose that we augment schedule 7 with transaction T6, and obtain schedule 9. Schedule 9 is view serializable. Indeed, it is view equivalent to the serial schedule <T3, T4, T6>, since the one read(Q) instruction reads the initial value of Q in both schedules, and T6 performs the final write of Q in both schedules. 

Every conflict-serializable schedule is also view serializable, but there are view-serializable schedules that are not conflict serializable. Indeed, schedule 9 is not conflict serializable, since every paid of consecutive instructions conflicts, and, thus, no swapping of instructions is possible.

Observe that, in schedule 9, transactions T4 and T6 perform write(Q) operations without having performed a read(Q) operation. Writes of this sort are called blind writes. Blind writes appear in any view-serializable schedule that is not conflict serializable.

Recoverability

So far, we have studied what schedules are acceptable from the viewpoint of consistency of the database, assuming implicitly that there are no transaction failures. We now address the effect of transaction failures during concurrent execution.

If transaction Ti, fails, for whatever reason, we need to undo the effect of this transaction to ensure the atomicity property of the transaction. In a system that allows concurrent execution, it is necessary also to ensure that any transaction Tj, that is dependent on Ti (that is, Tj has read data written by Ti) is also aborted. To achieve this surety, we need to place restrictions on the type of schedules permitted in the system. 

recoverable schedules

Consider schedule 11 in the figure, in which T9 is a transaction that performs only one instruction: read(A). Suppose that the system allows T9 to commit immediately after executing the read(A) instruction. Thus, T9 commits before T8 does. Now suppose that T8 fails before it commits. Since T9 has read the value of data item A written by T8, we must abort T9 to ensure transaction atomicity. However, T9 has already committed and cannot be aborted. Thus, we have a situation where it is impossible to recover correctly from the failure of T8. 

Schedule 11, with the commit happening immediately after the read(A) instruction, is an example of a nonrecoverable schedule, which should not be allowed. Most database system require that all schedules be recoverable. A recoverable schedule is one where, for each pair of transactions Ti and Tj such that Tj reads a data item previously written by Ti, the commit operation of Ti appears before the commit operation of Tj.

Cascadeless Schedules

Even if a schedule is recoverable, to recover correctly form the failure of a transaction Ti, we may have to roll back several transactions. Such situations occur if transactions have read data written by Ti. As an illustration, consider the partial schedule. Transaction T10, writes a value of A that is read by transaction T11. Transaction T11 writes a value of A that is read by transaction T12. Suppose that, at this point, T10 fails. T10 must be rolled back. Since T11 is dependent on T10, T11 must roll back. Since T12 is dependent on T11, T12 must be rolled back. This phenomenon, in which a single transaction failure leads to a series of transaction rollbacks, is called cascading rollback.

Cascading rollback is undesirable, since it leads to the undoing of a significant amount of work. It is desirable to restrict the schedules to those where cascading rollback cannot occur. Such schedules are called cascadeless schedules. Formally, a cascadeless schedule is one where, for each pair of transactions Ti and Tj such that Tj reads a data item previously written by Ti, the commit operation of Ti appears before the read operation of Tj. It is easy to verify that every cascadeless schedule is also recoverable.

Implementation Of Isolation

So far, we have seen what properties a schedule must have if it is to leave the database in a consistent state and allow transaction failures to be handled in a safe manner. Specifically, schedules that are conflict or view serializable and cascadeless satisfy these requirements.

There are various concurrency-control schemes that we can use to ensure that, even when multiple transactions are executed concurrently, only acceptable schedules are generated, regardless of how the operating-system time-shares resources (such as CPU time) among the transactions.

As a trivial example of a concurrency-control scheme, consider this scheme: A transaction acquires a lock on the entire database before it starts and releases the lock after it has committed. While a transaction holds a lock, no other transaction is allowed to acquire the lock, and all must therefore wait for the lock to be released. As a result of the locking policy, only one transaction can execute at a time. Therefore, only serial schedules are generated. These are trivially serializable, and it is easy to verify that they are cascadeless as well. 

A concurrency-control scheme such as this one leads to poor performance, since it forces transactions to wait for preceding transactions to finish before they can start. In other words, it provides a poor degree of concurrency. As explained in the earlier section concurrent execution has several performance benefits.

The goal of concurrency-control schemes is to provide a high degree of concurrency, while ensuring that all schedules that can be generated are conflict or view serializable, and are cascadeless.

We study a number of concurrency-control schemes in the next Chapter. The schemes have different trade-offs in terms of the amount of concurrency they allow and the amount of overhead that they incur. Some of them allow only conflict serializable schedules to be generated; others allow certain view-serializable schedules that are not conflict-serializable to be generated.

Transactions Definitions in SQL

A data-manipulation language must include a construct for specifying the set of actions that constitute a transaction. 

The SQL standard specifies that a transaction begins implicitly. Transactions are ended by one of these SQL statements:

· Commit work commits the current transaction and begins a new one.

· Rollback work causes the current transaction to abort.
The key work is optional in both the statements. If a program terminates without either of these commands, the updates are either committed or rolled back – which of the two happens is not specified by the standard and depends on the implementation.

The standard also specifies that the system must ensure both serializability and freedom from cascading rollback. The definition of serializability used by the standard is that a schedule must have the same effect, as would some serial schedule. Thus, conflict and view serializability are both acceptable.

The SQL – 92 standard also allows a transaction to specify that it may be executed in a manner that causes it to become nonserializable with respect to other transactions.

Testing for Serializability

When designing concurrency control schemes, we must show that schedules generated by the scheme are serializable. To do that, we must first understand how to determine, given a particular schedule S, whether the schedule is serializable.

We now present a simple and efficient method for determining conflict serializability of a schedule. Consider a schedule S. We construct a directed graph, called a precedence graph, form S. This graph consists of a pair G – (V,E), where V is a set of vertices and E is a set of edges. The set of Vertices consists of all the transactions participating in the schedule. This set of edges consists of all edges Ti – Tj for which one of three conditions holds:

1. Ti executes write(Q) before Tj executes read(Q).

2. Ti executes read(Q) before Tj executes write(Q).

3. Ti executes write(Q) before Tj executes write(Q).

If an edge Ti – Tj exists in the precedence graph, then, in any serial schedule S’ equivalent to S, Ti must appear before Tj.

For example, the precedence graph for schedule 1 in the figure contains the single edge T1 – T2, since all the instructions of T1 are executed before the first instruction of T2 is executed. Similarly, the next figure shows the precedence graph for schedule 2 with the single edge T2 – T1, since all the instructions of T2 are executed before the first instruction of T1 is executed.

The precedence graph for schedule 4 appears in the figure. It contains the edge T1 – T2, because T1 executes read(A) before T2 executes write(A). It also contains the edge T2 – T1, because T2 executes read(B) before T1 executes write(B).

If the precedence graph for S has a cycle, then schedule S is not conflict serializable. If the graph contains no cycles, then the schedules S is conflict serializable. 

A serializability order of the transactions can be obtained through topological sorting, which determines a linear order consistent with the partial order of the precedence graph. There are, in general, several possible linear orders that can be the two acceptable linear orderings shown in the below figure.

Thus, to test for conflict serializability, we need to construct the precedence graph and to invoke a cycle-detection algorithm. Cycle-detection algorithms can be found in standard textbooks on algorithms. Cycle-detection algorithms, such as those based on depth-first search, require on the order of n2 operations, where n is the number of vertices in the graph (that is, the number of transactions). Thus, we have a practical scheme for determining conflict serializability.

Returning to our previous examples, not that the precedence graphs for schedules 1 and 2 indeed do not contain cycles. The precedence graph for schedule 4, on the other hand, contains a cycle, indicating that this schedule is not conflict serializable.

Testing for view serializability is rather complicated. In fact, it has been shown that the problem of testing for view serializability is itself NP-complete. Thus, almost certainly there exists no efficient algorithm to test for view serializability. See biographical notes for references on testing for view serializability. However, concurrency-control schemes can still use sufficient conditions for view serializability. That is, if the sufficient conditions are satisfied, the schedule is view serializable, but there may be view-serializable schedules that do not satisfy the sufficient conditions. 

A transaction is a unit of program execution that accesses and possibly updates various data items. Understanding the concept of a transaction is critical for understanding and implementing updates of data in a database, in such a way that concurrent executions and failures of various forms do not results in the database becoming inconsistent.

· Transactions are required to have the ACID properties: atomicity, consistency, isolation, and durability.

· Atomicity ensure that either all the effects of a transaction are reflected in the database, or none are; a failure cannot leave the database in a state where a transaction is partially executed.

· Consistency ensures that, if the database is initially consistent, the execution of the transaction (by itself) leaves the database in consistent state.

· Isolation ensures that concurrently executing transactions are isolated from one another, so that each has the impression that no other transaction is executing concurrently with it.

· Durability ensures that, once a transaction has been committed, that transaction’s updates do not get lost, even if there is a system failure.

· Concurrent execution of transactions improves throughput of transactions and system utilization, and also reduces waiting time of transactions.

· When several transactions execute concurrently in the database, the consistency of data may no longer by preserved. It is therefore necessary for the system to control the interaction among the concurrent transactions

· Since a transaction is a unit that preserves consistency, a serial execution of transactions guarantees that consistency is preserved. 

· A schedule captures the key actions of transactions that affect concurrent execution, such as read and write operations, while abstracting away internal details of the execution of the transaction.

· We require that any schedule produced by concurrent processing of a set of transactions will have an effect equivalent to a schedule produced when these transactions are run serially in some order. 

· A system that guarantees this property is said to ensure serializability.

· There are several different notions of equivalence leading to the concept of conflict serializability and view serializability.

· Serializability of schedules generated by concurrently executing transactions can be ensured through one of a variety of mechanisms called concurrency-control schemes.

· Schedules must be recoverable, to make sure that if transactions a sees the effects of transaction b, and b then aborts, then also gets aborted.

· Schedules should preferably be cascadeless, so that the abort of a transaction does not result in cascading aborts of other transactions. Cascadelessness is ensured by allowing transactions to only read committed data. 

· The concurrency-control-management component of the database is responsible for handling the concurrency-control schemes. 

· The recovery-management component of a database is responsible for ensuring the atomicity and durability properties of transactions.

The shadow copy scheme is used for ensuring atomicity and durability in text editors; however, it has extremely high overheads when used for database systems, and moreover, it does not support concurrent execution.

· We can test a given schedule for conflict serializability by constructing a precedence graph for the schedule, and by searching for absence of cycles in the graph. However, there are more efficient concurrency control schemes for ensuring serializability.

Concurrency control

One of the fundamental properties of a transaction is isolation. When several transactions execute concurrently in the database, however, the isolation property may no longer be preserved. To ensure that it is, the system must control the interaction among the concurrent transactions; this control is achieved through a verity of mechanisms called concurrency control schemes.

The concurrency control schemes that we discuss now are all based on the serializability property.  All the schemes presented ensure that the schedules are serializable. 

Lock based protocols

In this the data items are accessed in a mutually exclusive manner. When one transaction is accessing a data item, no other transaction can modify that data item.

The most common method used to allow a transaction to access a data item only if it is currently holding a lock on that item.

Locks

There are various types of locks

1. Shared: if a transaction T1 has obtained a shared-mode lock (denoted by S) on item Q, then T1 can read, but cannot write Q.

2. Exclusive: if a transaction T1 has obtained an exclusive mode lock (denoted by X) on item Q, then T1 can both read and write Q.

We require that every transaction request a lock in an appropriate mode on data item Q, depending on the types of operations that it will perform on Q. The transaction makes the request to the concurrency-control manager. The transaction can proceed with the operation only after the concurrency-control manager grants the lock to the transaction.

Given a set of lock modes, we can define a compatibility function on them as follows. Let A and B represent arbitrary lock modes. Suppose that a transaction Ti requests a lock of mode A on item Q on which transaction Tj (Ti not equal to Tj) currently holds a lock mode B. If transaction Ti can be granted a lock on Q immediately, in spite of the presence of the mode B lock, then we say mode A is compatible with mode B. Such a function can be represented conveniently by a matrix. The compatibility relation between the two modes of locking discussed in this section appears in the matrix comp of Figure. An element comp (A, B) of the matrix has the value true if and only if mode A is compatible with mode B.


S

X
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X
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Note that shared mode is compatible with shared mode, but not with exclusive mode. At any time, several shared-mode locks can be held simultaneously (by different transactions) on a particular data item. A subsequent exclusive-mode lock request has to wait until the currently held shared-mode locks are released.

A transaction requests a shared lock on data item Q by executing the lock-S(Q) instructions. Similarly, a transaction requests an exclusive lock through the lock-X(Q) instruction. A transaction can unlock a data item Q by the unlock(Q) instruction.

