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CHAPTER 1 - COURSE INTRODUCTION
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COURSE OBJECTIVES

Describe the features of a Relational Database.

Interact with aRelational Database Management System.

Use SQL*Plus to connect to an Oracle database and submit SQL statements.
Write SQL queries.

Use SQL functions.

Use aquery to join together dataitems from multiple tables.

Write nested queries.

Perform summary analysis of datain a query.

*

*

*

*

*

*

*

*

%  Add, change, and remove datain a database.
%  Manage database transactions.

%  Work in amulti-user database environment.

%  Create and manage tables and other database objects.

%  Control accessto data.

%  Create indexes to improve query performance.

%  Use SQL*Plus to create formatted reports.

%  Apply the basic theory behind relational database design.
*

Contribute to al phases of database design and development.

Page 12 Rev 4.4.2 © 2011 ITCourseware, LLC



CHAPTER 1 COURSE INTRODUCTION

Use all aspects of subqueries.

Apply Oracle's features for querying hierarchical data models.
Use Oracl€e's Object-Relational Model.

Create object types.

Use Oracle's collection typesin SQL.

Select appropriate date-related datatypes for your applications.

E S S S TR .

Use Oraclée's regular expression SQL functions to perform pattern matching and
string manipulation.

Create and manage temporary tables.
Establish goalsin SQL tuning to improve performance.
Use Oracle Database 10g's tuning tools.

Describe how indexes are used in RDBM Ss, and use them effectively.

ok Xk Kk 3k

Use the various analytic functions provided by Oracle to perform sophisticated
anaysis.

#%  Use SQL*Plus to format reports and extract data.

© 2011 ITCourseware, LLC Rev 4.4.2 Page 13
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COURSE OVERVIEW

%  Audience: This course is designed for database application developers.
%  Prerequisites: Familiarity with relational database concepts.
%  Sudent Materials:
»  Student workbook
%  Classroom Environment:
> One workstation per student

> OraclelOg

Page 14 Rev 4.4.2 © 2011 ITCourseware, LLC
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COURSE INTRODUCTION

USING THE WORKBOOK

Thisworkbook designisbased on apage-pair, consisting of aTopic page and a Support page. When you
lay theworkbook open flat, the Topic pageisontheleft and the Support pageisontheright. The Topic
page containsthe pointsto bediscussed in class. The Support page has code exampl es, diagrams, screen
shotsand additional information. Hands On sectionsprovide opportunitiesfor practical application of key
concepts. Try I't and Investigate sectionshelp direct individual discovery.

In addition, thereisan index for quick look-up. Printed lab solutionsarein the back of the book aswell as

on-lineif you need alittle help.

The Topic page provides
the main topics for
classroom discussion.

JAVA SERVLETS

THE SERVLET LIFE CYCLE

The servlet container controls the life cycle of the servlet.

> When the first request is received, the container loads the servlet class

Topics are organized into
first (%), second (») and
third (=) level points.

bntainer uses a separate thread to call

he container calls the destroy ()

As with Java’s finalize () method, don’t count on this being
called.

Override one of the init () methods for one-time initializations, instead of
using a constructor.

> The simplest form takes no parameters.
public void init () {...}

> If you need to know container-specific configuration information, use
the other version.

public void init (ServletConfig config) {...

Whenever you use the ServletConfig approach, always call the
superclass method, which performs additional initializations.

super.init (config);

The Support page has
additional information,
examples and suggestions.

CHAPTER 2 SERVLET BAsICS

Code examples are ina
Hands on fixed font and shaded. The
Addan inic ) methodtoyour Zapserntanatiniia] - ON-line file name is listed
along with the current date: above the Shaded area.

Todayjava

public class Today extends GenericServlet {
private Date bornmOn;
public void service(ServletRequest request,

ServletResponse response) throws ServletException, IOException
{

n
‘vlet was born on " + bornOn.toString()):
+ today.toString());

Callout boxes point out
important parts of the
example code.

The init () methodis
=] called when the servietis
loaded into the container.

2 hitp /Mo alhosl BURDY examplossevdeld T oday - Meciazall Intanme! i Explores
Fle Edt View Favtes Jook Hel -
o S Bl a a [« B &8 "
Back Skp  Robesh  Home | Sewch  Favoe Ml Seo
g% LT P — ——"—"yT - =] oo | [k w
|

ler was boen on Fei May 17 13:43:8€ MDT 2002
It 1s now Fri May 17 13:43:56 ADT 2002

=
Screenshotsshow |
Page 16 Rev2.0.0 ©2002 ITCourseware, LLC exam p|ES Of What you Page 17
Pages are numbered should see in class.
sequentially throughout
the book, making lookup
easy.
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CHAPTER 1 COURSE INTRODUCTION

Your single most important reference is the SQL Reference book, which is part of the Oracle Database
Online Documentation. You may havereceived thison CD-ROM with your Oracledistribution. If not, you
can accessit onlineat Oraclesweb site. Thisistheofficia, complete description of Oracle'simplementation
of SQL. Itincludes many examplesand discussions.

An easy way tofinditisto go to:
http://tahiti.oracle.com/

Find the documentation for your version of Oracle. Locatethe SQL Reference, and openthe HTML table
of contents.

If you have web accessin the classroom, open abrowser now and find the SQL Reference. Set abrowser
bookmark, and have the SQL Reference at hand throughout thisclass.
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CHAPTER 2 RELATIONAL DATABASE AND SQL OVERVIEW

CHAPTER 2 - RELATIONAL DATABASE AND SQL
OVERVIEW

OBJECTIVES

* Describe the features of a Relational Database.

* Describe the features of a Relational Database
Management System.

%  Work with the standard Oracle datatypes.

%  Review Oracle history and versions

%  Distinguish between a database server program
and aclient application program.

* Connect to and disconnect from a database.
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REVIEW OF RELATIONAL DATABASE TERMINOLOGY

%  Relational Databases:
» A Relational Database consists of tables, each with a specific name.

»  Atableisorganized in columns, each with a specific name and each
capable of storing a specific datatype.

»  Arowisadistinct set of values, one value for each column (although a
column value might be empty (null) for aparticular row).

> Each table can have a primary key, consisting of one or more columns.

. The set of valuesin the primary key column or columns must be
unique and not null for each row.

> One table might contain a column or columns that correspond to the
primary key or unique key of another table; thisis called aforeign key.
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CHAPTER 2 RELATIONAL DATABASE AND SQL OVERVIEW

A Relational Database (RDB) isadatabase which conformsto Foundation Rulesdefined by Dr. E. F.
Codd. Itisaparticular method of organizing information.

A Relational Database Management System (RDBMY) is a software system that allows you to
create and manage aRelational Database. Minimum requirementsfor such asystem aredefined by both
ANSI and I SO. Themost recent standard isnamed SQL2, since most of the standard ssmply definesthe
language (SQL ) used to create and manage such adatabase and its data. Some people usetheterm SQL
Database asasynonym for Relational Database.

Each row (sometimes called arecord) representsasingleentity in therea world. Each column
(sometimescalled afield) inthat row representsan attribute of that entity.

