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CHAPTER 1 - COURSE INTRODUCTION
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COURSE OBJECTIVES

%  Create triggers on database tables.

%  UsePL/SQL's datatypes for database and program data.

%  Useprogram stucture and control flow to design and write PL/SQL programs.
%  Create PL/SQL stored procedures and functions.

%  Writerobust programs that handle runtime exceptions.

%  UsePL/SQL'scollection datatypes.

%  Usecursorsto work with database data

%  Usethe packages supplied with Oracle.

%  Design and write your own packages.

%k Maintain and evolve your PL/SQL programs.

%k Manage the security of your stored PL/SQL programs.

*

Use detailed understanding of the PL/SQL execution environment in your
application design and tuning.

Develop programs that make sophisticated and effective use of cursors.
Use al kinds of dynamic SQL in your PL/SQL code.

Design and write solutions using Oracle's object types.

¥ ok ok 3k

Use Oracle's tools and supplied packages to trace, profile, and tune your
PL/SQL programs.

Page 12 Rev4.2.3 ©2011 ITCourseware, LLC



CHAPTER 1 COURSE INTRODUCTION

%  Useavariety of techniques and tools for debugging PL/SQL code.

%  Write programs that interface between PL/SQL, and external procedures and
programs.

%  Use package state to solve application problems.
%  Use autonomous transactions in stored subprograms and triggers.

%  Choose which user's application context and rights will apply when a stored
subprogram runs.

%  Write high-performance code using NOCOPY and pipelined table functions.
%  Create functionsto implement fine-grained access control.

%  Use DBMS PIPE to set up inter-session communication between PL/SQL
programs.

©2011 ITCourseware, LLC Rev4.2.3 Page 13
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COURSE OVERVIEW

%  Audience: Thiscourseisdesigned for database application developers
programming in an Oracle environment.

%  Prerequisites: A working knowledge of the SQL language, aswell as a solid
understanding of 3GL programming is required.

* Classroom Environment:
> One workstation per student.

> Oracle Server, SQL*Plus, and PL/SQL.

Page 14 Rev4.2.3 ©2011 ITCourseware, LLC
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COURSE INTRODUCTION

USING THE WORKBOOK

Thisworkbook design is based on a page-pair, consisting of a Topic page and a Support page. When
you lay the workbook open flat, the Topic pageis on the left and the Support pageison theright. The
Topic page contains the points to be discussed in class. The Support page has code examples,
diagrams, screen shots and additional information. Hands On sections provide opportunities for
practical application of key concepts. Try It and Investigate sections help direct individual

discovery.

In addition, thereis an index for quick look-up. Printed lab solutions are in the back of the book as

well ason-line if 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 () {...}

The Support page has
additional information,
examples and suggestions.

CHAPTER 2 SERVLET BAsICS

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

Hands On:

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

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.

2N hitp /Mo alhosl BURD sxamplossenvdel! T oday - Meciazall Inbomet Explons

> If you need to know container-specific configuration information, use Be ER Yow Favles lock Lo -
the other version. T S | cel 73 a [« B 8- "
Back. Sp  Rehesh  Home | Seach  Favertes ] Sew
public void init (ServletConfig config) {... Ak [ g v v R ot e b z] @ |k
- |
Whenever you use the ServletConfig approach, always call the Kl ; ":r_- j AELISE 10T 200
superclass method, which performs additional initializations. R
super.init (config);
/|
T Local wtaret
Screen shots show
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SAMPLE DATABASE

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

We keep track of each person's name, address, and phone. In addition, if a person is
an employee, we must record in which store he or she works, the supervisor's ID, the
employeessttitle, 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 a phone call) that the person isavalid user of the account.

Each product we sell has a product ID and description. In addition, we keep track of
the vendor we purchase that product from, the ID for that product, and the category
("Software," "Peripheral," or "Service"). We also store the address, phone, and sales
rep 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 ID for each store. Each store
has a unigque 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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COURSE INTRODUCTION
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CHAPTER 2

TRIGGERS

CHAPTER 2 - TRIGGERS

OBJECTIVES

%  Distinguish between declarative and non-
declarativeintegrity contraints.

%  Createtriggersto perform customized auditing
and logging, specia data validation, etc.

%  Choose the correct type of trigger to fit your
purpose.

%  Avoid creating triggersthat will cause mutating
table errors.

% Use atrigger to raise an error when a statement
violates your customized integrity constraints.

%  Create effectivetriggersfor updating views.

%  Createtriggersfired by database activities or
DDL.

%  Developand maintaintriggers.

-
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BEYOND DECLARATIVE INTEGRITY

%  Declarative integrity is defined by:
. Primary and unique keys
. Check constraints
. Foreign keys

%  Declarative integrity can enforce only simple, static conditions: uniqueness,
existence of a parent record, and column values in a predefined range or set.

> Oracle automatically enforces these constraintsfor all DML statements.

%  Atrigger allowsyou to define flexible, customized, dynamic constraints on any
table or view, for any DML action.

> Oraclefiresyour trigger any time the specified DML statement is executed
on the trigger's table or view.

%  Therearethreetypesof triggers:

. Tabletriggersreact to DML actionson atable.
. DDL triggers are fired by schemaevents, like CREATE or ALTER.
. System triggers react to database events.

%  Usetriggersto:

. Enforce business rules in your database.

. Implement complex referential or other integrity rules.
. Generate keys or other column values for new rows.

. Implement auditing, security, or logging.

%  Don't usetriggersto apply rulesthat you can enforce using normal declarative
integrity constraints.
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Hands On:
How can you find an employee's current salary?

SELECT id, pay_amount
FROM employee
WHERE id = some_employee 1d;

How can you increase an employee's pay by 10%?
UPDATE employee
SET pay_amount = pay_amount * 1.1

WHERE id = some_employee 1d;

How can you find the last time an employee's pay was increased, including the old and new amount,
when it was changed, and who changed it?

Hmm.

Fine-grained auditing, usingthe DBM S_FGA package, allowsyou to audit DML activity on specific
tables and columns. However, it doesn't allow you to retrieve the before and after column values for
each row. To satisfy thislogging requirement, we can create a database table and insert alog record

each time any employee's pay amount is updated.

Rather than requiring each user and application to log such changesthemsel ves, we can use atrigger to
automatethislogging.

L et's define a database table to store the logging information. What columns do we need?

©2011 ITCourseware, LLC Rev4.2.3 Page 25



ORACLE10G PL/SQL PROGRAMMING

TRIGGERS

*

A trigger isaPL/SQL block stored in the database that Oracle executes
automatically under certain conditions.

%  Eachtabletrigger has a name, which must be distinct within your schema.
CREATE [OR REPLACE] TRIGGER trigger_name
{BEFORE | AFTER}
{INSERT | UPDATE [OF col_name [,col_name,...]] |
DELETE}
[OR {INSERT | UPDATE [OF col_name...]|DELETE}...]
ON table name
[FOR EACH ROW]
[WHEN (condition) ]
DECLARE
declarations
BEGIN
statements
END;
/
%  AnINSERT, UPDATE, or DELETE statement can fire atable trigger.
»  Atrigger may firefor just one kind of DML action:
CREATE OR REPLACE TRIGGER emp_change_trigger
AFTER UPDATE OF employee
> Or for more than one kind of DML action:
CREATE OR REPLACE TRIGGER person_log
AFTER INSERT OR UPDATE OR DELETE OF person
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Hands On:
L et's suppose we came up with thefollowing tablefor logging pay changesin theemployeetable:

CREATE TABLE pay_ change_log

(
id NUMBER,
old_amount NUMBER (9, 2) ,
new_amount NUMBER (9, 2) ,
date_changed DATE,
changed_by  VARCHAR2 (30)

) ;

Note:

Theid columnisfor thelD of the employeewhose pay was changed. Thechanged by columnwill bethe
Oracle user who made the change; usernames are standard Oracleidentifiers, soweuse VARCHARZ2(30).
Thistableis not part of our relational schema and doesn't need aprimary key or other constraints,
though we certainly could add a serial number or some other key field if we wanted to.

Go ahead and create thistable now.

Now we need to defineatrigger that will add arecord to our new pay_change logtableany timean
employee's pay amount changes.

Which table should our trigger be associated with?
Which DML gtatement or statementsshould fireour trigger?
Shouldit firebefore or after the statement occurs?

Shouldthetrigger fireonly onetimewhenaDML statement isexecuted, or repeatedly, oncefor each row
affected by the statement?

How will thetrigger determinethevauestoinsert into thelog table?
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TYPES OF TRIGGERS

*

You must specify when the table trigger isto fire:

> BEFORE — thetrigger executes before the specified DML action occurs.
. Thetrigger can rgject the action or change its effects.

»  AFTER — thetrigger executes after the specified action occurs.
. Thetrigger canlog or audit activities, or collect statistics.

By default, atrigger will fire once for the specified DML operation.

»  Thisiscadled a statement-level trigger.

You can define the trigger to fire once FOR EACH ROW affected by the DML
operation.

»  Thisiscalled arow-level trigger.

> Remember that asingle INSERT, UPDATE, or DEL ETE statement can
affect multiple rows.