To access a data item, transaction Ti must first lock that item. If the data item is already locked by another transaction in an incompatible mode, the concurrency-control manager will not grant the lock until all incompatible locks held by other transactions have been released. Thus, Ti is made to wait until all incompatible locks held by other transactions have been released.

Transaction Ti may unlock a data item that it had locked at some earlier point. Note that a transaction must hold a lock on a data item as long as it accesses that item. Moreover, for a transaction to unlock a data item immediately after its final access of that data item is not always desirable, since serializability may not be ensured. 

T1:
lock-X(B);


Read (B);


B := B – 50;


Write(B);


Unlock(B);


Lock-X(A);


Read(A);


A := A + 50;


Write(A);


Unlock(A);

T2:
lock-S(A);


Read (A);


Unlock(A);


Lock-S(B);


Read(B);


Unlock(B);


Display(A + B);

As an illustration, consider again the simplified banking system that we introduced in the previous chapter. Let A and B be two accounts that are accessed by transactions T1 and T2. Transaction T1 transfers $50 from account B to account A. Transaction T2 displays the total amount of money in account A and B – that is the sum A + B.

Suppose that the value of accounts A and B are $100 and $200, respectively, If these two transactions are executed serially, either in the order T1, T2 or the order T2, T1 then transaction T2 will display the value $300. 

T1:



T2:

concurrency control manager



lock-X(B);







grant-X(B, T1)


Read (B);


B := B – 50;


Write(B);


Unlock(B);

lock-S(A);







grant-S(A, T2)

Read (A);





Unlock(A);





Lock-S(B);







grant-S(B, T2)

Read(B);





Unlock(B);





Display(A + B);


Lock-X(A);






grant-X(A, T2)


Read(A);


A := A + 50;


Write(A);


Unlock(A);

If however, these transactions are executed concurrently, then  above schedule 1, in the above figure is possible. In this case, transaction T2 displays $250, which is incorrect. The reason for this mistake is that the transactions T1 unlocked data item B too early, as a result of which T2 saw an inconsistent state.

The schedule shows the actions executed by the transactions, as well as the points at which the concurrency-control manager grants the locks. The transaction making a lock request cannot execute its next action until the concurrency-control manager grants the lock. Hence, the lock must be granted in the interval of time between the lock-request operation and the following action of the transaction. Exactly when within this interval the lock is granted is not important; we can safely assume that the lock is granted just before the following action of the transaction. We shall therefore drop the column depicting the actions of the concurrency-control manager from all schedules depicted in the rest of the chapter. We let you infer when locks are granted. 

Suppose now that unlocking is delayed to the end of the transaction. Transaction T3 corresponds to T1 with unlocking delayed. Transaction T4 corresponds to T2 with unlocking delayed.

T3:
lock-X(B);


Read (B);


B := B – 50;


Write(B);


Lock-X(A);


Read(A);


A := A + 50;


Write(A);


Unlock(B);

Unlock(A);

T4:
lock-S(A);


Read (A);


Lock-S(B);


Read(B);

Display(A + B);


Unlock(B);


Unlock(A);

You should verify that the sequence of reads and writes in schedule 1, which lead to an incorrect total of $250 being displayed, is no longer possible with T3 and T4.

Other schedules are possible, T3 will not print out an inconsistent result in any of them; we shall see why later.

Unfortunately, locking can lead to an undesirable situation. Consider the partial schedule of the above figure for T3 and T4 given below. 

T3:



T4:

lock-X(B);


Read (B);


B := B – 50;


Write(B);

lock-S(A);





Read (A);





Lock-S(B);


Lock-X(A);

Since T4 is holding an exclusive-mode lock on B and T4 is requesting a shared-mode lock on B, T4 is waiting for T3 to unlock B. Similarly, since T4 is holding a shard-mode lock on A and T3 is requesting an exclusive-mode lock on A, T3 is waiting for T4 to unlock A. Thus, we have arrived at a state where neither of these transactions can ever proceed with its normal execution. This situation is called deadlock. When deadlock occurs, the system must roll back one of the two transactions. Once a transaction has been rolled back, the data items that were locked by that transaction are unlocked. These data items are then available to the other transaction, which can continue with its execution. We shall return to the issue of deadlock handling later.

If we do not use locking, or if we unlock data items as soon as possible after reading or writing them, we may get inconsistent states. On the other hand, if we do not unlock a data item before requesting a lock on any other data item, deadlocks may occur. There are ways to avoid deadlock in some situations. However, in general, deadlocks are a necessary evil associated with locking, if we want to avoid inconsistent states. Deadlocks are definitely preferable to inconsistent states, since they can be handled by rolling back of transactions, whereas inconsistent states may lead to real-world problems that cannot be handled by the database system.

We shall require that each transaction in the system follow a set of rules, called a locking protocol, indicating when a transaction may lock and unlock each of the data items. Locking protocols restrict the number of possible schedules. The set of all such schedules is a proper subset of all possible serializable schedules. We shall present several locking protocols that allow only conflict-serializable schedules. Before doing so, we need a few definitions. 

Let {T0,T1, … Tn}be a set of transactions participating in a schedule S. We say that Ti precedes Tj is S, written Ti – Tj, if there exists a data item Q such that Ti has held lock mode A on Q, and Tj has held lock mode B on Q later, and comp(A, B) = false. If Ti – Tj, then that precedence implies that in any equivalent serial schedule, Ti must appear before Tj. Observe that this graph is similar to the precedence graph that we used in previous section to test for conflict serializability. Conflicts between instructions correspond to noncompatibility of lock modes.

We say that a schedule S is legal under a given locking protocol if S is possible schedule for a set of transactions that follow the rules of the locking protocol. We say that a locking protocol ensures conflict serializability if and only if all legal schedules are conflict serializable; for all legal schedules the associated relation in acyclic.

Granting of Locks

When a transaction requests a lock on a data item in a particular mode, and no other transaction has a lock on the same data item in a conflicting mode, the lock can be granted. However, care must be taken to avoid the following scenario. Suppose a transaction T2 has a shared-mode lock on the data item. Clearly, T1 has to wait for T2 to release the shared-mode lock. Meanwhile, a transaction T3 may request a shared-mode lock on the same data item. The lock request is compatible with the lock granted to T2, so T3 may be granted the shared-mode lock. At this point T2 may release the lock, but still T1 has to wait for T3 to finish. But again, there may be a new transaction T4 that requests a shared-mode lock on the same data item, and is granted the lock before T3 releases it. In fact, it is possible that there is a sequence of transaction releases the lock a short while after it is granted, but T1 never gets the exclusive-mode lock on the data item. The transaction T1 may never make progress, and is said to be starved.

We can avoid starvation of transaction by granting locks in the following manner: When a transaction Ti requests a lock on a data item Q in a particular mode M, the concurrency-control manager grants the lock provided that

1. There is no other transaction holding a lock on Q in a mode that conflicts with M.

2. There is no other transaction that is waiting for a lock on Q, and that made its lock request before Ti.

Thus, a lock request will never get blocked by a lock request that is made later.

The two – phase locking protocol

One protocol that ensures serializability is the two-phase locking protocol. This protocol requires that each transaction issue lock and unlock requests in two phases:

1. Growing phase. A transaction may obtain locks, but may not release any lock.

2. Shrinking phase. A transaction may release locks, but may not obtain any new locks.

Initially, a transaction is in the growing phase. The transaction acquires locks as need. Once the transaction releases a lock, it enters the shrinking phase, and it can issue no more lock request. 

For example, transaction T3 and T4 are two phase. On the other hand, transactions T1 and T2 are not two phase. Note that the unlock instructions do not need to appear at the end of the transaction. For example, in the case of transaction T3, we could move the unlock(B) instruction to just after the lock-X(A) instruction, and still retain the two-phase locking property.

We can show that the two-phase locking protocol ensures conflict serializability. Consider any transaction. The point in the schedule where the transaction has obtained its final lock (the end of its growing phase) is called the lock point of the transaction. Now, transactions can be ordered according to their lock points – this ordering is, in fact, a serializability ordering for the transactions. Two-phase locking does not ensure freedom from deadlock. Observe that transactions T3 and T4 are two phase, but, in schedule 2 they are deadlocked. 

Recall from the earlier sections that, in addition to being serializable, schedules should be cascadeless. Cascading rollback may occur under two-phase locking. As an illustration, consider the partial schedule of the figure. Each transaction observes the two-phase locking protocol, but the failure of T5 after the read(A) step of T7 leads to cascading rollback of T6 and T7.

T5:



T6:


T7:

lock-X(A);


Read (A);


lock-S(B);

Read (B);


Write(A);


Unlock(A)

lock-X(A);





Read (A);

Write(A);

Unlock(A)





Lock-S(B);








Lock-S(A);

Read (A);

Cascading rollbacks can be avoided by a modification of two-phase locking called the strict two-phase locking protocol. This protocol requires not only that locking be two phase, but also that all exclusive-mode locks taken by a transaction be held until that transaction commits. This requirement ensures that any data written by an uncommitted transaction are locked in exclusive mode until the transaction commits, preventing any other transaction form reading the data. 

Another variant of two-phase locking is the Rigorous two-phase locking protocol, which requires that all locks be held until the transaction commits. We can easily verify that rigorous two-phase locking, transactions can be serialized in the order in which they commit. Most database systems implement either strict or rigorous two-phase locking.

Consider the following two transactions, for which we have shown only some of the significant read and write operations:

T8:






Read (a1);

Read (a2);


……


…….

Read (an);


Write(a1);

T9:


Read (a1);

Read (a2);

Display(a1 +a2);

If we employ the two-phase locking protocol, then T8 must lock a1 in exclusive mode. Therefore, any concurrent execution of both transactions amounts to a serial execution. Notice, however, that T8 needs an exclusive lock on a1 only at the end of its execution, when it writes a1. Thus, if T8 could initially lock a1 in shared mode, and then could later change the lock to exclusive mode, we could get more concurrency, since T8 and T9 could access a1 and a2 simultaneously.

This observation leads us to a refinement of the basic two-phase locking protocol, in which lock conversions are allowed. We shall provide a mechanism for upgrading a shared lock to an exclusive lock, and downgrading an exclusive lock to a shared lock. We denote conversion from shared to exclusive modes by upgrade, and from exclusive to shared by downgrade. Lock conversion cannot be allowed arbitrarily. Rather, upgrading can take place in only the growing phase, whereas downgrading can take place in only the shrinking phase.

Returning to our example, transactions T8 and T9 can run concurrently under the refined two-phase locking protocol, as shown in the incomplete schedule of the figure, where only some of the locking instructions are shown.

T8:



T9:





Lock-S (a1);

Lock-S (a1);

Lock-S (a2);

Lock-S (a2);

Lock-S (a3);

Lock-S (a4);

unlock (a1);

unlock (a2);

Lock-S (an);

upgrade (a1);

Note that a transaction attempting to upgrade a lock on an item Q may be forced to wait. This enforced wait occurs if Q is currently locked by another transaction in shared mode.

Just like the basic two-phase locking protocol, two-phase locking with lock conversion generates only conflict-serializable schedules, and transactions can be serialized by their lock points. Further, if exclusive locks are held until the end of the transaction, the schedules are cascadeless.

For a set of transactions, there may be conflict-serializable schedules that cannot be obtained through the two-phase locking protocol. However, to obtain conflict-serializable schedule through non-two-phase locking protocols, we need either to have additional information about the transactions or to impose some structure or ordering on the set of data items in the database. In the absence of such information, two-phase locking is necessary for conflict serializability – if Ti is a non-two-phase transaction, it is always possible to find another transaction Tj that is two-phase so that there is a schedule possible for Ti and Tj that is not conflict serializable.

Strict two-phase locking and rigorous two-phase locking (with lock conversions) are used extensively in commercial database systems. A simple but widely used scheme automatically generates the appropriate lock and unlock instructions for a transaction, on the basis of read and write requests from the transactions:

· When a transaction Ti issues a read(Q) operation, the system issues a lock-S(Q) instruction followed by the read(Q) instruction.

· When Ti issues a write(Q) operation, the system checks to see whether Ti already holds a shared lock on Q. If it does, then the system issues an upgrade(Q) instruction, followed by the write(Q) instruction. Otherwise, the system issues a lock-X(Q) instruction, followed by the write(Q) instruction.

· All locks obtained by a transaction are unlocked after that transaction commits or aborts. 

Implementation of Locking

A lock manager can be implemented as a process that receives messages from transactions and sends messages in reply. The lock-manager process replies to lock-request messages with lock-grant messages, or with messages requesting rollback of the transaction (in case of deadlocks). Unlock messages require only an acknowledgement in response, but may result in a grant message to another waiting transaction. 

The lock manager uses this data structure; For each data item that is currently locked, it maintains a linked list of records, one for each request, in the order in which the requests arrived. It uses a hash table, indexed on the name of a data item, to find the linked list (if any) for a data item; this table is called the lock table. Each record of the linked list for a data item notes which transaction made the request, and what lock mode it requested. The record also notes if the request has currently been granted. 