Entity Relationship Modeling is the process of deciding which attributes of which entities you will
store in your database, and how different entities are related to one another.

The formal word for row istuple: that is, each row in atable that has three columns might be called
atriple (aset of three attribute values); five columns, a quintuple; eight columns, an octuple; or, in
general, however many attributes describe an entity of some sort, the set of column valuesin arow
that represents one such entity isatuple. Theformal word for columnisattribute.
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RELATIONAL DATABASE MANAGEMENT SYSTEMS

*

A Relational Database Management System (RDBMS) provides for:
> Users
. Each user isidentified by an account name.

. A user can access data and create database objects based on
privileges granted by the database administrator.

> Users own the tables they create; the set of tables (and other database
objects) owned by a user is called a schema.

. Users can grant privileges so that other users can access the
schema

A session starts when you connect to the system.

Once you connect to the database system, al your changes are considered a
single transaction until you either commit or rollback your work.

L isastandard language for querying, manipulating data, and creating and
managing objectsin your schema.

The Data Dictionary (also called a System Catalog) is a set of ordinary tables,
maintained by the system, whose rows describe the tables in your schema.

> You can query a system catalog table just like any other table.
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CHAPTER 2 RELATIONAL DATABASE AND SQL OVERVIEW

You can use the Oracle Enterprise Manager to graphically display database schemas, users and object
details, aswell asto perform avariety of administrativetasks. You may a so use SQL * Plusto perform many
of thesametasks. For example, you can use SQL* Plusto query the DataDictionary:

dictionary.sqgl

COL table_name FORMAT a40

COL comments FORMAT a50 wrapped
SET linesize 100

SELECT *
FROM dictionary
WHERE table _name LIKE 'USERS%';

user_tables.sql
SELECT table_name FROM user_tables;
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INTRODUCTION TO SQL

%  SQL isthe abbreviation for Sructured Query Language.
> It is often pronounced as "sequel.”
%  SQL wasfirst developed by IBM in the mid-1970s.

%  SQL istheinternational standard language for relational database management
systems.

> SQL is considered a fourth-generation language.
> Itis English-like and intuitive.
> SQL isrobust enough to be used by:

. Users with non-technical backgrounds.

. Professional developers.

. Database administrators.

%  SQL isanon-procedural language that emphasizes what to get, but not how to
getit.

%  Each vendor hasits own implementation of SQL; most large vendors comply
with SQL-99 or SQL :2003 and have added extensions for greater functionality.
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SQL statements can be placed in two main categories.

DataManipulation Language (DML):

Query: SELECT

DataManipulation: INSERT
UPDATE
DELETE

Transaction Control: COMMIT
ROLLBACK

DataDefinitionLanguage(DDL):

DataDefinition: CREATE
ALTER
DROP

Data Control: GRANT
REVOKE

SQL isactualy an easy language to learn (many users pick up the basics with no additional

instruction). SQL statementslook morelike natural language than many other programming languages. We
can parsetheminto "verbs," "clauses," and " predicates.” Additionaly, SQL isacompact language, making it
easy tolearn and remember. Usersand programmers spend most of their timeworking with only four smple
keywords (the Query and DML verbsinthelist above). Of course, aswell learninthisclass, you can use
them in sophisticated ways.
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ORACLE VERSIONING AND HISTORY

%  Theorigina "Oracle,"” named Software Development Laboratories, was founded
in 1977, which then changed its name to Relational Softwarein 1979.

»  Therewas no Version 1 for marketing purposes.

»  Version 2 supported just basic SQL functionality.
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\ersion Release New Features
Year

Relational 1979 Basic SQL functionality for queries and joins. No support for

Software - transactions.

\ersion 2 Operated on VAX/VVMS systems only.

Oracle3 1983 Rollback and commit transactions supported. UNIX operating system
supported.

Oracle4 1984 Read consistency.

Oracle5 1985 Client-Server model. Supported networking, distributed queries.

Oracle6 1988 Oracle Financials released. PL/SQL, hot backups, row-level locking.

Oracle7 1992 Triggers, integrity constraints, stored procedures.

Oracle8 1997 Object-oriented development, multi-media applications.

Oracle8i 1999 Support for the internet. Contained native Java Virtual Machine.

Oracle9i 2001 Over 400 new features — flashback query, multiple block sizes, etc.
Ability to manipulate XML documents.

Oracle10g 2003 Grid computing-ready features - clustering servers together to act as one
large computer.
Regular expressions, PHP support, data pumping (replaces
import/export), and SQL Model clause, plus many more features.

TheAmerican National StandardsIngtitute (ANSI) published the accepted standard for adatabase
language, SQL, in 1986 (X 3.135-1986). Thisstandard was updated in 1989 (also called SQL89 or

SQL 1) andincluded referentia integrity and column constraints (X 3.135-1989). The 1992 standard (also
called SQL 2) offersalarger and more detailed definition of the SQL -89 standard. SQL-92 isalmost 600
pagesin length, while SQL-89 isabout 115 pages. SQL-92 adds additiona support capabilities, extended
error handling facilities, better security features, and amore complete definition of the SQL languageoveral.

A new standard was publishedin 1999. Somecritical features of SQL :1999include acomputationally-
complete (that is, procedural) language and support for object-oriented data. Oraclel0g adheresto
SQL :1999 standards.

Standards continueto evolve, with SQL :2003 asthe successor to SQL :1999.
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LOGICAL AND PHYSICAL STORAGE STRUCTURES

Logical Storage Structures:

*

A tablespace stores the tables, views, indexes, and other schema objects.
> It isthe primary logical storage structure of an Oracle database.

Each tablespace can contain one or more segments, which are made up of
extents, which consist of database blocks.

Each database object has its own segment storage.
»  When an object runs out of space, an extent isissued to the object.

Each extent is made up of database blocks, which isthe smallest logical storage
unit.

Physical Storage Structures:

*

A tablespaceis stored in one or more datafiles.
» A datafileisabinary file whose name usually endsin .dbf.

Datafiles consist of operating system blocks, which are not the same as database
blocks.

» A database block may consist of many operating system blocks.

A databaseisthe set of datafiles, as well asfiles containing configuration and
management information, necessary to run an RDBMS.

»  An Oracle database includes a SY STEM tablespace, as well as others.

»  The SYSTEM tablespace contains the Data Dictionary.
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Logical Storage Structures

Physical Storage Structures

Tablespace

Segment Segment Segment

Extents Extents Extents

Database Database Database

Blocks Blocks Blocks
Operating Operating Operating
System System System
Blocks Blocks Blocks

Datafile

Database
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CONNECTING TO A SQL DATABASE

*

An Oracle instance is a set of processes and memory which coordinate efficient
access to a database.

»  Aninstance must be running in order for you to access the database.

A server processisaprogram that uses both the instance and the datafiles to
give you access to the database.

»  All accessto the datais performed by the server process.

»  Together, we sometimes refer to the instance and server process as the
database server or engine.

A user process, or client, isthe program you run that uses database data.

»  The user process sends requests to the server in the form of SQL
statements, and gets the resulting data in return.

