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1 Introduction

Database Compatibility f@draclemeans thatan application runs in@iacle
environmentas wellas theEDB Postgresdvanced ServdAdvanced Server)
environmentwith minimal or no changes to the application cbégeloping an
application thatis compatible with Oracle databast#seAdvanced Serveequires
special attention to which features are used in the cotistrad the application. For
example, developing@mpatibleapplication means choosingmpatible

Systemand bu#in functions for use iIBQLstatements and procedural logic

Stored Procedure Langua@PL) when creatingatabase servaide applicatio

logic for stored procedures, functions, triggers, and packages

Data typesthat are compatible with Oracle databases

SQL statements that are compatible with Oracle SQL

Systemcatalogviews thatare compatible Witacldo s data dictionary

=A =8 =N = =4

For detailed iformation aboutthe compatible SQL syntax, data types, and views, please
see thdatabase Compatibility for Oracle Developers Reference Guide

The compatibility offered by the procedures and functions that are part of thaBuilt

packages is documentedireDatabase Compatibility for Oracle Develop@silt-in
Package$uide

Forinformation aboutusing the compatible tools and utiliEgB*Plus, EDB*Loader,
DRITA, and EDB*Wrap}hat are included with an Advanced Server installation, please
see théatabase Compatibility for Oracle Developdrsols and UtilitiesGuide

For applications written using tigracle Call Interfacé OC1 ) , EntOpenpr i seDB6s
Client Library(OCL) provides interoperability with these applications. For detailed

information aboutising the Open Client Library, please seeBbB& Postgres Advanced
Server OCI Connector Guide

Advanced Servarontains arich set of features thatenables development of database
applications for eithéPostgreSQbrOracle For more information aboatl of the
features of Advanced Server, please consult the user documentation available at the
EnterpriseDB website.

Advanced Server documentation is available at:

http://www.enterprisedb.com/produes®rvicestraining/products/documentation

Copy right © 2007 - 2017 EnterpriseDB Corporation. All rights reserv ed. ]
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1.1 What 6s New

The followingdatabase compatibility f@raclefeatures have been added\dvanced
Serve 9.5to create Advanced ServeB9.

T

Advanced Server now supports subpengs (thatisnestedubprocedures and
subfunctions), which are deotal and used withiS8PL prograrasuch as
procedurs, functions,anonymous blocktriggels, packagesand object type
body methodg~or more information, see Sect®.2.6

Advanced Server now supports HERALLELclause in th€REATE FUNCTION
command for enabling parallel sequential scans. For more information, see
sectin3.2.4.1

Advanced Server now supports eRALLELclausen theCREATE PROCEDURE
command for enabling parallel sequential scans. For more information, see
3.2.3.1

Advanced Server now supports #HEeRALLELandNO_PARALLELOptimizer hints
for parallel scans. For more information, Seetion 2.4.7

Advanced Server now supports HIBFERENCINGOLD AS old NEW AS new
clausewhen creating a trigggfor more information, see secti.3

Copy right © 2007 - 2017 EnterpriseDB Corporation. All rights reserv ed. 1C
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1.2 Typographical ConventionsUsed int  his Guide

Certain typographical conventions are used in this manualto clarify the meaning and

usage of various commands, statements, programs, examples, etc. This section provides a
summary ofthese conventions.

In the following descriptionst@rmrefersto any word or group of words which may be
languagekeywords,userupp |l i ed values, literals, etc. ¢/
upon thecontext in which itis used.

1 ltalic fontintroduces a new term, typically, in the sentencethatdefines it for the
first time.

1 Fixed - width(mono -spaced)font is used forterms thatmustbe given
literally such assQLcommands, specific table and column names used in the
examples, programming language keywords, etc. For exasgECT * FROM
emp;

1 Italic fixed - width font IS used forterms for which the user must
substitute values in actualusage. For exanEe ETE FROMable_name ;

1 Avertical pipe | denotes a choice betweenthe terms on either side ofthe pipe. A
vertical pipe is used to separate two or more alterntgives within square
brackets (optional choices) or braces (one mandatory choice).

1 Square brackets []denote thatone or none ofthe enclosed term(s) may be

substituted. Forexamplea | b] , means ¢ mhoodd drn en eoift Mer
of the two.
1 Braces }{denote that exactly one ofthe enclosed alternatives must be specified.
Forexample{a|b} , MmMeans e xaadc bd ymuwsnte od dipeci fi
1 Elipses ... denote thatthe proceedingtermmay be repeated. For exarmple,
b].. means thatyoumdya v e t h ebasabautke.nce,

Copy right © 2007 - 2017 EnterpriseDB Corporation. All rights reserv ed. 11



Database Compatibility for Oracle® Developers Guide

1.3 Configuration Parameters Compatible with Oracle

Databases

EDB Postgres Advanced Sengeipports the development and executicayxdlications
compatible withPostgreSQlandOracle Some systembehaviaran be altexd to act in
a morePostgreSQbrin a moréraclecompliant mannerftese behaviorare controlied
by confguration parameters. Modifyirige parameters in th@stgresql.conf file

changes the behaviar all databases in the clustehileauser or gpupcanseTthe
parametervalue on thecommand line, effecting only sesision . These parameters are

T

edb_redwood_date T Controls whetherornot a time componentis storedin
DATEcolumns. Fobehavior compatible with Oradiatabases et

edb_redwood_ date tOTRUE See Sectiofh.3.1

edb_redwood_raw_names 1 Controls whether database object names appearin
uppercase or lowercase letters when viewed from Oracle systemcatalogs. For
behavior compatible with Oraalatabasegdb_redwood_raw_names Is setto

its default value ofALSE. To view database objectnames as they are actually
stored in the PostgreSQL systemcataloggdtetredwood_raw_names to

TRUE See Sectiofh.3.2

edb_redwood_strings T EquatesiULLto an empty string for purposes of
string concatenation operations. Behavior compatible with Oractatabases
setedb_redwood_strings ~ tO TRUE See Sectioh.3.3

edb_stmt_level_tx I Isolates automatic rollb&of an aborte@QLcommand

to statement levelrollback ornilythe entire, current transaction is not
automatically rolled back as is the case for defaatttgre SQbehavior. For
behavior compatible with Oraciatabasesetdb_stmt_level_tx to TRUE
however, use only when absolutely necessary. See Séidn

oracle_home 1 Point Advanced Serverto the correct Oracle installation
directory. See Sectidn3.5
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1.3.1 edb_redwood date

WhenDATEappeas as the data type of a column in the commaihdgranslated to
TIMESTAMP(0) at the time the table definition is stored in the databaseifthe
configuration parametetib_redwood_date IS SettorTRUE Thus, a time component
will also be storedin theodumn along with the date. This is consistent vdacled s
DATEdata type.