A table can have several triggers of each kind; they firein thisorder:

1 All statement-level BEFORE triggers.

2. All row-level BEFORE triggers.

3. All row-level AFTER triggers.

4. All statement-level AFTER triggers.

> If you have more than one trigger of a given type, then the triggers of that

type will fire in an unspecified order.
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Hands On:
Let'swrite the specification for our trigger, then fill in the body.

CREATE OR REPLACE TRIGGER pay_change
AFTER UPDATE OF pay_amount
ON employee

FOR EACH ROW
DECLARE

chdate DATE;

chuser VARCHAR2 (30) ;
BEGIN
END;

Note:

AFTER triggerstypically perform logging, whereas BEFORE triggers usually validate data and
check custom integrity constraints. We use CREATE OR REPLACE, so that aswe edit and rerun
our CREATE TRIGGER statement, we won't have to explicitly drop the trigger first.

Aswell soon see in greater detail, a PL/SQL program such as atrigger can declare program variables
for itsown internal use. All such declarations must be placed in aDECL ARE section at the top of the
program body.

How can we get the current date and time?
How about the Oracle username of the person executing the DML statement?

CREATE OR REPLACE TRIGGER pay_change
. -- other code omitted

BEGIN
chdate := SYSDATE;
chuser := USER;

END;

/

Note:
The USER function returnsthe Oracle user who executesthe DML statement. Theassignment tokenin
PL/SQL is:=.

Now wejust need the employee's| D number and the old and new pay amounts.
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ROW-LEVEL TRIGGERS
%  Arow-level trigger can accessthe dataaffected by the triggering DML statement.
%  PL/SQL predefinestwo variablesin row-level triggers.
> :0ld — defined in UPDATE and DELETE row-level triggers
> :new — defined in INSERT and UPDATE row-level triggers
»  These pseudo-record variables have fields corresponding to the columns
of thetriggering table.
:0ld.pay_amount
% A BEFORE INSERT or BEFORE UPDATE trigger can modify the values

about to go into the database by simply assigning valuesto the fields in the :new
record.

:new.pay_amount := 9.50;

> Subsequent row-level triggers (if you have multiple row-level triggers
defined for the action) will see the changes made to :new by previoudly-

fired triggers.
Trigger -old ‘new
INSERT NULL Values being inserted.
Original column values before New column values in the
UPDATE the statement. UPDATE statement.
DELETE Column values in the deleted NULL

row.
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Hands On:
Our trigger isalmost finished. Wejust need to insert the datainto thelog table.

CREATE OR REPLACE TRIGGER pay_change
AFTER UPDATE OF pay_amount
ON employee
FOR EACH ROW
DECLARE
chuser VARCHAR2 (30) ;
chdate DATE;

BEGIN
chuser := USER; -—- The Oracle user updating the table.
chdate := SYSDATE; -- Time of trigger firing.

INSERT INTO pay change_log
VALUES ( :01d.id, :0ld.pay amount, :new.pay amount, chdate,
chuser );
END;
/

Note:

InaPL/SQL program, any text following a-- isacomment. Observethat each PL/SQL program
statement isterminated by asemicolon, ;, including the SQL INSERT statement and the program itself
(END;).

That should do it. Createthistrigger now. If you see:

Warning: Trigger created with compilation errors.

then you've probably made asimpletypo. Theinstructor will help you work out any syntax problems
so your trigger compiles. Start by looking up error messagesin the USER_ERRORS Data Dictionary
table:

SELECT text FROM user_errors WHERE name = 'PAY CHANGE';

SQL*Plus provides a shorthand for this command:

SQL> SHOW ERRORS

Onceyou've created it, how can you test your trigger?
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TRIGGER CONDITIONS AND PREDICATES

%  Theoptional WHEN clause determines when arow-level trigger will fire.

»  Thecondition istested for each row, and the trigger firesif the condition
is TRUE for the row.

> You can reference the new (for INSERT and UPDATE triggers) and old
(for UPDATE and DELETE triggers) pseudo-variablesin the WHEN
clause expression.

» Inthe WHEN clause, old and new are not considered bind variables; you
don't prefix them with : in the WHEN clause.

%  For an UPDATE trigger, you can restrict firing of the trigger to statements that
affect a specific column or columns.

. BEFORE UPDATE OF pay_ amount, pay_ type code ON employee ...
»  An UPDATE affecting any of the listed columns will fire the trigger.

%  Inarow-level trigger fired by multiple DML actions (such asatrigger ON
INSERT OR UPDATE), you can use predicates to determine which action
fired thetrigger at runtime.

»  Thepredicates, INSERTING, UPDATING, and DELETING, evaluateto
TRUE or FAL SE, depending on which DML statement fired the trigger.

IF INSERTING THEN
:new. last_update_date = SYSDATE;
END IF;

> In an UPDATE trigger, you can determine if a specific column is being
updated by the current statement:

IF UPDATING ('PAY_AMOUNT') THEN ...

Page 32 Rev4.2.3 ©2011 ITCourseware, LLC



CHAPTER 2 TRIGGERS

Let'screateatrigger called minimum_hourly_wage:

min_hourly wage.sq|
CREATE OR REPLACE TRIGGER minimum_hourly wage
BEFORE INSERT OR UPDATE OF pay_amount
ON employee
FOR EACH ROW

WHEN (new.pay_type_code = 'H')
DECLARE
min_wage NUMBER(9,2) ;
BEGIN
SELECT minimum wage INTO min_wage
FROM pay_ type WHERE pay_ type_code = 'H';
IF :new.pay amount < min_wage THEN
:new.pay_amount := min_wage;
END IF;

END;
/

Inthe WHEN clause, refer to the old and new records as old and new, not :old and :new.

Note:
To rereive datainto a variable using a SQL query, add the clause INTO variablename after the
SELECT clause:

SELECT minimum_wage
INTO min wage
FROM pay_type
WHERE pay_type_code = 'H';

You'll need the ID of an hourly employeeto test thistrigger. Doesthetrigger fire when you update a
temporary (pay_type code="T"') employeee's pay? Inthe WHEN clause, refer to the old and new
records asold and new, not :old and :new.
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CASCADING TRIGGERS AND MUTATING TABLES

% A cascading trigger isatrigger which executesa DML statement on another
table, which then fires any triggers on that table.

% A mutating table is atable which aDML statement is modifying, or atable that
might be affected by aDELETE CASCADE constraint.

> Row level triggers can't use DML to modify, or even select from, a
mutating table.

. An INSERT trigger can't itself perform an INSERT on its
triggeringtable.

. Calculating anew primary key value from amutating tableis
illegal.

%  If amutating table error occurs, it will happen when the triggering statement is
executed.

> Oracle reverses the effects of the triggering statement and trigger body,
and the user or application gains control again.
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cascade.sql
CREATE OR REPLACE TRIGGER person_id_ trig
AFTER UPDATE OF id ON person
FOR EACH ROW
DECLARE
BEGIN
UPDATE employee
SET id = :new.id
WHERE id = :0ld.id;
.. —-—- UPDATE account, order_header, and vendor
END;
/
CREATE OR REPLACE TRIGGER employee_id_trig
AFTER UPDATE OF id ON employee
FOR EACH ROW

DECLARE
BEGIN
UPDATE store
SET manager_id = :new.id
WHERE manager_id = :0ld.id;

/*
The following update won't work, because
we are trying to update a mutating table!
UPDATE employee
SET supervisor_id

WHERE supervisor_id
*/
END;
/

:new.id
:o0ld. 1d;

Noticeinthefirst trigger, person_id_trig, that we update an employee'sid when updating its
corresponding personid. The person tableisthe mutating table. The second trigger, emp_id_trig,
respondsto the updatein thefirst trigger, updating the store manager'sid when necessary. Thisisknown
as cascading triggers. If we attempt to update a supervisor'sid in the second trigger, however, we
get aruntime error, because we are attempting to update the mutating table (employee).

Hands On:

Suppose we want to create another trigger on the employeetable, so that the pay amount for hourly
workerscan't be set below theminimumwage. 1f someonetriesto violatethisbusinessrule, our trigger
will raiseanerror.

Which DML gtatement or statementsshould fireour trigger?
Should it fire before or after the statement occurs?

Shouldthisbearow-level or statement-level trigger?
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GENERATING AN ERROR

%  Useraise application_error to make our trigger generate an error.
raise_application_error (errcode, errmsg, [keep error_stack])
»  Thefirst argument, errcode, must be a number between -20000 and
-20999, which Oracle sets aside for custom errors.
»  Thesecond argument, errmsg, is acharacter string up to 2048 bytes,
which describes why the error occurred.
»  Anoptiona third argument keep_error_stack isaboolean value,
. TRUE means add the error to any other errors on the stack.
. FAL SE (default) means replace existing errors with this error.
%  If aDML statement fires atrigger, and the trigger raises an error, the user will see
the error code and message, and the triggering statement will fail.
> If any one of a series of cascading triggers causes an error, none of the
actions made by any of the triggerswill take effect.
%  You cannot use COMMIT or ROLLBACK inside atrigger, because your

trigger fires within the context of asingle DML statement which is part of the
current transaction.