»  Theclient program and the server program might be running on the same
physical machine,

»  Theclient may be on a different machine, communicating with the server
over a network.

To begin using the database, your client program must connect to the server,
thus starting a session.

»  To connect, you must provide avalid database account name (and usually
a password).

Page 30

Rev 4.4.2 © 2011 ITCourseware, LLC



CHAPTER 2 RELATIONAL DATABASE AND SQL OVERVIEW

How can you execute SQL statements?

Interactive SQL : All database vendors provide some sort of program you can runthat allowsyou to
connect to the database and then type in arbitrary SQL statements, displaying the results on your
screen. The appearance and usage of these programsvarieswidely from vendor to vendor, but theideais
thesame: adirect, interactive SQL session connected to your database. The SQL languageitsdlfis
standard and usualy consistent among different vendors.

Embedded SQL : Alternatively, you can place SQL statementsin aprogram writteninaprogramming
languagelike C or Java. You must provide statementsin the program that will connect your programtothe
database, create storage withinthe program for any datayou retrieve from the database, check for errors,
disconnect, and so on. The SQL statements are defined when you write the program, and compiledinto the
executable. The syntax and requirementsfor embedding SQL statementsin aprogram are a so standard and
cons stent among different vendors (and different programming languages).

Dynamic SQL: With alittlemorework, you can write aprogram that will generate SQL statementsat
runtime, perhaps based on user input.

Database Servers and Clients

| Memory (System Global Area) |

| Processes | |
| '-él Instance
- ==

User | o[ Server |
Process < Process

- SQL*Plus | | |
- Application | N Tri
: - Triggers
- Web script | | - Stored Procedure | |
Datafil
| | araliies Database | |
| e
RDBMS
L e
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DATATYPES

*

Each column in atable has a specific, pre-defined datatype.

>

>

Only values of the correct type can be stored in the column.

Many datatype definitions also include alimit on the size of the values that
are allowed.

The details of how data values are stored vary among database vendors.

>

Most database vendors provide similar sets of datatypes, though.

The most important datatypes in Oracle include:

>

VARCHAR2 — Text values whose length can vary, up to a predefined
maximum length for each column.

NUMBER — Numeric values, possibly with predefined precision and
scae.

DATE — A specia value representing a moment in time, with one-second
precision.

. When you retrieve a DATE value from the database, Oracle
normally converts it to a string representation of the date value, in a
readable format.

CHAR — Text values of a specific predefined length; if ashorter valueis
inserted, Oracle automatically padsit to the correct length with spaces.
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VARCHAR2

When you definea VARCHAR2 column, you specify the maximum number of charactersallowed for a
valueinthe column. For example, for U.S. state names, you might defineacolumn asVARCHAR?2(14),
but for aproduct description you might defineacolumn asVARCHAR2(200). AVARCHAR2 column
can contain no morethan 4000 bytes. NVARCHAR2 supports Unicode.

CHAR

Use CHAR columnsfor valuesthat are always the same length — state abbreviations, area codes,
phone numbers, etc. Itisinconvenient to storevarying-length valuesinaCHAR, becauseyou haveto
account for space-padding at the end of shorter values. NCHAR supports Unicode.

DATEvs. TIMESTAMP

The DAT E datatype storesthe century, year, month, day, hours, minutes, and secondsof adate. The
TIMESTAM P datatype contai nsthat sameinformation, plusmilliseconds. Calculating theinterval between
two datesismuch easier if you usetimestamps.

NUMBER (precision, scale)

Precision refersto the total number of digits, and scaleisthe number of digitsto theright of the
decimal point. If precision and scale are not specified, the max valuesare assumed. If avalue exceedsthe
precision, Oraclereturnsan error. If thevalue exceedsthe scale, it will berounded:

Definition Data Stored Data
NUMBER 12345.678 12345.678
NUMBER(3) 1234 error
NUMBER(5,2) 123.45 123.45
NUMBER(5,2) 123.45678 123.46
NUMBER(7,-3) 123432.54 123000
NUMBER(5,2) 1234.56 error
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SAMPLE DATABASE

Our company is a hardware/software retailer with stores in several cities.

We keep track of each person's name, address, and phone. In addition, if a person is
an employee, we must record the store in which he or she works, the supervisor's ID,
the employeess title, pay amount, and compensation type ("Hourly," "Saaried," etc.)

Sometimes a customer will fill out an order, which requires an invoice number. Each
invoice lists the store and the customer's | D. We record the quantity of each item on
the invoice and any discount for that item. We also keep track of how much the
customer has paid on the order.

When a credit account is used for an order, the balance for the account must be
updated to reflect the total amount of the invoice (including tax). The salesperson
verifies (with a phone call) that the person is avalid user of the account.

Each product we sell has a product 1D and description. In addition, we keep track of
the vendor from whom we purchase that product, the ID for that product, and the
category ("Software," "Peripheral," or "Service"). We also store the address, phone,
and salesrep ID for each individual vendor.

We keep track of how many items are on hand at each store and how many each store
has on order. When an item is sold, the inventory is updated.

We maintain the address, phone number, and manager 1D for each store. Each store
has a unique store number. We record the sales tax rate for that store.

When a store runs low on a product, we create a purchase order. Each purchase order
in our company has a unique PO number. A PO is sent to a single vendor, from which
we might be ordering several items, each at a specific unit cost. The inventory reflects
the sale or order of any item in a store.
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ID = VENDOR_REP_ID

PERSON
—=1D NUMBER EMPLOYEE
LASTNAME VARCHAR2(25) =D
FIRSTNAME VARCHAR2(15) ID NUMBER
MI CHAR() STORE_NUMBER NUMBER
STREET VARCHAR2(45) PAY_TYPE_CODE CHAR(1) ID = SUPERVISOR_ID
oITY VARCHAR2(25) PAY_AMOUNT NUMBER(9,2)
STATE CHAR() TITLE VARCHAR2(15)
S CHAR(9) SUPERVISOR_ID NUMBER
AREA_CODE CHAR(3)
PHONE_NUM BER CHAR(7) PAY_TYPE_CODE|= PAY_TYPE_CODE STORE
4@:CU§OMWID STORE NUMBER NUMBER
- PAY TYPE MANAGER_ID NUMBER
ACCOUNT PAY TYPE CODE CHAR() iTREET VARSHAR§§5)
ACCOUNT NUMBER NUMBER PAY_TYPE_NAME VARCHAR2(15) S?:;E XﬁEjoR( ?)
ACCOUNT_NAME VARCHAR2(25) MINIMUM_WAGE NUMBER(.2) 2P CHAR(®)
ACCOUNT_TYPE_CODE CHAR(1) AREA CODE CHAR()
ST S = -~ PHONE_NUMBER _ CHAR()
- ' SALES_TAX_RATE NUMBER(,5)
BALANCE NUMBER(9,2)
i;l:I—RYEET xﬁsg:zzggggi STORE_NUMBER|= STORE_NUMBER
STATE CHAR(2) VENTORY
ACCOUNTfTYPEicOD%: ACCOUNT_TYPE_CODE
PRODUCT ID VARCHAR2(11)
ACCOUNT_TYPE STORE NUMBER NUMBER
ID = CUSTOMER_ID QUANTITY_ON_HAND NUMBER

