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COURSE OBJECTIVES

L A S TS S S SRS S S S S S S S S . S

Describe the features of a Relational Database.

Interact with aRelational Database M anagement System.

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

Use SQL functions.

Useaquery tojoin together dataitems from multiple tables.

Write nested queries.

Perform summary anaysis of datain a query.

Add, change, and remove data in a database.

Manage databasetransactions.

Work in a multi-user database environment.

Create and manage tables and other database objects.

Control access to data.

Create triggers on database tables.

Use PL/SQL's datatypes for database and program data.

Use program stucture and control flow to design and write PL/SQL programs.

Create PL/SQL stored procedures and functions.

[©)
=
N
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CHAPTER 1 COURSE INTRODUCTION

Write robust programs that handl e runtime exceptions.
Use PL/SQL's collection datatypes.

Use cursors to work with database data.

Use the packages supplied with Oracle.

Design and write your own packages.

Maintain and evolve your PL/SQL programs.

E S S S TR . S

Manage the security of your stored PL/SQL programs.

©2011 ITCourseware,LLC Rev1.1.2 Page 13
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COURSE OVERVIEW

%  Audience: Thiscourseisdesigned for database application devel opers.

%  Prerequidites. Familiarity with relational database conceptsaswell asasolid
understanding of 3GL programming are required.

%  Student Materials:
> Student workbook
%  Classroom Environment:
> One workstation per student

> Oracle 119, Oracle Server, and SQL*Plus.

Page 14 Rev1.1.2 ©2011 ITCourseware,LLC



CHAPTER 1

COURSE INTRODUCTION

USING THE WORKBOOK

Thisworkbook designisbased on apage-pair, consisting of a Topic page and a Support page. When you
lay theworkbook openflat, the Topic pageison theleft and the Support pageison theright. The Topic
page containsthe pointsto bediscussed in class. The Support page has code examples, diagrams, screen
shotsand additional information. Hands On sections provide opportunitiesfor practical application of key
concepts. Try It 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 ()

The Support page has
additional information,
examples and suggestions.

CHAPTER 2 SERVLET BAsIics

Code examples are in a
Fnds on fixed font and shaded. The
on-line file name is listed
above the shaded area.

Addan init () method to your 7odayservlet that initial
along with the current date:

Todayjava
public class Today extends GenericServlet {
privi bor:

c void service(ServletRequest request,
ServletResponse response) throws ServletException, IOException

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

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

Callout boxes point out
important parts of the
example code.

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

The init () methodis
called when the servletis
loaded into the container.

> 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);
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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

¥ Rel ational Databases:

>

>

A Relational Database consists of tables, each with a specific name.

A tableisorganized in columns, each with a specific name and each
capable of storing a specific datatype.

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

A Relational Database Management System (RDBMS) is a software system that allows you to
create and manage aRel ational Database. Minimum requirementsfor such asystem aredefined by both
ANSI and I SO. Themost recent standard isnamed SQL 2, since most of the standard ssmply definesthe
language (SQL ) used to create and manage such adatabase and itsdata. Some people usetheterm SQL
Database asasynonym for Relational Database.

Eachrow (sometimescalled arecord) representsasingleentity inthereal world. Each column
(sometimescalled afield) in that row representsan attribute of that entity.

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

Theforma word for row istuple; that is, each row in atablethat hasthree columnsmight be called a
triple (aset of three attribute val ues); five columns, aquintuple; eight columns, an octuple; or, in
general, however many attributes describe an entity of some sort, the set of column valuesinarow
that represents one such entity isatuple. Theformal word for columnisattribute.

©2011 ITCourseware, LLC Rev1.1.2 Page21



INTRODUCTION TO ORACLE 1 1G PROGRAMMING

RELATIONAL DATABASE MANAGEMENT SYSTEMS

% A Relational Database Management System (RDBMYS) 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.

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

%  SQLisastandard language for querying, manipulating data, and creating and
managing objectsin your schema.

%  TheData 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 asystem catalog table just like any other table.
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You can usethe 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.sq
SELECT *
FROM dictionary
WHERE table_name LIKE 'USER%';

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 inthe mid-1970s.

%  SQL istheinternationa standard languagefor relational database management
systems.

> SQL isconsidered afourth-generation language.
> ItisEnglish-likeand intuitive.
> SQL isrobust enough to be used by:

. Users with non-technical backgrounds.

. Professional developers.

. Databaseadministrators.

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

%  Eachvendor 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 isactually an easy language to learn (many users pick up the basicswith no additional

ingtruction). SQL statementslook morelike natural language than many other programming languages. We
can parsetheminto "verbs," "clauses," and " predicates.” Additionally, SQL isacompact language, makingit
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 learnin thisclass, you canuse
them in sophisticated ways.
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ORACLE VERSIONING AND HISTORY

%  Theorigina "Oracle," named Software Development L aboratories, was founded
in 1977, which then changed its name to Relational Softwarein 1979.
> There was no Version 1 for marketing purposes.
»  Version 2 supported just basic SQL functionality.
%  Thei in Oracle versions stands for ‘'internet.’
> The database has features that make it more accessible over the World
Wide Web.
> A JavaVirtual Machine was embedded into the database.
%  Thegin Oracle versions stands for 'grid.’
»  Databases can be managed remotely by aweb accessible tool, the Oracle

EnterpriseManager (OEM).

. The OEM comes in Database Control and Grid Control versions,
depending on whether you are managing a single database, or agrid
of systems.
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Version Release New Features
Year
Relational 1979 Basic SQL functionality for queries and joins. No support for
Software - transactions.
Version 2 Operated on VAX/VMS systes only.
Oracle 3 1983 Rollback and commit transactions supported. UNIX operating system
supported.
Oracle 4 1984 Read consistency.
Oracle 5 1985 Client-Server model. Supported networking, distributed queries.
Oracle 6 1988 Oracle Financials released. PL/SQL, hot backups, row-level locking.
Oracle 7 1992 Triggers, integrity constraints, stored procedures.
Oracle 8 1997 Object-oriented development, multi-media applications.
Oracle 8i 1999 Support for the internet. Contained native Java Virtual Machine.
Orecle 9i 2001 Over 400 new features — flashback query, muitiple block sizes, etc.
Ability to manipulate XML documents.
Oracle 10g | 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.
Oracle 11g | 2007 Improved grid administration.

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
pagesinlength, while SQL-89isabout 115 pages. SQL-92 adds additional support capabilities, extended
error handling facilities, better security features, and amore complete definition of the SQL languageoveral.

A new standard was publishedin 1999. Somecritical featuresof SQL :1999include acomputationally-
complete (that is, procedural) language and support for object-oriented data. Oracle 10g adheresto
SQL :1999 standards.

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

L ogical Storage Structures:

*

A tablespace stores the tables, views, indexes, and other schema objects.

> It isthe primary logical storage structure of an Oracle database.

%k 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.

%  Eachextent is made up of database blocks, which are the smallest logical
storage unit.

Physical Storage Structures:

% A tablespaceisstored in one or more datafiles.
» A datafileisabinary file whose name usually endsin .dbf.

%k 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, aswell asfiles containing configuration and

management information, necessary to runan RDBMS.
> An Oracle database includes a SY STEM tablespace, as well as others.

> The SY STEM 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 Oracleinstance is a set of processes and memory which coordinate efficient
accessto adatabase.

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

A server processisaprogram that uses both the instance and the datafilesto
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 getsthe resulting datain return.

> The client program and the server program might be running on the same
physical machine.

»  Theclient may be on adifferent 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.

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

*

Each column in atable has a specific, predefined 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
areallowed.

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

>

Most database vendors provide similar sets of datatypes, though.

The most important datatypesin 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
scale.

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

. When you retrieve a DAT E value from the database, Oracle
normally convertsit to astring 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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VARCHARZ2

When you definea VARCHAR2 column, you specify the maximum number of charactersallowed for a
vaueinthe column. For example, for U.S. state names, you might defineacolumnasVARCHAR?2(14),
but for aproduct description you might defineacolumnasVARCHAR2(200). A VARCHAR2 column
can contain no more than 4000 bytes. NVARCHAR2 supports Unicode.

CHAR

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

DATEvVS. 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 scale isthe 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 thevaue 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 storesin severa cities.

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

Sometimes a customer will fill out an order, which requires an invoice number. Each
invoice lists the store and the customer's ID. 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 aphone call) that the personisavalid user of the account.