> If the user rolls back after the trigger completes, then any DML statements
executed by the trigger will also roll back.
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TRIGGERS

Hands On:

Let'smodify our minimum_hourly wagetrigger, and haveit generate an error, rather than just modify

the invalid value:

min_hourly _wage err.sql:
CREATE OR REPLACE TRIGGER minimum_hourly wage
BEFORE INSERT OR UPDATE OF pay_amount
ON employee
FOR EACH ROW

WHEN (new.pay_type_code = 'H')
DECLARE
min_wage NUMBER(9,2) ;
BEGIN
SELECT minimum wage INTO min_wage
FROM pay_ type WHERE pay_ type_code = 'H';

IF :new.pay_amount < min_wage THEN
raise_application_ error(-20002,

'"Hourly pay must meet or exceed minimum wage,

END IF;
END;
/

| | min_wage);

©2011 ITCourseware, LLC Rev4.2.3

Page 37



ORACLE10G PL/SQL PROGRAMMING

TRIGGERS ON VIEWS

%  AnINSTEAD OF trigger lets you modify a non-updatable view.

> Oracle executes your trigger INSTEAD OF the DML statement on the
view.

> If you create an INSTEAD OF trigger on an updatable view, Oracle will
still execute thetrigger instead of your DML statement.

%  Aviewisnon-updatableif it contains:

. A join on 2 or more tables (there are many exceptionsto thisrule).

n A set or DISTINCT operator.

. An aggregate or analytical function.

. A subquery inaSELECT list or asubquery that isREAD ONLY.

. A GROUPBY, MODEL, CONNECT BY, START WITH, or ORDER
BY clause.

. A collection expression (i.e., concatenating values) in aSELECT list.

%  Therestrictions on INSTEAD OF triggers are:
> You may only apply them to views, not tables!
»  The:old and :new values are read-only.

»  AnINSTEAD OF UPDATE trigger may not use the [OF columns]
option.
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instead_of.sql
DROP VIEW name_view
/

CREATE VIEW name_view (id, name) AS
SELECT id, lastname || ',' || firstname
FROM person
ORDER BY 1
/

CREATE OR REPLACE TRIGGER name_trig
INSTEAD OF INSERT ON name_view
FOR EACH ROW

DECLARE
last VARCHAR2 (25) ;
first VARCHAR2 (15) ;
comma_pos NUMBER;

BEGIN
comma_pos := INSTR(:new.name, ',b');
last := SUBSTR(:new.name, 1, comma_pos - 1);
first := SUBSTR(:new.name, comma_pos + 1);

-- Insert record into the base table PERSON
INSERT INTO person (id, lastname, firstname)
VALUES (:new.id, last, first);
END;
/

INSERT INTO name_view

VALUES (person_id_seq.nextval, 'Troy,Diana')
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SCHEMA AND SYSTEM TRIGGERS

%  You can make system triggers fire when certain database or schema (client)
events occur.

CREATE OR REPLACE TRIGGER triggername
{BEFORE | AFTER} {event(s)}
ON {SCHEMA | DATABASE}

> Schema eventsinclude DDL and certain other statements for a schema.

. They pertain to any objectsin a particular schema; you cannot
specify individual objects.

> Database events include instance STARTUP and SHUTDOWN.

. You must have ADMINISTER DATABASE TRIGGER system
privilege to create a system event trigger.

> You may associate SERVERERROR, LOGON and L OGOFF triggers
with either the database instance or a schema

%  UseOraclesbuilt-in event functionsto retrieve information about the triggering
event.

ddl_event.sql

CREATE OR REPLACE TRIGGER ddl_trig

BEFORE CREATE OR ALTER

ON SCHEMA
BEGIN

INSERT INTO ddl_events

VALUES (ora_dict_obj owner, ora_dict obj name,
ora_dict_obj type, ora_login user, sysdate);

END;
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Oracle provides many built-in functionsfor events. Examplesinclude:

Event Description Built-in Functions
CREATE When an object is ora_sysevent ora_dict_obj_name
created. ora_login_user ora_dict_obj_owner
ora_instance_num ora_dict_obj_type
ora_database_name
When a table is ora_is_creating_nested_table
created.
ALTER When an object is ora_sysevent ora_dict_obj_name
altered. ora_login_user ora_dict_obj_owner
ora_instance_num ora_des_encrypted_passwo-
ora_database_name  rd
ora_dict_obj_type ora_is_alter_column
ora_is_drop_column
DROP When an object is ora_sysevent ora_dict_obj_type
dropped. ora_login_user ora_dict_obj_name
ora_instance_num ora_dict_obj_owner
ora_database_name
GRANT When a grant statement |ora_sysevent ora_dict_obj_type
is issued. ora_login_user ora_dict_obj_owner
ora_instance_num ora_grantee
ora_database_name  ora_with_grant_option
ora_dict_obj_name  ora_privileges
DDL When most SQL DDL | ora_sysevent ora_dict_obj_name
statements are issued. |ora_login_user ora_dict_obj_type
ora_instance_num ora_dict_obj_owner
ora_database_name
RENAME When a rename ora_sysevent ora_dict_obj_name
statement is issued. ora_login_user ora_dict_obj_owner
ora_instance_num ora_dict_obj_type
ora_database_name
AFTER LOGON At the start of a user ora_sysevent ora_instance_num
BEFORE LOGOFF |logon or logoff. ora_login_user ora_database_name
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MAINTAINING TRIGGERS

*

To modify atrigger, you must first DROP TRIGGER triggername, then
CREATE TRIGGER triggername, using your modified trigger definition.

> CREATE OR REPLACE TRIGGER triggername drops the old trigger
for you, saving you a step.

When you create atrigger, Oracle:
> Checks the syntax of your trigger for language errors.

> Resolves the names of any tables, columns, or other objects your trigger
references.

> Compilesthetrigger into efficient, binary-executable code (M Code).
> Stores both the source code and M Code in the system catal og.
> Enablesyour trigger.

Youcanuse ALTER TRIGGER and ALTER TABLE to disable and enable
triggers.

ALTER TRIGGER trigger name DISABLE;
ALTER TRIGGER trigger_ name ENABLE;
ALTER TABLE table name ENABLE ALL TRIGGERS;

If you alter or drop an object referenced by your trigger, Oracle disables your
trigger and marksit asinvalid.

> Compilethetrigger to re-validateit; fix any problemsthat are found.

ALTER TRIGGER trigger. name COMPILE;
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Normally, you compose your trigger in atext file, and then run the fileasascript. That makesit easy to
modify thetrigger asyour needs change:

CREATE OR REPLACE TRIGGER minimum_hourly wage
BEFORE INSERT OR UPDATE OF pay_amount
ON employee
FOR EACH ROW
WHEN (new.pay type_code IN ('H','T'))
DECLARE

If you lose the file containing the source code for your trigger, don't worry, you can always retrieve
your source code from the system catal og:

DESCRIBE user_triggers
Notethat the TRIGGER_BODY columnof USER_TRIGGERSisaLONG. SQL*Plususualy
truncates L ONG values that you select (since aL ONG value might be up to 2 Gigabytes). To retrieve
more than SQL*Plus's default, set the LONG option to alarge value:
SQL> SELECT description, trigger body
2 FROM user triggers
3 WHERE trigger name = 'MINIMUM HOURLY WAGE'
4 /

SQL> SET LONG 4000
SQL> /

Try It:
Run gettrig.sgl to dynamically generateascript whichwill createatrigger.

Enter minimum_hourly_wageasthetrigger name.

Thiswill createaminimum_hourly wage.sql file!
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LABS

Give the manager of store#4 a 10% raise. Observe the resultsin both the employee table and
the pay_change logtable. Make sure you have created the pay _change log table and the
pay_changetrigger from this chapter.

(Solution: mgr4raise.sql, paylog.sql)

Work with a partner:

a Grant your partner SELECT and UPDATE privilege on your employeetable. Your
partner should do the same for you.

b. Update your partner's employee table, giving everyone at store #7 a5% raise.

C. Observe the results in both of your employee tables and in your own pay_change log
table. Canyou seeyour partner's changesto your employees? If not, why not? (Can
you see your partner's pay_change log table? If not, why not?)

(Solutions:  payloga.sqgl, paylogb.sgl, paylogc.sql)

Make sure you have created the minimum_hourly_wagetrigger from thischapter. Also, finda
valid person id that isn't already in the employee table. Then, before attempting each of these,
first predict what should happen. Compare with the actual results. Attempt to insert a new
hourly employee (with apay_type codeof 'H'), using:

. A valid person id, with an invalid pay amount of $4.50.

. Aninvalid personid, with avalid pay amount of $6.50.

. Aninvalid personid, with an invalid pay amount of $4.50.
(Solution: trigcheck.sql)

Create an INSTEAD OF trigger that will update both an employee and person record through
aview. Create the following VIEW:

CREATE VIEW emp_view AS
SELECT 1id, lastname, firstname, title
FROM employee JOIN person USING(id) ;

Write an INSTEAD OF trigger on this view that will update the correct table if an employee's
name or title are updated.
(Solution: emp_view_update.sql)

Continued...
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PL/SQL compiler errors can be confusing.

For example, if there'san error in the trigger specification (that is, everything from CREATE
TRIGGER up to the DECL ARE line), then line numbersin compiler error messages start with the
very first line of your specification.