                 











The above figure shows an example of a lock table. The table contains locks for fine different data items, 14, 17, 123, 144, and 1912. The lock table uses overflow chaining, of transactions that have been granted locks, or are waiting for locks, for each of the data items. Granted locks are the filled-in (black) rectangles, while waiting requests are the empty rectangles. We have omitted the lock mode to keep the figure simple. It can be seen, for example, that T23 has been granted locks on 1912 and 17, and is waiting for a lock on 14.

Although the figure does not show it, the lock table should also maintain an index on transaction identifiers, so that it is possible to determine efficiently the set of locks held by a given transaction.

The lock manager processes requests this way:

· When a lock request message arrives, it adds a record to the end of the linked list for the data item, if the linked list is present. Otherwise it creates a new linked list, containing only the record for the request.

It always grants the first lock request on a data item. But if the transaction request a lock on an item on which a lock has already been granted, the lock manager grants the request only if it is compatible with all earlier requests, and all earlier requests have been granted already. Otherwise the request has to wait.

· When the lock manager receives an unlock message from a transaction, it deletes the record for that data item in the linked list corresponding to that transaction. It test the record that follows, if any, as described in the previous paragraph, to see if that requests can now be granted, if it can, the lock manger grants that request, and processes the record following it, if any, similarly, and so on.

· If a transaction aborts, the lock manager deletes any waiting request made by the transaction. Once the database system has taken appropriate actions to undo the transaction it releases all locks held by the aborted transaction.

This algorithm guarantees freedom from starvation for lock requests, since a request can never be granted while a request received earlier is waiting to be granted.

Graph Based Protocols.

The two-phase locking protocol is both necessary and sufficient for ensuring serializability in the absence of information concerning the manner in which data times are accessed. But, if we wish to develop protocols that are not two phase, we need additional information on how each transaction will access the database. There are various models that can give us the additional information, each differing in the amount of information provided. The simplest model requires that we have prior knowledge about the order in which the database items will be accessed. Given such information, it is possible to construct locking protocols that are not two phase, but that, nevertheless, ensure conflict serializability.

To acquire such prior knowledge, we impose a partial ordering – on the set D = {d1, d2 … dh} of all data items. If di – dj. This partial ordering may be the result of either the logical or the physical organization of the data, or it may be imposed solely for the purpose of concurrency control.

The partial ordering implies that the set D may now be viewed as a directed acyclic graph, called a database graph. In this section, for the sake of simplicity, we will restrict our attention to only those graphs that are rooted trees. We will present a simple protocol, called the tree protocol, which is restricted to employ only exclusive locks. References to other, more complex, graph-based locking protocols are in the bibliographical notes.

In the tree protocol, the only lock instruction allowed is lock-X. Each transaction Ti can lock a data item at most once, and must observe the following rules:

1. The first lock by Ti may be on any data item.

2. Subsequently, a data item Q can be locked by Ti only if the parent of Q is currently locked by Ti.

3. Data items may be unlocked at any time.

4. A data item that has been locked and unlocked by Ti cannot subsequently be relocked by Ti.

All schedules that are legal under the tree protocol are conflict serializable. 

To illustrate this protocol, consider the database graph of the below given figure. The following four transactions follow the tree protocol on this graph. We show only the lock and unlock instructions.











T10: lock-X(B); lock-X(E); lock-X(D); unlock(B); unlock(E); lock-x(G).

T11:lock-X(D); lock-X(H); unlock(D); unlock(H).

T12: lock-X(B); lock-X(E); unlock(E); unlock(B).

T13: lock-X(D); lock-X(H); unlock(D); unlock(H).

T10:


T11:


T12:


T13:



Lock-X (B);

Lock-X (D);

Lock-X (H);

unlock (D);

Lock-X (E);

Lock-X (D);

unlock (B);

unlock (E);

Lock-X (B);

Lock-X (E);

unlock (H);

Lock-X (G);

unlock (D);

Lock-X (D);

Lock-X (H);

unlock (D);

unlock (H);

unlock (E);

unlock (B);

unlock (G);

One possible schedule in which these four transactions participated appears in the figure. Note that, during its execution, transaction T10 holds locks on two disjoint subtrees. 

Observe that the schedule of the figure does not ensure recoverability and casdelessness. To ensure recoverability and casdelessness, the protocol can be modified to not permit release of exclusive locks until the end of the transaction. Holding exclusive locks until the end of the transaction reduces concurrency. Here is an alternative that improves concurrency, but ensures only recoverability: For each data item with an uncommitted write we record which transaction performed the last write to the data item. Whenever a transaction Ti performs a read of an uncommitted data item, we record a commit dependency of Ti on the transaction performed the last write to the data item. Transaction Ti is the not permitted to commit until the commit of all transactions on which it has a commit dependency. If any of these transactions aborts, Ti must also be aborted. 

The tree-locking protocol has an advantage over the two-phase locking protocol in that, unlike two-phase locking, it is deadlock-free, so no rollbacks are required. The tree-locking protocol has another advantage over the two-phase locking protocol in that unlocking may occur earlier. Earlier unlocking may lead to shorter waiting times, and to an increase in concurrency.

However, the protocol has the disadvantage that, in some cases, a transaction may have to lock data items that it does not access. For example, a transaction that needs to access data items A and J in the database graph of the figure must lock not only A and J, but also data items B, D, and H. This additional locking results in increased in concurrency. Further, without prior knowledge of what data items will need to be locked, transactions will have to lock the root of the tree, and that can reduce concurrency greatly.

For a set of transactions, there may be conflict-serializable schedule that cannot be obtained through the tree protocol. Indeed, there are schedules possible under the two-phase locking protocols that are not possible under the tree protocol, and vice versa. Examples of such schedules are explored in the exercises.

Timestamp-Based Protocols.

The locking protocols that we have described thus far determine the order between every pair of conflicting transactions at execution time by the first lock that both members of the pair request that involves incompatible modes. Another method for determining the serializability order is to select an ordering among transactions in advance. The most common method for doing so is to use a timestamp-ordering scheme.

Timestamps

With each transaction Ti in the system, we associate a unique fixed timestamp, denoted by TS(Ti). This timestamp is assigned by the database system before the transaction Ti starts execution. If a transaction Ti has been assigned timestamp TS(Ti), and a new transaction Tj enters the system, then TS(Ti) < TS(Tj). There are two simple methods for implementing this scheme:

1. Use the value of the system clock as the timestamp; that is, transaction’s timestamp is equal to the value of the clock when the transaction enters the system.

2. Use a logical counter that is incremented after a new timestamp has been assigned; that is, a transaction’s timestamp is equal to the value of the counter when the transaction enters the system.

The timestamps of the transactions determine the serializability order. Thus, if TS(Ti) < TS(Tj), then the system must ensure that the produced schedule is equivalent to a serial schedule in which transaction Ti appears before transaction Tj.

To implement this scheme, we associate with teach data item Q two timestamp values:

· W-timestamp(Q) denotes the largest timestamp of any transaction that executed write(Q) successfully.

· R-timestamp(Q) denotes the largest timestamp of any transaction that executed read(Q) successfully.

These timestamps are updated whenever a new read(Q) and write(Q) instruction is executed.

The Timestamp-Ordering Protocol

The timestamp-ordering protocol ensures that any conflicting read and write operations are executed in timestamp order. This protocol operates as follows:

1. Suppose that transaction Ti issues read(Q).

a. If TS(Ti) < W-timestamp(Q), then Ti needs to read a value of Q that was already overwritten. Hence, the read operation is rejected, and Ti is rolled back.

b. If TS(Ti) >= W-Timestamp(Q), then the read operation is executed, and R-timestamp(Q) is set to the maximum of R-timestamp(Q) and TS(Ti).

2. Suppose that transaction Ti issues write(Q)

a. If TS(Ti) < R-timestamp(Q), then the value of Q that Ti is producing was needed previously, and the system assumed that that value would never be produced. Hence, the system rejects the write operation and rolls Ti back.

b. If TS(Ti) < W-timestamp(Q), then Ti is attempting to write operation and rolls Ti back.

c. Otherwise, the system executes the write operation and sets W-timestamp(Q) to TS(Ti).

If a transaction Ti is rolled back by the concurrency-control scheme as result of issuance of either a read or write operation, the system assigns it a new timestamp and restarts it.

To illustrate this protocol, we consider transactions T14 and T15. Transaction T14 displays the contents of accounts A and B


T14: read(B);


read(A);


display(A+B).

Transaction T15 transfers $50 from account A to account B, and then displays the contents of both:


T15: read(B);


B:=B – 50;


write(B);


read(A);


A := A+50


write(A);


display(A+B)

In presenting schedules under the timestamp protocol, we shall assume that a transaction is assigned a timestamp immediately before its first instruction. Thus, in schedule 3 of the figure, TS(T14) < TS(T15), and the schedule is possible under the timestamp protocol.

We not that the preceding execution can also be produced by the two-phase locking protocol. There are, however, schedules that are possible under the two-phase locking protocol, but are not possible, under the timestamp protocol, and vice versa.

Timestamp-ordering protocol ensures conflict serializability. This is because conflicting operations are processed in timestamp order.

The protocol ensures freedom from deadlock, since no transaction ever waits. However, there is a possibility of starvation of long transactions if a sequence of conflicting short transactions causes repeated restarting of the long transaction. If a transaction if found to be getting restarted repeatedly, conflicting transactions need to be temporarily blocked to enable the transaction to finish.

The protocols can generate schedules that are not recoverable. However, it can be extended to make the schedules recoverable, in one of several ways:

· Recoverability and cascadelessness can be ensured by performing all writes together at the end of the transaction. The writes must be atomic in the following sense: while the writes are in progress, no transaction is permitted to access any of the data items that have been written.

· Recoverability and cascadelessness can also be guaranteed by using a limited form of locking, whereby reads of uncommitted items are postponed until the transaction that updated the item commits

· Recoverability alone can be ensured by tracking uncommitted writes, and allowing a transaction Ti to commit only after the commit of any transaction that wrote a value that Ti read. Commit dependencies, outlined in the earlier section can be used for this purpose.

Thomas’ Write Rule

We now present a modification to the timestamp-ordering protocol that allows greater potential concurrency than does the protocol of the earlier section. Let us consider schedule of the next figure and apply the timestamp-ordering protocol. Since T16 starts before T17, we shall assume that TS(T16) < TS(T17). The read (Q) operation of T16 succeeds, as does the write(Q) operation of T17. When T16 attempts its write(Q) operation, we can find that TS(T16) < W-timestamp(Q), since W-timestamp(Q) = TS(T17). Thus, the write(Q) by T16 is rejected and transaction T16 must be rolled back.

T16:

T17:

 read (Q);

write(Q);


write (Q);

Although the rollback of T16 is required by the timestamp-ordering protocol, it is unnecessary. Since T17 has already written Q, the value that T16 is attempting to write is one that will never need to be read. Any transaction Ti with TS(Ti) < TS(T17) that attempts a read(Q) will be rolled back, since TS(Ti) < W-timestamp(Q). Any transaction Tj with TS(Tj) > TS(T17) must read the value of Q written by T17, rather than the value written by T16.

This observation leads to a modified version of the timestamp-ordering protocol in which obsolete write operations can be ignored under certain circumstances. The protocol rules for read operations remain unchanged. The protocol rules for write operations, however, are slightly different from the timestamp-ordering protocol of the earlier section.

The modification to the timestamp-ordering protocol, called Thomas’ write Rule, is this: Suppose that transaction Ti issues write(Q).

1. If TS(Ti) < R-timestamp(Q), then the value of Q that Ti is producing was previously needed, and it had been assumed that the value would never be produced. Hence, the system rejects the write operation and rolls Ti back.

2. If TS(Ti) < W-timestamp(Q), then Ti is attempting to write an obsolete value of Q. Hence, the system rejects the write operation and rolls Ti back.

3. Otherwise, the system executes the write operation sets W-timestamp(Q) to TS(Ti).

The difference between these rules and those of the previous section lies in the second Rule. The timestamp-ordering protocol requires that Ti be rolled back if Ti issues write(Q) and TS(Ti) < W-timestamp(Q). However, here, in those cases where TS(Ti) >= R-timestamp(Q), we ignore the obsolete write.

Thomas’s write Rule makes use of view serializability by, in effect, deleting obsolete write operations from the transactions that issue them. This modification of transactions makes it possible to generate serializable schedules that would not be possible under the other protocols presented in this chapter. For example, schedule 4 of the given figure is not conflict serializable and, thus is not possible under any of two-phase locking, the tree protocol, or the timestamp-ordering protocol. Under Thomas’ write rule, the write(Q) operation of T16 would be ignored. The result is a schedule that is view equivalent to the serial schedule < T16, T17>.

