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Advanced and Distributed Databases
DBMS Data Models and Server Functionality

1. Introduction

There is a need to further develop product and price Information and its availability
for the OE database.

The next section of this report will focus on and discuss three different tools which
are involved with in database management system's to enhance the server
functionality. It is important to have a server with high functionality so that the
database user can perform lots of different tasks / actions on the database to get
useful results out of the database. The three tools are Triggers, XML, X Path.

2. Background
2.1 Triggers

Triggers are used in databases as a way of auditing and checking for consistency in
the database. They can be very useful as they can pick up on changes made to
database tables for database managers to check and amend if inaccurate.

A Trigger is code within the database, which executes when the conditions are met.
Whatever the outcome of the trigger the final stage will insert a row in to another
table. This other table could be an audit table, which will be for the trigger to insert its
audit data in to.

There are different types of triggers available with database management systems.
Firstly there can be ‘Insert Triggers’. These type of triggers are run every time a new
row is inserted in to a database table, the trigger will run and place an audit row in to
the audit table. An example could be an online shop when a product is inserted in to
the database with a price a trigger could be run to insert a record of this entry in to a
separate audit table.

Another type of trigger could be an update trigger. This can be a really important
type of trigger as it records changes to existing rows in the database. This means
that when an update occurs in a database table the trigger will run and record the
update as a new row in the audit table. An example of this could be a company with
a payroll system where they would like to audit changes to the salary field of the
Payroll table to check for fraudulent updates to the database table.

The final type of trigger is very similar as the other two in terms of how they work.
This is the delete trigger. When a row is deleted the trigger runs and records what is
deleted in the audit table. This can be very important for a company to audit and
manage changes to their database.

Chris Gillman 4
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2.2 XML

This tool is a fairly new tool within databases and it is becoming more popular over
time as a result of other companies wishing to use data from other companies to
publish information. An example of this could be rail information. National Rail
Enquires publish all the train times on their database and all the train operators like
to show that Information on their sites. This can be done using XML.

It works because database management systems have a built-in function called
‘XML Type’. Within this field in a table the contents of that particular field can be
inserted as XML. As a result of this other companies can read this XML and develop
their sites to show this Information. The main company can then make changes to
their tables and update their XML.

2.3 X Path

This is used to navigate through XML documents and
elements within the document. It is the syntax for defining
the parts of an XML document. It uses path expressions
to navigate in XML documents. The path expressions are
very similar to computer paths and filenames. They are
used to select nodes or node sets in of an XML
document. There are hundreds of built in functions to
increase the server functionality. These can include, g
string values, numeric values, date and time comparison and Boolean values.
The diagram on the right shows how X path is the framework for the other XML

technologies.
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3. Desi

3.1 Table Design

/IChris Gillman - Databases Assignment 2009
//Southampton Solent University
/Ninsert Tables in to the DBMS

CREATE TABLE PRODUCT_INFORMATION

(

ltem_ID int NOT NULL PRIMARY KEY,
Category varchar(255),

Weight_Class varchar(255),
Warranty_Class varchar(255),
Warrenty varchar(255),

Supplier_ID int,

Product_Status varchar(255),
List_Price NUMBER(10,2),

Min_Price NUMBER(10,2),
Catalog_URL varchar(255),

FOREIGN KEY (ltem_ID)
REFERENCES PRODUCT_DESCRIPTION(PRODUCT_ID)

)
CREATE TABLE PRODUCT_DESCRIPTION

(

Product_ID int NOT NULL PRIMARY KEY,
Language_ID int,

Product_Name varchar(255) NOT NULL,
Product_Description varchar(255),
column1 XMLType

%

CREATE TABLE PRICE_HISTORY

(

History_ID int NOT NULL PRIMARY KEY,

ID int,

Price varchar(255),

Old_price varchar(255),

Misc varchar(255),

Date_Time date,

Username varchar(255),

FOREIGN KEY (ID)

REFERENCES PRODUCT_INFORMATION(ltem_ID)
) ’

3.2 Sequence Design

These two sequences are necessary, as the two fields are primary keys. Therefore
each new record has to be given a unique number which is what these sequences
are achieving.

CREATE SEQUENCE seq_productid
MINVALUE 1

START WITH 1

INCREMENT BY 1

CACHE 10;

CREATE SEQUENCE seq_historyid
MINVALUE 1

STARTWITH 1

INCREMENT BY 1

CACHE 10

Chris Gillman 6
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3.3 Database Trigger )

/IThis Trigger Wil fire every time a new row is inserted in to the Product Information Table.

create TRIGGER INSERTTRIGGER

AFTER INSERT ON PRODUCT_INFORMATION

FOR EACH ROW

BEGIN

INSERT INTO PRICE_HISTORY(History_id, ID, Old_price, Price, Misc, Date_Time, Username)
VALUES(seq_historyid.nextval, :new.ltem_ID, ', :new.List_price, 'NEW PRODUCT', SYSDATE, USER),
END;

/[This Trigger will fire every time an Update occurs on the Product Information Table.

CREATE TRIGGER UPDATETRIGGER

AFTER UPDATE OF List_Price ON PRODUCT_INFORMATION

FOR EACH ROW

BEGIN

IF :new.List_Price < :old.List_Price THEN

INSERT INTO PRICE_HISTORY(History_id, ID, Old_price, Price, Misc, Date_Time, Username)
VALUES(seq_historyid.nextval, :new.ltem_ID, :old.List_Price, :new.List_price, 'Price Descreased’, SYSDATE, USERY);
END IF;

IF :new.List_Price > :old.List_Price THEN

INSERT INTO PRICE_HISTORY(History_id, ID, old_price, Price, Misc, Date_Time, Username)
VALUES(seq_historyid.nextval, :new.ltem_lID, :old.List_Price, :new.List_Price, 'Price Increased', SYSDATE, USER);
END IF;

END;

/This Trigger will fire everytime a row is deleted from the Product Information table.

CREATE TRIGGER DELETETRIGGER

AFTER DELETE ON PRODUCT_INFORMATION

FOR EACH ROW

BEGIN

delete from price_history where ID = :old.ltem_ID;

delete from product_description where PRODUCT_ID = :old.ltem_!D;
END;

Chris Gillman 7
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4. Implementation

Now the tables have been designed it is important to insert some Information in to
the database to check the trigger is working correctly. The code printed below is the
SQL used to insert, update and delete entries in the database tables.