ACCOUNT_NUMBER

ACCOUNT TYPE CODE CHAR(1)

ACCOUNT_TYPE_NAME VARCHAR2(15)
INITIAL_DISCOUNT

NUMBER(3,3)

QUANTITY_ON_ORDER NUMBER

= ACCOUNT_NUMBER

STORE_NUMBER = STORE_NUMBER

ORDER_HEADER

INVOICE_NUMBER NUMBER
STORE_NUMBER NUMBER
CUSTOMER_ID NUMBER
ACCOUNT_NUMBER NUMBER
ORDER_DATE DATE
EST_DELIVERY_DATE DATE
DELIVERY_DATE DATE

AMOUNT_DUE

NUMBER(9,2)

INVOICE_NUMBER |= INVOICE_NUMBER

ORDER_ITEM

INVOICE_NUMBER NUMBER

PRODUCT _ID

VARCHAR2(11)

QUANTITY
DISCOUNT

NUMBER
NUMBER(3,3)

PRODUCT
PRODUCT ID VARCHAR2(11)
DESCRIPTION VARCHAR2(75)
VENDOR_ID VARCHAR2(4) POl = ARSI
VENDOR_PART_NUMBER VARCHAR2(20) PO NUMBER NUMBER
PRICE NUMBER(7,2) VENDOR_ID VARCHAR2(4)
REORDER_THRESHOLD NUMBER STORE_NUMBER NUMBER
PRODUCT_CATEGORY_CODE CHAR(1) ORDER_DATE DATE
WARRANTY_TEXT CLOB TAX_RATE NUMBER(5,5)
PRODUCT_IMAGE BLOB
kPRODUCT_ID =PRODUCT_ID PO_NUMBER = PO_NUMBER
N
PO_ITEM

PO _NUMBER NUMBER

VENDOR PART NUMBER VARCHAR2(20)

QUANTITY NUMBER

UNIT_COST NUMBER(7,2)

PRODUCT_ID VARCHAR2(11)

VENDOR_ID = VENDOR_ID

VENDOR_ID = VENDOR_ID

PRODUCT_ID = PRODUCT_ID

PRODUCT_CATEGORY

PRODUCT_ CATEGORY_CODE CHAR(1)

PRODUCT_CATEGORY_NAME VARCHAR2(15)

Y

VENDOR
VENDOR ID VARCHAR2(4)
NAME VARCHAR2(40)
VENDOR_REP_ID NUMBER
STREET VARCHAR2(45)
CITY VARCHAR2(25)
STATE CHAR(2)
ZIP CHAR(9)
COUNTRY VARCHAR2(15)
AREA_CODE CHAR(3)
PHONE_NUMBER CHAR(7)
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ID = VENDOR_REP_ID

PERSON -
— =D NUMBER EMPLOYEE
LASTNAME VARCHAR2(25) D= 1D
FIRSTNAME VARCHAR2(15) — —
M CHAR(1) STORE_NUMBER NUMBER
STREET VARCHAR2(45) PAV_ITVIPIE_EOIRE - ClHl () ID = SUPERVISOR _ID
= VARCHAR2(25) PAY_AMOUNT NUMBER(9,2)
STATE CHAR(Q) TITLE VARCHAR2(15)
= CHAR(9) SUPERVISOR_ID NUMBER
AREA_CODE CHAR(3)
PHONE_NUMBER CHAR(7) PAY_TYPE_CODE|= PAY_TYPE_CODE STORE
PP —— STORE_NUMBER NUMBER
- S TVER MANAGER_ID NUMBER
ACCOUNT PAY TYPE COD_E CHAR(1) ZTTF:(EET xﬁﬁgﬂﬁﬁims)
ACCOUNT NUMBER NUMBER PAY_TYPE_NAME VARCHAR2(15) | |STATE CHAR(2) =
ACCOUNT_NAME VARCHAR2(25) MINIMUM_WAGE NUMBER(9,2) ZIP CHAR(9)
ACCOUNT_TYPE_CODE CHAR(1)
CUSTOMER_ID NUMBER AREA_CODE CHAR(®)
— .
BALANCE NUMBER(9,2) — ©.5)
STREET VARCHAR2(45) A
CITY VARCHARZ(ZS) STORE_NUMBEI"\#: STORE_NUMBER
STATE CHAR(2)
ACCOUNT_TYPE_COD%: ACCOUNT_TYPE_CODE INVENTORY
PRODUCT_ID VARCHAR2(11)
ACCOUNT_TYPE STORE _NUMBER NUMBER
ID = CUSTOMER_ID ACCOUNT TYPE CODE CHAR(1) QUANTITY_ON_HAND NUMBER
ACCOUNT_TYPE_NAME VARCHAR2(L5) QUANTITY_ON_ORDER NUMBER
INITIAL_DISCOUNT NUMBER(3,3)
ACCOUNT_NUMBER = ACCOUNT_NUMBER STORE NUMBER = STORE NUMBER == -
PRODUCT
PRODUCT_ID VARCHAR2(11) ( - -
DESCRIPTION VARCHAR2(75)
VENDOR_ID VARCHAR2(4) POLIFIEABIER
VENDOR_PART_NUMBER VARCHAR2(20) PO _NUMBER NUMBER
PRICE NUMBER(7,2) VENDOR_ID VARCHAR2(4)
REORDER_THRESHOLD NUMBER STORE_NUMBER NUMBER
ORDER_HEADER PRODUCT_CATEGORY_CODE CHAR(1) ORDER_DATE DATE
INVOICE_NUMBER NUMBER WARRANTY_TEXT cLos TAXCRATE NUMBPER(S:5)
STORE_NUMBER NUMBER PRODUCT _IMAGE BLOB
CUSTOMER_ID NUMBER A {
ACCOUNT_NUM BER NUMBER PRODUCT_ID = PRODUCT_ID PO_NUMBER = PO_NUMBER
ORDER_DATE DATE N £
EST_DELIVERY_DATE DATE PO ek
DELIVERY_DATE DATE PO _NUMBER NUMBER
AMOUNT_DUE NUMBER(9,2) VENDOR PART NUMBER VARCHAR2(20)
QUANTITY NUMBER
INVOICE_NUMBER|= INVOICE_NUMBER UNIT_COST NUMBER(7’2)
- - PRODUCT_ID VARCHAR2(11)
VENDOR_ID = VENDOR_ID VENDOR_ID = VENDOR_ID
ORDER_ITEM \v = =
INVOICE_NUMBER NUMBER
PRODUCT_ID VARCHAR2(11) [propuCT 10 < PRODUCT 1D VENDOR
QUANTITY NUMBER VENDOR_ID VARCHAR2(4)
DISCOUNT NUMBER(3,3) NAME VARCHAR2(40)
VENDOR_REP_ID NUMBER
. STREET VARCHAR2(45)
- - - - CITY VARCHAR2(25)
STATE CHAR(2)
PRODUCT_CATEGORY 2P CHAR®)
PRODUCT CATEGORY CODE CHAR(1) COUNTRY VARCHAR2(15)
PRODUCT_CATEGORY_NAME VARCHAR2(15) AREA_CODE CHAR(3)
PHONE_NUMBER CHAR(7)
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HIERARCHICAL QUERIES

CHAPTER

13 - HIERARCHICAL QUERIES

-

OBJECTIVES
* Establish hierarchical datamodels.