Validation-Based Protocols

In cases where a majority of transactions are read-only transactions, the rate of conflicts among transactions may be low. Thus, many of these transactions, if executed without the supervision of a concurrency-control scheme, would nevertheless leave the system in a consistent state. A concurrency-control scheme imposes overhead of code execution and possible delay of transactions. It may be better to use an alternative scheme that imposes less overhead. A difficulty in reducing the overhead is that we do not know in advance which transactions will be involved in a conflict. To gain that knowledge, we need a scheme for monitoring the system.

We assume that each transaction Ti executes in two or three different phases in its lifetime, depending on whether it is a read-only or an update transaction. The phases are, in order, 

1. Read phase. During this phase, the system executes transaction Ti. It reads the values of the various data items and stores them in variables local to Ti. It performs all write operations on temporary local variables, without updates of the actual database.

2. Validation Phase. Transaction Ti performs a validation test to determine whether it can copy to the database the temporary local variables that hold the results of write operations without causing a violation of serializability. 

3. Write phase. If transaction Ti succeeds in validation, then the system applies the actual updates to the database. Otherwise, the system rolls back Ti.

Each transaction must go through the three phases in the order shown. However, all three phases of concurrently executing transactions can be interleaved. To perform the validation test, we need to know when the various phases of transactions Ti took place. We shall, therefore, associate three different timestamps with transaction Ti:

1. Start(Ti), the time when Ti started its execution.

2. Validation(Ti), the time when Ti finished its read phase and started its validation phase.

3. Finish(Ti), the time when Ti finished its write phase.

We determine the serializability order by the timestamp-ordering technique, using the value of the timestamp Validation(Ti). Thus, the value TS(Ti) = Validation(Ti) and, if TS(Tj) < TS(Tk), then any produced schedule must be equivalent to a serial hosen Validation(Ti), rather than Start(Ti), as the timestamp of transaction Ti is that we can expect faster response time provided that conflict rates among transactions are indeed low.

The validation test for transaction Tj requires that, for all transactions Ti with TS(Ti) < TS(Ti), one of the following two conditions must hold:

1. Finish (Ti) < Start(Tj). Since Ti completes its execution before Tj started, the serializability order is indeed maintained.

2. The set of data items written by Ti doe not intersect with the set of data items read by Tj, and Ti completes its write phase before Tj starts its validation phase (Start(Tj) < Finish(Ti) < Validation(Tj)).This condition ensures that the writes of Ti and Tj do not overlap. Since the writes of Ti do not affect the read of Tj, and since Tj cannot affect the read of Ti, the serializability order is indeed maintained. 

T14:


T15



read(B);

read(B);






B:=B – 50;

read(A);


A := A+50


read(A);


<validate>



display(A+B)



<validate>



write(B);


write(A);

As an illustration, consider again transaction T14 and T15. Suppose that TS(T14) < TS(T15). Then, the validation phase succeeds in the schedule 5 in the above figure. Note that the writes to the actual variable are performed only after the validation phase of T15. Thus, T14 reads the old values of B and A, and this schedule is serializable.

The validation scheme automatically guards against cascading rollbacks, since the actual writes take place only after the transaction issuing the write has committed. However, there is a possibility of starvation of long transactions, due to a sequence of conflicting short transaction that cause repeated restarts of the long transaction. To avoid starvation, conflicting transactions must be temporarily blocked, to enable the long transaction to finish.

This validation scheme is called the optimistic concurrency control scheme since transactions execute optimistically, assuming they will be able to finish execution and validate at the end. In contrast, locking and timestamp ordering are pessimistic in that they force a wait or a rollback whenever a conflict is detected, even though there is a chance that the schedule may be conflict serializable. 

Multiple Granularity

In the concurrency-control schemes described thus far, we have used each individual data item as the unit on which synchronization is performed.

There are circumstances, however, where it would be advantageous to group several data items, and to treat them as one individual synchronization unit. For example, 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. Clearly, executing these locks is time consuming. It would be better if Ti could issue a single lock request to lock the entire database. On the other hand, if transaction Ti needs to access only a few data items, it should not be required to lock the entire database, since otherwise concurrency is lost.

What is needed is a mechanism to allow the system to define multiple levels of granularity. We can make one by allowing data items to be of various sizes ad defining ones. Such a hierarchy can be represented graphically as a tree. Note that the tree that we described here is significantly different from that used by the tree protocol. A nonleaf node of the multiple-granularity tree represents the data associated with its descendents. In the tree protocol, each node is an independent data item.










As an illustration, consider the tree of the above figure, which consists of four levels of nodes. The highest level represents the entire database. Below it are nodes of type area; the database consists of exactly these areas. Each area in turn has nodes of type file is in more than one area. Finally each file has nodes of type record. 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. 

Each node in the tree can be locked individually. As we did n the two-phase locking protocol, we shall use shared and exclusive lock modes. When a transaction locks a node, in either shared or exclusive mode, the transaction also has implicitly locked all the descendants of that node in the same lock mode. For example, if transaction Ti gets an explicit lock of file Fc of the figure, in exclusive mode, then it has an implicit lock in exclusive mode all the records belonging to that file. It does not need to lock the individual records of Fc explicitly.

Suppose that transaction Tj wishes to lock record rb6, of file Fb, Since Ti has locked Fb explicitly, it follows that rb6 is also locked (implicitly). But, when Tj issues a lock request for rb6, rb6 is not explicitly locked! How does the system determine whether Tj can lock rb6? Tj must traverse the tree from the root to record rb6. If any node in the path is locked in an incompatible mode, then Tj must be delayed.

Suppose now that transaction Tk wishes to lock the entire database. To do so, it simply must lock the root of the hierarchy. Note, however, that Tk should not succeed in locking the root node, since Ti is currently holding a lock on part of the tree (specifically, on the file Fb). But how does the system determine if the root node can be locked? One possibility is for it to search the entire tree. This solution, however, defeats the whole purpose of the multiple-granularity locking scheme. A more efficient way to gain this knowledge is to introduce a new class of lock modes, called intention lock modes. If a node is locked in an intention mode, explicit locking is being done at a lower level of the tree (that is, at a finer granularity). Intention locks are put on all the ancestors of a node before that node is locked explicitly. Thus, a transaction does not need to search the entire tree to determine whether it can lock a node successfully. A transaction wishing to lock a node – say, Q – must traverse a path in the tree from the root to Q. While traversing the tree, the transaction locks the various nodes in an intention mode.

There is an intention mode associated with shared mode, and there is one with exclusive mode. If a node is locked in intention-shared (IS) mode, explicit locking is being done at a lower level of the tree, but with only shared-mode locks. Similarly, if a node is locked in intention-exclusive (IX) mode, then explicit locking is being done at a lower level, with exclusive –mode or shared-mode locks. Finally, if a node is locked in shared and intention-exclusive (SIX) mode, the subtree rooted by that node is locked explicitly in shared mode, and that explicit locking is being done at a lower level with exclusive-mode locks. The compatibility function for these lock modes is in the above figure.

The multiple-granularity locking protocol, which ensures serializability, is this: Each transaction Ti can lock a node Q by following these rules:

1. It must observe the lock-compatibility function of the above figure.

2. It must lock the root of the tree first, and can lock it in any mode.

3. It can lock a node Q in S or IS mode only if it currently has the parent of Q locked in either IX or IS.

4. It can lock a node Q in X, SIX, or IX mode only if it currently has the parent of Q locked in either IX or SIX mode.

5. It can lock a node only if it has not previously unlocked any node (that is, Ti is two phase).

6. It can unlock a node Q only if it currently has none of the children of Q locked.

Observe that the multiple-granularity protocol requires that locks be acquired in topdown (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 of the given figure and these transactions:

· Suppose that transaction T18 reads record ra2 in file Fa. Then, T18 needs to lock the database, area A1, and Fa in IS mode (and in that order), and finally to lock ra2 in S mode.

· Suppose that transaction T19 modifies record ra9 in file Fa. Then, T19 needs to lock the database, area A1, and file Fa in IX mode, and finally to lock ra9 in X modes.

· Suppose that transaction T20 reads all the records in File Fa. Then, T20 needs to lock the database and reads A1, (in that order) in IS mode, and finally to lock Fa in S mode.

· Suppose that transaction T21 reads the entire database. It can de so after locking the database in S mode.

We note that transactions T18, T20, and T21 can access the database concurrently. Transaction T19 can execute concurrently with T18, but not with either T20 or T21.

This protocol enhances concurrency and reduces lock overhead. It is particularly useful in applications that include a mix of 

· Short transactions that access only a few data items

· Long transactions that produce reports from an entire file or set of files.

There is similar locking protocol that is applicable to database systems in which data granularities are organized in the form of a direct acyclic graph. Deadlock is possible in the protocol that we have, as it is in the two-phase locking protocol. There are techniques to reduce deadlock frequency in the multiple-granularity protocol, and also to eliminate deadlock entirely. 

Multiversion Schemes

The concurrency-control schemes discussed thus far ensure serializability by either delaying an operation or aborting the transaction that issued the operation. For example, a read operation may be delayed because the appropriate value has not been written yet or it may be rejected (that is, the issuing transaction must be aborted) because the value that it was supposed to read has already been overwritten. These difficulties could be avoided if old copies of each data item were kept in a system. IN multiversion concurrency control schemes, each write(Q) operation creates a new version of Q. When a transaction issues a read(Q) operation, the concurrency-control manager selects one of the versions of Q to be read. The concurrency-control scheme must ensure that the version to be read is selected in a manner that ensures serializability it is also crucial, for performance reasons, that a transaction be able to determine easily and quickly which version of the data item should be read. 

Multiversion Timestamp Ordering

The most common transaction ordering technique used by multiversion schemes is timestamping. With each transaction Ti in the system, we associate a unique static timestamp, denoted by TS(Ti). The database system assigns this timestamp before the transacting starts execution.

With each data item Q, a sequence of versions < Q1, Q2, …, Qm > is associated. Each version Qk contains three data fields:

· Content is the value of version Qk.

· W-timestamp(Qk) is the timestamp of the transaction that created version Qk.

· R-timestamp(Qk) is the largest timestamp of any transaction that successfully read version Qk.

A transaction – say, Ti – creates a new version Qk of data item Q by issuing a write(Q) operation. The content field of the version holds the value written by Ti. The system initializes the W-timestamp and R-timestamp to TS(Ti). It updates the R-timestamp value of Qk whenever a transaction Tj reads the content of Qk, and R-timestamp(Qk) < TS(Tj).

The multiversion timestamp-ordering scheme presented next ensures serializability. The scheme operates as follows. Suppose that transaction Ti issues a read(Q) or write(Q) operation. Let Qk denote the version of Q whose write timestamp is the largest write timestamp less than or equal to TS(Ti).

1. If transaction Ti issues a read(Q), then the value returned is the content of version Qk.

2. If transaction Ti issues write(Q), and if TS(Ti) < R-timestamp(Qk), then the system rolls back transaction Ti. On the other hand, if TS(Ti) – W-timestamp(Qk), the system overwrites the contents of Qk; otherwise it creates a new version of Q.

The justification for rule 1 is clear. A transaction reds the most recent version that comes before it in time. The second Rule forces a transaction to abort if it is “too late” in doing a write. More precisely, if Ti attempts to write a version that some other transaction would have read, then we cannot allow that write to succeed.

Versions that are no longer needed are removed according to the following Rule. Suppose that there are two versions, Qk and Qj, of a data item, and that both versions have a W-timestamp less than the timestamp of the oldest transaction in the system. Then, the older of the two versions Qk and Qj will not be used again, and can be deleted.

The multiversion timestamp-ordering scheme has the desirable property that a read request never fails and is never made to wait. In typical database systems, where reading is more frequent operation than is writing this advantage may be of major practical significance. 

The scheme, however, suffers from two undesirable properties. First, the reading of a data item also requires the updating of the R-timestamp field, resulting in two potential disk accessed, rather than one. Second, the conflicts between transactions are resolved through rollbacks, rather than through waits. This alternative may be expensive.

This multiversion timestamp-ordering scheme does not ensure recoverability and cascadelessness. It can be extended in the same manner as the basic timestamp-ordering scheme, to make it recoverable and cascadeless.

Multiversion Two-Phase Locking

The multiversion two-phase locking protocol attempt to combine the advantages of multiversion concurrency control with the advantages of two-phase locking. This protocol differentiates between read-only transactions and update transactions. 

Update transactions perform rigorous two-phase locking; that is, they hold all locks up to the end of the transaction. Thus, they can be serialized according to their commit order. Each version of a data item has a single timestamp. The timestamp in this case is not a real clock-based timestamp, but rather is a counter, which we will call the ts-counter, that is incremented during commit processing.