Each product we sell has a product ID 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 astore.
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ID = VENDOR_REP_ID

PERSON
—==ID Lol B & EMPLOYEE
LASTNAME VARCHAR2(25) D=1D
FIRSTNAME VARCHAR2(15) ID NUMBER
i CHAR(1) STORE_NUMBER NUMBER
STREET VARCHAR2(45) PAY_TYPE_CODE CHAR(1) ID = SUPERVISOR_ID
CITY VARCHAR2 (25) PAY_AMOUNT NUMBER(9,2)
STATE CHAR(2) TITLE VARCHAR2(15)
2Ip CHAR(9) SUPERVISOR_ID NUMBER
AREA_CODE CHAR(3)
PHONE_NUM BER CHAR(7) PAY_TYPE_CODE|= PAY_TYPE_CODE STORE
4D=CU$DMERD y STORE_NUMBER NUMBER
- PAY_TYPE MANAGER_ID NUMBER
ACCOUNT SAY TYPE CODE CHARQ) STREET VARCHAR2(45)
ACCOUNT NUMBER NUMBER PAY_TYPE_NAME VARCHAR2(15) E?X}E XﬁiggﬁRﬂzm
ACCOUNT_NAME VARCHAR2(25) MINIMUM_WAGE NUMBER(9,2) ZIp CHAR(9)
ACCOUNT_TYPE_CODE CHAR(1) AREA CODE CHAR(3)
CREDIT.LIIT NUMBER@.2) = PHONE_NUMBER _ CHAR()
~ ' SALES_TAX_RATE NUMBER(5,5)
BALANCE NUMBER(9,2) e —
STREET VARCHAR2(45)
CITY VARCHARZ(ZS) STORE_NUMBER|= STORE_NUMBER
STATE CHAR(2) NVENTORY
ACCOU NT_TYPE_COD%: 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

QUANTITY_ON_ORDER NUMBER

NUMBER(3,3)

= 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)

PRODUCT
PRODUCT_ID VARCHAR2(11)
DESCRIPTION VARCHAR2(75)
VENDOR_ID VARCHAR2 (4)
VENDOR_PART_NUMBER VARCHAR2(20)
PRICE NUMBER(7,2)
REORDER_THRESHOLD NUMBER
PRODUCT_CATEGORY_CODE CHAR(1)
WARRANTY_TEXT CLOB
PRODUCT_IMAGE BLOB

{PRODUCT_ID = PRODUCT_ID

PO_HEADER

PO _NUMBER

NUMBER

VENDOR_ID

ORDER_DATE
TAX_RATE

STORE_NUMBER

VARCHAR2(4)
NUMBER
DATE
NUMBER(5,5)

PO_NUMBER = PO_NUMBER

INVOICE_NUMBER|= INVOICE_NUMBER

ORDER_ITEM

INVOICE_NUMBER NUMBER

PRODUCT ID

VARCHAR2(11)

QUANTITY
DISCOUNT

NUMBER
NUMBER(3,3)

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

Y

PRODUCT_CATEGORY

PRODUCT CATEGORY_CODE CHAR(1)

PRODUCT_CATEGORY_NAME VARCHAR2(15)

VENDOR
PRODUCT_ID = PRODUCT_ID
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
BT NUMBER EMPLOYEE
LASTNAME VARCHAR2(25)
FIRSTNAME VARCHAR2(15) ID NUMBER
MI CHAR(1) STORE_NUMBER NUMBER
STREET VARCHAR2(45) PAY_TYPE_CODE CHAR(1) ID = SUPERVISOR_ID
CITY VARCHAR2(25) PAY_AMOUNT NUMBER(9,2)
STATE CHAR(2) TITLE VARCHAR2(15)
ZIP CHAR(9) SUPERVISOR_ID NUMBER
AREA_CODE CHAR(3)
PHONE_NUMBER CHAR(7) PAY_TYPE_CODE|= PAY_TYPE_CODE STORE
D = CUSTOMER 1D STORE_NUMBER NUMBER
- - PAY TYPE MANAGER_ID NUMBER
ACCOUNT = STREET VARCHAR2(45)
PAY_TYPE_CODE CHAR(1) CITY VARCHAR2(25)
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) AREA CODE CHAR(3)
CUSTOMER_ID NUMBER PHON_E NUMBER CHAR(7)
———— =
giEAD'I\ITC—ELIMIT mﬂmggﬁg’;; SALES_TAX_RATE NUMBER(5,5)
STREET VARCHAR2(45)
CITY VARCHAR2(25) STORE_NUMBER|= STORE_NUMBER
STATE CHAR(2)
ACCOUNT_TYPE_CODI%: ACCOUNT_TYPE_CODE LU BT ORy
PRODUCT_ID VARCHAR2(11
ACCOUNT_TYPE STORE_NUMBER NUMBER
ID = CUSTOMER_ID ACCOUNT TYPE CODE CHAR() QUANTITY_ON_HAND NUMBER

ACCOUNT_TYPE_NAME VARCHAR2(15)
INITIAL_DISCOUNT

QUANTITY_ON_ORDER NUMBER

NUMBER(3,3)

ACCOUNT_NUMBER = ACCOUNT_NUMBER

STORE_NUMBER = STORE_NUMBER

PRODUCT
PRODUCT_ID VARCHAR2(11) - -
DESCRIPTION VARCHAR2(75)
VENDOR_ID VARCHAR2 (4) FO_AIEm AR
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 cLoB Uil SAlle o LnlEl= Heys)
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
EST_DELIVERY DATE DATE o ey
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 - -
INVOICE_NUMBER NUMBER VENDOR
PRODUCT _ID VARCHAR2(11) [ probuCT 1b < PRODUCT I
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(L5)
PRODUCT_CATEGORY_NAME VARCHAR2(15) AREA_CODE CHAR(3)
PHONE_NUMBER CHAR(?)
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DATA MANIPULATION AND TRANSACTIONS

CHAPTER 8 - DATA MANIPULATION AND
TRANSACTIONS

¥ ok ok 3k

OBJECTIVES

Add new rows to database tables.
Modify rowsin tables.
Delete rows from tables.

Perform tasks consisting of more
than one SQL statement.

Make your changes permanent and
visible to other users.

Undo the effects of SQL statements.

Access database tables concurrently
with other users.

Prevent other usersfrom interfering
with your changes.

/
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THE INSERT STATEMENT

*

Use the INSERT statement to add new rows of datato atable.

INSERT INTO table name [ (column name 1ist) ]
{VALUES (value list) | subguery };

> Use column_name _list to specify the columns for which you will be
providingvalues.

> You must own thetable or have INSERT privilege on the table.
To add a single row to the table, use the VAL UES clause.

insert_order.sql
INSERT INTO order header
(invoice number, store number, customer_ id,
order_date, est_delivery_ date, amount_due)
VALUES (3001, 7, 7878, sysdate, sysdate + 4, 0);

> The order and number of values must match the column list.

To add zero or more rows at once by copying from existing data, use a
subquery.

insert_items.sql
INSERT INTO order item
(SELECT 3001, product_id, 1, .05
FROM inventory
WHERE store_number = 7 AND product_id like 'IBM%'
AND gquantity on_hand > 0);

»  Thesubquery's SELECT list can include column values, expressions,
andliterals.

- You can generate rows in which some column values come from
existing records, while others are provided by the statement itself.

Usethe NULL or DEFAULT keywordsin place of avalueto insert anull, or
allow acolumn to be popul ated with its default value.

inv.sgl
INSERT INTO inventory
VALUES ('BORL0000014', 7, 25, NULL) ;
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A company employee may enter aproduct into theinventory at Store#7 with thefollowing:

inv.sgl
INSERT INTO inventory
VALUES ('BORL0O000014', 7, 25, NULL) ;

Thisformat of the NSERT command requiresthat the number and exact order of all columnsinthe
inventory_item tablebeknown. If thetable definition should change, this statement would becomeinvalid.
A morereliable (and maintainable) format isto specify the order and namesof the columnsthat arebeing
popul ated:

inv2.sl

INSERT INTO inventory (product_id, store_number, quantity_ on_hand,
quantity on_order)

VALUES ('BORL0O000014', 7, 25, NULL) ;

Thisformat isrequired when popul ating only asubset of al columnsin atable. Any skipped columnswill be
automatically assigned the specified default or (if dlowed) null value. TheINSERT below isequivaentto
thoseabove:

inv3.sql
INSERT INTO inventory (product_id, store_number, quantity_ on_hand)
VALUES ('BORLO0000014', 7, 25);

A subguery can be used to easily popul ate rowsfrom other datain the database. To add another person to
the database with the same address and phoneinformation as an existing person:

person.sql
INSERT INTO person (id, lastname, firstname, mi, street, city, state,
zip, area_code, phone_number)
(SELECT 9999, 'Striker', 'Joan', 'R', street, city, state, zip,
area_code, phone_number
FROM person
WHERE 1d=7881) ;
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THE UPDATE STATEMENT

%  Usethe UPDATE statement to change existing datain asingle table.