As the trigger has been designed and implemented the trlgger should now run once
data is inserted updated or deleted.

Screen prints of the testing process can be found in the next chapter of this report.

4.1 Insert record

//Insert a Row in to the Product description Table including the revelant XML in to the XML Type Field

DECLARE

XMLText1 CLOB:=

'<PRODUCT>

<PRODUCTID>1</PRODUCTID>

<LANGUAGEID>2</LANGUAGEID>

<PRODUCT_NAME>Hard Disk</PRODUCT_NAME>
<PRODUCT_DESCRIPTION>160GB Hard Disk</PRODUCT_DESCRIPTION>
</PRODUCT>",

BEGIN

INSERT INTO PRODUCT_DESCRIPTION(Product_ID, Language_ID, Product_name,Product_Description, column1)
VALUES (seq_productid.nextval, 002, 'Hard Disk','"160GB Hard Disk’, XMLType(XMLText1));

END;

//Insert Data in to the Product Information Table.

INSERT INTO product_information (Item_|D, Category,
Weight_Class,warranty_class Warrenty,Supplier_iD,Product_Status,List_Price,Min_Price,Catalog_URL)
VALUES (1, "1a', 'class A','W Class A','2 Years',1010,'In Stock','£125','£100','01010190");

4.2 Delete record

/IDelete a Row from the Product Information Table.
/MVhen this is run, the delete trigger will run and will delete the entry in the Description table and the
/lprice history table.

DELETE FROM product_information
WHERE ltem_|D=4;

//Update a Field in the Product Information Table.
/[The Update Trigger will run and will also update the audit table.

4.3 Update record

UPDATE PRODUCT_INFORMATION
SET LIST_PRICE='£1000'
WHERE ITEM_ID=8;

4.4 Selecting the XML

/[This generates the XML requested from the tables and fields named.

SELECT

XMLELEMENT("litemID", Item_ID}),

XMLELEMENT("List Price", List_Price),
XMLELEMENT("Product Name", product_name),
XMLELEMENT("Product Description", Product_Description)

Chris Gillman 8
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FROM product_information, product_description

5. Testing

Here are some screen prints to show the triggers working correctly when data is
inserted, updated or deleted.

Workspace Workspace ‘

Enter SQL, PL/SQL and SQL*Plus statements. Enter SQL, PL/SQL and SQL*Plus statements.

create TRIGGER INSERTTRIGGER 1 |CREATE TRIGGER UPDATETRIGGER

AFTER INSERT ON PRODUCT_INFORMATION AFTER URDATE OF List_Price ON PRODUCT_INFORMATION

FOR EACH ROW FOR EACH ROW

BEGIN BEGIN

INSERT INTO PRICE_HISTORY({History_id, ID, Old_price, Price, Misc, IF :new.List_Price < :old.List_Price THEN

Date_Time, Usemame} . INSERT INTO PRICE_HISTORY(History_id, ID, Old_price, Price, Misc,

VALUES(seq_historyid.nexival, :new.item_ID, ™, :new List_price, NEW Date_Time, Usemame}

PRODUCT, SYSDATE, USER}; VALUES

END; (seq_historyid.nextval, :new.item_|D, :old.List_Price, new.List_price, Pr
ice Descreased, SYSDATE, USER});

{Execute ) {Load 8eript ) ( Save Seript ) { Caneel )

(Execute) (:Load Script) { Bave Script) QCancel)

Trigger created. Trigger created.

b Workspace
Enter SQL, PL/SQL and SQL*Plus statements.

CREATE TRIGGER DELETETRIGGER| ol
AFTER DELETE ON PRODUCT_INFORMATION
FOR EACH ROW

BEGIN

delete from price_history where 1D = :old.ttem_ID:
delete from product_description wherse PRODUCT_ID = :old ltem_ID; |
END;

{Execute) {Load Seript } { Save Seript ) { Cancel }

Trigger created.

5 1) 1,125 - NEW PRODUCT 06-NOV-09 GILLC47
| 2, 21125 - MEW PRODUCT ' 06-MOV-09 GILLC47
| 3 31125 - NEW PRODUCT 06-NOV-08 GILLC47
4. 4125 - : NEW PRODUCT 06-MOV-09 GILLC47
A 6 51125 - MEW PRODUCT | 0B-NOV-09 GILLC4T
' ! 6 6,125 - NEW PRODUCT 06-NOW-09 GILLC47
7 61000 125 Price Increased 06-MOV-09 GILLC47
B 8! 450 125 Price Descreased ' 05-NOVY-08 GILLC4AT
9| 2 50 125  |Price Descreased | 06-NOV-03 | GILLC4T |
9 rows selected.
Chris Gillman 9
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6. Conclusion

During phase one of this unit the focus has been on database functionality and tools.
| have become more familiar with the different tools available and have a better
understanding of Triggers and XML within databases. | have also learnt about other
XML technologies such as X Path and XSLT.

6.1 Recommendation

My Recommendation is that it is best to use a database server with a lot of
functionality so that the developers have the best chance to manipulate the data
accordingly. Oracle is a good example as it has the capability of many database
tools and techniques. The tools | have talked about in this phase are all available to
be used in Oracle.

7. Advanced Topic

This Advanced topic has been covered separately as a topic in its own right at the
back of this report. It can be found on page 40.
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Advanced and Distributed Databases
Accessing and Manipulating Data Programmatically

1. introduction

This phase of this report is going to be briefly discussing and explaining two different
types of manipulating data techniques in databases. The two main ways of
manipulating data in databases is firstly to use Java to design and create a block of
code to run a small program to perform actions on the database. The second way of
manipulating data is to use what is known as PL/SQL to write a small program to
also perform actions on the database.

The scenario for this phase is a bank account. Some privileged customers have
accounts. The account table is modified according to instructions in the actions table.

2. Background
2.1 Java JBDC/JDO

The Java JBDC is a recognised standard in the computing sector which provides
connectivity between the Java programming Language and a wide range of
enterprise databases. JBDC technology allows database administrators to write SQL
programs for databases once and then to be run at any time on the database. This
technology makes it possible to establish a connection, then to send SQL statements
in the form of a program and then to process the results for the administrator.