Read-only transactions are assigned a timestamp by reading the current value of ts-counter before they start execution; they follow the multiversion timestamp ordering protocol for performing reads. Thus, when a read-only transaction Ti issues a read(Q), the value returned is the contents of the version whose timestamp is the largest timestamp less than TS(Ti).

When an update transaction reads an item, it gets a shared lock on the item, and reads the latest version of that item. When an update transaction wants to write an item, it first gets an exclusive lock on the time, and then creates a new version of the data item. The write is performed on the new version, and the timestamp of the new version is initially set to a value ∞, a value greater than that of any possible timestamp.

When the update transaction Ti completes its actions, it carries out commit processing; First, Ti sets the timestamp on every version it has created to 1 more than the value of ts-counter; then, Ti increments ts-counter by 1. Only one update transaction is allowed to perform commit processing at a time. 

As a result, read-only transactions that start after Ti increments ts-counter will see the valued updated by Ti, whereas those that start before Ti increments ts-counter will see the value before the updates by Ti. In either case, read-only transactions never need to wait for locks. Multiversion two-phase locking also ensures that schedules are recoverable and cascadeless.

Versions are deleted in a manner like that of multiversion timestamp ordering. Suppose there are two versions, Qk and Qj, of a data item, and that both versions have a timestamp less than the timestamp of the oldest read-only transaction in the system. Then, the older of the two versions Qk and Qj will not be used again and can be deleted. 

Multiversion two-phase locking or variations of it are used in some commercial database systems. 

Deadlock Handling

A system is in a deadlock state if there exists a set of transactions such that every transaction in the set is waiting for another transaction in the set. More precisely, there exists a set of waiting transactions {T0, T1 … Tn}such that T0 is waiting for a data item that T1 holds, and T1 is waiting for a data item that T2 holds, and …, and Tn-1 is waiting for a data item that Tn holds, and Tn is waiting for a data item that T0 holds. None of the transactions can make progress in such a situation. 

The only remedy to this undesirable situation is for the system to invoke some drastic action, such as rolling back some of the transactions involved in the deadlock. Rollback of a transaction may be partial. That is, a transaction may be rolled back to the point where it obtained a lock whose release resolves the deadlock.

There are two principal methods for dealing with the deadlock problem. We can use a deadlock prevention protocol to ensure that the system will never enter a deadlock state. Alternatively, we can allow the system to enter a deadlock state, and then try to recover by using a deadlock detection and deadlock recovery scheme. As we shall see, both methods may result in transaction rollback. Prevention is commonly used if the probability that the system would enter a deadlock state is relatively high; otherwise, detection and recovery are more efficient. 

Note that a detection and recovery scheme requires overhead that includes not only the run-time cost of maintaining the necessary information and of executing the detection algorithm, but also the potential losses inherent in recovery from a deadlock.

Deadlock Prevention

There are two approaches to deadlock prevention. One approach ensures that no cyclic waits can occur by ordering the requests for locks, or requiring all locks to be acquired together. The other approach is closer to deadlock recovery, and performs transaction rollback instead of waiting for a lock, whenever the wait could potentially result in a deadlock. 

The simplest scheme under the first approach requires that each transaction locks all its data items before it begins execution. Moreover, either all are lock in one step or none are locked. There are two main disadvantages to this protocol: (1) it is often hard to predict, before the transaction beings, what data items need to be locked; (2) data-item utilization may be very low, since many of the data items may be locked but unused for a long time.

Another approach for preventing deadlocks is to impose an ordering of all data items, and to require that a transaction lock data items only in a sequence consistent with the ordering. We have seen one such scheme in the tree protocol, which uses a partial ordering of data items.

A variation of this approach is to use a total order of data items, in conjunction with two-phase locking. Once a transaction has a locked a particular item, it cannot request locks on items that precede that item in the ordering. This scheme is easy to implement, as long as the set of data items accessed by a transaction is known when the transaction starts execution. There is no need to change the underlying concurrency-control system if two-phase locking is used: All that is needed it to ensure that locks are requested in the right order.

The second approach for preventing deadlocks is to use preemption and transaction rollback. In preemptions, when a transaction T2 requests a lock that transaction T1 holds, the lock granted to T1 may be preempted by rolling back of T1, and granting of the lock to T2. To control the preemption, we assign a unique timestamp to each transaction. The system uses these timestamps only to decide whether a transaction should wait or rollback. Locking is still used for concurrency control. If a transaction is rolled back, it retains its old timestamp when restarted. Two different deadlock prevention schemes using timestamps have been proposed:

1. The wait-die scheme is a nonpreemptive technique. When transaction Ti requests a data item currently held by Tj, Ti is allowed to wait only if it has a timestamp smaller than that of Tj (that is, Ti is older than Tj). Otherwise, Ti is rolled back (dies).

For example, suppose that transactions T22, T23, and T24 have timestamps 5, 10, and 15, respectively. If T22 requests a data item held by T23, then T22 will wait. If T24 requests a data item held by T23, then T24 will be rolled back.

2. The wound-wait scheme is a preemptive technique. It is a counterpart to the wait-die scheme.

In this case T22 requests a data held by T23, T23 will be rolled back, if T24 requests a data item held by T23 then T24 will wait

Timeout based schemes

Another approach for dead lock handling is based on lock timeouts. In this case a transaction waits for a lock at most a specified amount of time. If the lock is not granted the transaction rolls itself back.

Dead lock detection and recovery

In order to recover from a dead lock the system must:

· Maintain information about the current allocation of data items to rtransactions, as well as any outstanding data items requests.

· Provide an algorithm that uses this information to determine whether the system has entered a deadlock state.

· Recover from the deadlock when the detection algorithm determines that a deadlock exists.

Dead lock detection

Deadlocks can be described by a graph called wait-for graph. The graph consists of a pair G =(V,E) where V is a set of vertices and E is a set of edges.






T25 is wating for T26 and T27 , T27 is waiting for T26, T26 is waiting for T28, The system is in deadlock. Now if T28 is requesting a item held by T27 you add an edge to the graph.

When we should invoke the deadlock algorithm? If deadlocks occur frequently, then the detection algorithm should be invoked more frequently than usual. 

Recovery from deadlock

Three actions are need to break a dead lock.

1. selection of a victim. We should roll back those transactions which will incur minimum cost.  The factors determining minimum cost are

A) How long the transaction has computed, and how much longer it will compute to complete the designated task

B) How many data items the transaction has used.

C) How many more data items the transaction needs for it to complete

D) How many transactions will be involved in the rollback.

2. Rollback. Once we have decided a transaction is to be rolled back it could be done as a total roll back or partial rollback. The partial roll back requires the system to maintain additional information.

3. Starvation. In a system where the selection of victims is based on cost factors, the same transaction is always picked as a victim. We must ensure that a transaction is picked as a victim only a small finite number of times. The number of roll backs are to be added to the cost factor.

Insert and delete operations

We have considered read and write operations on existing data. Some transactions require to delete and insert data.

· Delete(Q) 

· Insert(Q)

If T1 perform a read(Q) operation after delete(Q) T1 will have a logical error. Similarly if read(Q) is performed before insert(Q) a logical error occurs.

Deletion

Let I1 and I2 be instructions of T1 and T2. I1 =delete(Q)

· I2= read(Q). I1 and I2 conflict if I1 comes before I2

· I2=write(Q) I1 and I2 conflict if I1 comes before I2

· I2=delete(Q) I1 and I2 conflict if I1 comes before I2

· I2=insert(Q) I1 and I2 conflict. Suppose Q did not exist prior prior to I1 and I2 then  if I1 comes before I2 logical error occurs. If I2 comes before I1 then no logical error. If Q existed before then the opposite becomes true.

In the case of such conflicts the transactions are to be rolled back.

Insertion

We have seen above the insert operation with a delete operation. Similarly insert operation with read and write operation conflicts if the data item does not exist before insert.

Under twophase locking if T1 performs a insert(Q) operation, T1 is given an exclusive lock on the newly created data item Q.

Under the timestamp ordering protocol if T1 performs an insert (Q) operation, the values R-timestamp(Q) and W-timestamp(Q) are set to TS(T1).

Concurrency in index structures

It is possible to treat access to index structures like any other database structure, and to apply the concurrency control

Crabbing protocol

· When searching for a key value, the crabbing protocol first locks the root node in shared mode. When traversing down the tree, it acquires a shared lock on the child node to be traversed further.  After acquiring the lock in the child node, it releases the lock on the parent node. It repeats this process until it reaches a leaf node.

· When inserting or deleting a key value the following actions are taken

1. It follows the same protocol as for searching until it reaches the desired leaf node. Up to this point it obtains only shared locks.

2. it locks the leaf node in exclusive mode and inserts or deletes the key value

3. if it needs to split a node, it locks the parent of the node in exclusive mode. 

b-link tree locking protocol

· lookup. Each node of B+ tree must be locked in shared mode. A lock on a nonleaf node is released before any lock on any other node in the tree.

· Insertion and deletion. The system locate the leaf node into which it will make a insertion or deletion. It upgrades the shared lock on this to exclusive mode and performs the insert or delete.

· Split. If transaction split a node it creates a new node. Makes the right sibling of the original node.

Query Optimization

Query optimization is th process of selecting the most efficient query evaluation plan from among the many strategies usually possible for processing a given query. Users may write inefficient queries. It is up to the system to optimize it.

∏ br_name  (σ.customer_city =”Harrison” (customer |x| account |x| depositor))

In the above query the join operation results in many tuples. But we are interested in tuples containing “Harrison”. The number of tuples can be made less in the joint operation if we write the query as

∏ br_name ( (σ.customer_city =”Harrison” (customer)) |x| account |x| depositor))

this produces the same result with less cost.

The steps of optimization

Estimate the cost of each evaluation plan. For this optimizers use statistical information about relations, such as relation sizes and index depths. After making alternating plans to evaluate the query the optimizer has to choose the least costly one.

Estimating statistics of expression results

The cost of operation depends on the size and other statistics of its inputs. Given an expression a |x| b |x| c to estimate the cost of joining a with   b |x| c we must calculate the size of   b |x| c. some of the information stored in the database system catalogs can be used for estimating the cost of operataion.

Catalog information

The following information is stored in DBMS catalog stores.

· Nr the number of tuples in the relation r

· Br the number of blocks containing the tuples of r

· Lr the size  of a tuple of relation in bytes

· Fr the blocking factor or relation r—that is, the number of tuples of relation r that fit into one block.

V(A,r), the number of distinct values that appear in the relation r for attribute A. this value is the same as ∏ A(r). if A is the key for relation r, V(A,r) is Nr

If all the tuples of a relation r is stored in a file

Br = Nr/Fr

Updates on catalog takes place only during periods of light system load. So the statistics used for optimization can be only nearly accurate.

Some databases store the distribution of values for each attribute as a histogram. Age of person can be grouped to 0-9, 10-19, …..90-99. With each range we store a count of the number of person tuples whose age lie in that range.

Selection size estimation.

The size estimate of the result of a selection operation depends on the selection predicate. 

σA=a(r): assuming uniform distribution (that is each value appears with equal probability), the selection result can be estimated to have Nr/V(A,r) tuples, assuming the value of a appears in attribute A of some of record of r.

σA<=v(r): if actual value of v is available more accurate estimate can be made. The max and min values of A can be stored in the catalog. Then the number of records that can satisfy the condition is Nr.(v-min(A,r))/(max(A,r) –min(A,r))

Relational database design

The goal of a relational database design is to generate a set of relation schemas that allows us to store information without unnecessary redundancy, yet also allows us to retrieve information easily. One approach is to design schemas that are in an desirable normal forms.

First Normal Form

A domain is atomic if elements of the domain are considered to be indivisible units. We say that a relation schema R is in first normal form (1NF) if the domains of all attributes of R are atomic.

A set of names is an example of non atomic value. If the schema of a relation employee included an attribute children whose domain elements are sets of names, the schema would not be in first normal. We can say no attribute can have a value, which is a set or an array.

However the important issue is not  what the domain itself is, but rather how we use domain elements in our database.

Consider the empcode containing a department code eg. EE1127. now the department of a employee can be found by breaking up the code. Doing so requires extra programming, information gets encoded in application program rather than in the database. Futher problems arise when such code is primary key and the employee changes the department. All the references to the primary key have to be changed. 

Use of set valued attributes can lead to designs with redundant storage, which in turn can result in inconsistencies. Instead of relationship table depositor for accounts and customers, if a set of owners is stored with each accounts, and a set of accounts with each customer, the update has to be performed at two places. Set valued attributes are also more complicated to write queries with and more complicated to reason with.

Pitfalls in relational database design

Undesirable properties that a bad design may have are

· Repetition of information

· Inability to represent certain information

Suppose we have relation 

Lending-schema = (br_name, Br_city, assets, cust_name, loan_no, amount)

For every tuple we add for Perryridge branch, the city and assets has to be entered. This is a repitation. Such repetitions are undesirable.