If edb_redwood_date iSSettcFALSEt he c¢c ol u mn OGREAMBTABAEOL Yy pe i n
ALTER TABLE command remains as a natRestgre SQDATEdata type andis stored as

suchin the datase. Thé&ostgre SQDATEdata type stores only the date without a time
component in the column.

Regardless ofthe settingaafb_redwood_date ,wherDATEappears as a datatype in
any other context such as the data type of a variableSiPadeclaration sction, or the
data type of a formal parameter in@iAL procedure o8PLfunction, or the return type

of anSPLfunction, it is always internally translated toImESTAMP(0) and thus, can
handle a time component if present.

SeetheDatabase Compatibilitipr Oracle Developers Reference Guidemore
information aboutlate/time data types.

1.3.2 edb_redwood raw _names

Whenedb_redwood_raw_names is setto its default value BALSE, database object
names such as table names, column names, trigger names, pragiesnuser names,
etc. appearin uppercase letters when viewed from Oracle cat@ogsgdmplete list of
supported catalog views, see Bedabase Compatibility for Oracle Developers

Reference Guideln addition, quotation marks enclose names thateresged with
enclosing quotation marks.

Whenedb_redwood_raw_names iS SettOTRUE the database object names are

displayed exactly as they are stored in the PostgreSQL system catalogs when viewed
from the Oracle catalogs. Thus, names created withoutsmglguotation marks appear

in lowercase as expectedin PostgreSQL. Names created with enclosing quotation marks
appear exactly as they were created, but without the quotation marks.

Forexample, the following username is created, and then a sessioted with that
user.

CREATE USER reduser IDENTIFIED BY password;

edb=# \c - reduser

Password for user reduser:

You are now connected to database "edb" as user "reduser".
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When connected to the databasecasser ,thefollowing tables are created.

CREATETABLE all_lower (col INTEGER);
CREATE TABLE ALL_UPPER (COL INTEGER);
CREATE TABLE "Mixed_Case " (" Col " INTEGER);

When viewed fromthe Oracle cataldgGER_TABLESWith edb_redwood_raw_names
setto the default valRALSE, the names appear in uppercase gi{oe the
Mixed_Case name, which appears as created and alsowith enclosing quotation marks.

edb=> SELECT * FROM USER_TABLES;
schema_name | table_name |tablespace_name | status | temporary

e | NN e, b fer oo
REDUSER |ALL_LOWER | | VALID | N
REDUSER |ALL_UPPER | | VALID |N
REDUSER | "Mixed_Case" | | VALID | N

(3 rows)

When viewed wittedb_redwood_raw_names SettOTRUE the names@pearin

lowercase except fortiMixed_Case name, which appears as created, but now without
the enclosing quotation marks.

edb=> SET edb_redwood_raw_names TO true;

SET
edb=> SELECT * FROM USER_TABLES;
schema_name | table_name | tablespace_name | status | temporary
reduser | all_lower | | VALID | N
reduser | all_upper | | VALID | N
reduser | Mixed_Case | | VALID | N
(3 rows)

These names now match the case whenviewed fromthe Postgig $&les
catalog.

edb=> SELECT schemaname, tablename, tableowner FROM pg_tables WHERE
tableowner = 'redusers,

schemaname | tablename | tableowner
[ b ococmocmoo L, ocooo

reduser |all_lower |reduser

reduser |all_upper |reduser

reduser | Mixed_Case | reduser
(3 rows)

1.3.3 edb_redwood_ strings

In Oracle when a string is concatenated with a null variable or nullcolumn, the result is
the original string; hoever, inPostgreSQktoncatenation of a string with a null variable

or nullcolumn gives a nullresult. If tkkelb_redwood_strings parameteris setto

TRUE the aforementioned concatenation operation results in the original stringas done

by Oracle If edb_redwood_strings IS settaFALSE, the nativé’ostgreSQbehavior
IS maintained.
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The following example illustrates the difference.

The sample application introduced in the next section contains a table of employees. This
table has a column namedmmthatisnullfor most employees. The following query is
run withedb_redwood_string ~ settoFALSE. The concatenation of a null column with

non-empty strings produces a finalresult of null, so only employees that have a
commission appear in the query result. Thgpatline for all other employeesis null.

SET edb_redwood_strings TO off;

SELECT RPAD(ename,10) || "' || TO_CHAR(sal,'99,999.99) || "' ||
TO_CHAR(comm,'99,999.99') "EMPLOYEE COMPENSATION" FROM emp;

EMPLOYEE COMPENSATION

ALLEN 1,600.00 300.00
WARD 1,250.00 500.00

MARTIN 1,250.00 1,400.00

TURNER 1,500.00 .00

(14 rows)

The following is the same query executed whbdin redwood_strings IS SettorRUE
Herethe value ofa nullcolumn is treated as an empty string. The concatenation of an

empty string with a noempty string produces the nempty string. This result is
consistent with the results produced®gaclefor the same query.

SET edb_redwood_strings TO on;

SELECT RPAD(ename,10) || "' || TO_CHAR(sal,'99,999.99) || "' ||
TO_CHAR(comm,'99,999.99') "EMPLOYEE COMPENSATION" FROM emp;

EMPLOYEE COMPENSATION
SMITH 800.00
ALLEN 1,600.00 300.00
WARD 1,250.00 500.00
JONES 2,975.00
MARTIN 1,250.00 1,400.00
BLAKE 2,850.00
CLARK 2,450.00
SCOTT 3,000.00
KING 5,000.00

TURNER 1,500.00 .00
ADAMS 1,100.00
JAMES 950.00

FORD 3,000.00
MILLER 1,300.00
(14 rows)
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1.34 edb_stmt level tx

In Oracle when a runtime error occurs iBs®Lcommand, all the updates on the
database caused by that single command are rolled back. This istattadent level
transactonisolation For example, if a singlePDATECOmmand successfully updates

five rows, but an attempt to update a sixth row results in an exception, the updates to alll
six rows made by thisPDATECOmmand are rolled back. The effects of pEQL
commandghathave not yetbeen committed or rolled back are pending cotiiaii T

or ROLLBACKcommand is executed.