The Java JDBC API supports both two tier and 3 tier process models for access to
the database.

in the two-tier glatgbase_ model a Java Applkation
database application will talk
directly to the data source. This
will require a JDBC driver that
can communicate with the data
source being accessed. A user's
commands are delivered to the
database, and the results of
those statements are sent back to the user. The data source may be located on
another server to which the user is connected to via the network. This is often known
as the client/server configuration, with the user's machine as the client, and the
machine with the data source as the server.

Client Machine

JDBC

I DBMS-proprictary protocol

Database server

In the three-tier database model, there is a
Client machine (GUT) middle tier to the model which commands are
L frrre, Rvr corBa, o omercans. SENE 100 from the database source. The data
APPHJ,'MSWE - . source will process the commands and send
\Java) (usiness ogics the results back to the middle tier, which will
Jope then send them to the user. Database

§___ DEMS.proprieary pofocol administrators find the three-tier model very

Java appletor
HTML bmoswser

Database server

( 11
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attractive because the middle tier makes it possible to maintain the control needed
when dealing with private company data. Another advantage is that it will simplify the
deployment of applications. Finally, the three-tier architecture can provide
performance advantages on the database

2.2 PL/SQL

PL/SQL is the alternative to Java JDBC. It is the language used to create a small
program to execute on the database. It was introduced in to version 6 of the Oracle
DBMS. It extends the concept of basic SQL with the constructs of other languages
such as Pascal and Ada. The language enables the database administrator to use
constructs such as different types of loops, variables, conditions and exceptions to
develop their program.

There are two ways to develop a PL/SQL program. Firstly the developer can use a
web-based application to connect to the database to run the program being
developed. Secondly the developer may choose to use Oracle’s new SQL Developer
to design and execute the program. SQL developer is a graphical Interface to
manage the database through tables, triggers and PL/SQL and many other database
objects.

2.3 APEX

This topic is a new application released by Oracle to ease the development of front-
end applications for Oracle databases. It is a web-based application for database
developers to develop front-end pages for their database. All the developer will need
is a web browser and limited programming experience to develop their own
applications. It is possible to develop both professional and fast applications, which
are secure as well. The system combines personal database productivity, ease of
use and the flexibility with the qualities of an enterprise database such as security,
Integrity and scalability.

Chris Gillman 12
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3. Design & Implementation

Here is PL/SQL code, which has been designed, and developed to fulfil the
requirements given in the scenero.

DECLARE : '
CURSOR myupdate IS SELECT account_id, trans_type, new_value FROM action FOR UPDATE OF status;
BEGIN '
FOR eachrow IN myupdate
LOOP
eachrow.trans_type := upper(eachrow.trans_type);

IF eachrow.trans_type ='U' THEN
UPDATE accounts SET bal = eachrow.new_value
WHERE account_id = eachrow.account_id;

END IF;
IF SQL%NOTFOUND THEN
INSERT INTO accounts VALUES (eachrow.account_id, eachrow.new_value),
UPDATE action SET status = 'Account Not Found. Inserted instead.' WHERE CURRENT OF
myupdate;
ELSE
UPDATE action SET status = 'Account Updated.' WHERE CURRENT OF myupdate;
END IF;
END LOOP;
END;
DECLARE

CURSOR myinsert IS SELECT account_id, trans_type, new_value FROM action FOR UPDATE OF status;
BEGIN

FOR eachrow IN myinsert

LOOP

eachrow.trans_type := upper(eachrow.trans_type);

IF eachrow.trans_type ='I' THEN

BEGIN
INSERT INTO accounts VALUES (eachrow.account_id, eachrow.new_value);
UPDATE action set status = ‘Account Inserted' WHERE CURRENT OF myinsert;
EXCEPTION
WHEN DUP_VAL_ON_INDEX THEN
UPDATE accounts SET bal = eachrow.new_value WHERE account_id = eachrow.account_id;
UPDATE action SET status = 'Account already exists. Updated Instead' WHERE CURRENT OF myinsert;
END;
END IF;
END LOOP;
END;
DECLARE

CURSOR mydelete IS SELECT account_id, trans_type, new_value FROM action FOR UPDATE OF status;
BEGIN

FOR eachrow IN mydelete

LOOP

eachrow.trans_type := upper(eachrow.trans_type);

IF eachrow.trans_type = 'D’' THEN
DELETE FROM accounts
WHERE account_id = eachrow.account_id;

IF SQL%NOTFOUND THEN
UPDATE action SET status = 'Account Number Not Found' WHERE CURRENT OF mydelete;
ELSE
UPDATE action SET status = 'Account Deleted' WHERE CURRENT OF mydelete;
END IF;
END IF;
END LOOP;
END
Chris Gillman 13
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4. Testing

Here are some screen prints to show the PL/SQL working correctly satisfy the
requirements given in the scenario for this phase.

Workspace Workspace

Enter SQL, PL/SQL and sopp[us statements. Enter SQL., PL/SQL and SQL"Plus stakements

DECLARE DECLARE
CURSOR myinsert IS SELECT account_id, trans_type. CURSOR mydelete IS SELECT account_id, trans_type,
new_value FROM action FOR UPDATE OF status; new_value FROM action FOR UPDATE OF status;

BEGIN BEGIN

FOR eachrow IN myinsert FOR eachrow [N mydelete

Loop LOOP

eachrow trans_type = upper(eachrow trans_type}; eachrow.trans_type = upper{eachrow trans_typs};

IF eachrow.trans_type =1 THEN .
b IF sachrow.trans_type = ‘D" THEN
(Execute’) (Load Seript) {Save Seript) (Cancet) CExacute ) (Load Script) ( Save Seript) (Cancel )
PL/SQL procedure successfully completed. PL/SQL procedure successfully completed.
Workspace
" Enter SQL, PL/SQL and SQL*Plus statements.

IDECLARE

CURSOR myupdate IS SELECT account_id, trans_type,
'naw value FROM action FOR UPDATE OF status:
{BEGIN
| FOR eachrow IMN myupdate

LOOP

eachrow.trans_type ‘= upper(eachrow trans_type};

IF eachrow trans_type ="U THEN
UPDATE accounts SET bal = eachrow.new_value ﬂd

Exacula) { Load Scnpt) fSave Scnpt) (. cel )

PL/SQL procedure successfully completed.