%  Use SQL to create effective queries over
hierarchical data.

%  Use SYS CONNECT_BY_PATH to
produce useful hierarchical result sets.

/

© 2011 ITCourseware, LLC Rev 4.4.2

Page 225



ORACLE10G SQL PROGRAMMING

HIERARCHICAL DATA

%  Any datathat can be classified on different levelsis called hierarchical data.
»  Thevaueson alevel depend on only a single value on the previous level.
%  Examplesof hierarchical datainclude:

»  Afamily tree database — A father can have a son and a daughter; the
father has a parent of his own.

»  Anorganization chart — The President of the company is at the top of the
tree; the corporation’s Vice Presidents are on the next level, etc.

> Manufacturing — A product is composed of many parts; each part can be
made up of other parts.
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Theeasiest way to understand hierarchical dataisto seean example.

Bicycle
Seat Assembly Handlebars Frame Wheels
Seat Post Rims Inner Tubes

Inthe exampl e above, we can see hierarchical datadepicting the partsto createabicycle. Thebicycleis
composed of aseat assembly, whedls, handlebars, and aframe. The seat assembly iscomposed of two

other parts, asarethewheels. The handlebars and the frame have no components.

Noticethat each level isdefined by thelevel aboveit. Therimsare components of thewheels. The seat
assembly does not share componentswith anything elseonitslevel.

bicycesql

CREATE TABLE bicycle_parts (
parent_part VARCHAR2 (30),
child_part VARCHAR2 (30)

)

One common example used when explaining hierarchical datausesafamily. Keepinmindthat inan Oracle
hierarchica query, you canonly follow one parent hierarchy (either father or mother) at atime.
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HIERARCHICAL TERMINOLOGY

%  Eachelementinthe hierarchy isanode.

%  Thetop-most level of the hierarchy can have only one node, the root of the
hierarchy.

%  Theroot may have multiple paths, called branches, to the next level.
% A node on the next level can be reached by only one branch.

»  Thenode onthe higher level isits parent.

»  Thenodeon the lower level is called the child.

> Only the root node has no parent.

%  Any node without children is aleaf node.
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Let'slook at asamplehierarchy populated with ssmplevalues.

Thenodewith value C istheroot node of the hierarchy. Theroot node hasthree children, A, G, and H.
Node G hastwo children, nodes J and B. Node E has one parent, node H. Nodes A, J, B, and E are
leaf nodes.
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HIERARCHICAL QUERY

%  Tocreateahierarchical query, you will need two clausesin your SQL statement:
START WITH and CONNECT BY.

SELECT
FROM

START WITH
CONNECT BY

column 1ist
table name
condition
condition;

%  The START WITH clause specifies the root of the tree for this query.

%  The CONNECT BY clause defines the relationship between the parent and the

child.

> The condition in the CONNECT BY clause contains the PRIOR
keyword.
column name = PRIOR column name

PRIOR column name = column name

> Place the PRIOR keyword with the child column.
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Continuing with our bicycle example, we can seeatable of bicycleparts.

bicycle partss
SELECT * FROM bicycle_parts;

PARENT_ PART CHILD_PART
BICYCLE

BICYCLE SEAT ASSEMBLY

BICYCLE WHEELS

BICYCLE HANDLEBARS

BICYCLE FRAME

BICYCLE BRAKES

SEAT ASSEMBLY SEAT

SEAT ASSEMBLY POST

WHEELS RIMS

WHEELS INNER TUBES

BRAKES PADS

BRAKES CALIPER

BRAKES LEVERS

BRAKES CABLES

From thistable, we can seethat one child part has no parent, so this should be the root. We can usethe
L PAD function to help visualize the hierarchy (thisis a commonly-used technique with hierarchical
queries):

Ipad_bicycle parts.sl
SELECT LPAD(' ', 3*(LEVEL-1)) || child _part AS bicycle
FROM bicycle_parts START WITH child _part = 'BICYCLE'

CONNECT BY parent_part = PRIOR child_part;

BICYCLE
BICYCLE
SEAT ASSEMBLY
SEAT
POST
WHEELS
RIMS
INNER TUBES
HANDLEBARS
FRAME
BRAKES
PADS
CALIPER
LEVERS
CABLES
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HIERARCHICAL PSEUDOCOLUMNS

%  TheLEVEL pseudocolumn returns the tree level of the hierarchical query.

> The root nodeison level 1, the children of the root are on level 2, and so
on.

»  TheLEVEL columnismost commonly used with the L PAD function to
format the results so that they resemble a tree turned on its side.

»  Toadd n spaces per level, use the following format:
LPAD(' ', n*(LEVEL-1)) || column_name

%  The CONNECT_BY_ISCYCLE pseudocolumn returns a 1 if the current row
has a child which is also its ancestor, otherwise it returns O.

> Use thisto detect circular references within your hierarchy.

%  The CONNECT_BY_ISLEAF pseudocolumn returns a 1 if the current row is
aleaf node, or elseit returns 0.
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We have aready seen how we can usethe L EVEL psuedocolumn along with the L PAD function to

format our tree output. We can a so query thelevel in our hierarchical query, asshown below:

levd. gl

SELECT child_part,
FROM bicycle_parts START WITH child _part

LEVEL

CONNECT BY parent_part =

CHILD_PART

BICYCLE
SEAT ASSEMBLY
SEAT

POST

WHEELS

RIMS

INNER TUBES
HANDLEBARS
FRAME
BRAKES

PADS
CALIPER
LEVERS
CABLES

PRIOR child_part;

W W W WMNDDNMNDNDMNDWWNDWWDNPRE

'BICYCLE'

Wecan easlly retrievejust theleaf nodes, usingthe CONNECT _BY _| SL EAF pseudocolumninour

WHERE clause.

legf.
SELECT child_part

FROM bicycle parts WHERE CONNECT_BY ISLEAF

START WITH child_part =
CONNECT BY parent_part =

CHILD_PART

RIMS

INNER TUBES
HANDLEBARS
FRAME

PADS
CALIPER
LEVERS

'BICYCLE'
PRIOR child_part;
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SYS_CONNECT_BY_PATH

%  SYS CONNECT_BY_PATH isaspecia function which returns the path from
the root to the given node, separated by a character of your choice.

SYS CONNECT_ BY PATH (column name, character)

* The column in the function can be of the CHAR, VARCHAR2, NCHAR, or
NVARCHARZ datatype.