UPDATE table name

SET column=expression [, column=expression, ...]
[WHERE condition];

> You must either own the table or have UPDATE privilege.

update _inv.sql
UPDATE inventory
SET quantity_on_hand = 42,
quantity on_order = 0
WHERE store_number = 7
AND product_id = 'BORL0000014"';

%  Theexpression may be asubquery that must return only one row.

update_emp.sql
UPDATE employee
SET supervisor_id = (SELECT manager_id FROM store
WHERE store number = 7)
WHERE store_number = 7
AND supervisor_id IS NULL;

> 91 and later versions allow you to specify DEFAULT to set a value back
to the default value specified for this column when the table was created.

UPDATE employee SET supervisor_id = DEFAULT
WHERE id = 6535;

= A NULL will beissued if thereisno default for this column.
%  The WHERE clause identifies the rows to be updated.

> If no WHERE clause is used, al rows in table name are updated.
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With acorrelated subguery, we can update each employee based on the store at which they work.

update2.sql
UPDATE employee
SET supervisor_id =
(SELECT manager_id
FROM store
WHERE store_number = employee.store_number)
WHERE supervisor_id IS NULL;

Inthisexample, however, the subquery must be executed oncefor every row processed by the UPDATE,
sincethevaluereturned by the SEL ECT will depend onthevalue of theemployee.store_number inthe
current row being updated.

Oracleasoalowssevera columnsto be set with one subquery:

update person.sgl
UPDATE person
SET (area_code, phone_number) =
(SELECT area_code, phone_number
FROM store
WHERE store_number = 7)
WHERE id = 7881;
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THE DELETE STATEMENT

* The DELETE statement removes rows from atable.
%  You must either own thetable or have DELETE privilege.
* The format of the DELETE command is:

DELETE FROM table name
[WHERE condition];

* The WHERE clause identifies the rows to be del eted.
delete.sql
DELETE FROM order_ item
WHERE invoice_number = 2960

AND product_id = 'ORCLO0000014';

> The condition can be the same as those found in the SELECT
Statement.

> If no WHERE clauseisused, all rowsin table name are deleted!
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In addition, Oracle providesthe TRUNCAT E statement. TRUNCATE deletesall of therowsin atable.
Unlikethe DEL ETE statement, you cannot specify any conditionsonwhichrowsareto bedeleted. The
examplebelow will deletethe contentsof the per son table:

TRUNCATE TABLE person;

TRUNCATE isused instead of the DEL ET E statement to free space allocated for the table; and,
because each deletion isnot logged, the TRUNCATE statement isusually faster than DELETE. The
TRUNCATE statement cannot be undone (see ROL L BACK) and should, therefore, be used with
caution.

©2011 ITCourseware,LLC Rev1.1.2 Page 145



INTRODUCTION TO ORACLE 1 1G PROGRAMMING

TRANSACTION MANAGEMENT

*

Once you connect to a database, your statements are all considered to be a
singlelogical unit of work, called atransaction.

At any point in atransaction, you can roll back all of your DML statements.
ROLLBACK ;
»  All of your changes are discarded and a new transaction begins.

None of your changes are visible in the database until you commit your
transaction.

COMMIT;
»  All your changes are made permanent and a new transaction begins.
When should you COMMIT or ROLLBACK?

> Commit as soon as you have completed the statements making up a
logical unit of work.

> Remember:
. COMMIT commits everything since the last commit or rollback.

. ROLLBACK rollsback everything since the last commit or
rollback.

Add savepointsto your transactionsto give yourself a place to partially roll back
to.

SAVEPOINT a;

ROLLBACK TO a;
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Transactions hel p you managetasksthat must succeed asalogical group. To changean employee'sid from
811910519, for example, you must al so change the corresponding person record:

1. Insert anew person record:

INSERT INTO person (SELECT 519, lastname, firstname, mi,
street, city, state, zip,
area_code, phone_number

FROM person
WHERE id = 8119 );

2. Updatethe employeerecord:

UPDATE employee SET id = 519 WHERE id = 8119;
3. Delete the old person record:

DELETE FROM person WHERE id = 8119;

4. If dl three statements succeed, then commit thework:
COMMIT;

However, if the DEL ETE statement fails, (for example, if the person hasan account or an order record),
and we haven't committed yet, then we canroll thework back:

ROLLBACK;
Notethat if we had committed, thenthe ROLL BACK statement would have no effect.

Sincethe RDBM S must temporarily store enough information to either commit or roll back your entire
transaction, it could run out of spaceif you do not commit often enough. A DEL ETE statement that del etes
100,000 rowsfrom atable may causethe RDBM Sto make temporary copiesof all thoserows. If the
system doesnot have sufficient spacefor this, thedeletewill fail. You might haveto del etethoserowsin
smaller chunks, committing eechtime.
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CONCURRENCY

%  Oracle useslocks of various types to coordinate data manipulation, and many
other activities, among concurrent sessions.

%  When concurrent sessions access the same rows and perform DML statements
— INSERTSs, UPDATES, and DELETES — Oracle isolates each session's
work.

> For example, Oracle assures one session can't update or delete arow
another session has already updated, until the other session does a
COMMIT (or ROLLBACK).

%  When a session begins manipulating data, it creates an Exclusive Lock, and
associates all modified rows with that lock.

> It also creates a second lock associated with the affected table, to prevent
othersfrom altering the table's definition until the transactionis done.

%  Another session trying to manipulate any of the modified rows will find the lock.

> By default, the second session will add (enqueue) itself to the list of
sessions interested in rows controlled by the first session.

. When the first session commits or rolls back, its lock clears, and
the next session in the queue now controls the rows.

> Your DML statement can include NOWAIT, telling Oracleto return an
immediate error instead of enqueueing and waiting.

% A deadlock can occur if one transaction requires access to data locked by
another in order to complete, while at the same time holding alock that the other
transactioniswaiting for.

> Oracle automatically detectsthissituation, rolling back the statement that
created the deadlock.
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Becausein normal operation asession enqueues (addsitself tothewait list, or queue) onalock held by
another session, thelocksthemselvesare often refered to as" enqueues.”

A lock isadatastructure created in shared memory (memory that all programs accessing the database can
access). Oracledefinesdifferent categoriesand levelsof lock, with many individud typesof lock with
different meanings, for various specific circumstances.

For example, when one session beginsperforming INSERTs, UPDATES, and DELETES, (thatis, DML
statements), it createsalock structure representing itscurrent transaction (set of statementsthat it will
COMMIT or ROLLBACK later). It thenmarkseach row it updates, in such away that another session
accessing that row will bedirected to thelock. Thislock (known asaTXlock) isinthe category of DML
locks, itslevel isRow-Level, and itsspecific typeisan Exclusive Lock, indicating it hasstarted a
transaction and updated rows; other sessionswanting to update any of those samerows must wait for the
first sessontoreleasethe TX lock. However, other sessions can still read thoserows (to perform SELECT
statements). Only another session wanting to update or deletethoserowswill havetowait.

Thesession also createsanother lock (called aTM lock) and associatesit with thetableitself. Thisone, a
DML -category lock, isaTable-Level lock and its specific typeisRow Exclusive (RX), indicating the
session hasexclusively locked rowsin that table. Another session wanting to drop thetable, or dter its
structure, will havetowait for thefirst sessonto clear thislock.

The Concepts book, in the Oracle Online Documentation Library, describes concurrency issues, the
different typesof lock, and the operationsthat create them.

L ocksare created and managed automatically when you perform DML statements. COMMIT or
ROLLBACK endsyour current transaction and rel easesitslocks.
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EXPLICIT LOCKING

*

Exclusive locks are automatically placed whenever you execute INSERT,
UPDATE, or DEL ETE statements.

> Locks are released by a COMMIT or ROLLBACK.

You can explicitly place alock on an entire table.

LOCK TABLE table IN lock-mode MODE [NOWAIT|WAIT seconds];

> EXCLUSIVE (or Write) Lock isalock mode that does not allow any
other user to place any lock on that row or table; other users can still read

uncommitted data, however.

> SHARE (or Read) Lock is a mode in which other users can also place
share locks, but no user can obtain an exclusive lock.

You can place alock on a subset of rows through a SELECT statement.

SELECT coll, col2, col3, col4
FROM table
WHERE condition
FOR UPDATE [OF table.col] [NOWAIT|WAIT seconds];

The NOWAIT option governs what happens if some or all of these records are
aready locked.

> If NOWAIT isspecified, control isreturned to the user.