A branch name can uniquely identify assets. But not loans. There is only one asset value per branch. But we have many loans taken at a branch.

We can say functional dependency

Br_name ( assets holds

Br_name ( loan_no does not hold in lending-schema.

Another problem we can not represent a br_name unless at least one loan exists at the branch. One solution to this problem is to introduce null values. Again the branch information gets deleted when all loans are paid.

In our original database design the branch information is retained even if no loans are there at the branch or all loans get paid.

The original design


Functional dependencies

Functional dependencies (FDs) are constraints on the set of legal relations. They allow us to express facts about the enterprise that we are modeling with our database.

We defined the notion of a superkey as follows. Let R be a relation schema. A subset of K of R is a superkey of R if, in any legal relation r(R), for all pairs t1 and t2 of tuples in r such that t1 ≠ t2, then t1[K] ≠ t2[K]. that is to say no two tuples in any legal relation r(R) may have the same value on attribute set K.

The notion of functional dependency generalizes the notion of superkey. Consider the relation schema R, let α ( R and  β ( R the FD. ( means a subset of.

α ( β

holds on schema R if, in any legal relation r(R), for all pairs of tuples t1 and t2 in r such that t1[α] = t2[α], it is also the cast that t1[β] =t2[β].

Using FD notation we say that K is a superkey of R if K ( R. That is K is a superkey if, whenever t1[K]=t2[K], it is also the case that t1[R] =t2[R] that is t1=t2.

FD allows us to express constraints that we cannot express with superkeys. Consider the schema

Loan-info-schema =(loan-no, br_name, cust_name, amount)

The set of FDs we expect to hold are

Loan_no ( amount

Loan_no(br_name

Loan_no(cust_name

But the third one does not hold because loan can have more than one customer.

We use FDs in two ways:

1. To test relations to see whether they are legal under a given set of FDs. If a relation r is legal under a set of FDs, we say that r satisfies F.

2. To specify constraints on the set of legal relations. We shall thus concern ourselves with only those relations that satisfy a given set of FDs. If we wish to constrain ourselves to relations on schema R that satisfy a set F of FDs, we say that F holds on R.

	A
	B
	C
	D

	a1
	b1
	c1
	d1

	a1
	b2
	c1
	d2

	a2
	b2
	c2
	d2

	a2
	b3
	c2
	d3

	a3
	b3
	c2
	d4


Here A(C is satisfied. The tuples of A of value a1 have the same C value c1. and a2 have the same value c2. There are no pairs of distinct tuples that have the same A value.

C(A is not satisfied. In the tuples t1 =(a2,b3,c2,d3) and t2=(a3,b3,c2,d4) these two tuples got same C value but different value for A. we have found a pair of tuples t1 and t2 such that t1[C] =t2[C] , but t1[A] ≠ t2[A].

Consider AB(D. this is satisfied. There is no pair of distinct typles t1 and t2 such that t1[AB]= t2[AB]. Therefore, if t1[AB]= t2[AB] , it must be that t1=t2 and thus t1[D]=t2[D]. so r satisfies AB(D.

Some FDs are said to be trivial because they are satisfied by all relations. For example, A ( A is satisfied by all relations involving attribute A. reading the definition of FD literally, we see that , for all tuples t1 and t2 such that t1[A] =t2[A], it is the case that t1[A]=t2[A]. Similarly AB(A is satisfied by all relations involving attribute A. In general, a FD of the form α ( β is trivial if β ( α.

If the right hand side of dependency is not a subset of left hand side then the dependency is nontrivial. We are interested only in nontrivial dependencies.

If we consider the customer-schema, cust_street(cust_city is satisfied. But in real world two cities can have the same street. So there can be a time when this dependency is not valid.

In the case of loan_schema, loan_no (amount is satisfied. Each loan will have only one amount. So we require the constraint loan_no(amount  hold on loan-schema.

When we design a relational database, we first list those FDs that must always hold. In our banking example, we list the dependencies.

Branch-schema

br_name(br_city, br_name(assets

Customer-schema

cust_name(cust_city, cust(street

Loan-schema

loan_no(amount, loan_no(br_name

Borrower-schema

no FDs

Account-schema

acc_no(br_name, acc_no(balance

Depositor-schema

no FDs

Closure of a set of FDs

In a relation schema R ={A,B,C,G,H,I}, if we have the FDs

A(B, A(C, CG(H, CG(I, B(H then A(H is logically implied.

Let F be a set of FDs. The closure of F , denoted by F+ , is the set of all FDs logically implied by F. 

Boyce-Codd Normal form BCNF

A relation schema R is in BCNF with respect to a set F of FDs if, for all FDs in F+ of the form α ( β where α ( R and  β ( R, at least one of the following holds

·  α ( β is a trivial FD (that is  β ( α.)

· α is a superkey for schema R

A database design is in BCNF if each member of the set of relation schemas that constitutes the design is in BCNF. The condition states to be in BCNF nontrivial FD’s should have only superkey on the left side.

Consider the following schemas:-

· Customer-schema = (cust_name, cust_street, cust_city)

Cust_name ( cust_street cust_city

· Branch-schema =( br_name, assets, br_city)

Br_name ( assets br_city

· Loan-info-schema = (br_name, cust_name, loan_no, amount)

Loan_no( amount br_name

We claim that customer-schema is in BCNF. We note that a candidate key for the schema is cust_name. The only nontrivial FDs that hold on customer-schema have cust_name to its left side of arrow. Since the cust_name is candidate key, FDs with cust_name to the left side do not violate the definition of BCNF. Similarly it can be shown that branch-schema is in BCNF. 

The schema loan-info-schema, however is not in BCNF. Loan_no is not a superkey since we can have a pair of tuples with single loan made to two people.

(Downtown, John Bell, L-44, 1000)

(Downtown, Jane Bell, L-44, 1000)

But the FD loan_no ( amount is nontrivial.

The loan-info-schema does not satisfy the definition of BCNF.

This schema is not in desirable form, because it suffers from repetition of information. If there are several customer names associated with a loan, we are forced to repeat br_name, and amount. We can eliminate this redundancy by redesigning. One approach is to decompose the schemas that are not in BCNF.

Loan-schema =(loan_no, br_name, amount)

Borrower-schema = (cust_name, loan_no)

This decomposition is lossless-join decomposition.

To find whether this schemas are in BCNF. We have to find The FDs.

Loan_no( amount br_name

Here the loan_no is a candidate key in loan-schema.  Only trivial FDs apply to Borrower-schema. So both our schemas are in BCNF. There is exactly one tuple for each loan in the reation on loan-schema and one tuple for each customer of each loan in the relation on borrower-schema.

Decomposition algorithm

If R is not in BCNF, we can decompose R inot a collection of BCNF schemas R1, R2,….Rn by an algorithm. The algorithm uses dependencies that demonstrate violation of BCNF. The algorithm generates BCNF lossless-join decomposition.

Result := {R}

Done := flase;

Compute F+;   //all FDs including implied FDs 

While (not done) do

If (there is a schema Ri in result that is not in BCNF

Then begin


Let α ( β be a nontrivial FD that holds on Ri such that α ( Ri is not in F+ and

 α ∩ β = φ;

result := (result – Ri) U (Ri – β) U (α ,β);

end

else done:=true;

We apply the BCNF decomposition algorithm to the Lending-schema schema that we used in the earlier section as an example of a poor database design:

Leading-schema = (branch-name, branch-city, assets, customer-name, loan-number, amount)

The set of functional dependencies that we require to hold on Lending-schema are 

branch-name ( assets branch-city

loan-number ( amount branch-name

A candidate key for this schema is (loan-number, customer-name).

We can apply the algorithm of the figure to the Lending-schema example as follows:

· The functional dependency

branch-name ( assets branch-city

holds on Leading-schema, but branch-name is not a superkey. Thus, Lending-schema is not in BCNF. We replace Lending-schema by


Branch-schema = (branch-name, branch-city, assets)


Loan-info-schema = (branch-name, customer-name, loan-number, amount)

· The only nontrivial functional dependencies that hold on Branch-schema include branch-name on the left side of the arrow. Since branch-name is a key for Branch-schema, the relation Branch-schema is in BCNF.

· The functional dependency

loan-number(  amount branch-name

holds on Loan-info-schema, but loan-number is not a key for Loan-info-schema.

We replace Loan-info-schema by


Loan-schema = (loan-number, branch-name, amount)


Borrower-schema = (customer-name, loan-number)

· Loan-schema and Borrower-schema are in BCNF.

Thus, the decomposition of Lending-schema results in the three relation schemas Branch-schema, Loan-schema and Borrower-schema, each of which is in BCNF. These relation schemas are the same as those in the earlier section, where we demonstrated that the resulting decomposition is both a lossless-join decomposition and a dependency-preserving decomposition.

The BCNF decomposition algorithm takes time exponential in the size of the initial schema, since the algorithm for checking if a relation in the decomposition satisfies BCNF can take exponential time. The bibliographical notes provide references to an algorithm that can compute a BCNF decomposition in polynomial time. However, the algorithm may “overnormalize”, that is, decompose a relation unnecessarily.

Dependency preservation

Not every BCNF decomposition is dependency preserving. Let us take

Banker-schema = (br_name, cust_name, banker_name)

A customer has a personal banker in a particular baranch.The set F of FDs that we require to hold on the banker-schema is

Banker_name(br_name

Br_name cust_name (banker_name

The banker_name is not a superkey, because a banker can have more than one customer. So the schema is not in BCNF.

If we apply the algorithm of the figure we obtain the following BCNF decomposition:



Banker-branch-schema = (banker-name, branch-name)



Customer-banker-schema = (customer-name, banker-name)

The decomposed schemas preserve only banker-name – branch-name (and trivial dependencies), but the closure of {banker-name – branch-name} does not include customer-name branch-name – banker-name. The violation of this dependency cannot be detected unless a join is computed.

 To see why the decomposition of Banker-schema into the schemas Banker-branch-schema and Customer-banker-schema is not dependency preserving, we apply the algorithm of the figure. We find that the restrictions F1 and F2 of F to each schema are:

F1 = {banker-name – banker-name}

F2 = 0 (only trivial dependencies hold on customer-banker-schema)

(For brevity, we do not show trivial functional dependencies.)It is easy to see that though it is in F+. Therefore, (F1 U F2)+, and the decomposition is not dependency preserving.

This example demonstrates that not every BCNF decomposition is dependency preserving. Moreover, it is to see that any BCNF decomposition of Banker-schema must fail to preserve customer-name branch-name – banker-name. Thus, the example shows that we cannot always satisfy all three design goals:

1. Lossless join

2. BCNF

3. Dependency preservation

Recall that lossless join is an essential condition for a decomposition, to avoid loss of information. We are therefore forced to give up either BCNF or dependency preservation. In the earlier section we present an alternative normal form, called third normal form, which is a small relaxation of BCNF; the motivation of using third normal form is that there is always a dependency preserving decomposition into third normal form.

There are situations where there is more than one way to decompose a schema into BCNF. Some of these decompositions may be dependency preserving, while others may not. For instance, suppose we have a relation schema R(A, B, C) with the functional dependencies A – B and B – C. From this set we can derive the further dependency A – C. If we used to dependency A – B (or equivalently, A – C) to decompose R, we would end up with two relations R1(A, B) and R2(A, C); the dependency B – C would not be preserved.

If instead we used the dependency B – C to decompose R, we would end up with two relations R1(A, B) and R2(B, C) which are in BCNF, and the decomposition is also dependency preserving. Clearly the decomposition into R1(A, B) and R2(B, C) is preferable. In general, the database designer should therefore look at alternative decompositions, and pick a dependency preserving decomposition where possible.

Third normal form

As we saw earlier, there are relational schemas where a BCNF decomposition cannot be dependency preserving. For such schemas, we have two alternatives if we wish to check if an update violates any functional dependencies:

· Pay the extra cost of computing joins to test for violations.

· Use an alternative decomposition, third normal form (3NF), which we present below, which makes testing of updates cheaper. Unlike BCNF, 3NF decompositions may contain some redundancy in the decomposed schema.

We shall see that it is always possible to find a lossless-join, dependency-preserving decomposition that is in 3NF. Which of the two alternatives to choose is a design decision to be made by the database designer on the basis of the application requirements.

Definition

BCNF requires that all nontrivial dependencies be of the form α ( β, where α is a superkey. 3NF relaxes this constraint slightly by allowing nontrivial functional dependencies whose left side is not a superkey.

A relation schema R is in third normal form (3NF) with respect to a set F of functional dependencies in F+ of the form α ( β, where α ( R and β ( R, at least one of the following holds:

· α ( β is a trivial functional dependency.

· α is a superkey for R.

· Each attribute A in β – α is contained in a candidate key for R.