However, if the specificationisvalid, but thetrigger iscreated with compiler errors (because of syntax or
other errorsinthetrigger body) then line numbersinthe compiler error messages are counted starting at the
first lineof thetrigger body (thatis, the DECL ARE line), not thefirst line of the specification.

©2011 ITCourseware, LLC Rev4.2.3 Page 45



ORACLE10G PL/SQL PROGRAMMING

LABS (CONT'D)

® Create atrigger to mark thelogon time of auser, and another trigger for the logoff time. The
triggersshouldinsert arecordinto atabl ethat storestheuser name, time, and action. Testyour

trigger by logging in and out.
(Solutions:  logon_logoff.sgl, check logins.sgl)
(6] (Optional) Modify the minimum_hourly wagetrigger so that:

. It firesfor both Hourly and Temporary employees.
= It selects the appropriate minimum wage, based on the pay type of the incoming record.

(Solution: min_hourly_wage2.sql)
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USING PACKAGES

CHAPTER 9 - USING PACKAGES

OBJECTIVES

Invoke package procedures in SQL
statements and PL/SQL programs.

Use the DBMS OUTPUT package
to help debug PL/SQL programs.

Use procedures in the
DBMS UTILITY package.

Use packages to generate and parse
XML data.

Explore packages that trace and
profile PL/SQL procedures and
functions.

Explore and use other Oracle
Supplied Packages.
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PACKAGES

% A package groups together a set of related PL/SQL objects, including
procedures, functions, variables, datatypes, and cursors.

%  Each package has a name, which must be distinct within its schema.

»  Thatis, if you have a package called SHIPPING, you can have only one
such package within your schema.

%  You reference package elements using dot-notation:
package name.package element name;

%  Each user session that accesses a package has its own copy of the variables
declared in the package.

%  Packagesallow you to:
> Organize stored subprograms into functional groups.

> Save state information (through package variables) during a user's
session.

»  Access (through Oracl€e's built-in packages) sophisticated capabilities of
the Oracle server.

%  Beforeyou can use a package, its owner must grant you EXECUTE privileges
on the package.
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ORACLE-SUPPLIED PACKAGES

%  Oracle provides alot of non-SQL functionality in packages.

%  You can use al of the supplied packages procedures and functions from
PL/SQL, and some of them from SQL statements.

. DBMS OUTPUT — Perform text output from PL/SQL programs
. DBMS SQL — Execute dynamic SQL, including DDL

. DBMS JOB — Schedule jobs within Oracle

. UTL_FILE — Peform file I/O from PL/SQL

. DBMS UTILITY — Various utility routines

= DBMS PIPE — Communicate between Oracle sessions

. DBMS STANDARD — Trigger operations, transaction commands
= DBMS SESSION — Query and alter session information

%  You can see the specification of a supplied package (itslist of public variables
and subprograms) inthe ALL_SOURCE table.

SELECT text FROM all source
WHERE name = 'DBMS UTILITY'

> You can also use the SQL*Plus DESCRIBE command to get a short
listing.

SQL> DESC DBMS_ UTILITY

> If the DBA has not granted you EXECUTE privilege on the package, you
won't be able to seeiit.

SYSTEM> GRANT EXECUTE ON dbms pipe TO dobbs;
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Some of the more userful supplied packagesinclude:

DBMS_APPLICATION_INFO

Register applications with server for DBA monitoring

DBMS_DATA_MINING

Discover hidden patterns for use in making predictions

DBMS_DDL

Access to certain DDL activities from PL/SQL

DBMS_DESCRIBE

Describe arguments of a stored procedure

DBMS_EXPORT_EXTENSION

PL/SQL extensions to the export command

DBMS_JAVA Access for Java-to-database functionality
DBMS _JOB Job scheduling withing the Oracle server
DBMS _LOB Large Object (BLOB, CLOB, BFILE) manipulation

DBMS_OUTPUT

Terminal output from PL/SQL programs

DBMS_RANDOM

Built-in random number generator

DBMS_REFRESH

Create refresh groups for replication snapshots

DBMS_REPAIR Provides procedures for repair of corrupted data
DBMS_REPUTIL Turn replication on and off

DBMS_ROWID Manipulate restricted (v7) and extended (v8) ROWIDs
DBMS_SESSION Session manipulation from within PL/SQL
DBMS_SPACE Analyze storage information

DBMS_SQL Execute dynamic SQL, including DDL, in PL/SQL

programs

DBMS_SQLTUNE

Tuning SQL statements

DBMS_TRANSACTION

Transaction manipulation from stored procedures

DBMS_UTILITY

Miscellaneous general-purpose procedures

UTL_COMPRESS

Collection of data compression utilities

UTL_FILE Access operating system files from PL/SQL
UTL _HTTP Request pages from Web servers from PL/SQL
UTL_INADDR Support for internet addressing

UTL_RAW Direct manipulation of RAW data
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THE DBMS OUTPUT PACKAGE

%  PL/SQL providesno native runtime I/O facilities.

%  To observe the execution of your PL/SQL program, you can use the package
DBMS OUTPUT.

%  The package allows you to define an output buffer to which your PL/SQL
program can write.

> Datain the buffer consists of lines, each up to 255 charactersin length.

»  Thedefault buffer sizeis 20,000 bytes, unless you use ENABLE to
changeit (up to 1,000,000 bytes).

DBMS_OUTPUT . ENABLE (300000) ;
%  Several package procedures allow you to place data into the buffer.
> PUT puts astring value into the buffer.

> PUT_LINE putsastring value into the buffer, followed by a newline
character.

> NEW _LINE puts a newline character into the buffer.

%  Anapplication which runs your PL/SQL program can retrieve data from the
buffer with the GET_LINE or GET_LINES procedures.

> Linesretrieved are removed from the buffer automatically.
%  TheDBMS OUTPUT package isintended primarily for debugging.

> You cannot count on a program such as SQL*Plus to display this output
from stored subprograms.
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If you are running your program from SQL*Plus, use SET SERVEROUTPUT ON to enable outpui.
SQL> SET SERVEROUTPUT ON

Whentheprogramfinishes, SQL*PlususesDBM S OUTPUT.GET_LINESinternaly toget dl linesfrom
the buffer and print themto your terminal screen.

A smplified output procedure:

printproc.s
CREATE OR REPLACE PROCEDURE print (msg VARCHAR2)
AS
BEGIN
DBMS_OUTPUT . PUT_LINE (msg) ;
END;
/

Thisprint() stored procedure makesit very easy to put datainto the buffer.

SQL> BEGIN

2 print ('DEBUG: Start of program');
3 print ('DEBUG: Bottom of block'):;
4 END;

5/

DEBUG: Start of program
DEBUG: Bottom of block
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THE DBMS _UTILITY PACKAGE

%  TheDBMS UTILITY package contains a number of useful subprograms.

> GET_TIME returnstime in 100ths of a second; thisis useful for
customized benchmarking and debugging.

»  COMPILE_SCHEMA runs ALTER OBJECT COMPILE on al of
your stored procedures, functions, packages, and triggers.

> ANALYZE_SCHEMA runsANALYZE OBJECT ...onal of your
tables, clusters, and indexes.

> FORMAT_ERROR_STACK gathers information about an error's
propagation into a string variable; useful in exception handlers.

> GET_PARAMETER_VALUE returns the current value of an Oracle
initialization parameter (from init.ora).

> NAME_TOKENIZE, COMMA_TO_TABLE, and
TABLE _TO_COMMA perform specialized string parsing.

> ... And so on; there are severa others.
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THE UTL_FILE PACKAGE

%  ToaccessfilesfromaPL/SQL program, usethe UTL_FILE package.

%  The stepsfor performing file I/O with UTL_FILE resemble those of other
languages.

1 Declare afile handle variable (and variables for data).

th UTL_FILE.FILE_TYPE;
line VARCHAR2 (500) ;

2. Open thefile, specifying its name, file path (8i) or directory object (9i),
and mode (r for reading, w for writing).

fh
fh

UTL_FILE.FOPEN('/app/files', 'fl.txt','r'); -- 81
UTL_FILE.FOPEN('APPFILES', 'fl.txt','r'); -- 9i

3. Perform your 1/O.

UTL_FILE.GET_LINE(fh, 1line);
UTL_FILE.PUT_LINE(fh, line);

4. Close thefile, flushing written data and freeing resources.
UTL_FILE.FCLOSE (fh) ;

%  Other UTL_FILE methodsinclude:
> PUT (fh, s) puts astring in the file, without a line terminator.

> PUTF(fh, s, ...) puts aformatted string in the file, with string substitution
for % s and newline for \n (like alimited C language printf()).

> FFLUSH(fh) flushes al output to the file.
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Prior to Oracle9i:

Foryoutouse UTL_FILE, the DBA must specify locations in which Oracle users can accessfiles. By
default, no operating system files can be accessed fromwithin Oracle. To specify alocation, the DBA must
add a directive to the Oracle server initialization file (i.e., init.ora):

UTL_FILE_DIR = /app/files

FOPEN will throw an INVALID_PATH exception if you try to open afile anywhere else. The DBA
can specify as many locations as necessary:

UTL_FILE_DIR
UTL_FILE_DIR

/app/files/logs
/home/orausers/tmp

Using * asthelocation name alows file access throughout the host operating system:
UTL_FILE_DIR = *
Oracledi and | ater:

In OracleQi, the UTL_FILE_DIR directive was replaced with DIRECTORY objects. Directory
objects are associated with specific directories on the file system. Only users with the CREATE ANY
DIRECTORY system privilege are alowed to create directory objects.