> Otherwiseg, the statement will wait for the lock to be released before
executing.
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lock_person.sql
-- Lock records in the person table
SELECT id, lastname, firstname
FROM person
WHERE area_code = '303'
FOR UPDATE;

update_person2.sgl
-— All 303 area_code records are now locked
UPDATE person

SET area_code = '720'
WHERE area_code = '303';
lock_person2.9]

SELECT person.id, lastname, firstname

FROM person JOIN employee ON person.id = employee.id
WHERE area_code = '303'

FOR UPDATE OF person.id;

update person3.sql
-- Employee 303 area_code records in person are now locked
-- Corresponding rows in employee are not locked
UPDATE person
SET area_code = '720'
WHERE area_code = '303'
AND id IN (SELECT id FROM employee) ;

lock_person3.«
-- Lock the entire person table
LOCK TABLE person IN EXCLUSIVE MODE NOWAIT;

Note:
Theoptionto WAIT for aspecified number of secondswasadded inversion 11g.
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DATA INCONSISTENCIES

*

When multiple userstry to access and manipulate the same data, several data
Inconsistencies can arise:

>

A Dirty Read occurs when a transaction reads uncommitted data by another
transaction.

A Non-Repeatable Read occurs when a user reads rows, another user
modifies or deletes the rows and commits, and the first user then triesto
read the same rows, getting different data.

A Phantom Read occurs when a user runs a query, another user inserts
rows and commits, then the first user reruns the query, finding the new
rows.

A read-only statement (that is, aSELECT) may:

1.

Ignore locks and read data that has been inserted or modified, but not yet
committed (Read Uncommitted).

Read only rows that are committed at the time of the read (Read
Committed).

Read any rows committed at the time of the read and, possibly, phantom
rows added since the last read (Repeatable Read).

Thefinal isolation level (Serializable) isthe same as Repeatabl e Read, except
that are-execution of your SELECT will not pick up phantom rows.

Oracle only supports READ COMMITTED and SERIALIZABLE on a per-
session basis; READ COMMITTED is the default.

SET TRANSACTION ISOLATION LEVEL {SERIALIZABLE READ COMMITTED} ;

Page 152

Rev1.1.2 © 2011 ITCourseware, LLC



CHAPTER S8 DATA MANIPULATION AND TRANSACTIONS
Possible Phenomena
Dirty Read Non-Repeatable Read | Phantom Rows
Read Uncommitted Yes Yes Yes
Isolation | Read Committed No Yes Yes
Level | Repeatable Read No No Yes
Serializable No No No

Theseisolation levels, defined by SQL 92, control which of the datainconsistencieswill be prevented
during thetransaction. For example, in an application whereitishighly unlikely that two transactionswill
attempt to update the samerow at the sametime, READ COMM I TTED providesconcurrency at the
potential cost of datainconsistency. SERIALZABL E transactions, on the other hand, ensurethat datawill
be consistent, but may force another transaction to wait for dataaccess.

Transaction incons stencies can occur when multiple usersare s multaneoudy updating the samedata.

For instance, with Read Committed, if aSEL ECT is performed more than oncein the same
transaction, another user might havelocked some of therows, modified or deleted them, and then
committed; thus, your SEL ECT might have different resultsat different timesin your transaction.

Likewise, with Repeatable Read, if another transaction modifies or deletes rows and commitsits
changes, are-execution of your SEL ECT will not seethose changes. However, if another transaction adds
rows, arepeat of your SEL ECT will seethose phantom rows.
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LOADING TABLES FROM EXTERNAL SOURCES

%  Many systems provide statements or utilities that allow you to load bulk data
fromexternal files.

%k Oracle's SQL* Loader utility loads rowsinto atable from external datafiles,
including character and binary formats.

%  Oracle provides the export (exp) and import (imp) utilities to copy or backup
database objects and data.

exp scott/tiger file=mydata.dmp tables=employee,person, store

%  Oracle 10g introduced Data Pump technology, which is much more efficient
than Oracle's original export/import.

> You invoke the Data Pump expdp and impdp commands much like the
original exp and imp.

. Thefiles created by Data Pump are not compatible with files
created by theoriginal export/import utilities.

. The original exp and imp support all 9i features and dataypes,
while Data Pump supports 10g and higher features.

> Data Pump requires additional system setup and configuration.

> Data Pump places all dump and log files on the server'sfile system.
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Oracleprovidesastandalone utility, SQL* Loader, for loading rowsinto atablefrom an external source.
SQL*Loader canread awidevariety of datafiles, parsing records (according to your specifications) into
valuesof the correct typesfor your table'scolumns. You create acontrol filethat specifieshow

SQL* L oader will parsethedatafile. You then runthe sglldr command from the operating system command
line

sglldr / CONTROL=empdata.ctl LOG=empdata.log
.. . where empdata.ctl might contain:

LOAD DATA

INFILE 'empdata.txt'

BADFILE 'empdata.bad'

DISCARDFILE 'empdata.dsc'

APPEND INTO TABLE employee

FIELDS TERMINATED BY ',' OPTIONALLY ENCLOSED BY X'27' TRAILING NULLCOLS
(id, store_number, pay_type_code,
pay_amount, title, supervisor_id );
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LABS

(1) Insert your own name, address, and phone number into the per son table.
(Solutions: insert_person.sgl, insert_person2.sql)

(2] Makeyourself anemployee. Usethestorefurthest fromyour actual home. Y our starting hourly
wageis$8.25.
(Solution: insert_employee.sql)

(3] With asingle statement, make the store manager of your store your supervisor.
(Solution: update_emp.sql)

(4] Y oumust movetothecity inwhichyour storeislocated. Changeyour addresstoreflect your
store'scity, state, and zip; you don't yet know what your street addresswill be. Besureto save
your changes!

(Solution: change_address.sql)

® Congratulations— for doing all this, you get araiseto $10 an hour.
(Solution: pay_increase.sql)

(6] If our product table contains a product for which there is no vendor, we want to deleteit.
a Arethere any such products?
b. If so, can you simply deletethem from the pr oduct table?
C. Take all steps necessary to get rid of any such bogus products.
d. Make sureyour changesare made permanent.

(Solutions: productl.sqgl, product2.sgl, product3.sqgl, product4.sql)

©@  Dedeteall theinventory itemsfor your store.
(Solution: delete_inv.sql)

®  What—areyounuts! ?Get thoseinventory itemsback!
(Solution: rollback.sqgl)
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DATA DEFINITION AND CONTROL STATEMENTS

CHAPTER 9 - DATA DEFINITION AND CONTROL

STATEMENTS

OBJECTIVES

% Describe the datatypes stored in your
database.

%  Defineyour own tables.
%  Control the dataallowed in your tables.

%  Modify thedefinitions of existing tables
and columns.

%  Assuretheintegrity of your database.

%k Drop table definitions from your
database.

%  Control access by other users to your
tables.
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DATATYPES

%  Whenyou create atable, you must choose a datatype for each column within the
table.

> Oracle will issue an error message if you try to INSERT or UPDATE a
value that does not match the column'’s datatype.

%  String typesallow you to hold text in several different formats.

> CHAR(size) — Fixed length, padded strings; these should only be used
when you are certain that all recordswill have the samelength strings.

> VARCHAR2(s ze? — Variable length strings, up to size; these are heavily
used to store smaller amounts of text.

> CL OB — Arbitrary length strings, these are used for large amounts of
text.

%  Numerictypesallow you to hold integer and floating point values.

> NUMBER(p,s) — Integer or floating point values where the precision, p,
and scale, s, are optional; these are routinely used to hold dollar amounts
and other basic numbers.

> BINARY_FLOAT/BINARY_DOUBLE — 32- or 64-bit floating point
\ég uels; these are useful for values that need good precision for
culations.

%  Binary typesallow you to store datain arbitrary formats, such asimages,
movies, sounds, or compiled programs.

> RAW /(size) — Small binary values; these are typically icons or other small
mediavalues.

> BL OB — Arbitrarily large binary values; these are useful for large media
values, program code, and other binary data.

%  Datetypesallow you to hold date/time values.

> DAT E — Date/time value with one second granularity; these are general
purpose dates that are commonly used in non-globalized databases.

»  TIMESTAM P — Date/time value with nanosecond granularity; versions
are available to also store time zone information based on the Oracle

server or client locale.
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String Types Description Limits
CHAR(size) Fixed-length character set data of size length. Default Sze | 2000 bytes
is 1.
NCHAR(sze) Fixed-length unicode-only datatype. National character 2000 bytes
st determines the max length of the colunn. Defaut size
is 1.
VARCHAR2(size) Variable-length character string with max size of sze 4000 bytes
bytes. Must specify size.
NVARCHAR2(size) Variable-length character string for national character set | 4000 bytes
with max size of sze bytes. The national character set
determines the max length of the colummn.
CLOB Character Large Object. 4GB*DB_BLOCK_SIZE
NCLOB National Character Large Object containing Unicode. 4GB*DB_BLOCK_SIZE
National character set determines the max length of the
colum.
LONG (deprecated) | Variable-length character data.Use CLOB instead. 2GB

Numeric Types

Description

Limits

NUMBER(p,s) Number with precision of p and scale of s. Must be Precison is 38, Scale is -
integer if only p is provided. 84 to 127.
BINARY_FLOAT 32-hit, single-precision floating-point number. Fixed in length - requires

5 bytes of storage.