%  Theoutput from this function is the VARCHAR?2 datatype.
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Returning to our bicycle example, we can usethe SYS CONNECT_BY_PATH function to show the
path from theroot to the given node.

path.sl
SELECT LPAD(' ', 3*(LEVEL-1)) ||
SYS_CONNECT_BY_PATH(child_part, '/') AS path
FROM bicycle_parts START WITH child _part = 'BICYCLE'

CONNECT BY parent_part = PRIOR child_part;

/BICYCLE

/BICYCLE/SEAT ASSEMBLY
/BICYCLE/SEAT ASSEMBLY/SEAT
/BICYCLE/SEAT ASSEMBLY/POST

/BICYCLE/WHEELS
/BICYCLE/WHEELS/RIMS
/BICYCLE/WHEELS/INNER TUBES

/BICYCLE/HANDLEBARS

/BICYCLE/FRAME

/BICYCLE/BRAKES
/BICYCLE/BRAKES/PADS
/BICYCLE/BRAKES/CALIPER
/BICYCLE/BRAKES/LEVERS
/BICYCLE/BRAKES/CABLES

A common path separator character istheforward slash (/), but you can use any character you desire. Note
that thefirst row containsonly onevaluein the path, becauseit istheroot node.
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PROCESSING HIERARCHICAL QUERIES

%  Oracle processes a hierarchical query in the following steps:
1 Processjoins, if present.

2. From the join results, select the root row using the START WITH
clause.

3. Determine the child rows of the root row by evaluating the CONNECT
BY clause.

4. Determine the child rows in the third level, and continue the process until
thetreeis created.

5. Evaluate any remaining WHERE clause expressions to further trim the
result set.
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LABS

(1) Oracle'sHR sampleschemaincludesanEM PL OY EE Stable. Eachemployeehasan
EMPLOYEE_IDandaMANAGER_ID,whichistheEMPLOY EE_ID of that employee's
manager (see the Sample Schemas in the Oracle Database online documentation for the
rationaleand diagramsof thesampleschemas). Writeaquery, usingSTART WITH and
CONNECT BY, tolist each each employee'slast name and ID, along with their manager's 1D,
inhierarchical sequencestartingwiththeemployeewithnomanager ID.

(Solution: startwith.sql)

(2] Modify thepreviousquery. UseL PAD to add spacesto theleft of theempl oyee'sname so that

eachisindented accordingtotheemployee'slevel inthemanagement hierarchy.
(Solution: indenthier.sql)

(3] Writeanormal query (that is, without START WITH and CONNECT BY), using asdlf-jain,

tolistthelast nameof eachempl oyee, a ongwiththelast nameof each empl oyeesmanager. Show
the manager namefirst, the employee name second, withanarrow (' <-- ") concatenated
betweenthemindicatingtheempl oyeereportstothemanager.

(Solution: selfjoinl.sql)

(4] Modify thepreviousself-joinquery. UseSTART WITH and CONNECT BY tolistthe
employees in hierarchical order.
(Solution: selfjoin2.sq)

® Modify the above query to add indentation showing the levels of the hierarchy.
(Solution: selfjoin3.sql)

(6] Writeaquery that usesSYS CONNECT_BY_PATH tolist, for each employee, their full
management hierarchy (including themselves), separated by slashes.

a. Try changingtheseparator stringto anarrow (asinthe previousqueries) — how doesit |ook?
b. UseLPAD toaddlevel indentationtothequery.

(Solution: connect_by_path.sql)

(7] Modify the previous query to list the management hierarchy only for those employeeswho are

not managers.
(Solution:ideaf.sql)
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CHAPTER 20 - ORACLE ANALYTIC FUNCTIONS

-

*

OBJECTIVES

Explain and use the analytic functions provided
by Oracle.

Use grouping sets to determine column summary
rows.

Usethe OVER, PARTITION, and ORDER BY
clausesin analysis.

Apply various windowing techniques.
Use windowing to produce siding summaries.

Show the ranking of results within a result set
partition.

Usethe ROL LUP and CUBE clausesto generate
subtotals and totals.

Define rules for data models and apply them to
query results with the M ODEL clause.
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ANALYTIC FUNCTIONS

*

SQL's predicates and functions provide for very specific selection of rows into
aresult set, and manipulation of individual datavalues.

>

>

>

Aggregate functions (SUM, MAX, COUNT, etc.) can perform basic
summary analysis over this result set.

Custom applications or third-party software often perform further
analysis of the results.

You could perform some of thisanalysis using inline views, self joins and
standard functions with the added cost in performance due to multiple
passes through the data.

Oracle's analytic functions compute aggregate values over a group of rows.

>

>

You can use these analytic functions to make calculations for dliding
window calculations, lag analysis, lead analysis, first/last analysis, linear
regressions, rankings, and percentiles.

These functions differ from the standard aggregate functionsin that each
group of records may produce multiple summary rows.

You must define a window to establish the group of records over which the
analytic function will performits calculation.

>

The OVER clause, following the function name, defines the window.

. The analytic function calculates aresulting row for each window of
rows.

. The window can be determined by a physical number of rows or a
logical interval based on avalue, such astime.
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Theanalytic functionsare performed after any joins, WHERE, GROUPBY, or HAVING clausessothe
windows of datacan be established. Theonly clause performed after theana ytic functionisthe ORDER
BY clause, soitisamost thelast operation of the query. You can only useanalytic functionsinthe SELECT

and ORDER BY clauses.
Thefollowingisalist of analytic functionssupported by Oracle:

AV G — Calculatesaveragevalue of an expression.

CORR — Cadlculatesthe coefficient of correlation of number pairs.

COVAR_POP — Cd cul atesthe popul ation covariance of number pairs.
COVAR_SAM P — Cdculatesthe sample covariance of number pairs.

COUNT — Calculatesthe number of rowsreturned by the query.

CUME_DIST — Returnsthe cumulative distribution of avaueinagroup of values.
DENSE_RANK — Returnsthe numeric rank of arow inan ordered group of rows.
FIRST VALUE — Returnsthefirst valuein an ordered set of values.

LAG — Providesaccessto arow at agiven physical offset prior to aparticular position.
LAST VALUE — Returnsthelast valuein an ordered set of values.

L EAD — Providesaccessto arow at agiven physical offset beyond aparticular position.
M AX — Findsthe maximum valuein an expression.

MIN — Findsthe minimum valuein an expression.

NTILE — Dividesan ordered data set into anumber of buckets.

PERCENT_RANK — SameasCUME_DI ST, except range of valuesisbetween O and 1.
PERCENTILE_CONT — Inversedistribution that assumesacontinuous distribution mode!.

PERCENTILE_DISC — Inversedistribution that assumesadiscrete distribution model.
RANK — Returnstherank of avalueinagroup of values.

RATIO_TO_ REPORT — Returnstheratio of avalue over theaset of vaues.
REGR _Functions(Linear Regression) — Ordinary least squaresregressionline.
ROW_NUM BER — Createsaunique number for each row.

STDDEV — Calculates standard deviations.

STDDEV_POP — Population standard deviation.

STDDEV_SAM P — Cumulative sample standard deviation.

SUM — Calculatesthe sum of valuesof an expression.

VAR_POP— Returnsthe sum of values of expression.

VAR_SAM P — Cd culatesthe samplevariance of aset of numbers.