CREATE OR REPLACE DIRECTORY directory._object_name
AS 'system path';

Only directories associated with directory objects can be accessed by aPL/SQL program. Oraclealso
must have operating system privilegesto usethe specified directory.

CREATE OR REPLACE DIRECTORY appfiles
AS '/app/files';
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THE DBMS_ _METADATA PACKAGE

% TheDBMS METADATA package providesan API to extract DDL and XML
from the Data Dictionary for database objects.

> You may also transform metadatain XML format to DDL or re-create
database objectsfrom XML.

%  TheGET_XML and GET_DDL functionsretrieve object metadataasa CL OB
inasingle cal, with parameters for object type, name, and schema (which
defaults to the current user's schema):

SELECT DBMS_METADATA.GET_DDL ('TABLE', 'EMPLOYEE', 'S1l') FROM dual;
SELECT DBMS_METADATA.GET XML ('TRIGGER', 'EMP_TRIG','Sl') FROM dual;

%  GET_DEPENDENT_DDL and GET_DEPENDENT_XML retrieve an
object's dependent metadata, such as indexes and foreign keys:

SELECT DBMS_METADATA.GET_DEPENDENT DDL ('INDEX', 'PERSON','S1l') FROM dual;

%  GET_GRANTED _DDL and GET_GRANTED_XML extract object, system,
and role grants given to a particular schema:

SELECT DBMS_METADATA.GET GRANTED_ XML ('SYSTEM GRANT', 'S1l') FROM dual;

%  You can retrieve metadata on heterogeneous objects, such as complete schemas,
by using OPEN, SET_FILTER, FETCH_xxx, and CLOSE.

. OPEN — opens a numeric handle for the set of queried objects.

. CLOSE — closesthe handle

. SET_FILTER — specifies which object(s) to extract; you may set more
than onefilter for acal

. FETCH_CLOB, FETCH_XML, and FETCH_DDL — return object
metadatain CLOB, SYSXMLTYPE, and SYSKU$ DDL format,
respectively
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The following example creates afunction to extract XML metadata about a specified table.

xmimeta.sgl
CREATE OR REPLACE FUNCTION get_xml_meta (tablename VARCHAR?2)
RETURN clob

IS
handle NUMBER;
doc CLOB;
BEGIN
handle := DBMS_METADATA.OPEN('TABLE') ;

DBMS_METADATA.SET_ FILTER (handle, 'SCHEMA',6USER) ;
DBMS_METADATA.SET FILTER (handle, 'NAME', tablename) ;
doc := DBMS_METADATA.FETCH_ CLOB (handle) ;
DBMS_METADATA .CLOSE (handle) ;
RETURN doc;

END;

/

Thisexampleusesatransformer to transform the XML metadatainto aSQL DDL statement.
ddimeta.sql

CREATE OR REPLACE FUNCTION get_ddl_meta(tablename VARCHAR2)
RETURN CLOB

IS
handle NUMBER;
temp_handle NUMBER;
doc CLOB;

BEGIN
handle := DBMS_METADATA.OPEN('TABLE') ;
DBMS_METADATA.SET_ FILTER (handle, 'SCHEMA',6USER) ;
DBMS_METADATA.SET FILTER (handle, 'NAME', tablename) ;
temp_handle := DBMS_METADATA.ADD TRANSFORM (handle, 'DDL') ;
doc := DBMS_METADATA.FETCH_CLOB (handle) ;
DBMS_METADATA .CLOSE (handle) ;
RETURN doc;

END;

SELECT get_ddl_meta ('EMPLOYEE') FROM dual;

The KU$_DDL datatype consists of the DDL text and atable of parsed items. You can describe the
datatypein SQL*Plus:

SQL> SET DESCRIBE DEPTH ALL
SQL> DESC KU$_DDL
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XML PACKAGES

*

Introduced in 9i, you can modify the output of a SQL query into XML format
using DBMS XML GEN.

»  TheGETXML function returns an arbitrary SQL SELECT statement's
output in XML format.

SELECT DBMS_XMLGEN.GETXML ( ' SELECT * FROM store') FROM dual;

> DBMS XMLGEN alows you to specify the number of rows to return
and whether rows should be skipped.

Usethe DBMS XMLPARSER package to parse the content and organization
of XML files.

»  TheOracle PL/SQL XML parser will build aparsetree structurethat is
accessible by DOM APIs.

»  Theparser can vaidatethe XML against aDTD (Document Type
Definition), but not a schema.

Released with 10g, DBM'S XML STORE provides an APl to store XML datain
tables.

> Use SETUPDATECOLUMN to specify which columns will be inserted
or updated.

= All other columnswill recaive null or default valueson an
INSERT, or will be left unchanged on an UPDATE.

> The INSERT XML function will usethe XML data and insert new rows
into the context table.

»  The UPDATEXML and DELETEXML functions use the key defined in
SETKEYCOLUMN to determine which rows to update or delete.
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Thefollowing exampleusesDBM'S_XM L STORE toinsert new entriesinto the employeetable using theinformation storedin an XML
document. Two new rowswill beinserted into the s1 schema's employeetable.

xmlinsert.sgl

SET SERVEROUTPUT ON

DECLARE
context DBMS_XMLSTORE.ctxType;
rowcount NUMBER;

xmlData CLOB := -- XML data set here
' <ROWSET>
<ROW num="1">
<ID>1</ID>

<FIRSTNAME>Ted</FIRSTNAME>
<LASTNAME>Striker</LASTNAME>
</ROW>
<ROW>
<ID>2</ID>
<FIRSTNAME>Inigo</FIRSTNAME>
<LASTNAME>Montoya</LASTNAME>

</ROW>
</ROWSET> "' ;
BEGIN
context := DBMS_XMLSTORE.NEWCONTEXT ('S1.PERSON'); -- get context
DBMS_XMLSTORE . CLEARUPDATECOLUMNList (context); -- clear update settings
DBMS_ XMLSTORE . SETUPDATECOLUMN (context, 'ID'); -- set fields to be updated

DBMS_XMLSTORE . SETUPDATECOLUMN (context, 'FIRSTNAME ') ;
DBMS_XMLSTORE . SETUPDATECOLUMN (context, 'LASTNAME') ;

rowcount := DBMS_XMLSTORE.INSERTXML (context, xmlData); -- insert new records
DBMS_XMLSTORE . CLOSECONTEXT (context) ;
DBMS_OUTPUT.PUT_LINE (rowcount || ' new rows inserted in person table.');
END;
/

Thefollowing examplewill delete rowsinthe per son tablewithid 1 and 2.

xmiddetes
SET SERVEROUTPUT ON
DECLARE
context DBMS_XMLSTORE.CtxType;
rowcount NUMBER;
xmlData CLOB := -- XML data set here
' <ROWSET>
<ROW num="1">
<ID>1</ID>
</ROW>
<ROW>
<ID>2</ID>
</ROW>
</ROWSET>"' ;
BEGIN
context := DBMS_XMLSTORE.NEWCONTEXT ('S1l.PERSON'); -- get context
DBMS_XMLSTORE . SETKEYCOLUMN (context, 'ID') ;
rowcount := DBMS_XMLSTORE.DELETEXML (context, xmlData) ;
DBMS_XMLSTORE . CLOSECONTEXT (context) ;
DBMS_OUTPUT.PUT_LINE (rowcount || ' rows where deleted');
END;
/
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NETWORKING PACKAGES

%  TheUTL_HTTP package lets you access data over the internet using protocols
suchasHTTR HTTPS, FTP, and Gopher.

> You can retrieve the first 2000 bytes at a URL from a PL/SQL block or
SQL statement:

SELECT UTL_HTTP.REQUEST ('http://www.example.com') FROM dual;

%  For reading web pages longer than 2000 bytes from a PL/SQL block, you must
use severa steps:

Establish a persistent network connection (BEGIN_REQUEST)
Set any optional headers (SET_HEADER)

Read the response (GET_RESPONSE)

Loop through the response lines (READ_LINE)

Close the connection (END_RESPONSE)

gk wbdPE

A7

SET_PROXY allowsyou to configure proxy settings for a session.
%  10gintroduced the UTL _MAIL packageto send email.

»  The SEND procedure packages and sends the email using the SMTP
server; you must specify the sender and comma separated list of
recipients; the cc, bcc, subject, message, mime type, and priority
parametersare all optional.

»  SEND_ATTACH_RAW and SEND_ATTACH_VARCHARZ2 alow for
binary and character attachments, respectively.

%  DBMS _LDAP provides functions and procedures to access data from LDAP.
> L DAP isan extensible directory protocol.