BINARY_DOUBLE

Double- precision floating-point number, including the bit
length. Supports the values infinity and NaN(not a
number).

Fixed in length - requires
9 bytes of storage.

Binary Types Description Limits
RAW(size) Binary data of size bytes. Size must be specified. 2000 bytes
BLOB Binary Large Object. 4GB*DB_BLOCK_SIZE
BFILE Reference to a binary file on disk. 4GB
LONG RAW (deprecated) | Binary data of variable length.Use BLOB instead. 2GB
Date Types Description Limits
DATE Date range. FromJan 1, 4712BC to

Dec 31, 9999AD.

TIMESTAMP(fractional_seconds)

All the information contained in date, plus
fractional_seconds — the number of digits in the fractional
part of the SECONDS datetime field.

fractional_seconds may
be 0-9, default is 6.

TIMESTAMP (fractional_seconds) | Same as above, with timezone displacement value. 0-9, defaut is 6.
WITH TIME ZONE
TIMESTAMP (fractional_seconds) | Same as TIMESTAM PWITH TIME ZONE, except | 0-9, defauilt is 6.
WITH LOCAL TIME ZONE the data is adjusted to database time zone when stored in

database. When data is queried, users see data in their

session time zone.
INTERVAL YEAR Period of time in years and months. year_precision is 0-9, default is 2.
(year_precison) TO MONTH number of digits in YEAR datetime field.
INTERVAL DAY (day_precision) | Period of time in days, hours, minutes, seconds. day_precision
TO SECOND day_precision is max number of digits in DAY. 0-9, default is 2.

(fractional_seconds)

fractional_seconds is max number of digits in
SECONDS field.

fractional_seconds 0-9,
default is 6.

M iscellaneous Types Description Limits
ROWID (deprecated) | Represents address of row in table. Only physical ROWIDS
UROWID Represents address of a row in a table.
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DEFINING TABLES

*

Create new tables in your schemawith the CREATE TABLE statement:

CREATE TABLE tablename

(
colname datatype [DEFAULT value] [NOT NULL],

colname datatype [DEFAULT value] [NOT NULL]
) g

You must specify a name and datatype, and possibly a data size, for each
column.

The order of the columnsin the CREATE TABLE statement will be the order
in which the columns are stored.

> The column order is the default order used when issuing aSELECT * or
INSERT.

NOT NULL inacolumn definition specifiesthat every row in the table must
have anon-NUL L valuefor that column.

> INSERTsor UPDAT Esthat attempt to violate thiswill fail.

DEFAULT specifies a default value to be supplied for acolumn, if an INSERT
statement omits avalue for the column.

> Beginning in 9i, this value will also be used for an UPDATE or INSERT
where acolumn is set to DEFAULT.

UPDATE tablename
SET columnname = DEFAULT;
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Physical datastorageismanaged at different levels. The smallest disk storage space may be adatablock or
page, which could be assmall as 2k-32k (minimum and maximum are often OS-dependent). Contiguous
blocksor pages are grouped into extents, which are then used to manage space al ocation when creating
database objects.

Oracle permitsyou to specify anumber of storage options, such asthe tablespace to be used, when you
create atable:

pref_cust.sl
CREATE TABLE preferred_customer

(
id NUMBER,
discount NUMBER (2,2) DEFAULT .05,
description VARCHAR2 (78)

) TABLESPACE users;

If the DBA assigned adefault tablespaceto you, your database objectswill automatically be placed there.
Otherwise, they will beplaced inthe SY STEM tablespace or the databasewide DEFAULT
TABLESPACE. You canfind what your default tablespaceiswith thefollowing query:

SELECT default_tablespace
FROM user_users;

DDL statements(suchasCREATE TABLE or DROPTABLE) arenot logged. That is, they arenot
consdered to be part of atransaction and, normally, do not need to be committed (and cannot berolled
back).

Oracleautomatically performsaCOMMI T immediately before and after each DDL statement. Thismeans
that if youtry to executeaDDL statement within atransaction, your transaction will automaticaly be
committed and you cannot then roll back the transaction.
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VIRTUAL COLUMNS

*

Starting in Oracle 11g, you can add virtual columnsto your database tables.
column_name [datatype] [GENERATED ALWAYS] AS (expression) [VIRTUAL]

»  Avirtual column is defined as the result of an expression, which may
involve functions and other columns.

> If adatatype is not specified, Oracle will determine the datatype of the
column based on the result of the expression.

phone.sqgl
ALTER TABLE person
ADD full _phone AS ( '(' || area_code || ")' ||
SUBSTR (phone_number, 1,3) ||
'-' || SUBSTR(phone_number,4) );

The column does not consume any space for data, as the values for the rows are
awayscal culated whenretrieved.

You cannot set the value of avirtual column through an INSERT or UPDATE.
The expression on which the virtual column is based must satisfy severa rules.

> It may only refer to other non-virtual columns within the sasmetable, and
only if they have already been defined.

> It may only use deterministic functions, those that return the same value
for agiven parameter list each time.

. For example, SY SDATE() isnon-deterministic asit returns a
different date/timevalueevery timeyouinvokeit.

Benefitsto using virtual columnsinclude:
> Multiple applications do not haveto calculate thisvalue.

> Statistics can be gathered on the column's expression, making queries
faster.
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You can SELECT avirtual columnjust likeany other column.

get_phone.sl

SELECT id, lastname, firstname, full_phone
FROM person

WHERE state = 'WA';

You canaso usethevirtua columninaWHERE clause, even using functionsand pattern matching withit,
just likeany other column.

get_phone2.9
SELECT id, lastname, firstname, full_phone
FROM person
WHERE full_phone LIKE ' (303)%';
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CONSTRAINTS

* A constraint limitsthe allowed valuesfor acolumn.

> PRIMARY KEY — Unique value of column(s) in al rows. Nulls not
allowed. There can only be one primary key per table.

PRIMARY KEY (colnamel, colname, ...])
> UNIQUE — Unique value of column(s) in all rows. Nulls allowed.

UNIQUE (colnamel[,colname, ...])

> FOREIGN KEY — Value(s) in foreign key column(s) must match values
in the corresponding primary or unique key column(s) of the referenced
table.

FOREIGN KEY (colnamel[, colname, ...])
REFERENCES table [ (colnamel, colname, ...]) ]
[ON DELETE {CASCADE | SET NULL}];

. The primary key columnsin the referenced table will be used if not
specified.

> CHECK — Value(s) must satisfy the specified condition.
CHECK (condition)

= NOT NULL issimilar toaCHECK constraint.

id NUMBER NOT NULL,
id NUMBER CHECK (id IS NOT NULL)

% Provide ameaningful constraint name when creating the constraint, otherwisethe
system will provide adefault namethat is difficult to read in error messages.

[CONSTRAINT name] constraint_definition
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pref_cust2.s
CREATE TABLE preferred_customer
(
id NUMBER,
discount NUMBER(2,2) DEFAULT .05,
description VARCHAR2 (78),
CONSTRAINT pk_pref cust PRIMARY KEY (id),
CONSTRAINT fk_prefcust_person FOREIGN KEY (id)
REFERENCES person (id),
CONSTRAINT ck_prefcust_discount
CHECK ( discount BETWEEN 0 AND .25 )
) 5

You can query the Data Dictionary for congtraint information:

congrants.sgl
SELECT table_name, constraint_ name,
CASE constraint_type
WHEN 'R' THEN 'Foreign Key'
WHEN 'P' THEN 'Primary Key'
WHEN 'C' THEN 'Check Constraint'
WHEN 'U' THEN 'Unique Constraint'
END "Constraint Type"
FROM user_constraints
ORDER BY 1, 2;

foreign_keyssl

SELECT f.table name || '(' || fc.column_name || ') references ' ||
r.table_name || '(' || rc.column_name || ')' "Foreign keys"
FROM user_cons_columns fc JOIN user_constraints £
ON fc.constraint_name = f.constraint_name
JOIN user_ constraints r
ON f.r_constraint name = r.constralint_name
JOIN user_cons_columns rc
ON r.constraint name = rc.constraint_ name

ORDER BY 1;
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INLINE CONSTRAINTS

% A constraint involving only one column can be specified in the column
definition, using inline constraint syntax:

colname datatype UNIQUE,

colname datatype PRIMARY KEY,

colname datatype REFERENCES table [ (colname)],
colname datatype CHECK (condition),

> Multiple constraints can be placed inline and each can be named.

pref cust3.sqgl
CREATE TABLE preferred_customer
(
id NUMBER CONSTRAINT pk_prefcust PRIMARY KEY
CONSTRAINT fk_prefcust_person
REFERENCES person (id),
discount NUMBER(2,2) DEFAULT .05
CONSTRAINT ck_prefcust_discount
CHECK ( discount BETWEEN O AND .25 ),
description VARCHAR2 (78)
I g

*® Constraint definitions listed at the end of the CREATE TABLE statement are
out-of-line constraint syntax.