In PostgreSQLf an exception occurs while executin§@Lcommand, all the updates
on the database since the start of the transaction are radé&dib addition, the

transactionis left in an aborted state and eitlle@MITorROLLBACKcoOmmMand must
be issued before another transaction can be started.

If edb_stmt_level tx IS set torRUE then an exception willnot automatically roll
back prior uwommitted database updates, emulatin@ttzelebehavior. If

edb_stmt_level_tx IS set taFALSE, thenan exceptionwill roll back uncommitted
database updates.

Note: Useedb_stmt_level_tx set toTRUEONly when absolutely necessary, as this
may cause a netjee performance impact.

The following example run iRSQLshows thatwheedb_stmt_level_tx IS FALSE,

the abort ofthe secomdSERT command alsorolls back the filStSERT command.

Note that ilrPSQL, the commantlset AUTOCOMMIT off must be issued, otheise

every statement commits automatically defeating the purpose ofthis demonstration of the
effect ofedb_stmt_level_tx

\ set AUTOCOMMIT off
SET edb_stmt_level_tx TO off;

INSERT INTO emp (empno,ename,deptno) VALUES (9001, 'JONES', 40);
INSERT INTO emp ( empno,ename,deptno) VALUES (9002, 'JONES', 00);
ERROR: insert or update on table "emp" violates foreign key constraint
"emp_ref_dept_fk"

DETAIL: Key (deptno)=(0) is not present in table "dept".

COMMIT;
SELECT empno, ename, deptno FROM emp WHERE empno > 9000;

empno | ename | deptno

(0 rows)

In the following example, witledb_stmt_level_tx SettoTRUE the firstiINSERT
command has notbeenrolled back afterthe error on the sisS®ERT command. At
this point, thefirstNSERT command can either be committed or rolled back.

\ set AUTOCOMMIT off
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SET edb_stmt_level_tx TO on;

INSERT INTO emp (empno,ename,deptno) VALUES (9001, 'JONES', 40);
INSERT INTO emp (empno,ename,deptno) VALUES (9002, 'JONES', 00);
ERROR: insert or update on ta ble "emp" violates foreign key constraint
"emp_ref_dept_fk"

DETAIL: Key (deptno)=(0) is not present in table "dept".

SELECT empno, ename, deptno FROM emp WHERE empno > 9000;

empno | ename | deptno

———— —— o
9001 | JONES| 40

1 row)

COMMIT;

A ROLLBACKkcommand could have beenissuedinstead afdnvmiTcommandin
which case the insert of employee nundm@rl would have beenrolled backas well.

1.3.5 oracle_home

Before creating a link to an Oracle server, you must direct Advanced &etiaeicorrect

Oracle home directory. Set the_LIBRARY_PATHenvironmentvariable on Linux(or
PATHon Windows)to théb directory ofthe Oracle client installation directory.

For Windows only, you caninstead set the value obthele _home configuraton
parameterin thgostgresql .conf file. The value specified in theacle _home
configuration parameter will override the WindaswsTHenvironment variable.

TheLD_LIBRARY_PATHenvironment variable on LinurRATHenvironment variable or

oracle_home configuration parameter on Windows) mustbe setproperly each time you
start Advanced Server.

For Windows only: To settheracle _homeconfiguration parameterin the
postgresqgl .conf file, editthe file, adding the following line:

oracle_home= " lib_directory

Substitute the name of the Windows directory that condaingill  for
lib_directory

Aftersettingtheracle _homeconfiguration parameter, you mustrestart the server for
the changesto take effect. Restartthe serverfromthe Windows Services.console
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1.4 Aboutthe Examples Used in this Guide

The examples shown in this guide are illustrated using 8@ program. The prompt
that normally appears when usiR§QLis omitted in these examples to provide extra
clarity for the point being demonstrated.

Examples and output from examples are shown in fixed - width, blue font on a
light blue background.

Also notethe following points:

1 During installation otheEDB Postgres Advanced Sentke selection for
configuration and defaultsompatible with Oracldatalasesnust be chosen in
orderto reproducethe same results as the examples shown in this guide. A default

compatibleconfiguration can be verified by issuing the following commands in
PSQLand obtaining the same results as shown below.

SHOW edb_redwood_dat e;
edb_redwood_date
on
SHOW datestyle;
DateStyle

"Redwood, DMY

SHOW edb_redwood_strings;
edb_redwood_strings

on

1 The examples use the sample takilest ,emp, andjobhist,  createdand
loadedwhenAdvanced Servas installed. Themptable is installed with triggers
that must be disabled in order to reproduce the same ras skown in this

guide. Log omo Advanced Serveas theenterprisedb  superuser and disable
the triggers byissuing tli@llowing command.

ALTER TABLE emp DISABLE TRIGGER USER;

The triggers onthemptable can later be ractivated with the following
command.

ALTER TABLE emp ENABLE TRIGGER USER;
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2 SQL Tutorial

This section is an introduction to tB@Llanguage for those meto relational database
management systems. Basic operations such as creating, populating, querying, and
updating tables are discussed along with examples.

More advanced concepts such as view, foreign keys, and transactions are discussed as
well.

2.1 Getting Started

Advanced Serves arelational database managementsyseBMS). That means it

is a systemfor managing data storecblations A relation is essentially a mathematical
term for aable. The notion of storing datain tables is so commonptadatthat it

might seeminherently obvious, but there are a number of other ways of organizing

databases. Files and directories on Uikéxoperating systems forman example ofa
hierarchical database. A more modern developmentis the aligated dathase.

Each table is a named collectiommoivs Each row of a given table has the same set of
namedcolumnsand each column is of a specdiata typeWhereas columns have a

fixed orderin each row, it is important to remember 8@kLdoes notguarantéae

order ofthe rows within the table in any way (although they can be explicitly sorted for
display).