> It isa common language that clients and servers use to communicate.
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The following example will open arequest to an HTTP server and read the response lines. When
READ_LINE reads past the last response lineit throwsan END_OF_BODY exception.

http.sql
SET SERVEROUTPUT ON
DECLARE
line VARCHAR2 (2048) ;

request UTL_HTTP.req;
response UTL_HTTP.resp;

BEGIN
request := UTL_HTTP.BEGIN_REQUEST ('http://www.example.com') ;
UTL_HTTP.SET_HEADER (request, 'User-Agent', 'Mozilla/4.0');
response := UTL_HTTP.GET_ RESPONSE (request) ;
LOOP

UTL_HTTP.READ_LINE (response, line, TRUE) ;
DBMS_OUTPUT.PUT_LINE (substr(line,1,255)) ;
END LOOP;
UTL_HTTP.END_RESPONSE (response) ;
EXCEPTION
WHEN UTL_HTTP.END_OF_BODY THEN
UTL_HTTP.END_RESPONSE (response) ;
END;
/

mail.sql
BEGIN
UTL_MAIL.SEND (sender => 's2@domain.com',
recipients => 'sl@domain.com',

subject => 'Testing UTL_MAIL',
message => 'This is a test of UTL_MAIL.SEND.'
'This is only a test.');
END;
/
UTL_MAIL:

For UTL_MAIL towork, two setup operations must be performed.

1. TheDBA mustinstal UTL _MAIL:
$ORACLE_HOME/rdbms/admin/utimail.sql
$ORACLE_HOME/rdbms/admin/prvtmail.plb

2. TheSMTP_OUT_SERVER parameter should be defined in the database initialization file
(defaultsto DB_DOM AIN initilization parameter).
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OTHER SUPPLIED PACKAGES

%  You cantrace PL/SQL codewith DBMS TRACE.

»  Thetrace datais collected in previously-defined database tables as the
program executes,

»  Atypica sessioninvolves:

1 Cdling SET_PLSQL_TRACE to start the tracing.

. SET PLSQL_TRACE can set tracing for various levels including
TRACE_ALL CALLS TRACE_ALL_EXCEPTIONS,
TRACE_ALL _SQL,andTRACE_ALL _LINES.

2. Running the application.

3. Cdling CLEAR_PLSQL_TRACE to stop thetracing.

%  Updated in 10g, DBMS PROFILER collects performance information on
existing PL/SQL code to determine performance bottlenecks; performance
informationincludes:

. Line execution count
. Time spent executing each line
. Min and max time needed to execute a particular line

»  AswithDBMS TRACE, the profiling information is stored in database
tables which must be queried for results.

%  Introduced in 10g, DBMS CRYPTO provides for encrypting and decrypting
RAW, BL OB, and CL OB datatypes.

> ENCRYPT will encrypt data using a stream or block cipher with a user-
supplied key and optional initialization vector.

> Use DECRY PT with the same cipher, etc. to get original data.
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Thefollowing examplecalsafunction that returnsthe current number of employeesintheemployeetable. Thefunctioniscalled three
times, with different types of tracing applied, and then afourthtimeto collect profile data.

trace.sq|
DECLARE
c NUMBER;
result BINARY_ INTEGER;
FUNCTION countEmps RETURN NUMBER
IS
empCount NUMBER;
BEGIN
SELECT count (*)
INTO empCount
FROM employee;
RETURN empCount;

END;

BEGIN
DBMS_TRACE.SET_PLSQL_TRACE (DBMS_TRACE.TRACE_ALL_CALLS) ;
Cc := countEmps;

DBMS_TRACE.CLEAR_PLSQL_TRACE;

DBMS_TRACE.SET_PLSQL_TRACE (DBMS_TRACE.TRACE_ALL_SQL) ;

c := countEmps;

DBMS_TRACE.CLEAR_PLSQL_TRACE;

DBMS_TRACE.SET_PLSQL_TRACE (DBMS_TRACE.TRACE_ALL_LINES) ;

Cc := countEmps;
DBMS_TRACE.CLEAR_PLSQL_TRACE;
result := DBMS_PROFILER.START PROFILER (run_comment => 'countEmps - ' ||
SYSDATE) ;
c := countEmps;
result := DBMS_PROFILER.STOP_PROFILER;
END;

/

After theabove codeisrun, thefollowing query can be used to acquiretherunid for aparticular trace. A similar query canberunon
thePL SQL_PROFILER_RUNStabletoretrievetheprofilerunid.

trace_runid.sgl
SELECT runid, run_owner,
TO_CHAR (run_date, 'MON DD, YYYY HH:MI:SS AM') AS run_date
FROM plsqgl_trace_runs
ORDER BY runid;

Youthen usetherunid toretrievethetraceinformation. Thefollowing examplewill retrievetraceinformation using event runid 12. A
similar query canberunonthePLSQL_PROFILER_UNITSand PLSQL_PROFILER_DATA tablestoretrieveprofile
information.

trace_data.sgl
SELECT runid, event_seq,
TO_CHAR (event_time, 'MON DD, YYYY HH:MI:SS AM') AS time,
event_unit_owner, event_unit, event_unit_kind, proc_line,
event_comment
FROM plsqgl_ trace_events
WHERE runid = 12
ORDER BY runid, event_seq;
/
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LABS

@  Writeaprogram that usesDBM S OUTPUT to print "Hello, World!"
(Solution: hello.sql)

@  WriteaSELECT statement to read the first ten lines returned by www.w3c.org.
(Solution: w3c.sql)

(3] WriteaSELECT statement that will return the firstname, lastname, and city of all personsin

Colorado and return theinformationin XML format.
(Solution: coloradoxml.sql)

(4] Insert yourself into the per son table using XML data.
(Solution: selfinsert.sql)
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CHAPTER 18 - DEBUGGING AND ERROR HANDLING

e B
OBJECTIVES

%  Handle PL/SQL program exceptions.

%  Trace PL/SQL program execution for
debugging purposes.

%  UseOracle SQL Developer to aidein
developing and debugging PL/SQL.

%  Learn about commonly found bugs and
how to avoid them.
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EXCEPTION MANAGEMENT

%  PL/SQL blocks can have two different types of errors. compile-time errors and
runtime errors.

> Compile-time errors stop the PL/SQL block from compiling successfully.

. Examples of compile time errorsinclude invalid syntax, insufficient
permissions, and referencing missing objects.

> Runtime errors occur when the PL/SQL block encounters a problem
whileexecuting.

. Examples of runtime errors include dividing by zero, type
mismatches, and no data found for SELECT ... INTO statements.

%  Exceptions are routinesin your PL/SQL code to handle avariety of runtime
errors.

»  When aruntime error occurs, the exception is raised and the code handles
the exception.

%  Theexception handling section in the code comes last in the PL/SQL block:

DECLARE

<declaration section>
BEGIN

<code section>
EXCEPTION

<exception section>
END;
/

%  Oncethe exception codeis executed, the PL/SQL block terminates.

> Only the first exception matching the runtime error is executed.
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Exception handling will perform any actionsyou codeintheevent of aruntimeerror.

exception_examples|
SET SERVEROUTPUT ON
DECLARE
num_items NUMBER;
total_price NUMBER;
average NUMBER;
BEGIN
SELECT SUM(quantity) INTO num_items FROM oe.order_items;
SELECT SUM(unit_price) INTO total price FROM oe.order_items;

average := total_price / num_items;
DBMS_OUTPUT.PUT LINE('Average per item = ' || average);
EXCEPTION

WHEN ZERO_DIVIDE THEN
DBMS_OUTPUT.PUT LINE('No items sold') ;
WHEN NO_DATA_ FOUND THEN
DBMS_OUTPUT.PUT_LINE('Order items is empty');
WHEN OTHERS THEN
DBMS_OUTPUT.PUT LINE('An internal error occurred.');
END;
/

With the code above, thereare afew errorsthat could occur on runtime. The SUM (items) could resultin
zero. The computation of the averagewould attempt to divide by zero, whichisanerror. The
ZERO_DIVIDE exceptionisthrown, displaying the appropriate message. Either of the SELECT ...
INTO statementscould resultintheNO_DATA_FOUND exception.

TheWHEN OTHERS sectionisacatchall exception. When aruntimeerror occursthat isnot one of the
two previous exceptions, thecodeinthe WHEN OTHERS sectionisexecuted.

Only oneWHEN exception_name THEN section will be executedinthe PL/SQL block.

EXCEPTION
WHEN ZERO_DIVIDE THEN
DBMS_OUTPUT.PUT LINE('This exception can be raised');
WHEN ZERO_DIVIDE THEN
DBMS_OUTPUT.PUT LINE('You will never see me.');
END;
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EXCEPTION PROPAGATION

%  When an exception israised, the local PL/SQL block is examined for the
exception handler code.

%  If the exception handler code is found in the local block, the exception is
handled locally and the local block is terminated.

%  If the exception handler code is not found in the local block, the exception is
propagated or passed up to the calling block.

»  The parent block takes control of the exception handling.