»  These syntactic differencesfor constraint definition have no bearing on
the nature of the constraints themselves.

> Older Oracle documentation referred to inline constraints as 'column
constraint" syntax, and out-of-line constraints as "table constraint”" syntax.
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Aforeignkey, or referential integrity constraint, isacombination of columnsthat dependson aprimary
or unique key in someother table. A parent rowisarow with foreign key valuesreferencing it; aparent
key isthereferenced primary or uniquekey in aparent row. A child rowistherow referencing the parent
row. Thetable containing the parent key isthe parent table and the tablewith theforeign key isthe child
table. Beforearow isinserted or updated into the child table, the values of theforeign key columnswill be
checked for rowsin the parent tablewith matching valuesin the parent key. If thereisno match, thenthe
insert will not be allowed. We definethisvalidation of corresponding valuesasreferential integrity. Though
referentia integrity hasalwaysbeen part of therelational model, only recently have RDBM Ssbegun
incorporating primary/foreignkey congtraints.

Toenforcereferential integrity, you may determinethe action to take on child rowswhen aparent row vaue
isdeleted, thepossibilitiesare:

=  CASCADE — If the parent row isdeleted, del ete the child row automatically.
=  SET NULL —If theparent row isdel eted, set the child row's corresponding foreign key valuesto
NULL.

Without the ON DEL ETE clause, no action will betaken onthechild row. If deleting aparent row will
break referentid integrity, thenthedeletionisnot alowed. Thisisthedefault. The examplesoppositeuse
inline constraint syntax, whichimmediately follow the column definition. You may chooseinstead to use
out-of-line congtraint syntax. Syntactic differencesareminor:

= |nlineconstraintsmay only refer to one column and are appended directly onto the column definition.

= QOut-of-line constraintsmay refer to one or severa columnsand are appended onto the end of thetable
definition.

= Congtraintson multiplecolumns must be out-of-line constraints.

= TheNOT NULL congraint requiresinlineconstraint syntax.

Theexamplebelow createsatabletracking office data. An office may have several managers. Each
manager _id will refer back to aper son record. If thereferenced per son record isdel eted, thenthe
corresponding office recordisalso automatically deleted:

officesgl
CREATE TABLE office
(
office_id NUMBER,
manager_id NUMBER,
pager_number CHAR(8) UNIQUE NOT NULL,
CONSTRAINT fk_office_person FOREIGN KEY (manager_id)
REFERENCES person (id) ON DELETE CASCADE,
CONSTRAINT pk_office PRIMARY KEY (office_id, manager_id)
) 5
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MODIFYING TABLE DEFINITIONS

%  ALTER TABLE changesthe definition of an existing table:
ALTER TABLE table name action
%  action may be any of thefollowing:

> You may ADD, RENAME, or DROP a column (the DROP column
feature was added in Oracle 8i):

ADD columnname column_ definition
RENAME COLUMN columnname TO newcolumnname
DROP columnname [RESTRICT | CASCADE]

> You may ADD, RENAME, DROP, or MODIFY the state of a
constraint:

ADD out-of-line constraint_definition

DROP CONSTRAINT cons_name [RESTRICT | CASCADE]
> You may MODIFY the properties of a column:

MODIFY columnname DEFAULT value

MODIFY columnname DEFAULT NULL

MODIFY columnname NOT NULL

MODIFY columnname datatype(size)

%  Severa actions may be used in one ALTER TABLE, but each action type may
appear only once per ALTER TABLE statement.
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You can dter an existing table definition.
ALTER TABLE syntax:
The statement below will add asalesper son_id columntotheorder header table:

ater_order _header.sql
ALTER TABLE order_ header
ADD salesperson_id NUMBER REFERENCES person;

You canusetheM ODIFY clauseto changeonly certain column characteristics:

» Thedatatypeof acolumn (if existing row valuesare acompatible datatype or null).
=  Themaximumlength of acharacter column or precision of anumeric column.

= TheDEFAULT vaueof acolumn.

= TheNOT NULL congrant of acolumn.

ater_order_item.sqgl
ALTER TABLE order_ item
MODIFY product_id NOT NULL;

The above will work only if all rows currently have non-null product_id values.

YoucanuseALTER TABLE to ADD or DROP constraints. When adding aconstraint, you must use out-
of-lineconstraint syntax. To drop aforeign key or check constraint, usethe constraint name (fromthe
USER_CONSTRAINT Ssystem catalog table).

ater_pref cust.sql
ALTER TABLE preferred_customer
DROP PRIMARY KEY;

dter_employee.s|
ALTER TABLE employee
ADD hire date DATE;

You can a so temporarily turn off constraints (instead of permanently removing them) with the
DISABLE/ENABLE clauses:

dter_inventory.sf
ALTER TABLE inventory DISABLE PRIMARY KEY;

Thisistypically donefor bulk loading of data.
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DELETING A TABLE DEFINITION

% DROP TABL E removes atable definition, with all of its data, from your
schema.

DROP TABLE tablename [CASCADE CONSTRAINTS] [PURGE] ;

» Use CASCADE CONSTRAINTS to automatically drop any foreign
keysthat referencethistable.

. Datain the referencing tableis not modified or deleted.

. Without this option, you must use ALTER TABLE to removeall
foreign key constraintsin referencing tables before this table can be
dropped.

> Starting in Oracle 10g, dropped tables are noted in atable called the
recyclebin and are not actually removed from disk unless the PURGE
option is specified.

. You can recover atable from the recyclebin with the
FLASHBACK TABLE statement.

. Objects are automatically removed from the r ecyclebin when
space limites are exceeded.

%  All privilegesthat have been granted on the dropped table are revoked.
%  All triggerson the table are dropped.

%  Any views, stored procedures, or other objects referencing the dropped table
aremarked invalid and will berevalidated the next timethey are used.
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Note:
Every user hasar ecyclebin, whichisaDataDictionary table containing information on the user'sdropped
objects. You canview it two ways:

SELECT * FROM recyclebin;

SHOW recyclebin;
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CONTROLLING ACCESS TO YOUR TABLES

*

You control accessto all tablesin your schema by granting or revoking
privileges.

GRANT privilege(s) ON table TO {user|PUBLIC};

You can grant other users privileges to:

> SELECT datafrom your tables.

> INSERT, UPDATE, and DELETE datain your tables.

> Create and alter tables or otherwise modify your schema.
GRANT INSERT, UPDATE ON product TO clerk3;

grant_select.sq|
GRANT SELECT ON inventory TO PUBLIC;

When you grant a privilege to a user, you can allow that user to pass on the same
privilegeto other users.

GRANT UPDATE ON employee TO dobbs
WITH GRANT OPTION;

Removeprivilegeswith REVOKE:
REVOKE privilege(s) ON table FROM {user|PUBLIC};

A DBA account (SY STEM, or an account with similar privileges) can control
privileges on tablesin any user's schema
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Roles

You can group severad privilegestogether asarole. You must havethe CREATE ROLE privilegetodoit:
CREATE ROLE rolename;

To useroles:

1. Createtherole.
2. Grantprivilegestotherole.
3. Granttheroleto those userswho need those privileges.

rolesql
CREATE ROLE dbtester;

GRANT CREATE SESSION, CREATE TABLE, ALTER ANY TABLE, DROP ANY TABLE
TO dbtester;

GRANT SELECT ANY TABLE, UPDATE ANY TABLE, DELETE ANY TABLE
TO dbtester;

GRANT dbtester TO dobbs;
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LABS

(1) We are creating a preferred customer program.

a Createatabletomaintainthelist of preferred customers. Each preferred customer will have
adiscount (normally 5%). Wewill want to haveabrief descriptionfor each one. Each
preferred customer must havearecordinthepersontable.

(Solution: create_pref_cust.sql)

b. Addapreferred customer recordfor everyonewho hasplaced anorder. For the
preferred customer description, use 'Specia Order Customer.'
(Solution: insert_pref_cust.sql)

(2] Uponexamination, theexisting definition of our databasehasseveral omissions. Makethe
appropriate changesto the database definition:

a Thedatabaseshould ensurethat every storemanager isindeed acurrent employee.
(Solution: store_manager.sql)

b. Each account should haveits own discount.
(Solution: account_discount.sql)

C. On order headers we need to be able to list the id of the salesperson who took the
order.
(Solution: sales person.sql)

(3] Createatablecalled city contai ningthenameof each distinct city and stateinthepersontable.