Tables are grouped intiatabasesand a collection of databases managed by a single
Advanced Servenstance constitutes a databekester.
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2.1.1 Sample D atabase

Throughoutthis documentation we will be working with a sample databaseto help
explain some basic to advanced level database concepts.

2.1.1.1Sample Database Installation

WhenAdvanced Serves installed a sample database naraed, is automatically

created. This sample database contains the tables and programs used throughoutthis
document.

The tables and programs in the sample database cacieated at any time by

executing the scripg¢db - sample.sg , located in theamples subdirectory ofthe
Advanced Servdrome directory.

This script does the following:

1 Creates the sample tables and programs in the currently connected database
1 Grants all permissions onthe tables tortiBLIC group

The tables and programs will be created in the first schetha skarch path in which

the current user has permission to create tables and procedures. You can display the
search path byissuing the command:

SHOW SEARCH_PATH;
Altering the search path can be done using commam&Qi.
2.1.1.2Sample Database Description
The sample databaserepresents employees in an organization.

It contains three types of records: employees, departments, and historical records of
employees.

Each employee has anidentification number, name, hire date, salary, and manager. Some
employees eara commission in additionto their salary. Allemployekated
information is stored in themptable.

The sample company s regionally diverse, so the database keeps track of the location of

the departments. Each company employeeis assigned to anaepiaBach department
is identified by a unique departmentnumber and a shortname. Each department is
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associated with one location. Alldepartmegiated information is stored in thept
table.

The company also tracks information about jobs held bgripdoyees. Some employees

have beenwith the company for along time and have held different positions, received
raises, switched departments, etc. When a changein employee status occurs, the company
records theend date of the former position. A newgalord is added with the start date

and the newjob title, department, salary, andthereason for the status change. All
employee history is maintained in tioehist  table.

The following is an entity relationship diagramofthe sample database tables.

Figure 1 Sample Database Tables

deptno

dept

dname
loc

emp ji i jobhist

X

empno I

empno
startdate

ename

job enddate

mgr job

hiredate sal

sal comm

comm deptno

deptno chgdesc
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The following is theedb - sample.sqgl  script.

- Script that creates the 'sample' tables, views, procedures,
- functions, triggers, etc.

- Start new transaction - commit all or nothing

BEGIN;

- Create and load tables used in the documentation examples.
- Create the 'dept' table

CREATE TABLE dept (

deptno NUMBER((2) NOT NULL CONSTRAINT dept_pk PRIMARY KEY,
dname VARCHAR2(14) CONSTRAINT dept_dname_ ug UNIQUE,
loc VARCHAR2(13)

- Create the 'emp' table

CREATE TABLE emp (

empno NUMBER(4) NOT NULL CONSTRAINT emp_pk PRIMARY KEY,
ename VARCHAR2(10),

job VARCHAR2(9),

mgr NUMBER(4),

hiredate DATE,

sal NUMBER(7,2) CONSTRAINT emp_sal_ck CHECK (sal > 0),

comm NUMBER(7,2),

deptno NUMBER(2) CONSTRAINT emp_ref_dept_fk

REFERENCES dept(deptno)

- Create the 'jobhist' table

CREATE TABLE jobhist (

empno NUMBER(@4) NOT NULL,
startdate DATE NOT NULL,
enddate DATE,

job VARCHAR2(9),

sal NUMBER(7,2),

comm NUMBER(7,2),

deptno NUMBER(2),

chgdesc VARCHAR2(80),

CONSTRAINT jobhist_ pk PRIMARY KEY (empno, startdate),

CONSTRAINT jobhist ref emp_fk FOREIGN KEY (empno)
REFERENCES emp(empno) ON DELETE CASCADE,

CONSTRAINT jobhist ref dept_f k FOREIGN KEY (deptno)
REFERENCES dept (deptno) ON DELETE SET NULL,

CONSTRAINT jobhist_date_chk CHECK (startdate <= enddate)

- Create the 'salesemp’ view

CREATE OR REPLACE VIEW salesemp AS
SELECT empno, ename, hiredate, sal, comm FROM emp WHERE job = 'SALESMAN';

- Sequence to generate values for function 'new_empno".

CREATE SEQUENCE next_empno START WITH 8000 INCREMENT BY 1;
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- Issue PUBLIC grants

GRANT ALL ON emp TO PUBLIC;
GRANT ALL ON dept TO PUBLIC;
GRANT ALL ON jobhist TO PUBLIC;
GRANT ALL ON salesemp TO PUBLIC;
GRANT ALL ON next_empno TO PUBLIC;

- Load the 'dept' table

INSERT INTO dept VALUES (10,’ACCOUNTING','NEW YORK);
INSERT INTO dept VALUES (20,'RESEARCH','DALLAS);
INSERT INTO dept VALUES (30,'SAL ES','CHICAGO");
INSERT INTO dept VALUES (40,'OPERATIONS'/BOSTON');

- Load the 'emp' table

INSERT INTO emp VALUES (7369,'SMITH','CLERK',7902,'17 - DEG 80',800,NULL,20);

INSERT INTO emp VALUES (7499,'ALLEN','SALESMAN',7698,20 S EEB-
81',1600,300,30);

INSERT INTO emp VALUES (7521,'WARD','SALESMAN",7698,'22 -FEB- 81',1250,500,30);
INSERT INTO emp VALUES (7566,' JONES','MANAGER',7839,'02 -APR
81',2975,NULL,20);

INSERT INTO emp VALUES (7654,'MARTIN',SALESMAN',7698,'28 - SEP-
81',1250,1400,30);

INSERT INTO emp VALU ES (7698, BLAKE',MANAGER',7839,'01 - MAY
81',2850,NULL,30);

INSERT INTO emp VALUES (7782,'CLARK','MANAGER’,7839,'09 -JUN
81',2450,NULL,10);

INSERT INTO emp VALUES (7788,'SCOTT','ANALYST",7566,'19 -APR
87',3000,NULL,20);

INSERT INTO emp VALUES (7839,'KING','"PR ESIDENT' ,NULL,'17 - NOV
81',5000,NULL,10);