%  If no exception handler code isfound in the local block, or any of its
predecessors, an unhandled exception error is returned to the host.
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propagation_examplesq|
DECLARE
val NUMBER;
BEGIN
SELECT salary INTO val FROM hr.employees
WHERE employee_id = 206;

-- Subprogram begins here
BEGIN
SELECT salary INTO val FROM hr.employees
WHERE employee_id = 207;
EXCEPTION
WHEN NO_DATA_FOUND THEN
DBMS_OUTPUT.PUT_LINE('No salary for employee 207');
END;
EXCEPTION
WHEN NO_DATA_ FOUND THEN
DBMS_OUTPUT.PUT_LINE('No salary for employee 206');
WHEN TOO_MANY_ ROWS THEN
DBMS_OUTPUT.PUT LINE('An employee has two salaries');
END;
/

If thereare no employeeswithid 207, thentheNO_DATA_FOUND exception in the sub-block israised.
SincethereisaNO_DATA_FOUND exception handler local to the sub-block, the host will receivea
messageindicating that thereisno saary for employee number 207.

TheSELECT ... INTO statement will only work if only onerow of dataisreturned. If morethan onerow
isreturned, theTOO_MANY_ROW Sexceptionisraised. If the sub-block findsmorethan oneemployee
withid 207, thenitwill raisethe TOO_MANY _ROWS exception. Thereisno exception handler for this
error local to the sub-block, so the exception ispropagated to the calling block. Thehost will receivea
messageindicating that there aretwo salariesfor that employee.

Inthemain section of code, it ispossiblefor the query on employee 206 to return no rows of data. Inthis
case, the exception local to that section of codeisexecuted. Thehost will receive amessageindicating that
thereisno salary for employee number 206.
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USER-DEFINED EXCEPTIONS

%  The DBMS STANDARD package includes predefined exceptions available
for use in any PL/SQL block.

> Nothing special needs to be done to use the predefined exceptions.

%  Theapplication developer can create their own exceptions to extend what is
aready available.

»  The user-defined exception name must be declared along with any
variables in the block's declaration section.

DECLARE
exception_name EXCEPTION;
BEGIN
IF <condition> THEN
RAISE exception_name;
END IF;
EXCEPTION
WHEN exception_name THEN
<handler code>
END;

> You must explicitly raise the exception, since Oracle will not throw it for
youl.

. Normally, a conditional determinesif the exception should be
raised.

Page 374 Rev4.2.3 ©2011 ITCourseware, LLC



CHAPTER 18 DEBUGGING AND ERROR HANDLING

Predefined exceptionsavailablethroughDBMS_STANDARD:

ACCESS_INTO_NULL LOGIN_DENIED SUBSCRIPT_BEYOND_COUNT
CASE_NOT_FOUND NO_DATA_FOUND SUBSCRIPT_BEYOND_LIMITS
COLLECTION_IS_FULL NOT_LOGGED_IN TIMEOUT_ON_RESOURCE
CURSOR_ALREADY_OPEN PROGRAM_ERROR TOO_MANY_ROWS
DUP_VALUE_ON_INDEX ROWTYPE_MISMATCH VALUE_ERROR
INVALID_CURSOR SELF_IS_NULL ZERO_DIVIDE
INVALID_NUMBER STORAGE_ERROR

check_limit.ql

SET SERVEROUTPUT ON
CREATE OR REPLACE PROCEDURE check_limit (
cust_id IN NUMBER, oid NUMBER)
AS
insufficient_ terms EXCEPTION;
limit NUMBER;
total NUMBER;

BEGIN
SELECT credit_limit INTO limit
FROM oe.customers WHERE customer_id = cust_id;

SELECT order_total INTO total
FROM oe.orders WHERE order_id = oid;

IF (total > limit) THEN
RAISE insufficient_ terms;
END IF;
UPDATE oe.orders SET order status = 1
WHERE order_ id = oid;

EXCEPTION
WHEN insufficient terms THEN

UPDATE oe.orders SET order_ status = -1

WHERE order_id = oid;

DBMS_OUTPUT.PUT LINE('Order ($' || total ||

') exceeds credit limit ($' || 1limit || ")");

END;
/
Try It:

Run check_these.sql to test thisprocedure.
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EXCEPTION ERROR MESSAGES

%  Exceptions can be traced to a specific Oracle error message (ORA-XXXXX).
> The SQL CODE built-in function can be used to obtain the error number.
»  The SQLERRM built-in function returns the error message.

%  You can create your own error code messages with the
RAISE_APPLICATION_ERROR procedure.

RAISE_APPLICATION_ERROR (err num, message|, (TRUE | FALSE) ] ) ;

»  Theerror code must be a negative number between -20000 and -20999.
. All other error codes are reserved for Oracle's use.

»  Theerror messageislimited to 2048 characters.

»  Thelast parameter is optional and determines how the error is placed on
the error stack.

. TRUE — add error to the top of the error stack.

. FAL SE — replace al previous errors on the stack with this error
(thisisthe default).
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We have seen how the WHEN OTHERS clauseisacatchall exception handler. Thefollowing code
sampl e shows how to return moreinformation, such the Oracle error code and message that threw the

exceptioninthe WHEN OTHERS section.

err_codes.sgl
DECLARE
gty NUMBER;
err_code NUMBER;
err_msg VARCHAR2 (100) ;
BEGIN
SELECT quantity on_hand INTO gty
FROM inventories
WHERE product_id =
EXCEPTION
WHEN OTHERS THEN

999;

DBMS_OUTPUT.PUT_LINE('An exception occurred.') ;

err_code :=
err_msg :=

SQLCODE;
SUBSTR (SQLERRM, 1,

END;

raise_error.sl
DECLARE
gty NUMBER;
BEGIN
SELECT quantity on_hand INTO gty
FROM oe.inventories
WHERE product_id = 2870;

IF (gty < 100) THEN
RAISE_APPLICATION_ERROR(-20001,
END IF;

END;
/

100) ;
DBMS_OUTPUT.PUT _LINE('Error code: ' ||
DBMS_OUTPUT.PUT_LINE ('Error msg:

err_code) ;
err_msqg) ;

'"Need to order more');
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STACK MANAGEMENT

*

It may be useful to determine the order of callsto various PL/SQL procedures
and functions.

»  TheDBMS UTILITY.FORMAT_CALL_STACK function will return
the call stack, up to 2000 characters.

You may aso find it useful to see the error stack with all of the error messages.

»  The DBMS UTILITY.FORMAT_ERROR_STACK function returns
the error stack, up to 2000 characters.

When debugging PL/SQL code, it isvery useful to show the call stack at the
point of the exception.

»  The DBMS UTILITY.FORMAT_ERROR_BACKTRACE function
returnsthe call stack at the exception, up to 2000 characters.
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Thefunctiontest_fn returnsthe squareroot of anumber. Thetest_proc procedurecallsthisfunction. If an
exceptionisraised, well get the error stack and the error backtrace.

test fn.l

CREATE OR REPLACE FUNCTION test_fn (x NUMBER)
RETURN NUMBER IS

BEGIN
RETURN SQRT (x) ;

END;

/

test_proc.sql
SET SERVEROUTPUT ON
CREATE OR REPLACE PROCEDURE test_proc
IS
val NUMBER;
msg VARCHAR2 (2000) ;
BEGIN
SELECT test_fn(-1) INTO val FROM dual;
EXCEPTION
WHEN OTHERS THEN
DBMS_OUTPUT.PUT LINE('Error Stack...');
msg := DBMS_ UTILITY.FORMAT ERROR_STACK;
DBMS_OUTPUT. PUT_LINE (msg) ;
DBMS_OUTPUT.PUT_LINE ('Error Backtrace...');
msg := DBMS UTILITY.FORMAT ERROR BACKTRACE;
DBMS_OUTPUT.PUT_LINE (msg) ;
END;

Executethe stored procedure.

SQL> EXEC test_proc;
Error Stack...
ORA-06502: PL/SQL: numeric or value error

Error Backtrace...
ORA-06512: at "HR.TEST FN", line 4
ORA-06512: at "HR.TEST PROC", line 6

PL/SQL procedure successfully completed.

The backtrace showsthat thetest_fn function had the error and it wascalled by thetest_proc procedure.
OracleusestheseDBM S UTILITY functionswhen executing stored proceduresin SQL* Plus, sothe
messages should befamiliar.
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DEBUGGING WITH DBMS OUTPUT

% TheDBMS OUTPUT supplied package is one tool for debugging PL/SQL
programs.

%  Place DBMS OUTPUT.PUT_LINE statements throughout the PL/SQL block
to show progress within the block.

> Use the PUT or PUT_LINE procedure to write contents of variables and
watch them change while the program runs.

DBMS_OUTPUT.PUT_LINE('After loop, i=' || 1);

%  All database users have access to the DBMS OUTPUT package.

> You will need to issue SET SERVEROUTPUT ON in SQL*Plus to see
DBMS OUTPUT lines.

%  Output from DBMS OUTPUT islimited to 32,767 characters per line.

%  Output from the DBMS OUTPUT proceduresis not seen until the buffer is
flushed.