3| 700 | Account Updated. 26-NOV-09 f
Bi 20099 Account Updated. 26-NOV-09
- 5id | Account Updated. 1 26-NOV-08
B 7iu 1599 | Account Updated. | 26-NOV-03 :
1iu 399 | Account Updated. 26-NOV-09 :
9/d ; Account Updated. 26-NOV-09
10 )x | Account Updated. | 26-NOV-09

7 rows selected.

= RN N FUR N U

5 rows selected.
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5. Conclusion

The code for the application, which has been developed, can be found on the next
page. This conclusion will briefly conclude Java JBDC and PL/SQL AND relate them
to real Case Studies from companies.

5.1 Java JBDC

Using Java JBDC inside an editor such as J Creator can be a very good way of
developing simple program’s and application’s for database’s. It can really help the
developer to design an application, which can meet the business user requirements.
The interface is usable and is fairly easy for the user-to learn their way around to
learn the technology. Application’s built in Java for database’s have proven to be
reliable and robust. Java is leading the way in database application development
with many developers choosing this technology. Many companies have front-end
applications written in Java.

However a downside to this is that the developer has to know Java and understand
Java. If a developer has not used Java much and has a limited knowledge of Java
then it is best to use PL SQL to develop applications with.

An example of Java being used to develop an application can be found in the
reference section of this evaluation. It is about a company who developed an
application to record weather Information for an air traffic control system.

They used Java to develop a graphical front end to their database to make it easier
for staff to record Information.

5.2 PL/SQL

Using PL/SQL can be a really good way of developing applications for databases
and is an alternative to Java JBDC. A developer who has previous experience with
SQL can quite easily develop programs in PL/SQL. Developer’s can write program’s
which can meet business user requirements and the programs, which they design
and execute, can be useable to a degree as well.

Overall this evaluation concludes that Java JBDC applications are probably more
useable than PL SQL applications because Java editors such as J-creator will be
able to provide a better design environment for the developer to create a more
usable application than PL SQL.

A typical business example where PL/SQL has been used can be found in the
reference’s section to this evaluation. It is a case study of a company who developed
an application to check for suspicious customer activities online with a bank’s
website to be detected. The full case study is available in the references.

Chris Gillman 15
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5.3 Recommendation

My general recommendation here is that if the developers have experience in
designing and creating JAVA applications then | recommend using Java JBDC to
create database driven Applications. On the other hand if the developers have a
limited knowledge of JAVA and are unsure then | recommend using PL/SQL as this
is a programming language which is used to write simple database applications in
the form of SQL.
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Advanced and Distributed Databases
Improving Data Access by Data Distribution and Replication

1. Introduction

This subject area within databases is all about accessing data within different
databases, which may be on different networks in different countries. SQL allows
database developers to distribute data to different servers throughout a business.

The need for this is very important, as businesses may be international based with
sites in different countries. Therefore their staff will need to be able to access
company data stored in other database systems in other countries.

The scenario for this phase is a company rapidly expanding its international
business. There are now many locations in four main regions of the world. However
its HR and order entry systems are still centralised at one site.

In order to improve this setup the company has decided to distribute and or replicate
where appropriate across its international sites.

2. Background
2.1 Data Replication

This is the process of sharing information to ensure consistency between separate
database systems. There are two types of data replication. The first type is called
active replication. This is performed when processing the same request over and
over again. In passive replication each single request is processed one at a time
and then its state is transferred to the database system.

2.2 Key Advantages of Replication

, a. Availability - Replication improves the availability of applications
( because it provides them with alternative data access options. If one
database becomes unavailable then the users can continue to query or
even update the remaining databases.

b. Performance — Replication provides fast, local access to shared data
because it balances activity over multiple sites. Some users will be
able to access one database and others will access other databases.
Therefore the load on one database is spread across a number of
databases on the network.

c. Disconnected Computing — A materialised view is a complete or partial
view of a target table from a single point in time. Materialised views
enable users on a subset of a database while disconnected from the
central database.

d. Network load Reduction — It can also be used to distribute data over
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multiple regional locations. The applications can access various
servers instead of accessing one central server. This confutation can
reduce network load in a big way.

2.3 Data Distribution

This is the process that manages a single copy of all the data and all the database
objects. Data distribution in the context of databases is the term given to a database,
which is spread over a network. This data can be stored in different databases. Each
database in a distributed setup has connections to other databases so that other
databases can be queried and data is replicated on other databases.

2.4 Database Links

A database link is a pointer to another database, which can be on the same network
or in a different country. The following is an example of SQL to create a database
link in to a database system.

CREATE PUBLIC DATABASE LINK student3 CONNECT TO blogs IDENTIFIED BY USING
‘student3.solent.ac.uk

This would mean that anybody who is connected to this database would be able to

use this link to query the database called student3. %‘y W,é

2.5 Distributed Queries

The database where the query is sent from would break down the query into a
number of remote queries, which then sends the remote nodes ready to be
executed. The remote node then executes the query and sends the results back to
the local node. The local nodes then perform any necessary processing and return
the results to the local database system.

Chris Gillman 18
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3. Design & Implementation

3.1 Task Two Code

CREATE VIEW HR_employees as

SELECT employees.employee_id, first_name, last_name, department_name, state_province, country_name, job_title,
max_salary

FROM hrd.employees@student3, hrd.departments@student3, hrd.locations@student4, hrd.countries@student4,
hrd.jobs@student3

WHERE employees.department_id = departments.department_id

AND departments.location_id = locations.location_id

AND locations.country_id = countries.country_id

AND jobs.job_id = employees.job_id

UNION

SELECT employees.employee_id, first_name, last_name, department_name, state_province, country_name, job_title,
max_salary

FROM hrd.employees@student4, hrd.departments@studentd, hrd.locations@student4, hrd.countries@student4,
hrd.jobs@student4

WHERE employees.department_id = depariments.department_id

AND departments.location_id = locations.location_id

AND locations.country_id = countries.country_id

AND jobs.job_id = employees.job_id

UNION

SELECT employees.employee_id, first_name, last_name, department_name, state_province, country_name, job_title,
max_salary