INSERT INTO emp VALUES (7844, TURNER',/SALESMAN',7698,' 08 - SEP-81',1500,0,30);
INSERT INTO emp VALUES (7876,'/ADAMS','CLERK',7788,23 - MAY- 87',1100,NULL,20);
INSERT INTO emp VALUES (7900, JAMES','CLERK',7698,'03 -DEG 81'950,NULL,30);
INSERT INTO emp VALUES (7902,'FORD','ANALYST',7566,'03 - DEG 81',3000,NULL,20);
INSERT INTO emp VALUES (7934,'MILLER''CLERK'",7782,23 - JAN-82',1300,NULL,10);

- Load the ‘jobhist' table

INSERT INTO jobhist VALUES (7369,'17 - DEG 80',NULL ,'CLERK',800,NULL,20,'New

Hire'");

INSERT INTO jobhist VALUES (7499,'20 - FEB-81',NULL,'SALESMAN',1600,300,30,'New
Hire");

INSERT INTO jobhist VALUES (7521,'22 - FEB-81',NULL,'SALESMAN',1250,500,30,'New
Hire");

INSERT INTO jobhist VALUES (7566,'02 - APR-81',NULL, 'MANAGER'2975NULL,20,'New
Hire");

INSERT INTO jobhist VALUES (7654,'28 - SEP-

81, NULL,SALESMAN',1250,1400,30,'New Hire’);

INSERT INTO jobhist VALUES (7698,'01 - MAY¥-81',NULL,'MANAGER',2850,NULL,30,'New
Hire'");

INSERT INTO jobhist VALUES (7782,'09 - JUN-81',NU LL,'MANAGER'2450,NULL,10,'New
Hire'");

INSERT INTO jobhist VALUES (7788,'19 -APR- 87,12 - APR
88','CLERK',1000,NULL,20,'New Hire');

INSERT INTO jobhist VALUES (7788,'13 - APR-88','04 - MA¥
89','CLERK',1040,NULL,20,'Raise");

INSERT INTO jobhist VALUES (7788,'05 - MAY-

90',NULL,’ANALYST',3000,NULL,20,'Promoted to Analyst');
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INSERT INTO jobhist VALUES (7839,'17 - NOV
81',NULL,PRESIDENT',5000,NULL,10,'New Hire');

INSERT INTO jobhist VALUES (7844,'08 - SEP-81',NULL,'SALESMAN',1500,0,30,'New
Hire");

INSERT INTO jobhist VALUE S (7876,23 - MA¥87',NULL,'CLERK',1100,NULL,20,'New
Hire");

INSERT INTO jobhist VALUES (7900,'03 -DEG81','14 - JAN-
83','CLERK',950,NULL,10,'New Hire");

INSERT INTO jobhist VALUES (7900,'15 - JAN-
83',NULL,CLERK',950,NULL,30,'Changed to Dept 30');

INSERT INTO jo bhist VALUES (7902,'03 - DEG 81',NULL,'ANALYST',3000,NULL,20,'New
Hire");

INSERT INTO jobhist VALUES (7934,'23 - JAN-82',NULL,'CLERK',1300,NULL,10,'New
Hire'");

- Populate statistics table and view (pg_statistic/pg_stats)

ANALYZE dept;
ANALYZE emp;
ANALY ZE jobhist;

- Procedure that lists all employees' numbers and names
- from the 'emp' table using a cursor.

CREATE OR REPLACE PROCEDURE list_emp
IS
vV_empno NUMBER(4);
V_ename VARCHAR2(10);
CURSOR emp_cur IS
SELECT empno, ename FROM emp ORDER BY empno;
BEGIN
OPEN emp__cur;
DBMS_OUTPUT.PUT_LINECEMPNO ENAME);
DBMS_OUTPUT.PUT_LINE(--- ;
LOOP
FETCH emp_cur INTO v_empno, v_ename;
EXIT WHEN emp_cur9%sNOTFOUND:;
DBMS_OUTPUT.PUT_LINE(v_empno || * '|| v_ename);
END LOOP;
CLOSE emp_cur,;
END;

- Procedure that selects an employee row given the employee
- number and displays certain columns.

CREATE OR REPLACE PROCEDURE select_emp (

p_empno IN NUMBER
)
IS
V_ename emp.ename%TYPE;
v_hiredate emp.hiredate%TYPE;
v_sal emp.sal%TYPE;
v_comm emp.comm%TYPE;
v_dname dept.dname%TYPE;
v_disp_date = VARCHAR2(10);
BEGIN

SELECT ename, hiredate, sal, NVL(comm, 0), dname
INTO v_ename, v_hiredate, v_sal, v_.comm, v_dname
FROM emp e, dept d
WHERE empno = p_empno

AND e.deptno = d.deptno;
v_disp_date := TO_CHAR(v_hiredate, 'MM/DD/YYYY");
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DBMS_OUTPUPUT_LINE(Number :'| p_empno);
DBMS_OUTPUT.PUT_LINE(Name ' |l v_ename);
DBMS_OUTPUT.PUT_LINE(Hire Date : ' || v_disp_date);
DBMS_OUTPUT.PUT_LINE(Salary :'|| v_sal);

DBMS_OUTPUT.PUT_LINE(Commission: ' || v_comm);
DBMS_OUTPUT.PUT_LINE(Department: ' || v_dname);
EXCEPTION

WHEN NO_DATA_FOUND THEN
DBMS_OUTPUT.PUT_LINE('Employee ' || p_empno || ' not found’);

WHEN OTHERS THEN
DBMS_OUTPUT.PUT_LINE(The following is SQLERRM:");
DBMS_OUTPURPUT_LINE(SQLERRM);
DBMS_OUTPUT.PUT_LINE(The following is SQLCODE:");
DBMS_OUTPUT.PUT_LINE(SQLCODE);

- Procedure that queries the 'emp' table based on

- department number and employee number or name. Returns
- employee num ber and name as IN OUT parameters and job,
- hire date, and salary as OUT parameters.

CREATE OR REPLACE PROCEDURE emp_query (
p_deptno IN  NUMBER,
p_empno IN OUT NUMBER,
p_ename IN OUT VARCHAR2,
p_job OUT VARCHAR2,
p_hiredate OUT DATE,
p_sal OUT NUMBER
)
IS
BEGIN
SELECT empno, ename, job, hiredate, sal
INTO p_empno, p_ename, p_job, p_hiredate, p_sal
FROM emp
WHERE deptno = p_deptno
AND (empno = p_empno
OR ename = UPPER(p_ename));
END;

- Procedure to call 'emp_query_caller' with IN and IN OUT
- parameters. Displays the results received from IN OUT and
- OUT parameters.