VARIANCE — Calculatesthevariance of expression.
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OVER, PARTITION BY, AND ORDER BY

%  To perform analytic functions across subgroups of records inside the result set
you must establish partition boundaries within the result set.

%  APARTITION BY clause after the OVER keyword defines the partition
boundaries.

»  ThePARTITION BY keyword can include any non-analytic expression.

»  Theanalytic functions are applied to each group independently and then
reset for the next group.

> If the PARTITION BY clause is omitted from the OVER clause, then
the entire result set is considered to be a single partition.

> Usethe ORDER BY clause to specify how datais sorted within each
group.

. The ordering is important, since functions are applied to the current
row and the preceding rows within the partition.
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The following example will list all of the employees, and create running totals for each department
partition and for al of therecordsintheemployeestable.

sum_of_salaries.sql
SELECT last_name, department_id , salary,
SUM (salary) OVER (PARTITION BY department_id
ORDER BY last_name)
AS "Dept Salary Total",
SUM (salary) OVER (ORDER BY department_id, last_name)
AS "Company Salary Total",
ROW_NUMBER () OVER (PARTITION BY department_id
ORDER BY last_name)
AS "Seqg"
FROM hr.employees
ORDER BY department_id, last_name;

Thefollowing example will demonstrate various ways of using PARTITION BY and ORDER BY in
analytic queries. Thefirst three columnsjust list the category, id, and list price of products, respectively. The
fourth columnwill keep arunning total of the product list priceswith aparticular category id. Thefifth
columnwill display thetota for thelist pricesinaparticular category. Thelast columnwill kegp arunning
total of the categorieswithin the query, sincethereisno partition.

partitions.sql
SELECT category_id, product_id, list_price,
SUM(list_price) OVER (PARTITION BY category_ id
ORDER BY product_id) AS "sum 1",
SUM(list_price) OVER (PARTITION BY category_ id
ORDER BY category_id) AS "sum 2",
SUM(list_price) OVER (ORDER BY category_id) AS "sum 3"
FROM oe.product_information;
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WINDOWING

%  You may find there are times when the window for the analytic function needs to
dlide with the current row of the result.

> For example, if you want the total of the last two sales with the current sale.

%  The column value of the analytic function is based on the previous rows of the
partition and is referred to as the window.

> By default, the window is from the beginning of the partition to the current
row.

* You can define windows based on the offset of ROWS from the current row.

diding_orders.sgl
SELECT sales_rep_id,
TO_CHAR (order_date, 'Mon DD, YYYY') AS "DATE",
order id, order_ total,
SUM (order_ total)
OVER (PARTITION BY sales_rep_id
ORDER BY order date ROWS 2 PRECEDING)
AS "SLIDING"
FROM oe.orders
ORDER BY sales_rep_id, order_date;

%  You can define windows based on ranges of values from the current row.
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Thefollowing examplewill select al theorders, but will alsoreturntheaverageorder_total insdeal4-day
window.

orders.sql
SELECT sales_rep_id,
TO_CHAR (order_date, 'MON DD, YYYY') AS "DATE",
order_total,
AVG (order_total)
OVER (ORDER BY order_date
RANGE BETWEEN INTERVAL '7' DAY PRECEDING
AND INTERVAL '7' DAY FOLLOWING)
AS "RUNNING AVG"
FROM oe.orders
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ROLLUP

%  Aggregate functions are very useful for producing summary totals, but do not
produce summaries at multiple levels.

>

Oracle8i introduced ROL L UP, an extension to the GROUP BY clause,
which generates multi-level summariesfor each aggregate column along
the non-aggregate columns of the SELECT list.

This new notation also provides agrand summary for all the aggregate
columns.

%  ROLLUP creates subtotals for aggregate columns, from detailed levelsto afina
grand total.

>

You provide ROL L UP with an ordered list of grouping columns.

> First, the aggregate values for the columns specified in the GROUP BY
clause are calculated.

> Next, progressively higher-level subtotals are calculated, moving from
right-to-left through the grouping column list.

> Finally, agrand total result is created.

rollupl.sql

SELECT department_id, manager_id, job_id, SUM(salary)
FROM hr.employees

GROUP BY ROLLUP (department_id, manager_id, job_id) ;

%  If there are certain columns that you wish to be excluded from the rollup
process, then just place them outside the ROLLUP clause.
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To exclude columnsfrom the summary rows produced by ROL L UP, just excludethe column namesfrom
theROL LUP clauseinthe GROUPBY clause. Thedepartment_id field will beexcluded fromall
summariesinthefollowing SELECT example:

rollup2.sql
SELECT department_id, manager_id, job_id, SUM(salary)
FROM hr.employees
GROUP BY department_id, ROLLUP (manager_id, job_id) ;

Some of the subtota grouping can be combined together inthe ROL L UP clause by enclosingthemin
parentheses. Thesearereferred to as composite columns. Thefollowing examplewill create asummary
linefor each uniquedepartment_id/manger_id/job_id combinationand every uniquedepartment_id/
manger _id combination, but not for each department_id. Afina total linewill be produced.

rollup3.sql
SELECT department_id, manager_id, job_id, SUM(salary)
FROM hr.employees
GROUP BY ROLLUP( (department_id,manager_id), Jjob_id);
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CUBE

%  Youarelimited with ROLLUPinthat it will only produce subtotals aong the
listed fieldsin right-to-left order.

> ROL L UP cannot be used to generate summary information across
multiple combinations of the non-aggregate columns,

%  You can use CUBE to create summaries for a specified set of columns and all
of their possible permutations, thus providing the additional cross-tabulation
values.

%  If the CUBE clauseisgiven four fields, then the resulting output will produce 16
(24) types of groupings.

cubel.sql
SELECT department_id, manager_id, job_id, SUM(salary)
FROM hr.employees
GROUP BY CUBE (department_id, manager_id, job_id) ;

%  The CUBE clause aso alows composite columns to eliminate unwanted
summary combinations.

cube2.sq
SELECT department_id, manager_id, job_id, SUM(salary)
FROM hr.employees
GROUP BY CUBE ( (department_id,manager_id), job_id) ;
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Columnsthat are not included in the grouping combinationswill returnaNUL L value. The GROUPING
function can be used in conjunction with DECODE or CASE to providevaluesfor columnswhenthey are
not included in the summary. GROUPING will return avalueof 1if thecolumnisnot includedinthe
summary and Qif itisincluded. Thisallowsyouto providean alternate valuefor total rowsand allowsthe
user to distingui sh between total rowsand rowswith NUL L values.

The following example will return the word "total” for any columns that are not included in the
groupings on asummary row:

grouping.sof
SELECT DECODE (GROUPING (department_id), 1, 'total', 0, department_id)
AS dept,
DECODE (GROUPING (manager_id), 1, 'total' ,0, manager_id)
AS manager,
DECODE (GROUPING (job_id), 1, 'total', 0, job_id)
AS job,
SUM (salary) AS salary
FROM hr.employees
GROUP BY CUBE (department_id, manager_id, job_id)
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GROUPING SETS

%  When you are using ROL L UP and CUBE to produce summary rows, the
column combinations for the summary rows are determined by the GROUP BY
clause.