Note that the third condition does not say that a single candidate key should contain all the attributes in β – α; each attribute A in β – α may be contained in a different candidate key.

The first two alternatives are the same as the two alternatives in the definition of BCNF. The third alternative of the 3NF definition seems rather unintuitive, and it is not obvious why it is useful.

It represents, in some sense, a minimal relaxation of the BCNF conditions that helps ensure that every schema has a dependency-preserving decomposition into 3NF. Its purpose will become more clear later, when we study decomposition into 3NF.

Observe that any schema that satisfies BCNF also satisfies 3NF, since each of its functional dependencies would satisfy one of the first two alternatives. BCNF is therefore a more restrictive constrain than is 3NF.

The definition of 3NF allows certain functional dependencies that are not allowed in BCNF. A dependency α ( β that satisfies only the third alternative of the 3NF definition is not allowed in BCNF, but is allowed in 3NF.

Let us return to our Banker-schema example. We have shown that this relation schema does not have a dependency-preserving, lossless-join decomposition into BCNF. This schema, however, turns out to be in 3NF. To see that it is, we note that {customer-name, branch-name} is a candidate key for Banker-schema, so the only attribute not contained in a candidate key for Banker-schema is banker-name. The only nontrivial functional dependencies of the form

α( banker-name

include {customer-name, branch-name} as part of α. Since {customer-name, branch-name} is a candidate key, these dependencies do not violate the definition of 3NF.

As an optimization when testing for 3NF, we can consider only functional dependencies in the given set F, rather than in F+. Also, we can decompose the dependencies in F so that their right-hand side consists of only single attributes, and use the resultant set in place of F.

Given a dependency α ( β, we can use the same attribute-closure-based technique that we used for BCNF to check if α is a superkey. If α is not a superkey, we have to verify whether each attribute in β is contained in a candidate key of R; this test is rather more expensive, since it involves finding candidate keys. If fact, testing for 3NF has been shown to be NP-hard; thus, it is very unlikely that there is a polynomial time complexity algorithm for the task.

Decomposition Algorithm

The figure shows an algorithm for finding a dependency-preserving, lossless-join decomposition into 3NF. The set of dependencies Fc used in the algorithm is a canonical cover for F. Note that the algorithm considers the set of schemas Rj, J = 1, 2, …, i; initially i = 0 , and in this case the set is empty.

Let Fc be a canonical cover for F;

i:= 0;

for each functional dependency α ( β in Fc do 


if none of the schemas Rj, j = 1,2, … I contains αβ



then begin




i := i + 1;




Ri := αβ;



end

if none of the schemas Rj, j = 1, 2, …, i contains a candidate key for R


then begin



i:= i + 1;



Ri := any candidate key for R;


end
return (R1, R2, …, Ri)

To illustrate the algorithm of the figure consider the following extension to the Banker-schema 

Banker-info-schema = (branch-name, customer-name, banker-name, office-number)

The main difference here is that we include the banker’s office number as part of the information. The functional dependencies for this relation schema are

banker-name ( branch-name office-number

customer-name branch-name ( banker-name

The for loop in the algorithm causes us to include the following schemas in our decomposition:

Banker-office-schema = (banker-name, branch-name, office-number)

Banker-schema = (customer-name, branch-name, banker-name)

Since Banker-schema contains a candidate key for Banker-info-schema, we are finished with the decomposition process.

The algorithm ensures the preservation of dependencies by explicitly building a schema for each dependency in a canonical cover. It ensures that the decomposition is a lossless-join decomposition by guaranteeing that at least one schema contains a candidate key for the schema being decomposed. 

This algorithm is also called the 3NF synthesis algorithm, since it takes a set of dependencies and adds one schema at a time, instead of decomposing the initial schema repeatedly. The result is not uniquely defined, since a set of functional dependencies can have more than one canonical cover, and, further, in some cases the result of the algorithm depends on the order in which it considers the dependencies in Fc.  

If a relation Ri is in the decomposition generated by the synthesis algorithm, then Ri is in 3NF. Recall that when we test for 3NF, it suffices to consider functional dependencies whose right-hand side is a single attribute. Therefore, to see that Ri is in 3NF, you must convince yourself that any functional dependency γ ( B that holds on Ri satisfies the definition of 3NF. Assume that the dependency that generated Ri in the synthesis algorithm is α ( β. Now, B must be in α or β, since B is in Ri and α ( β generated Ri. Let us consider the three possible cases:

· B is in both α and β. In this case, the dependency α ( β would not have been in Fc since B would be extraneous in β. Thus, this case cannot hold.

· B is in β but not α. Consider two cases:

· γ is a superkey. The second condition of 3NF is satisfied.

· γ is not a superkey. Then α must contain some attribute not in γ. Now, since γ ( B is in F+, it must be derivable from Fc by suing the attribute closure algorithm on γ. The derivation could not have used α ( β - if it had been used, α must be contained in the attribute closure of γ, which is not possible, since we assumed γ is not a superkey. Now, using α ( (β- {B}) and γ ( B, we can derive α ( B (since γ _ αβ, and cannot contain B because γ ( B is nontrivial). This would imply that B is extraneous in the right-hand side of α ( β, which is not possible since α ( β is in the canonical cover Fc. Thus, if B is in β, then γ must be a superkey, and the second condition of 3NF must be satisfied.

· B is in α but not β.

Since α is a candidate key, the third alternative in the definition of 3NF is satisfied.

Interestingly, the algorithm we described for decomposition into 3NF can be implemented in polynomial time, even though testing a given relation to see if it satisfies 3NF is NP-hard.

Comparison of BCNF and 3NF

Of the two normal forms for relational-database schemas, 3NF and BCNF, there are advantages to 3NF in that we know that it is always possible to obtain a 3NF design without sacrificing a lossless join or dependency preservation. Nevertheless, there are disadvantages to 3Nf: If we do not eliminate all transitive relations schema dependencies, we may have to use null value to represent some of the possible meaningful relationships among data item, and there is the problem of repetition of information.

As an illustration of the null value problem, consider again the Banker-schema and its associated functional dependencies. Since banker-name (  branch-name, we may want to represent relationships between values for banker-name and values for branch-name in our database. If we are to do so, however, either there must be a corresponding value for customer-name, or we must use a null value for the attribute customer-name.

	Cust_name
	Banker_name
	Br_name

	Jones
	Johnson
	Perryridge

	Smith
	Johnson
	Perryridge

	Hayes
	Johnson
	Perryridge

	Jackson
	Johnson
	Perryridge

	Curry
	Johnson
	Perryridge

	Turner
	Johnson
	Perryridge


As an illustration of the repetition of information problem, consider the instance of Banker-schema in the figure. Notice that the information indicating that Johnson is working at the Perryridge branch is repeated.

Recall that our goals of database design with functional dependences are:

1. BCNF

2. Lossless join

3. Dependency preservation

Since it is not always possible to satisfy all three, we may be forced to choose between BCNF and dependency preservation with 3NF.

IT is worth noting that SQL does not provide a way of specifying functional dependencies, expect for the special case of declaring superkeys by using the primary key or unique constraints. It is possible, although a little complicated, to write assertions that enforce a functional dependency; unfortunately, testing the assertions would be very expensive in most database systems. Thus even if we had a dependency-preserving decomposition, if we use standard SQL we would not be able to efficiently test a functional dependency whose left-hand side is not a key.

Although testing functional dependencies may involve a join if the decomposition is not dependency preserving, we can reduce the cost by using materialized views, which many database systems support. Given a BCNF decomposition that is not dependency preserving, we consider each dependency in a minimum cover Fc that is not preserved in the decomposition. For each such dependency α ( β, we define a materialized view that computes a join of all relations in the decomposition, and projects the result on αβ. The functional dependency can be easily tested on the materialized view, be means of a constraint unique (α). On the negative side, there is a space and time overhead due to the materialized view, but on the positive side, the application programmer need not worry about writing code to keep redundant data consistent on updates; it is the job of the database system to maintain the materialized view, that is, keep up up to date when the database is updated. 

Thus, in case we are not able to get a dependency-preserving BCNF decomposition, it is generally preferable to opt for BCNF, and use techniques such as materialized views to reduce the cost of checking functional dependencies.

Fourth Normal Form

Some relation schemas, even though they are in BCNF, do not seem to be sufficiently normalized, in the sense that they still suffer from the problem of repetition of information. Consider again our banking example. Assume that, in an alternative design for the bank database schema, we have the schema

BC-schema = (loan-number, customer-name, customer-street, customer-city)

The astute reader will recognize this schema as a non-BCNF schema because of the functional dependency

customer-name ( customer-street customer-city

that we asserted earlier, and because customer-name is not a key for BC-schema. However, assume that our bank is attracting wealthy customers who have several addresses (say, a winter home and a summer home). Then, we no longer wish to enforce the functional dependency customer-name ( customer-street customer-city. If we remove this functional dependency, we find BC-schema to be in BCNF with respect to our modified set of functional dependencies. Yet, even though BC-schema is now in BCNF, we still have the problem of repetition of information that we had earlier.

To deal with this problem, we must define a new form of constraint, called a multivalued dependency. As we did for functional dependencies, we shall use multivalued dependencies to define a normal form for relation schemas. This normal form, called fourth normal form (4NF), is more restrictive than BCNF. We shall see that every 4NF schema is also in BCNF, but there are BCNF schemas that are not in 4NF.

Multivalued Dependencies

Functional dependencies Rule out certain tuples from being a relation. If A ( B, then we cannot have two tuples with the same A value but different B values. Multivalued dependencies, on the other hand, do not Rule out the existence of certain tuples. Instead, they require that other tuples of a certain form be present in the relation. For this reason, functional dependencies sometimes are referred to as equality-generating dependencies, and multivalued dependencies are referred to as tuple-generating dependencies.
Let R be a relation schema and let α ( R and β( R. The multivalued dependency

α (( β

holds on R if, in any legal relation r(R), for all pairs of tuples t1 and t2 in r such that t1(α) = t2 (α), there exist tuples t3 and t4 in r such that 


t1 (α) = t2(α) = t3 (α) = t4(α)


t3 (β) = t1(β)


t3 (R - β) = t2(R - β)


t4(β) = t2(β)


t4 (R - β) = t1(R - β)

This definition is less complicated than it appears to be. The figure gives a tabular picture of t1, t2, t3 and t4. 

	
	α
	β
	R- α -  β

	T1
	a1…..ai
	ai+1…..aj
	aj+1…..an

	T2
	a1…..ai
	bi+1…..bj
	bj+1…..bn

	T3
	a1…..ai
	a i+1…..aj
	bj+1…..bn

	T4
	a1…..ai
	bi+1…..bj
	aj+1…..an


Intuitively, the multivalued dependency α (( β says that the relationship between α and β is independent of the relationship between α and R - β . If the multivalued dependency α (( β is satisfied by all relations on schema R, then α (( β is a trivial multivalued dependency on schema R. Thus, α (( β is trivial if β ( α or β U α = R.

To illustrate the difference between functional and multivalued dependencies, we consider the BC-schema again, and the relation bc (BC-schema). We must repeat the loan number once for each address a customer has, and we must repeat the address for each loan a customer has. This repetition is unnecessary, since the relationship between a customer and his address is independent of the relationship between that customer and a loan. If a customer (say, Smith) has a loan (say, loan number L-23), we want that loan to be associated with all Smith’s addresses. To make this relation legal, we need to add the tuples (L-23, Smith, Main, Manchester) and (L-27, Smith, North, Rye) to the bc relation of the figure.

Comparing the preceding example with our definition of multivalued dependency, we see that we want the multivalued dependency

customer-name (( customer-street customer-city

to hold. (the multivalued dependency customer-name (( loan-number will do as well.)

As with functional dependencies, we shall use multivalued dependencies in two ways:

1. To test relations to determine whether they are legal under a given set of functional and multivalued dependencies

2. To specify constraints on the set of legal relations; we shall thus concern ourselves with only those relations that satisfy a given set of functional and multivalued dependencies

Note that, if a relation r fails to satisfy a given multivalued dependency, we can construct a relation r’ that does satisfy the multivalued dependences by adding tuples to r.

Let D denote a set of functional and multivalued dependencies. The closure D+ of D is the set of all functional and multivalued dependencies logically implied by D. As we did for functional dependencies, we can compute D+ from D, using the formal definitions of functional dependencies and multivalued dependencies. We can manage with such reasoning for very simple multivalued dependencies. Luckily, multivalued dependencies that occur in practice appear to be quite simple. For complex dependencies, it is better to reason about sets of dependencies by using a system of inference rules. 

From the definition of multivalued dependency, we can derive the following Rule:

· If α(β, then α((β.

In other words, every functional dependency is also a multivalued dependency.