Defineacompound primary key for thistable.
(Solution: city.sql)

(4] Create another tablecalled calif_per son containing theid, firstname, lastname, city, and state

of eachpersoninCalifornia. Each person'scity andstatemust existinthecity table.
(Solution: calif_person.sql)

®  (Optiond)DeleteL osAngelesfromthecity table. Canyou?How?
(Solution: delete la.sql)

®  (Optional) Dropthecitytable. Canyou?How?
(Solution: drop_city.sql)
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Oracle providesaconvenient operation, called aCreate Table As Select (CTAS), for creating atableand
populating it with datafrom an existing table:

CREATE TABLE table name AS subquery;

The columnsof the new tablewill have the same namesand datatypesasthe columnsinthe SEL ECT list of
thesubquery.

CREATE TABLE area_codes AS
SELECT DISTINCT area_code, state
FROM person
WHERE area_code IS NOT NULL;

Thenew tablewill have no constraints defined, so they will haveto be added afterwards:

ALTER TABLE area_codes
ADD CONSTRAINT pk_area_codes PRIMARY KEY (area_code, state);

The dternativeisto create the table, then copy the rows:

CREATE TABLE area_codes (

area_code CHAR(3),

state CHAR (2),

CONSTRAINT pk_area_codes PRIMARY KEY (area_code, state)
) ;

INSERT INTO area_codes
SELECT DISTINCT area_code, state
FROM person
WHERE area_code IS NOT NULL;
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MAINTAINING PL/SQL CODE

CHAPTER 22 - MAINTAINING PL/SQL CODE

OBJECTIVES

Control and manage privileges
related to stored programs.

Query the DataDictionary for
information about PL/SQL
subprograms.

Insert directives into programs for
conditional compilation of code.

Changewarning levelsfor more
informationduring compile-time.

Manage dependenciesand validation
of stored programs.

Use native compilation to increase
PL/SQL execution performance.

/
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PRIVILEGES FOR STORED PROGRAMS

*

You must grant EXECUTE privilege on a subprogram to allow another user to
call itdirectly.

GRANT EXECUTE ON subprogram TO user;

By granting EXECUTE privilege, you are allowing the other user to:
> Directly call the subprogram.

> Compile other subprograms that call your subprogram.

In order to work with stored procedures, functions, or packages, you must be
granted at |east one of thefollowing privileges:

. CREATE PROCEDURE — Create subprograms in grantees schema.

. CREATE ANY PROCEDURE — Create subprograms in any schema.

. ALTER ANY PROCEDURE — Create subprograms in any schema.

" DROP ANY PROCEDURE — Delete subprograms in any schema.

" EXECUTE ANY PROCEDURE — Execute subprograms in any
schema.

Triggershave asimilar set of privileges by replacing PROCEDURE with
TRIGGER.

. CREATE TRIGGER — Create triggers in grantees schema.

. CREATE ANY TRIGGER — Create triggers in any schema.

. ALTER ANY TRIGGER — Enable, disable, and compiletriggersin
any schema.

. DROPANY TRIGGER — Delete triggers in any schema.
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DATA DICTIONARY

%  Source and compiled code is kept for al of your subprograms and packagesin
datadictionary tables.

> The ALL _ versions show information about objects that you can access.
> The USER _ versions show information about objects that you own.

%  Stored procedure, function, and package code is kept in the ALL_SOURCE
table.

get_source.sql
SELECT text

FROM user_source
WHERE name = 'HR3'
ORDER BY type, line;

%  The ALL_OBJECTS table maintains information about your stored code.

object.sql
SELECT status
FROM user_objects
WHERE object_name = 'HR3';

»  The status column indicates whether the object is currently VALID.
. INVALID objects are recompiled the next time they are used.
%  Trigger source codeiskeptin ALL_TRIGGERS.

»  Thetrigger specification is parsed and kept in various fields, while the
codefor thetrigger isinthetrigger _body field.

trigger.sq|
SELECT trigger_name, trigger_body
FROM user_triggers;

%  ALL_ PROCEDURES contains alisting of all functions and procedures,
including those contained within packages.

> Attributes are given for each subprogram, such as whether itisan

aggmgae.
Page428 Rev1.1.2 ©2011 ITCourseware,LLC




CHAPTER 22 MAINTAINING PL/SQL CODE

Thefollowing programwill re-createagiventrigger'sCREAT E statement.

gettrig. sl

SET HEADING OFF
SET NEWPAGE NONE
SET RECSEP OFF
SET VERIFY OFF
SET PAUSE OFF
SET LONG 4000

-- Prompt for the trigger name:
DEFINE trigger_name = &&trigger_ name

-- Create an output file for the trigger source code:
SPOOL &trigger_name. .sqgl

-- Trigger source code for &trigger_name

SELECT 'CREATE OR REPLACE TRIGGER ' || description
| | DECODE (when_clause,
NULL, '',
'"WHEN (' || when_clause || ')

)
FROM user_triggers
WHERE trigger_name = UPPER('&trigger_name') ;
SELECT trigger_body
FROM user_triggers
WHERE trigger_name = UPPER('&trigger_name') ;
SELECT '/' FROM dual;

SPOOL OFF

PROMPT Trigger source code saved as &trigger_name..sqgl
UNDEFINE trigger_name

-—- For reference...
-- user_triggers

-— Name Null? Type

== TRIGGER_NAME NOT NULL VARCHAR2 (30)
== TRIGGER_TYPE VARCHAR2 (16)
== TRIGGERING_EVENT VARCHAR2 (26)
== TABLE_OWNER NOT NULL VARCHAR2 (30)
== TABLE_NAME NOT NULL VARCHAR2 (30)
== REFERENCING_ NAMES VARCHAR2 (87)
-- WHEN_CLAUSE VARCHAR2 (4000)
== STATUS VARCHAR2 (8)

== DESCRIPTION VARCHAR2 (4000)
== TRIGGER_BODY LONG
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PL/SQL STORED PROGRAM COMPILATION

% Prior to Oracle 9i, all PL/SQL subprograms were compiled into M Code.
> Oracle stores your source code in the USER_SOURCE table.
> Oracle also stores your M Code.
> M Code isinterpreted when you execute the subprogram.
>

Dependencies between objects are handled in the same manner asM
Code.

%  Theadvantage of M Codeisits portability to various platforms.

»  Thedisadvantage of M Codeisthat it still must be interpreted to run on a
specific platform.

* Oracle 91 Release 2 introduced the ability to natively compile your
subprograms.

> Oracle trandates your PL/SQL code into corresponding C code and then
uses a native compiler and linker to generate a shared library.

> The shared libraries are then used whenever the subprogram isinvolved.

%  Oracle9i and 10g do not provide a native compiler; therefore, you must install a
compiler compatible with the version of Oraclethat you are using.

> Oncethe compiler isinstalled into the Oracle environment, then native
compilationisperformed automatically.

%  Starting with Oracle 11g, Oracle can compile PL/SQL directly into native code,
without first converting it to C or using an external compiler.

> Oracle stores the compiled native code in the SY STEM tablespace, so
external shared librariesaren't needed.
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Theadvantage of using native compilationisimproved performancefor computation-intensive code.
However, thereare some potentia disadvantages:

= Youcan't usedebugging and tracing toolson natively compiled PL/SQL subprograms.
= Nativecompilationtakeslonger than normal compilationinto M code.

=  PL/SQL programsconssting mostly of SQL statementswill probably not gain much performance.
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CONDITIONAL COMPILATION

*

Conditional compilation allowsyou to place directives within your PL/SQL
code that are executed before your code is compiled.

> Debugging code can be compiled into your procedures during
development, and then removed from production code.

»  With the help of the DBMS DB_VERSION package, you can insert
version-specific code into your program.

Selection directives $IF, $THEN, $ELSE, $ELSIF, and $END are used to
test conditions.

> Conditions tested must be able to be determined at pre-compile time and
are called boolean static expressions.

The $ERROR directive will cause a compile-time error to occur with the
corresponding text returned.

SERROR
'Not done writing my procedure, so this cannot
compile yet!'
SEND

»  Theblock won't compile until the SERROR is removed.

Inquiry directives provide access to PLSQL _CCFLAGS options and are
accessed with $$varname syntax.

ALTER SESSION SET PLSQL_CCFLAGS = 'debug:true';

SIF $$DEBUG $THEN
DBMS_OUTPUT.PUT_LINE('In ' || $$PLSQL UNIT || ':' ||
$$PLSQL_LINE) ;
SEND

> Setting debug to false will cause al PL/SQL code using the directive to
re-evaluateand recompile.
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Oracle 91 R2 hassupport for conditional compilation, but it isturned off by default. In Oracle 10g R1
(10.1.0.4), conditiona compilationisturned on by default, but can beturned off. Beginning with Oracle 10g
R2, conditional compilationisawaysturned on.