CREATE OR REPLACE PROCEDURE emp_query_aller

IS
v_deptno NUMBER(2);
vV_empno NUMBER(4);
V_ename VARCHAR2(10);
v_job VARCHAR2(9);
v_hiredate DATE;
v_sal NUMBER;

BEGIN
v_deptno := 30;

v_empno := 0;

v_ename = 'Ma rtin';

emp_query(v_deptno, v_empno, v_ename, v_job, v_hiredate, v_sal);
DBMS_OUTPUT.PUT_LINE(Department : ' || v_deptno);
DBMS_OUTPUT.PUT_LINE(Employee No: ' || v_empno);
DBMS_OUTPUT.PUT_LINE(Name 2| v_ename);
DBMS_OUTPUT.BT_LINE(Job ]| v_job);
DBMS_OUTPUT.PUT_LINE(Hire Date :'|| v_hiredate);
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DBMS_OUTPUT.PUT_LINE(Salary :'||v_sal);
EXCEPTION
WHEN TOO_MANY_ROWS THEN
DBMS_OUTPUT.PUT_LINE('More than one employee was selected');
WHEN NO_DATA_FOUND THEN
DBMS_OUTPUT.PUT_LINE('No employees were selected');
END;

- Function to compute yearly compensation based on semimonthly
- salary.

CREATE OR REPLACE FUNCTION emp_comp (
p_sal NUMBER,
p_comm NUMBER
) RETURN NUMBER
IS
BEGIN
RETURN (p_sal + NVL(p_comm, 0)) * 24;
END;

- Function that gets the next number from sequence, 'next_empno’,
- and ensures itis not already in use as an employee number.

CREATE OR REPLACE FUNCTION new_emmo RETURN NUMBER

IS
v_cnt INTEGER :=1;
v_new_empno NUMBER;
BEGIN
WHILE v_cnt >0 LOOP
SELECT next_empno.nextval INTO v_new_empno FROM dual;
SELECT COUNT(*) INTO v_cnt FROM emp WHERE empno = v_new_empno;
END LOOP;
RETURN v_new_empno;
END;

- EDB- SPL function that adds a new clerk to table ‘emp'. This function
- uses package ‘emp_admin'.

CREATE OR REPLACE FUNCTION hire_clerk (
p_ename VARCHAR2,
p_deptno NUMBER

) RETURN NUMBER

IS
vV_empno NUMBER(4);
V_ename VARCHAR2(10);
v_job VARCHAR2(9);
v_mgr NUMBER(4);
v_hiredate DATE;
v_sal NUMBER(7,2);
v_comm NUMBER(7,2);
v_deptno NUMBER(2);
BEGIN

V_empno := new_empno;
INSERT INTO emp VALUES (v_empno, p_ename, 'CLERK', 7782,
TRUNC(SYSDATE), 950.00, NULL, p_deptno);
SELECT empno, ename, job, mgr, hiredate, sal, comm, deptno INTO
v_empno, v_ename, v_job, v_mgr, v_hir edate, v_sal, v_comm, v_deptno
FROM emp WHERE empno =v_empno;
DBMS_OUTPUT.PUT_LINE(Department : ' || v_deptno);
DBMS_OUTPUT.PUT_LINE(Employee No: ' || v_empno);
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DBMS_OUTPUT.PUT_LINE(Name :'|| v_ename);
DBMS_OUTPUT.PUT_LNE(Job 2] v_job);
DBMS_OUTPUT.PUT_LINE(Manager :'[|v_magr);
DBMS_OUTPUT.PUT_LINE(Hire Date :'|| v_hiredate);
DBMS_OUTPUT.PUT_LINE(Salary :'||v_sal);

DBMS_OUTPUT.PUT_LINE(Commission : ' || v_comm);
RETURN v_empno;
EXCEPTION

WHEN OTHERS THEN
DBMS_OUTPUT.PUT_LINE(The following is SQLERRM:");
DBMS_OUTPUT.PUT_LINE(SQLERRM);
DBMS_OUTPUT.PUT_LINE(The following is SQLCODE:);
DBMS_OUTPUT.PUT_LINE(SQLCODE);
RETURN- 1;

- PostgreSQL PL/pgSQL function that adds a new salesman
- totable 'emp'.

CREATE OR REPLACE FUNCTION hire_salesman (

p_ename VARCHAR,
p_sal NUMERIC,
p_comm NUMERIC

) RETURNS NUMERIC

AS $$

DECLARE
V_empno NUMERIC(4);
V_ename VARCHAR(10);
v_job VARCHAR(9);
v_mgr NUMERIC(4);
v_hiredate DATE;
v_sal NUMERIC(7,2);
v_comm NUMERIC(7,2);
v_deptno NUMERIC(2);

BEGIN

v_empno := new_empno();
INSERT INTO emp VALUES (v_empno, p_ename, 'SALESMAN', 7698,
CURRENT_DATE, p_sal, p_comm, 30);

SELECT INTO
v_empno, v_ename, v_job, v_mgr, v_hiredate, v_sal, v_comm, v_deptno
empno, ename, job, mgr, hiredate, sal, comm, deptno

FROM emp WHERE empno =v_empno;
RAISE INFO 'Department : %', v_deptno;
RAISE INFO 'Employee No: %', v_empno;
RAISE INFO '‘Name 1 %', v_ename;
RAISE INFO 'Job 2 %', v_job;
RAISE INFO 'Mana ger : %', v_mgr;
RAISE INFO 'Hire Date : %', v_hiredate;
RAISE INFO 'Salary : %', v_sal;
RAISE INFO 'Commission : %', v_comm;
RETURN v_empno;
EXCEPTION
WHEN OTHERS THEN
RAISE INFO 'The following is SQLERRM:";
RAISE INFO '%', SQLERRM;
RAISE INFO 'The following is SQLSTATE';
RAISE INFO '%', SQLSTATE;
RETURN- 1,
END;
$$ LANGUAGE 'plpgsql’;
/
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- Rule to INSERT into view 'salesemp'