Definition of Fourth Normal Form

Consider again our BC-schema example in which the multivalued dependency customer-name (( customer-street customer-city holds, but no nontrivial functional dependencies hold. We saw in the opening paragraphs of the section that, although BC-schema is in BCNF, the design is not ideal, since we must repeat a customer’s address information for each loan. We shall see that we can use the given multivalued dependency to improve the database design, by decomposing BC-schema into a fourth normal form decomposition.

A relation schema R is in fourth normal form (4NF) with respect to a set D of functional and multivalued dependencies if, for all multivalued dependencies in D+ of the form α((β, where α _ R and β _ R, at least one of the following holds

· α((β is a trivial multivalued dependency.

· α is a superkey for schema R.

A database design is in 4NF if each number of the set of relation schemas that constitutes the design is in 4NF.

Note that the definition of 4NF differs from the definition of BCNF is only the use of multivalued dependencies instead of functional dependencies. Every 4NF schema is in BCNF. To see this fact, we note that, if a schema R is not in BCNF, then there is a nontrivial functional dependency α(β holding on R, where α is not a superkey.

Since α(β implies α((β, R cannot be in 4NF.

Let R be a relation schema, and let R1, R2 … Rn be a decomposition of R. To check if each relation schema Ri in the decomposition is in 4NF, we need to find what multivalued dependencies hold on each Ri. Recall that, for a set F of functional dependencies, the restriction Fi of F to Ri is all functional dependencies in F+ that include only attributes of Ri. Now consider a set D of both functional and multivalued dependencies. The restriction of D to R, is the set Di consisting of 

1. All functional dependencies in D+ that include only attributes of Ri
2. All multivalued dependencies of the form

α((β U_ Ri
where α ( Ri and  α((β is in D+.

result := {R};

done := false;

compute D+; Given scheams Ri, let Di denote the restriction of D+ to Ri
while (not done) do

if (there is a schema Ri in result that is not in 4NF w.r.t. Di)



then begin

let α((β be a nontrivial multivalued dependency that holds on Ri such that α ( Ri is not in Di, and α _ β = ǿ;




result := (result – Ri) _ ( Ri - β) _ (α , β);



end


else done := true;

Decomposition Algorithm

The analogy between 4NF and BCNF applies to the algorithm for decomposing a schema into 4NF. The figure shows the 4NF decomposition algorithm. It is identical to the BCNF decomposition algorithm of the earlier figure, except that it uses multivalued, instead of functional, dependencies and uses the restriction of D+ to Ri.

If we apply the algorithm of the above figure to BC-schema, we find that customer-name (( loan-number is a nontrivial multivalued dependency, and customer-name is not a superkey for BC-schema. Following the algorithm, we replace BC-schema by two schemas:

Borrower-schema = (customer-name, loan-number)

Customer-schema = (customer-name, customer-street, customer-city).

This pair of schemas, which is in 4NF, eliminates the problem we encountered earlier with the redundancy of BC-schema.

As was the case when we were dealing solely with functional dependencies, we are interested in decompositions that are lossless-join decompositions and that preserve dependencies. The following fact about multivalued dependencies and lossless joins shows that the algorithm of the figure generates only lossless-join decompositions:

· Let r be a relation schemas, and let D be a set of functional and multivalued dependencies on r. Let R1 and R2 form a decomposition of R. This decomposition is a lossless-join decomposition of R if and only if at least one of the following multivalued dependencies is in D+:


R1 _ R2 (( R1

R1 _ R2 (( R2
Recall that we stated in the earlier section that, if R1 _ R2 ( R1 or R1 _ R2 ( R2, then R1 and R2 are a lossless-join decomposition of R. The preceding fact about multivalued dependencies is a more general statement about lossless joins. It says that, for every lossless-join decomposition of R into two schemas R1 and R2, one of the two dependencies R1 _ R2 (( R1 or R1 _ R2 ( ( R2 must hold.

The issue of dependency preservation when we decompose a relation becomes more complicated in the presence of multivalued dependencies. 

More Normal Forms

The fourth normal form is by no means the “ultimate” normal form. As we saw earlier, multivalued dependencies help us understand and tackle some forms of repetition of information that cannot be understood in terms of functional dependencies. There are types of constraints called join dependencies that generalize multivalued dependencies, lead to another normal form called project-join normal form (PJNF) (PJNF is called fifth normal form in some books). There is a class of even more general constraints, which leads to a normal form called domain-key normal form.

A practical problem with the use of these generalized constraints is that they are not only hard to reason with, but there is also not set of sound and complete inference flutes for reasoning about the constraints. Hence PJNF and domain-key normal form are used quite rarely. 

Conspicuous by its absence from our discussion of normal forms is second normal form (2NF). We have not discussed it, because it is of historical interest only. We simply define it, and let you experiment with it in the exercise.

Overall Database Design Process

So far we have looked at detailed issues about normal forms and normalization. In this section we study how normalization fits into the overall database design process.

Earlier we assumed that a relation schema R is given, and proceeded to normalize it. There are several ways in which we could have come up with the schema R:

1. R could have been generated when converting a E-R diagram to a set of tables.

2. R could have been single relation containing all attributes that are of interest. The normalization process then breaks up R into smaller relations.

3. R could have been the result of some ad hoc design of relations, which we then test to verify that it satisfies a desired normal form.

In the rest of this section we examine the implications of these approaches. We also examine some practical issues in database design, including denomalization for performance and examples of bad design that are not detected by normalization.

E-R Model and Normalization

When we carefully define an E-R diagram, identifying all entities correctly, the tables generated from the E-R diagram should not need further normalization. However, there can be functional dependencies between attributes of an entity. For instance, suppose an employee entity had attributes department-number and department-address, and there is a functional dependency department-number ( department-address. We would then need to normalize the relation generated from employee.

Most examples of such dependencies arise out of poor E-R diagram design. In the above example, if we did the E-R diagram correctly, we would have created a department entity with attribute department-address and a relationship between employee and department. Similarly, a relationship involving more than two entities may not be in a desirable normal form. Since most relationships are binary, such cases are relatively rare. (In fact, some E-R diagram variants actually make it difficult or impossible to specify nonbinary relations.)

Functional dependencies can help us detect poor E-R design. If the generated relations are not in desired normal form, the problem can be fixed in the E-R diagram. That is, normalization can be done formally as part of data modeling. Alternatively, normalization can be left to the designer’s intuition during E-R modeling, and can be done formally on the relations generated from the E-R model.

The Universal Relation Approach

The second approach to database design is to start with a single relation schema containing all attributes of interest, and decompose it. One of our goals in choosing a decomposition was that it be a lossless-join decomposition. To consider losslessness, we assumed that it is valid to talk about the join of all the relations of the decomposed database.

Consider the database of the figure showing a decomposition of the loan-info relation. The figure depicts a situation in which we have not yet determined the amount of loan L-58, but wish to record the remainder of the data on the loan. If we compute the natural join of these relations, we discover that all tuples referring to loan L-58 disappear. In other words, there is no loan-info relation corresponding to the relations of the figure. Tuples that disappear when we compute the join are dangling tuples. Formally, let r1(R1), r2(R2), …, rn(Rn) be a set of relations. A tuple t of relation ri is dangling tuple if t is not in the relation

SOMETHING

Dangling tuples may occur in practical database applications. They represent incomplete information, as they do in our example, where we wish to store data about a loan that is still in the process of being negotiated. The relations r1………… is called a universal relation, since it involves all the attributes in the universe define by R1 _ R2 _ … _ Rn.

The only way that we can write a universal relation for the example of figure is to include null values in the universal relation. We saw earlier that null values present several difficulties. Because of them, it may be better to view the relations of the decomposed design as representing the database, rather than as the universal relation whose schema we decomposed during the normalization process. 

Note that we cannot enter all incomplete information into the database of the figure without resorting to null values. For example, we cannot enter a loan number unless we know at least one of the following:

· The customer name

· The branch name

· The amount of the loan

Thus, a particular decomposition defines a restricted form of incomplete information that is acceptable in our database.

The normal forms that we have defined generated good database designs from the point of view of representation of incomplete information. Returning again to the above example we would not want to allow  storage of the following fact:

“There is a loan (whose number is unknown) to Jones in the amount of $100” This is because

loan-number(customer-name amount

and therefore the only way that we can relate customer-name and amount is through loan number. If we do not know the loan number, we cannot distinguish this loan from other loans with unknown numbers.

In other words, we do not want to store data for which the key attributes are unknown. Observe that the normal forms that we have defined don not allow us to store that type of information unless we use null values. Thus, our normal forms allow representation of acceptable incomplete information via dangling tuples, while prohibiting the storage of undesirable incomplete information.

Another consequence of the universal relation approach to database design is that attribute names must be unique in the universal relation. We cannot use name to refer to both customer-name and to branch-name. It is generally preferable to use unique names, as we have done. Nevertheless, is we defined our relation schemas directly, rather than in terms of a universal relation, we could obtain relations on schemas such as the following for our banking example:

branch-loan(name, number)

loan-customer(number, name)

amt(number, amount)

Observe that, with the preceding relations, expressions such as branch-loan __ loan-customer are meaningless. Indeed, the expression branch-loan __ loan-customer finds loans made by branches to customers who have the same name as the name of the branch.

In a language such as SQL, however, a query involving branch-loan and loan-customer must remove ambiguity in reference to name by prefixing the relation name. In such environments, the multiple roles for name (as branch name and as customer name) are less troublesome and may be simpler to use.

We believe that using the unique-role assumption – that each attribute name has a unique meaning in the database – is generally preferable to reusing of the same name in multiple roles. When the unique-role assumption is not made, the database designer must be especially careful when constructing a normalized relational-database design.

Occasionally database designers choose a schema that has redundant information; that is, it is not normalized. They use the redundancy to improve performance for specific applications. The penalty paid for not using a normalized schema is the extra work (in terms of coding time and execution time) to keep redundant data consistent. For instance, suppose that the name of an account holder has to be displayed along with the account number and balance, every time the account is accessed. In our normalized schema, this requires a join of account with depositor.

One alternative to computing the join on the fly is to store a relation containing all the attributes of account and depositor. This makes displaying the account information faster. However, the balance information for an account is repeated for every person who owns the account, and all copies must be updated by the application, whenever the account balance is updated. The process of taking a normalized schema and making it non-normalized is called denormalization, and designers use it to tune performance of systems to support time-critical operations.

A better alternative, supported by many database systems today, is to use the normalized schema, and additionally store the join or account and depositor as a materialized view. (Recall that a materialized view is a view whose result is stored in the database, and brought up to date when the relations used in the view are updated.)

Like denormalization, using materialized view does have space and time overheads; however, it has the advantage that keeping the view up to date is the job of the database system, not the application programmer.

Other Design Issues

There are some aspects of database design that are not addressed by normalization, and can thus lead to bad database design. We give examples her; obviously, such designs should be avoided.

Consider a company database, where we want to store earnings of companies in different years. A relation earnings (company-id, year, amount) could be used to store the earnings information. The only functional dependency on this relation is company-id, year ( amount, and the relation is in BCNF.

An alternative design is to use multiple relations, each storing the earnings for a different year.  Let us say the years of interest are 2000, 2001 and 2002; we would then have relations of the form earnings – 2000, earning – 2001, earnings – 2002; all of which are on the schema (company-id, earnings). The only functional dependency here on each relation would be company-id ( earnings, so these relations are also in BCNF.

However, this alternative design is clearly a bad idea – we would have to create a new relation every year, and would also have to write new queries every year, to take each new relation into account. Queries would also be more complicated since they may have to refer to many relations.

Yet another way of representing the same data is to have a single relation company-year(company-id, earnings-2000, earnings-2001, earnings-2002). Here the only functional dependencies are from company-id to the other attributes, and again the relation is in BCNF. This design is also a bad idea since it has problems similar to the previous design-namely we would have to modify the relation schema and write new queries, every year. Queries would also be more complicated, since they may have to refer to many attributes.

Representations such as those in the company-year relation, with one column for each value of an attribute, are called crosstabs; they are widely used in spreadsheets and reports and in data analysis tools. While such representations are useful for display to users, for the reasons just given, they are not desirable in a database design. SQL extensions have been proposed to convert data from a normal relational representation to a crosstab, for display.

complex selections

Conjunction : selection is of the form

σa1 ^a2^….an (r)

The number of tuples satisfy the selection condition ai  be si . the probability of a tuple in the relation satisfy the selection criteria is Si/Nr

Assuming the conditions are independent of each other the probable no of tuples in full selection is

Nr * s1*s2*……sn / (Nr)n

Disjunction: is of the type

σa1va2v….an (r)
the probability that a tuple satisfy the 

1- (1- s1/Nr) * (1 –s2/nr)*………(1- sn/Nr)

multiplying the value by Nr gives us the estimated number of tuples 

Negation:

We know σa1 (r) gives you s1/Nr tuples. With a note condtion we have 1- s1/Nr tuples
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