Thefollowing program demonstrates one of the popular usesof conditional compilation, for debugging
purposes.

debug.sl
CREATE OR REPLACE FUNCTION get_store_state
(st_num store.store_number$TYPE) RETURN CHAR
AS
st store.state%TYPE;
BEGIN
$IF $$DEBUG $THEN
DBMS_OUTPUT.PUT LINE('In ' || $$PLSQL_UNIT || ':' || $$PLSQL LINE);
SEND
SELECT state
INTO st
FROM store
WHERE store_number = st_num;
RETURN st;
END;
/

ALTER SESSION SET PLSQL CCFLAGS = 'debug:true';
ALTER FUNCTION get_store_state COMPILE;

DECLARE
st VARCHAR2 (30) ;
BEGIN
st := get_store_state(7);
END;
/

ALTER SESSION SET PLSQL CCFLAGS = 'debug:false';
ALTER FUNCTION get_store_state COMPILE;

DECLARE
st VARCHAR2 (30) ;
BEGIN
st := get_store_state(7);
END;
/
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COMPILE-TIME WARNINGS

*

Oracle Database 10g introduced compile-time warnings to let you know if code
might have a performance flaw or possible runtime error.

There are three types of warnings:

. SEVERE — Alerts for conditions that might produce wrong results.

. PERFORMANCE — Alerts when a statement might affect code
performance.

. INFORMATIONAL — Neither severe nor a performance warning, such
as code that may never be executed.

You may enable and disable PLSQL_WARNINGS at the database, session, or
objectlevd:

ALTER SYSTEM SET PLSQL_WARNINGS = 'ENABLE:ALL"';
-—-enable all three types
ALTER SESSION SET PLSQL_WARNINGS =
'ENABLE : SEVERE', 'ENABLE: PERFORMANCE' ;
ALTER PROCEDURE add_stock COMPILE PLSQL_WARNINGS =
'ENABLE:ALL"' ;

> Oracle disables warnings by default.
> You cannot turn on warnings for anonymous blocks.

To display warnings, use the SHOW ERRORS SQL* Plus command or query
the USER_ERRORS Data Dictionary view.

Query the USER_PLSQL _OBJECT_SETTINGS Data Dictionary view to
find the warning settings for the objects you own:

SELECT name, plsgl_warnings
FROM user_plsqgl_object_settings;
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UsetheDBM S WARNING package to change warning settings programmatically from aPL/SQL block
or other language (such asJava, C, etc...).

DBMS_WARNING.SET WARNING_SETTING_STRING ('ENABLE:ALL"' , "SESSION') ;
DBMS_WARNING.SET_WARNING_SETTING_STRING ('ENABLE: PERFORMANCE' , 'SYSTEM') ;

add_stock warn.sql
CREATE OR REPLACE PROCEDURE add_stock (
snum inventory.store_number$TYPE,
pid inventory.product_id%TYPE,
new_stock inventory.quantity_ on_hand®TYPE )
AS
gtyoh inventory.quantity on_hand%TYPE := O0;
no_parent_record EXCEPTION;
PRAGMA EXCEPTION_INIT (no_parent_record, -2291);
BEGIN

BEGIN
SELECT quantity_ on_hand INTO gtyoh
FROM inventory
WHERE store_number = snum AND product_id = pid;
EXCEPTION
WHEN no_data_found THEN
BEGIN
INSERT INTO inventory (store_number, product_id)
VALUES (snum, pid);
EXCEPTION
WHEN no_parent_record THEN
raise_application_error (-20005,

'Invalid store or product ID.', false);
END;
END;
IF (FALSE) THEN -- generates warning for code that will never run
gtyoh := gtyoh + new_ stock;
END IF;

UPDATE inventory SET quantity_ on_hand = gtyoh
WHERE store_number = snum AND product_id = pid;

END;

/

ALTER PROCEDURE add_stock COMPILE PLSQL_WARNINGS = 'ENABLE:ALL'
/

SHOW ERRORS
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THE PL/SQL EXECUTION ENVIRONMENT

%  When you execute a subprogram, Oracle allocates a shared areato hold the
compiled code and a private areafor session values.

»  Theprogramisstored inthe Library cacheinside of the System Global
Area(SGA).

> The User Global Area(UGA) holdsthelocal, global, and package variable
values for the session.

%  The SGA isused by an Oracle instance to hold shared memory containing data
and control information.

> Users share the datain the SGA and thus it is sometimes referred to as the
"Shared Global Area."

> The SGA isdivided into different memory structures, including database
buffers, redo logs, the Java pool and the shared pool.

> No user datais stored here.

%  TheUGA contains data required to support a session, such asits variable values.
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DEPENDENCIES AND VALIDATION

*

*

Some Oracle database objects will be inherently dependent upon other database
objects.

get_dep.sql
SELECT *

FROM user_dependencies
WHERE name = 'HR3';

> A view is dependent on the structure of the underlying base tables.

> A stored procedure or function is dependent on the tables that it works
with and the other subprogramsthat it invokes.

Modifying one database object could cause several other database objects to no
longer run properly.

> Modifying an object involves DDL (CREATE, ALTER, DROP), not
DML (INSERT, UPDATE, DELETE) statements.

»  Anytimean object ismodified, all dependent objects are marked
INVALID.

. Object validation iskept in various Data Dictionary tablesfor
different objects.

object.sql
SELECT status
FROM user_objects
WHERE object_name = 'HR3';

Invalid objectswill be automatically recompiled the next time they are accessed.

»  Youcanrecompileall objects, invalid or not, belonging to a given schema
usingthe DBMS UTILITY package.

DBMS_UTILITY.COMPILE_SCHEMA (schema => 'SCOTT') ;

»  You can recompileall invalid objects at once with the utlrp.sql script
provided by Oracle.

. This script is located in $ORACLE_HOME/rdbms/admin and
must be run by a user with SY SDBA privilege.
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Toseeinvdidationinaction, runthefollowing scripts:

modify_teblesql

-- make title field longer

ALTER TABLE EMPLOYEE
MODIFY title VARCHAR2 (20)

get_invdid.sgl
SELECT *

FROM user_objects
WHERE object_name = 'HR3';
run_proc.s
DECLARE

mycurs SYS_REFCURSOR;
BEGIN

OPEN mycurs FOR

SELECT * FROM employee WHERE title = 'Manager';

hr3.give_raises (mycurs) ;
CLOSE mycurs;

END;

/

After running thelast script, run get_invalid.sgl againto seethat the HR3 packageisonceagain VALID.
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MAINTAINING STORED PROGRAMS

*

*

Use ALTER PROCEDURE, ALTER TRIGGER, or ALTER FUNCTION
to recompile a stored subprogram from the source code stored in the system
catalog:

ALTER PROCEDURE procedurename COMPILE;

Severa compiler options can be specified after the COMPIL E keyword.

. PLSQL WARNINGS s used to set the warning level.

. PLSQL CCFLAGS s used to set compiler flags.

. PLSQL_OPTIMIZE_LEVEL isused to set the optimization level.

. PLSQL CODE _TYPE is set to INTERPRETED or NATIVE.

. PLSQL DEBUG is set to true to indicate that code should be compiled
in interpreted mode for debugging purposes, regardiess of the
PLSQL CODE_TYPE value.

. NLS LENGTH_SEMANTICS is used to switch CHAR and
VARCHARZ2 semanticsfrom BY TE to CHAR, making them
synonymous with NCHAR and NVARCHAR2.

. All of these options can be queried for conditional compilation.

You can aso usethe ALTER TRIGGER command to disable, enable, or
renameatrigger.

ALTER TRIGGER triggername DISABLE;

Use DROP PROCEDURE, DROP TRIGGER, or DROP FUNCTION to
drop a stored subprogram from the schema.

DROP PROCEDURE procedurename;

Any ALTER or DROP will cause al dependent objects to be marked invalid.
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LABS

(1) Demonstrate how subprograms can becomeinvalid by doing thefollowing:

Create acopy of the pay_typetablecalled pay_type copy:

CREATE TABLE pay_type_copy as
SELECT *
FROM pay_type;

Createafunctioncalledpay_type count() that returnsthenumber of pay typesinthe
pay_type copy table. Createananonymousblock of codetotest your pay type count()
function.

(Solution: valid.sql)

(2] Now dropthepay_type_copy tableandverify that your pay_type count() functionhasbeen
markedinvaidintheDataDictionary.
(Solution:invalid.sqgl)

(3] Trytorunthepay_type _count() functionandviewtheerrors.
(Solution: run_invalid.sql)
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