»  Typicaly, the buffer is not flushed until the PL/SQL block stops
execution.
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Many application devel opersare used to using statementswhich output debug information asthe program
runs. In Java, onemight usethe System.out.printin procedure. In C++, you might useprintf or cout. The
equivalentin PL/SQL istheDBM S OUTPUT.PUT _LINE procedure. Noticein the output from the
following code sample how you cantell wherein the codeyou are. Thefollowing examplea so showsthe
contentsof thevariable changing insidetheloop.

show_output.sq
SET SERVEROUTPUT ON
DECLARE
i NUMBER;
BEGIN
DBMS_OUTPUT.PUT_LINE('Start of PL/SQL block');
FOR 1 IN 1..5 LOOP
DBMS_OUTPUT.PUT_LINE('i=" || 1i);
END LOOP;
DBMS_OUTPUT.PUT_LINE('Loop done processing');
DBMS_OUTPUT.PUT_LINE ('After loop, i=' || 1);
DBMS_OUTPUT.PUT_LINE('End of PL/SQL block');
END;
/

Start of PL/SQL block
i=1

SRR
Il
N

1=5

Loop done processing
After loop, i=

End of PL/SQL block

PL/SQL procedure successfully completed.
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DEBUGGING WITH A TABLE

%  Whenworking with long-running PL/SQL blocks, it may take awhilefor the
output from DBMS _OUTPUT to appear on your screen.

%  Writing debug information to atable can be beneficial, since you can query the
debug table in another session while the PL/SQL block is executing.

%  Output inserted into atable can persist long after the PL/SQL block has been
executed.

%  Todebug with atable, you will need a debug table and a stored procedure to
write into that table.

»  The stored procedure is defined as an autonomous transaction: the
messages do not get removed if the PL/SQL block rolls back any
transactions.
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First, a debug table needs to be created. Wel'll aso create a sequence to ensure ordering of our debug
statements. Then, welll create a stored procedure to insert debug information into this table.

setup_debug.s

CREATE TABLE debug_table (
id NUMBER,
msg VARCHAR?2 (60)

) g

CREATE SEQUENCE debug_seq START WITH 1 INCREMENT BY 1;

CREATE OR REPLACE PROCEDURE debug msg (msg IN VARCHAR2) AS
PRAGMA AUTONOMOUS_TRANSACTION;
seq_num NUMBER;
BEGIN
SELECT debug_seq.NEXTVAL INTO seq num FROM dual;
INSERT INTO debug_ table VALUES (seq_num, msg) ;
COMMIT;
END;
/

Now that the procedure is created, we can use it to debug a PL/SQL block.

show_debug.sq
BEGIN
FOR i IN 1..5 LOOP
debug_msg('i=" || 1i);
END LOOP;
END;
/

SELECT * FROM debug_table;
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UsiING UTL_FILE

%  TheUTL_FILE supplied package lets a PL/SQL program read and write
operating system files.

%  ThePL/SQL code can write debug information to the operating system file.

»  Thisisvery useful when the volume of debug information would scroll
past the screen too fast.

%  Good applications write information to log files to be analyzed in the event of a
failure.

»  Theinstance'sAlert Log isan example of thistype of log file.
»  TheUTL_FILE package can be used to create your own application log.
%  Many database operations are audited through Oracle's AUDIT command.

»  TheUTL_FILE package can be used to implement auditing of the
application to an audit trail.

%  TheUTL_FILE package interacts with operating system files found in thefile
system's directory pointed to by a DIRECTORY database object.

> The DBA may need to create a DIRECTORY object and grant
appropriate privileges to the user.

Page 384 Rev4.2.3 ©2011 ITCourseware, LLC



CHAPTER 18 DEBUGGING AND ERROR HANDLING

setup utl filesgl
CREATE DIRECTORY tmp_directory AS '/tmp';

Now that thedirectory hasbeen created, itisusedwithUTL_FILE.

utl_file examplesl
DECLARE
f1 UTL_FILE.FILE_TYPE;
x NUMBER;
BEGIN
f1 := UTL_FILE.FOPEN('TMP_DIRECTORY', ‘'app_log.txt',K 'w');

UTL_FILE.PUT_LINE(fl, TO_CHAR(sysdate, 'MM-DD-YYYY HH24:MI:SS') ||
' Entered PL/SQL block', TRUE) ;

FOR x IN 1..5 LOOP
UTL_FILE.PUT_LINE(fl, TO_CHAR(sysdate, 'MM-DD-YYYY HH24:MI:SS') ||
' Inside loop. x=' || x, TRUE);
END LOOP;

UTL_FILE.PUT_LINE(fl, TO_CHAR(sysdate, 'MM-DD-YYYY HH24:MI:SS') ||
' Leaving PL/SQL block', TRUE) ;

UTL_FILE.FCLOSE (f1l) ;
END;
/

The contents of the/tmp/app_log.txt file can be seen below:

04-12-2006 19:53:23 Entered PL/SQL block
04-12-2006 19:53:23 Inside loop. x=1
04-12-2006 19:53:23 Inside loop. x=2
04-12-2006 19:53:23 Inside loop. x=3
04-12-2006 19:53:23 Inside loop. x=4
04-12-2006 19:53:23 Inside loop. x=5
04-12-2006 19:53:23 Leaving PL/SQL block
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UsiING DBMS DEBUG

*

The DBMS DEBUG supplied package is an interface to the Oracle PL/SQL

debugger.

With the DBM'S DEBUG package, you can perform avariety of operations to
debug your PL/SQL code.

> Set breakpoints to stop execution of the PL/SQL code at a specific line,
> Remove breakpoints previously set with the code.

»  Obtain information about the execution of the code.

»  Seevariable contents.

> Set avariable to a specific value any time during code execution.

> Step in to called functions or procedures.

> Step out of the called subprogram.
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Thefollowing table showsall of the procedures of theDBM S DEBUG supplied package:

ATTACH_SESSION

GET_MORE_SOURCE

SET_BREAKPOINT

CONTINUE GET_LINE_MAP SET_OER_BREAKPOINT
DEBUG_OFF GET_RUNTIME_INFO SET_TIMEOUT
DEBUG_ON GET_TIMEOUT_BEHAVIOR SET_TIMEOUT_BEHAVIOR
DELETE_BREAKPOINT GET_VALUE SET_VALUE
DELETE_OER_BREAKPOINT INITIALIZE SHOW_BREAKPOINTS
DETACH_SESSION PING SHOW_FRAME_SOURCE

DISABLE_BREAKPOINT

PRINT_BACKTRACE

SHOW_SOURCE

ENABLE_BREAKPOINT

PRINT_INSTANTIATIONS

SYNCHRONIZE

EXECUTE PROBE_VERSION TARGET_PROGRAM_RUNNING
GET_INDEXES SELF_CHECK
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SQL DEVELOPER

%  Oracle SQL Developer isa GUI tool for SQL and PL/SQL devel opment.

%  This Java program can be obtained, for free, from Technet at http://
www.or acle.com/technol ogy/products/database/sgl_devel oper/index.html.

%  SQL Developer isagreat editor for working with PL/SQL code.
> Use Code Insight for automatic code completion.
> Use Code Formatter for easier reading of PL/SQL code.
%  SQL Developer will quickly become afavorite tool for PL/SQL debugging.
. Step into or step over called functions or procedures.
. Set and manage breakpoints.

. Inspect and modify variables.

%  SQL Developer is much easier to use than DBMS DEBUG.
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A few of thefeatures of SQL Developer:

Dracle SQL Developer

File Edt Xiew Mavigate Ruh

Debuy  Source

Tools  Help
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AVOIDING BUGS

*

Add error checking wherever you can to avoid exceptions.
»  Add exception handlers where errors can occur.

. Use named exception handlers where possible and do not rely
solely onthe WHEN OTHERS exception handler.

> Raise application errors, if necessary.
> Check for variables that are NULL or NOT NULL.

> Check for queries that return no rows of data, or more rows of data than
the query should return.

Make use of the % TYPE and % ROWTY PE directives in case a column's
datatype changes.

Avoid implicit data conversions.

Write smaller blocks of code, using procedures and functions for repetitious
code.

Storing variable-length character data can often lead to unintended results.
»  Typicaly, auser enters astring variable without trailing blanks.
. When you compare the value the user supplies with the value
stored in the CHAR datatype, you'll have to remember to use the

RPAD function or your comparison will fail.

> Usethe VARCHARZ2 datatype instead.
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CHAPTER 18 DEBUGGING AND ERROR HANDLING

Itisagood ideato usethe % TYPE and % ROWTY PE directives when declaring variables that will
hold data selected from a table. For instance, you might have declared a variable as follows:

last VARCHAR2 (15);
Someone could later changethecust_last_name column of the customer stableto hold 30 characters of
data. Thefollowing codewould return anerror if thecust_last_name column holdsavaluelonger than 15

characters,

SELECT cust_last name
INTO 1last
FROM customers
WHERE customer_id = 101;

Instead, declarethevariableasfollows, and no errorswill result:

last customers.cust last name%3TYPE;
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LABS

(1) Modify themulti_blocks.sqgl script to containtheappropriateexception handlersineach sub-

block. UseDBM S _OUTPUT towritean appropriate error messageto the screen.
(Solution: multi_blocks2.sq)

(2] It hasbeen determinedthat itiscompany policy that noraiseshall exceed 10%. M odify

give raises.sgl toraiseauser-defined exceptionfor arai sethat exceedsthisthreshold. Run
your modified script multipletimesto seehow thecodeisinterrupted by your exception.
(Solution: give raises2.sql)

(3] Modify power.sgl. AddcalstoDBM S OUTPUT tohelpyoufollow theexecution of the

script. Makesuretoshow all variablecontentsinthel oop.
(Solution: power2.s1)
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