CREATE OR REPLACE RULE salesemp_i AS ON INSERT TO salese mp
DO INSTEAD
INSERT INTO emp VALUES (NEW.empno, NEW.ename, 'SALESMAN', 7698,
NEW.hiredate, NEW.sal, NEW.comm, 30);

- Rule to UPDATE view 'salesemp'

CREATE OR REPLACE RULE salesemp_u AS ON UPDATE TO salesemp

DO INSTEAD
UPDATE emp SET empno = NEW.empno,
ename = NEW.ename,
hiredate = NEW.hiredate,
sal = NEW.sal,
comm =NEW.comm

WHERE empno = OLD.empno;

- Rule to DELETE from view 'sal esemp’

CREATE OR REPLACE RULE salesemp_d AS ON DELETE TO salesemp
DO INSTEAD
DELETE FROM emp WHERE empno = OLD.empno;

- After statement - level trigger that displays a message after
- aninsert, update, or deletion to the 'emp' table. One mess age
- per SQL command is displayed.

CREATE OR REPLACE TRIGGER user_audit_trig
AFTER INSERT OR UPDATE OR DELETE ON emp
DECLARE
v_action VARCHAR2(24);
BEGIN
IF INSERTING THEN
v_action := "' added employee(s) on ';
ELSIF UPD ATING THEN
v_action :="updated employee(s) on
ELSIF DELETING THEN
v_action := ' deleted employee(s) on '
END IF;
DBMS_OUTPUT.PUT_LINE(User' || USER || v_action ||
TO_CHAR(SYSDATE,'YYYY-MMDD");
END;
/
- Before row - level trigger that displays employee number and
- salary of an employee that is about to be added, updated,
- or deleted in the 'emp' table.

CREATE OR REPLACE TRIGGER emp_sal_trig
BEFORE DELETE OR INSERT OR UPDATE ON emp
FOR EACH ROW
DECLARE
sal_diff NUMBER,;
BEGIN
IF INSERTING THEN
DBMS_OUTPUT.PUT_LINE('Inserting employee ' || :NEW.empno);
DBMS_OUTPUT.PUT_LINE('..New salary: ' || :NEW.sal);

END IF;
IF UPDATING THEN
sal_diff := :NEW.sal - :OLD.sal;

DBMS_OUTPUT.PUT_LINE('Updating employee ' || :OLD.empno);
DBMS_OUTPUT.PUT_LINE(..Old salary: ' || :OLD.sal);
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DBMS_OUTPUT.PUT_LINE('..New salary: ' || :NEW.sal);
DBMS_OUTPUT.PUT_LINE(..Raise :'|| sal_diff);
END | F;
IF DELETING THEN
DBMS_OUTPUT.PUT_LINE('Deleting employee ' || :OLD.empno);
DBMS_OUTPUT.PUT_LINE(".Old salary: ' || :OLD.sal);
END IF;
END;
/

- Package specification for the 'emp_admin' package.

CREATE OR REPLACE PACKAGEemp_admin
IS
FUNCTION get_dept_name (
p_deptno NUMBER
) RETURN VARCHAR2;
FUNCTION update_emp_sal (
p_empno NUMBER,
p_raise NUMBER
) RETURN NUMBER;
PROCEDURE hire_emp (

p_empno NUMBER,
p_ename VARCHARZ2,
p_job VARCHAR2,

p_sal NUMBER,
p_hiredate DATE,

p_comm NUMBER,
p_mgr NUMBER,

p_deptno NUMBER
)
PROCEDUREire_emp (
p_empno NUMBER
);
END emp_admin;
/

- Package body for the 'emp_admin' package.

CREATE OR REPLACE PACKAGE BODY emp_admin
IS;

-- Function that queries the 'dept' table based on the department
-- number and returns the corresponding department name.
FUNCTION get_dept_name (
p_deptno INNUMBER
) RETURN VARCHAR2
IS
v_dname VARCHARZ2(14);
BEGIN
SELECT dname INTO v_dname FROM dept WHERE deptno =p_d eptno;
RETURN v_dname;
EXCEPTION
WHEN NO_DATA_FOUND THEN
DBMS_OUTPUT.PUT_LINE(Invalid department number ' || p_deptno);
RETURN ";

-- Function that updates an employee's salary based on the

--  employee number and salary increment/decrement passed
-- asIN parameters. Upon successful completion the function
-- returns the new updated salary.
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FUNCTION update_emp_sal (
p_empno IN NUMBER,
p_raise IN NUMBER
) RETURN NUMBER
IS
v_sal NUMBER := 0;
BEGIN
SELECT sal INTO v_sal FROM emp WHERE empno = p_empno;
v_sal :=v_sal + p_raise;
UPDATE emp SET sal = v_sal WHERE empno = p_empno;
RETURN v_sal;
EXCEPTION
WHEN NO_DATA_FOUND THEN
DBMS_OUTPUT.PUT_LINE(Employee ' || p_empno || ' not found');
RETURN- 1;
WHEN OTHERS THEN
DBMS_OUTPUT.PUT_LINE(The following is SQLERRM:');
DBMS_OUTPUT.PUT_LINE(SQLERRM);
DBMS_OUTPUT.PUT_LINE(The following is SQLCODE":");
DBMS_OUTPUT.PUT_LINE(SQLCODE);
RETURN- 1;

-- Procedure that inserts a new employee record into the ‘emp’ table.

PROCEDURE hire_emp (

p_empno NUMBER,
p_ename VARCHAR?2,
p_job VARCHAR?2,
p_sal NUMBER,
p_hiredate DATE,
p_comm NUMBER,
p_mgr NUMBER,
p_deptno NUMBER
)
AS
BEGIN
INSERT INTO emp(empno, ename, job, sal, hiredate, comm, mgr, deptno)
VALUES(p_empno, p_ename, p_job, p_sal,
p_hiredate, p_comm, p_mgr, p_deptno);
END;

-- Procedure that deletes an employee record from the 'emp’ table based
-- on the employee number.

PROCEDURE fire_emp (

p_empno NUMBER
)
AS
BEGIN
DELETE FROM emp WHERE empno = p_empno;
END;
END;
/
COUMIT;
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2.1.2 Creatinga New Table

A newtable is created by specifyingthe table name, along with allcolumn names and
theirtypes. The following is a simplified version of #grepsample table with just the
minimal information neededto define atable.