FROM hrd.employees@student5, hrd. departments@student5, hrd.locations@student4, hrd.countries@student4,
hrd.jobs@student5

WHERE employees.department_id = departments.department_id

AND departments.location_id = locations.location_id

AND locations.country_id = countries.country_id

AND jobs.job_id = employees.job_id

ORDER BY max_salary DESC;

3.2 Snapshot Log

This is the script which generates the Trigger to take a snapshot when the
departments table is updated and inserts the new row in to the snapshot table.

create or replace trigger departments_update

before update of department_name on departments

for each row

begin

insert into
DEPARTMENTS_SNAPSHOTLOG(log_id,updated_master_primary_key,updated_master_timestamp,refresh_snapshot_timest
amp)

values(log_id_seq.nextval, :old.department_id, SYSDATE, NULL);

end;

Department Snap Shot Table
CREATE TABLE DEPARTMENTS_SNAPSHOTLOG

(

LOG_ID NUMBER(5,0),
UPDATED_MASTER_PRIMARY_KEY NUMBER(6,0),
UPDATED_MASTER_TIMESTAMP DATE,
REFRESH_SNAPSHOT_TIMESTAMP DATE,
PRIMARY KEY ("LOG_ID")

)

Department Database Table .
CREATE TABLE DEPARTMENTS

(

DEPARTMENT_ID NUMBER(4,0),
DEPARTMENT_NAME VARCHAR?2,
MANAGER_ID NUMBER(,0),
LOCATION_ID NUMBER(4,0)

)
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4. Distributed Database Design Model

USA (HQ) Site UK Site

EMPLOYEE (UK records only)

EMPLOYEE (USA records only)
JOB HISTORY (UK records only)

JOB HISTORY (USA records only)
JOBS

DEPARTMENTS JOBS

DEPARTMENTS
Tables Stored at this site only

Locations OE - Order Entry System
Countries Product Descriptions
Regions Product Information
Warehouses Order ltems

Inventories

Orders

OE — Order Entry System
S Product Descriptions

L Product Information

Order ltems

Orders

Customers

PRI

Germany Site

EMPLOYEE (Germany records
only)

JOB HISTORY (Germany records
only)

JOBS

DEPARTMENTS

OE ~ Order Entry System
Product Descriptions
Product information

Order Items

Orders
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4.1 Explanation for Proposed Model

The proposed model has been designed with a few requirements outlined by the
company in the scenario.

These requirements are:

a. An order transaction is completed regardless of whether the site is
connected to databases at other sites.

b. Update of orders to other sites does not need to be instantaneous,
although consistency of product and price information is a high priority.

¢c. The System must be designed so that distributed queries at the HQ
can be run on the database. This will enable managers to easily
retrieve information (such as a list of employees) for specific sites or for
the entire company. '

There are specific tables that the order entry system must distribute across all three
sites. This is to ensure that if the connections between the three sites go down, the
company across all three sites can still place orders and operate efficiently. These
tables are the product Information, Product descriptions, orders Items and orders.

The customer’s table is going to be fully replicated across all three sites. This is
because each site needs access to the customer’s table in order to place orders with
the correct customer.

This leaves the last two tables, which is the inventories and warehouses table. This
is going to be portioned at the USA (HQ) site only. This is because they are not
necessary to replicate across to all three sites. If the database links go down the
separate site databases can hold any updates until the full linked system is resumed
again. Then it can update these two tables with the new information.

The other side of the system is the HR Database. This has already been
implemented across the company.
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5. Testing

Here are some screen prints to show the select statements across the three different
sites and the snapshot trigger and table as well to ensure that they are correctly
working correctly to satisfy the requirements given in the scenario for this phase.

Workspace
Enter SQL, PL/SQL and SQL*Plus statements.

CREATE VIEW HR_employees as

SELECT employees.employee_id, first_name, last_name,
department_name, state_province, country_name, job_title, max_salary
FROW hrd.employees@student3, hrd.departments@student3,
hrd.locations@studentd, hrd.countries@studentd, hrd.jobs@studentd
WHERE employees.department_id = departments.department_id

AND departments.location_id = locations.location_id

AMD locations.country_id = countries.country_id

Vo AND jobs.job_id = employees_job_id

UNION

(Execute ) (Load Script) { Save Seript ) (Cancel )

View created.

, 100’ Steven .. Kng | Exatie . Washington 'United States of America ; L

101 Meena :Km:hhar . | Executive X ;wva_siy_ingmn i . United Statas of America Administration Vice President N 3000
102 Lex . DeHaan . | Executive Washington . iUnited States of Amefica | Administration Vice Prasident . 3000
145 Jobn i Russall ! Salas " oxtord - 'United Kingdom . Sales Managar . - . 2000
146 Karen Patners SBales . Dodard X - United Kingdom § . ; Sales Manager . . o | 2000
147 : Alberte. .| Emazuriz wSa}ies» o . ) Oxford ! United Kingdom X : Sales Manager i . 2000
148 Gerald : Cambrault Sales Oxford United Kingdom  Sales Manager ) ] } 2000
142‘Elsni ) i i ‘Zlolkebyy ’ Y_Sai‘ss . T ovdord . ’ “United K”in‘gidum' i " Sales Mgnager’ X X i .. 2000
108 : Nancy _ Greenbery “Finance ’ . ‘Washington ’  United States of America ; Finance anager i . i 1600
205 Shelley 1Higgin; i Accounting Washington El.}nited States of America § Accounting Manager . : | 1600
114 Den Raphasly Purchasing Washington ‘Unilad States of America ;Purchasing Hanager i L _ 1500
150 | Peter Tucker Sales Oxford United Kingdom X Sales Representative . . Yoo0
151, David : Sales “Oxford " United Kingdom ' Sales Reprosentative E 1200
152 Peter _Hal iSa}és - Oxford j'Urgi(ed Kingdom Sales Representative 1200
153 Christopher “Olsen ;Sgles o ’ Oxford : :Uni\ved Kingdom fSa}qs Representative . . o 1200
184 Manstte Cambrauit ; Salss “Oxford | United Kingdz;m " Sales Representative 1200
185:Oliver Twvault Sales Oxford + United Kingdom Sales Representative . Y200
155;.]§r_vqtte ’ . iKing . Sales ) .. Oxford B N - iUnile&l Kinédam ““““ . 7$ales Represeniat;rie . : o200
157 ;Patrick : Sully . ;Sales ‘O)cfurd . United Kingdom ... Sales Representative i it 1200
4E0 Albmn . [P _Svey P e b [ ST S Pl Cmlan Mamen—amtabiom anan

Chris Gillman 22
Advanced and Distributed Database’s



uthampton

DLENT

13ity

"
]

g

6. Conclusion

This chapter has focussed on the importance of data distribution and data
replication. To begin with it was difficult to understand what tables to use from
different sites so it took me a while to fully understand chapter three correctly.
However now | have a good understanding of connecting databases together to use
data.
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Advanced and Distributed Databases
Multi — Dimensional Modelling and Analysis for Decision Support

1. Introduction

This chapter will discuss the tools and methods associated with this theme within
databases. This theme was largely about using databases to make decisions with
businesses and organisations.