»  Thisisaproblem if you want to specify which columns to summarize and
which to exclude.

group_sales.sql
SELECT sales_rep_id, order_status,
SUM (order total) AS "Order Total"
FROM oe.orders
GROUP BY GROUPING SETS (sales_rep_id, order_status) ;

%  GROUPING SETS are an extension of the GROUP BY clause and allow you
to specify multiple groupings of rows within one SELECT statement.

%  GROUPING SETS were created to avoid using the UNION AL L set operator
and gain query efficiency.

> Efficient aggregation is gained, since aggregates you do not need are
excluded.

»  The groupings are computed for each grouping specified in the
GROUPING SETS clause and then the results of individual groupings
are combined using the UNION AL L set operation.

. Sincea UNION ALL isbeing performed duplicate rows may be
created.
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Thefollowing examplewill produce salary summary rowsfor each department_id, eachmanager_id, and
eachdepartment_id/manager_id/job_id combination.

grouping_setsl.sl
SELECT department_id, manager_id, SUM(salary)
FROM hr.employees
GROUP BY GROUPING SETS((department_id, manager_id, job_id),
department_id,
manager_id) ;

The sameresults could have been achieved using three separate SEL ECT statementswith UNTON AL L
clausesbetween them, but would suffer from lessefficiency.
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RANK

*

There are two techniques you can use to find where a particular row falswithin
an ordered data set.

»  Thefirgt, and very awkward, way isto use an in-line query in the FROM
clause and then return the ROWNUM column in the parent query.

»  Thesecond way isto use the RANK function, which returns an
incremented number ranging from 1 to the number of rows in the data set.

The RANK and DENSE_RANK functions allow you to rank items within a
data set or partition.

»  Theranking is based on where a particular row falls within a partition
based on the ORDER BY clause.

»  ThePARTITION BY clause can be used to define where the partition
breaks will occur.

. If no PARTITION BY clause is provided, then the entire result is
considered the partition.

»  Therankingisreset back to 1 at each partition break.

rank1.sq
SELECT job_id, employee_id, commission_pct,
RANK () OVER (PARTITION BY job_id
ORDER BY commission_pct)
AS rank
FROM hr.employees
WHERE commission_pct IS NOT NULL;
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DENSE_RANK isthesameasRANK, except that if any of therowshave equal valuesit doesnot
increment therank valuesfor each of the duplicates.

rank2.sgl
SELECT

FROM
WHERE

job_id, employee_id, commission_pct,
RANK () OVER (PARTITION BY job_id

ORDER BY commission_pct)
AS rank,
DENSE_RANK () OVER (PARTITION BY job_id

ORDER BY commission_pct)

AS "dense rank"
hr.employees
commission_pct IS NOT NULL;
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MODELING

*

The MODEL clause lets you create multi-dimensional arrays from a query
result, and then apply various rules (smilar to what you might find in a
spreadsheet) to calculate new values.

»  Therulesare formulas and vary from basic arithmetical expressions to
complicated equations using recursion.

You avoid transferring large amounts of data between various modeling
environments by defining the models within the database engine.

The MODEL clause maps columns of a query into three groups to define a
multi-dimensional array.

»  Therulesof the MODEL clause are applied to each grouping defined by
the Partition columns,

»  The Dimension columns are used to define cells within the partition.
»  TheMeasures arethe cellsthat are identified by the Dimension.

You can think of the query as a mechanism to populate a spreadsheet and the
rules defined in the model are used to manipulate the spreadsheet.

model 1.sgl
SELECT rep, year, total
FROM year orders

MODEL
PARTITION BY (order_ _mode)
DIMENSION BY (rep, vyear)
MEASURES (total)
RULES upsert

( total[1l59,1999] = 3000,
total[163,1999] = total[l63,1998] + total[l63,1]
) ;
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TheseexamplesusetheYEAR_ORDERSVview:

view.sgl

CREATE OR REPLACE VIEW year_orders (rep,

AS SELECT sales_rep_id,
TO_CHAR (order_date,
order_mode,

SUM (order_total)
FROM oe.orders
GROUP BY sales_rep_id,
TO_CHAR (order_date,
order_mode;

'YYYY'),

'YYYY'),

order_mode,
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MODEL CLAUSES

¥ There are certain limitations to the use of the MODEL clause:

»  The MODEL clause only returns the table data as a data set, whether or
not it has been modified.

»  The MODEL clause does not update the table of the parent SELECT
Statement.

%  The RETURN UPDATED ROWS clause makes the query return only those
rows that are updated or inserted by the model rules.

»  Thedefault isRETURN ALL ROWS.

%  Eachrule, or all therules collectively, can have a clause to specify how cells
should be treated.

. UPSERT — Updates the cells or creates new ones if they do not exist.

. UPSERT ALL — Same as UPSERT, except it allows a broader set of
rule notation for cell insertion.

. UPDATE — Only updates existing cells.

. IGNORE NAV — Numeric cellsthat are null treated a 0.

. KEEP NAV — Keeps cell values null that were not available.
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Thefollowing SELECT statement hastwo rulesto update the result with new totalsfor rep 159 in year

2005 and rep 300 in year 2005.

mode 2.9
SELECT rep, year, total
FROM year_orders
MODEL
RETURN UPDATED ROWS
PARTITION BY (order_mode)
DIMENSION BY (rep, year)
MEASURES (total)
RULES upsert
( total[l1l59,2005]
total[300,2005]

) 7

3000,
4000

The SELECT statement below hastwo rulesthat will updatethe resultsand onerulethat will insert anew

row if onedoesnot exist.

model 3.sq
SELECT rep, year, total, order_mode
FROM year_orders

MODEL
RETURN UPDATED ROWS
PARTITION BY (order_mode)
DIMENSION BY (rep, vyear)
MEASURES (total)
RULES UPDATE

( total[159,2005] = 3000,
total[163,1999] = 5000,
UPSERT total[300,2005] = 4000

) 7
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LABS

(1) Createaquerytolistall theorder _date, order_id, order_total, andthetotal for all the

ordersonthesameday.
(Solution: order_date _total.sql)

(2] Query thedatabaseto rank thesales rep_id inorder of their total salesfor 1999in

descendingorder.
(Solution: rank_1999.5q)

® Retrievetheproduct_id,warehouse id,andquantity_on_hand fromtheinventoriestable
andgetquantity_on_hand totalsfor each product.
(Solution: products_on_hand.sql)

(4] Listthecustomer_id,gender,territory,credit_limit,andtheaveragecredit_limit for each
gender inthat territory fromthecustomers.
(Solution: gender_terr_avg.sql)

® Createaquery to returntheemployee id, department_id, and salary from the employees
table. If theemployeeisin department 50, then add $20to thereturn valueof thesalary.
(Solution: dept_50_bonusl.sql)

(6 Modify thepreviousquery soif any salary fieldisnull itwill still reflect the$20bonusamount.
(Solution: dept_50_bonus2.sq)

(7] Modify thepreviousquery sotheemployees commission_pct fieldwill bereturnedas.4.
(Solution: dept_50_bonus3.sq)
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