Within a large organisation there is often two large databases. The first database is
the operational database with all the day to day important Information. This is how
the business operates. However often there is a second database, which is used to
store history of the company. This type of database is called an OLAP database.
This can often store anything about the business, transactions, customers, orders,
sales and many, many more. This type of database just keeps getting larger with
more and more Information inserted in to it. The bigger the database gets, then the
more useful it is to provide business answers. As a result over time the need for
‘ more storage is needed and so the hardware is constantly being upgraded.

The scenario for this phase was based on a company who wishes to use their
company data, which is being collected to provide useful results and information to
aid decision making in the future for the company.

2. Background

2.1 Different OLAP Tools

Generated by Excel fram Oracle data source

T o T — — There are many different types of tools

foocat — (IEAG losrast 8% dautaa e developers can use to get useful results out

8
100870| 720357 8,47 33061 140 0714l 280 0
0.0 bepl

e G0l ke a5 of the OLAP database. One of these tools

13?323 sg 8 QT5a 2400 1gqu”"gfh603 B ) . .. N
ek w0 sl oo can be pivot dimensions. This is a function

101863
24240 480 2.4 © 440
0400 d [

[stex=11v]

=]

ooio ooy

000 oo

=d within a spreadsheet such as MS Excel

200376 2400
200380 )

‘ S PR which allows a set of results from the
- e =) database to be Inserted and then the
2 oo =] gpreadsheet takes these results and turns it

First three rows from SELECT custid, prodid, SUR{amount) FROM saleswi.sates GROUP BY custid, prodid;

in to a table so the Information can be read
easily. This type of method is called cross-tabular analysis and is a very common
tool with decision support. It allows the developers to see the overall result of the
SQL record set very easily.

Another type of tool, which can be used for
decision support, is the drill down approach. Time

This can be very useful if the developer 8"& TMay 5dn 154 el otal
wants to ‘drill down' to a greater level of each & e L2722 2
individual customer. The best way to gy —
understand this is to look at it like a cube. war |
Where product is the width, time is the length
the number of customer’s is the height. An
example of the SQL which could be
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generated could be the following:

Select cust_id, time_id, SUM (no_sold)
FROM sales
GROUP BY rollup (prod_id)

Another type of tool which can be very useful to aid decision support is the rank
measures tool. This tool is used when an SQL script is developed and used. The
SQL consists of the ‘rank’ keyword, which ranks the SQL in an order set by the
developer. An example of the SQL code which can be used is the following:

SELECT prod_id, description, sum{amount), RANK() OVER (ORDER BY sum(amount)
DESC) AS rank

FROM saleswh.product p, saleswh.sales s

WHERE p.prod_id = s.prod_id

GROUP BY p.prod_id, p.description;
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4. Dimension Modelling

This type of modelling is a concept used by many data warehouse designers to build
their data warehouse. There are two types of tables in a dimension model. First of all
there are Fact tables. These contain the facts and measurements of the business.
Then the second type of table is the dimension table. These contain the context of
measurements, for example the context of dimensions of which the facts are
calculated. '

Another name for the Dimension Model is the star-join schema. Database designers
use this name because the diagram looks like a star as all the dimensions are
around the edge with the fact table in the middle.

The Dimension tables only have a single join that attaches them to the fact table.
The fact table has multiple joins linking to every Dimension table.

Over on the next page there is a Dimension Model for the HR database.
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4.1 Dimension Model

Department

Department 1D
Department Name

Manager ID
Employment \
Department ID \
i Location ID >
b Jobs ID \ TGPl
User ID w ) o
v obs
/ Jobs ID
Jobs Title
Min Salary
Max Salary
Start Date
End Date

7 7

Personal
L fi User ID
ocations First Name
Last name
Location ID Email
Street Address Phone Number
Ppstal Code Hire Date
City o
State Province Commission pct
Country Name
Region ID
Region Name
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5. Testing

Here are some screen prints to show the development of my useful result set.

; 3 Frr———) Fy o ! istomer 1D [Product 1D |Number Sold
UM OF NUMBer 30! wustomer
4 |product 1D 100101 102] 103] 104] 105 106! 107] 208 100 100860 10
5 100860 100 1 471 0100 50 10 0| 0 100 100861 11
6 100861 11, o 51 10 20100102 4| o 100 100870 105
7 100870 105/ 2 1030] 50, ©/500/500 100 of 100 100890 1
8 100871 0/ 01000) 0/153/500] 0O S0/100 100 102130 501
9 100890 1 1 0 2 0500 8 o0 o©
10 101860 6 0 o o 1100 50 @200 100 200376 1000
1 101863 o o ol 0150200100 0 o0 101 100860 1
12 102130 sot o ol 10100100 10 o o 101 100870 3
13 200376 1000 0 0l 1010012000 1 0 200 101 100890 1
14 200380 0 0 0 0100300 0 0150 102 100860 a7
» 102) 100861 51
102 100870 1030
102 100871 1000
103 100861 10
103 100870 50
o 103, 100890 2
103 102130 10
Last Name  |Australig :Canada France Germany?!apan Singapore Spain  The Netherlands §United Kingdom [USA Grand Total
abbassi f . 1232.99 ' 1237.31 2470.3
sbbey ’ 1232.16| 123216
Barlow | 2465.15! 5 2465.15
Zaltihan ; 123216| 123216
Dally 1237.31|  1237.31
Drumm 1237.31 1237.31
East 1232.93 ! 123299
Edmond 3 1232.93|  1232.99
Everley 1237.31 1237.31
Satewood 1232.16 1232.16
Gilmour 1237.31|  1237.31
Hogan 1232.16 1232.16
Kayden 1232.16 1232.16
Kiker 1232160 123216
Kipp 1237.31)  1287.31)
Lehman 1232.16 1232.16
Lickey | 1232.99 1232.99
Lin 3 ; 1232.16| 123216
Lincoln . 2470.3 2470.3
Linsicame 1232.16 1232.16
Lipp ) 2470.3 2470.3
Lowers 3 1237.31|  1237.31
lucas . '123215 _1232.16
Mahood 1237.31 | 123731
Majors 1237.31]  1237.31
Markin 1237.31 iy 123731
Mance | 1232.16|  1232.16
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6. Conclusion

During phase four, the topic has focussed on the different tools and methods, which
can be used to aid, decision support. This is such a large area of databases as there
are a lot of very useful tools, which can be used to extract useful Information out of
the database.

| have an understanding of these tools and have showed evidence of one of these
tools in chapter three of this phase :
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Advanced and Distributed Databases
Mining Databases for Decision Support

1. Introduction

The purpose of this phase is to produce an analysis to aid decision making for the
management of a company. The type of data mining, which is going to be used, is
the Market Basket Analysis Method. This will be discussed later in this report.
However before the analysis can start the data has got to be prepared. So the
following step by step guide is set out in sections to show how the data was
prepared ready for data mining.

2. Background

As an overview this is a tool where data mining analysts use to draw comparisons
and rules out of the data. It is best described as thinking about a shop whether it's a
high street shop or an online shop, it makes no difference. The IT Infrastructure
within a business could well be setup to record all orders/transactions in an OLAP
database for further research and analysis to be done. Once they have this data
they can extract the data from the database using SQL and perform various
techniques on the data. One of these techniques is the Market Basket Anaylsis.

2.1 Market Basket Analysis

As described above this is a tool which generally asks questions such as: If the
customer buys Product, then how likely is it that they will buy product B.

An example to this is: If the customer buys a printer then how likely is it that they will
buy paper and ink cartridges as well. With the help of a tool like Weka the rules and
answers can be bought up very easily. '

This can be done manually as well. By extracting the data from the database and
copying and pasting this in to the spreadsheet the data can be pivoted using the
pivot table function and the data can be read and counted down. For example see
below:

2.2 Sample Market Basket Analysis

Prod 1 Prod 2 Prod 3 Prod 4
Cust 1 Yes Yes ? Yes
Cust 2 ? yes Yes Yes
Cust 3 yes ? Yes Yes

So as the table shows, customer 1 bought items 1,2,4. So If the developer is asked
by Management how often is item 1 and 2 bought together then the answer is once.
However if Management asked how often is item 3 and 4 bought together then the
answer is 2.

Information like this passed on to Management can help with displaying the shop to
aid sales and customer flow.

An actual example can be taken from the example showed earlier in this report.
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3. Design

If the database is vast with thousands of customers and products then the ideal
solution is to use a tool like Weka. Performing the steps outlined earlier in this report
Weka will read in the CSV file. Then when the Associate tab is clicked and then the
start button is also clicked Weka will match rows automatically in the data set
automatically and return the results.

.

: et 3.1 Stage One
=] This is a screen print of SQL developer. This was used to

il connect to the Oracle database and to retrieve the Information.
P SQL Statements were used to retrieve the Information, which

g was needed. The Script which was used was:
~ SELECT orders.Order_id, product_id
S FROM oe.orders, oe.order_items
S LI s WHERE orders.order_id=order_items.order _id

2289
200
281
2m
n
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3.2 Stage Two

The next stage was to use this data which the SQL
statement had retrieved. So the best way forward was
to copy and paste the entire contents of this result set in
to MS Excel. j oo sose
The top row was left blank so the titles could be typed
in. On the right, there is the result set in Excel.

A third column was added which would end up to be the
data column once it has been turned in to a Pivot table
within Excel.
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3.3 Stage Three

EERNEERNES
&8
i3
3 R

The next stage was to turn this raw data result FE,
set in to a Pivot table. To do this the raw data ,; o
was highlighted and the Excel function was run. 2 =5
Once the wizard was finished it turn out to look B

like the Image on the left.

However this needed to be edited down and
simplified as this was going to be saved as a o x
.CSV file. Therefore there was not allowed to be
any Excel Formatting.

I v R v & S - O T S O T S A TS > S S ST SO M M - MY

of the Pivot table Including the Row
headings (Product_ID) but not the left
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column (Order_No). Then the highlighted area was copied and was pasted in to a
new spreadsheet. The columns were adjusted to size and the outcome was the
following below. ‘

The next stage was to replace all the blank cells with a ‘?" and all the ‘1's’ with a
‘ves’. Then finally to add a blank row under the product ID’s
The result can be seen below.

L R N AN e R FoE R
A T T TRy N FNEE T g T

: The next stage was to replace all the blank
cells with a ‘?’ and all the ‘1's’ with a ‘yes’.
Then finally to add a blank row under the
product ID’s

The result can be seen below.

3.4 Stage Five

This is the final result set which is ready to
be saved as a CSV file for the Data Mining
technique.

The final task, which had to be completed,
was to remove any other sheets in this
workbook. Therefore the raw data sheet
and the Pivot table sheet were deleted
leaving just this table.

4. Implementation

The data is now ready to be used with a Data Mining tool. The tool, which was used
was called ‘Weka'. This is a tool, which is practically for Data Mining. The tool has
been referenced in the References of this report and can be downloaded for non
commercial use in a Java and non Java edition.

Once Weka has been downloaded and Installed. It was then opened and the CSV
which had been created. The weka TR T — S
interface then looked like the following. g

Weka can be used for many different e
types of Data Mining. It is a powerful tool, | o ey

Teoe:
Instances: 106 Som of waights: 166 iesing: 105 (99%) Dstinct: | vriooe: 10%)

which can be used to get lots of different | __ -

I tempen, | I G, | o B L T

types of analysis out of the data. In this R
case Weka has been used to help with = S
the Market Basket Analysis. : e T
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5. Testing — Confidence levels in Weka

Preprocess | Classfy.| Cluster| Assocate | select atributes | Vinualze|
Assodiator
i Choose. . fApriori-N 10-T0-C0.5-D0.05 U 1.0-M0.1 5-1.0c -1

output- .
L PN eI XTCUNITaEnceEs>T ULs
Humber of cycles performed: 18

Generated sets of large itemseta:

Size of ser of large itemsets L{l): 1§
Size of set of large itemsets L{2): 3
- .| Best rules found:

. 31ll4=yes 11 ==> 3106=yes 1l cenf: (1) ,}
. 3123=yes 16 == 3106=yes 13 conf: (0.61)
. 3143=yes 18 ==> 3106=yez 14 conf: {G.78)
. 3127=yes 17 ==> 3106=yez 13 conf: {0.76)
. 3155=yes 1§ ==> 3150=yes 12 conf: {3.78)
. 3180=yes 1§ ==> 3155=yes 12 conf: {¢.75)
. 3150=yes 16 ==> 310é=yes 11 conf: {0.69)

. 3123=yes 1§ ==> 3127=yes 11 conf: {0.89)
. 3123=yes 1§ ==> 3143=yes 11 confs {0.63)
+ 3106=yes 21 ==> 31d43=yes 14 conf: {0.67)

o R N P N

I

-~

Status
oK L) o

A screen print of the results screen in Weka is shown below:

6. Tools and Technologies

This section of the report will forces on evaluating the different technologies, tools
and methods associated with data mining. As discussed earlier in this report data
mining is incredibly useful to find rules and patterns to present to management as it
will assist with the layout of the store and position of the stock. This will also benefit
and improve the service towards customers as they will be able to find what they are
looking for very quickly. One of the tools associated with data mining is Weka which
has already been discussed and used in this report.

6.1 Association Rules

One method involved with data mining is Association rules. These are really
important as they discover how products are linked together. Basically they ask the
question of how likely two products or more sell together. Then a tool such as Weka
can perform this task and would output rules based on percentages which would
show how likely that two products would sell together.

6.2 Product Hierarchies

Another method involved with data mining is Product Hierarchies. Every Item in a
high street shop or in an online shop would have a SKU, which stands for stock
keeping unit. Every SKU depending on the product falls in to a hierarchical category
which starts really general and level by level gets more specific to describe the item.
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6.3 Confidence level

Tools like Weka calculate the confidence level. Which means how certain it is that an
item will sell. For Instance tools can work out the probability of item A selling on its
own. But can also work out the probability of item A and B selling together. If the
probably is high for A and B selling together this would be Information for
management because based on selling trends these two products go together and
will probably continue to sell if placed together in the shop.

6.4 Drill-Down Analysis

Drill down analysis applies to data mining to go deeper and to extract the data
required. This is in particular for large databases. The process starts by considering
some simple break downs of the data such as gender, region etc. Various tools such
as histograms, tables can be used for each group to extract useful data. Once this
initial analysis has taken place a further drill down may be necessary for example a
company may want to review the data from males from a specific county. So instead
of just looking at data from both genders for all regions the company can drill down
further to get more specific data from the database.

7. Conclusion

This phase has been really interesting to learn how to use a database to extract
useful data from the record set. The market basket analysis is a very useful tool to
use as it looks look at results of how popular certain products are when bought
together.

Weka data mining tool is also a useful tool when dealing with market basket Analysis
as it compares the result set and returns different confidence level matches. Weka
can handle many more data mining techniques so it is very much worth using with
data mining.
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Advanced and Distributed Databases
X Query — Advanced Topic

1. Introduction

X Query is a language used to query XML data within database tables. Where as
SQL is used to query data in database tables, X Query is used in the same way to
query the XML found in database tables. It is used to find and extract elements from
the XML data. It is designed to query XML data within a database and not just XML
files. In fact any data source which appears as XML can be queried using X Query. It
was built and is based on X Path expressions and is supported by all major
databases. It is also a W3c recommendation so it's starting to be used more and
more widely.

X Query provides a framework to efficiently and easily extract Information from
relational databases, files and other data sources. X Query also allows you to
construct XML data by using the result of a query.

With X Query the developer has the ability to collect Information from multiple
documents in a single query.

X Query is compatible with several w3C Standards such as XML, XSLT, X Path,
XML Schema. It became a W3c recommendation back in 2007.

2. Background
2.1 X Query within Oracle

X Query also allows you to construct XML data by using the result of a query. With
Oracle's X Query the developer can view and query a relational database table as
just another XML data source. One of X Query's most useful features is its ability to
run a single query on multiple data sources. For example, you can run a query that
combines an incoming purchase order in XML format, an archive of catalogue data
in XML format, and an inventory system held in a relational database. All three
examples can be queried using X Query.

2.2 Examples of its use

Firstly X Query can be used to extract information from a webservice. Secondly
XQuery can be used to generate summary reports. Then it can be used to transform
XML data to XHTML. Then finally it can also be used to search web documents for
Information.

A query in XQuery is a statement, which reads a sequence of XML fragments and
also returns a sequence of XML fragments. The principal forms of X Query
expressions are path expressions, element expressions, list expressions and data
type expressions.
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3. Scenario for Advanced Topic

There is a need within the business to implement an X Query expression to
generate XML from a specific table held within the OE database.

The business would like to use X Query to retrieve the contents of the product
descriptions table and export this as XML so that this XML can be read by another
company to display this data and style it on their own website. An example of this
could be another company wishing to sell products and would ideally want to show
the products on their own website. This company holding the OE database would
need a web service so that other companies can connect and search the XML..

4. Design

SELECT * FROM XMLTable

(*for $i in ora:view("OE", "PRODUCT_DESCRIPTIONS")/ROW
return

<Products>

<Product id="{$i/PRODUCT_ID}"></Product>

<Item name="{Si/TRANSLATED _NAME}"></ltem>

<Description name="{$i/TRANSLATED_DESCRIPTION}"></Description>
</Products>'

)}
5. Testing
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6. Conclusion

X Query is a very useful query engine which is built in to database systems. It has
the capability to either retrieve XML from the XML type column in a database table or
as seen above the ability to generate XML from a database table. 1 highly
recommend X query as it is a really good way of generating XML so that the XML
can be used as website content. :
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