CREATE TABLE emp (

empno NUMBER(4),
ename VARCHAR2(10),
job VARCHAR2(9),

mgr NUMBER(4),
hiredate DATE,

sal NUMBER(7,2),
comm NUMBER(7,2),
deptno NU MBER(2)

)

You can enter this intBSQLwith line breaksPSQLwill recognize thatthe command is
not terminated untilthe semicolon.

White space (i.e., spaces, tabs, and newlines) may be used fl@@lyaommands. That
means you cantype the commandradid differently thanthe above, oreven allon one
ine. Two dashes{- ")introduce comments. Whatever follows themis ignored upto the
end ofthe lineSQL s case insensitive aboutkey words and identifiers, except when
identifiers are doublguoted b preserve the case (not done above).

VARCHAR2(10) specifies a data type thatcan store arbitrary character strings up to 10
charactersin lengtNUMBER(7,2) is a fixed point number with precision 7 and scale 2.
NUMBER(4)is an integer number with preasi4 and scale 0.

Advanced Serveyupports the usu8QLdata type SNTEGER SMALLINT, NUMBER

REAL DOUBLE PRECISION CHARVARCHARZDATE andTIMESTAMFas wellas
various synonyms for thesetypes.

I f you donodt need a t aitdiffexentty pjopcahrenmogedr or war
using the following command:

DROP TABLE tablename ;

Copy right © 2007 - 2017 EnterpriseDB Corporation. All rights reserv ed. 31



Database Compatibility for Oracle® Developers Guide

2.1.3 Populating a Table With Rows

TheINSERT statement is usedto populate a table with rows:

INSERT INTO emp VALUES (7369,'SMITH','CLERK',7902,'17 - DEG 80',800,NULL,20);

Notethat alldata types use rather obvious input formats. Constants thatare not simple
numeric values usually must be surrounded by single quotes(in the example. The

DATEtype is actually quite flexible in what it accepts, butfor this tutorial Wlestick to
the unambiguous format shown here.

The syntaxusedso far requires you to remember the order ofthe columns. An alternative
syntaxallows you to list the columns explicitly:

INSERT INTO emp(empno,ename,job,mgr,hiredate,sal,comm,deptno)
VALUES (7499,'ALLEN',SALESMAN',7698,'20 - FEB- 81',1600,300,30);

You can list the columns in a different order if you wish or even omit some columns, e.g.,
if the commission is unknown:

INSERT INTO emp(empno,ename,job,mgr,hiredate,sal,deptno)
VALUES (7369,'S MITH',CLERK',7902,'17 - DEG 80',800,20);

Many developers consider explicitly listing the columns better style thanrelying onthe
orderimplicitly.
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2.1.4 Queryinga Table

To retrieve data fromatable, the tablgugeried An SQLSELECTstatement is usedto
dothis. The statementis divided into a selectlist (the part that lists the columns to be
returned), a table list (the part thatlists the tables fromwhich to retrieve the data), and an
optional qualification (the partthat specifies any restrictions)fadkoving query lists

all columns of allemployees in the table in no particular order.

SELECT * FROM emp;

Here, A*0 in the select |ist means all
query.
empno | ename | job | mgr | hiredate | sal | comm |deptno
+ + +omeeee o + + +
7369 | SMITH | CLERK | 7902 | 17 - DEG 80 00:00:00 | 800.00 | | 20
7499 | ALLEN | SALESMAN | 7698 | 20 - FEB- 81 00:00:00 | 1600.00 | 300.00| 30
7521 | WARD | SALESMAN | 7698 | 22 - FEB- 81 00:00:00 | 1250.00 | 500.00 | 30
7566 | JONES | MANAGER | 7839 | 02 - APR 81 00:00:00 | 2975.00 | | 20
7654 | MARTIN | SALESMAN | 7698 | 28 - SEP- 81 00:00:00 | 1250.00 | 1400.00 | 30
7698 | BLAKE | MANAGER | 7839 | 01 - MA¥ 81 00:00:00 | 2850.00 | | 30
7782 | CLARK | MANAGER | 7839 |09 - JUN- 81 00:00:00 | 2450.00 | | 10
7788 | SCOTT | ANALYST | 7566 | 19 - APR 87 00:00:00 | 3000.00 | | 20
7839 | KING | PRESIDENT| |17 - NOV 81 00:00:00 | 5000.00 | | 10
7844 | TURNER | SALESMAN | 7698 | 08 - SEP- 81 00:00:00 | 1500.00 | 0.00| 30
7876 | ADAMS | CLERK | 778823 - MAY¥ 87 00:00:00 | 1100.00 | | 20
7900 | JAMES | CLERK | 7698 | 03 - DEG 81 00:00:00 | 950.00 | | 30
7902 | FORD | ANALYST | 7566 | 03 - DEG 81 00:00:00 | 3000.00 | | 20
7934 | MILLER | CLERK | 7782 | 23 - JAN- 82 00:00:00 | 1 300.00 | | 10
(14 rows)

You may specify any arbitrary expressionin the select list. For example, you can do:

SELECT ename, sal, sal * 24 AS yearly_salary, deptno FROM emp;

ename | sal |yearly_salary | deptno

[E—— B [ [ B
SMITH | 800.00 | 19200.00| 20
ALLEN | 1600.00 | 38400.00| 30
WARD | 1250.00 | 30000.00| 30
JONES |2975.00 | 71400.00| 20
MARTIN | 1250.00 | 30000.00| 30
BLAKE | 2850.00 | 68400.00| 30
CLARK | 2450.00 | 58800.00| 10
SCOTT |3000.00 | 72000.00| 20
KING |5000.00| 120000.00| 10
TURNER | 1500.00 | 36000.00| 30
ADAMS | 1100.00 | 26400.00| 20
JAMES | 950.00 | 22800.00| 30
FORD |3000.00 | 72000.00| 20
MILLER | 1300.00| 31200.00| 10

(14 rows)

Notice howthezSclause is usedto4abelthe output column. (Thesclauseis
optional.)
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A query can be qualified by adding®ERElause that specifies which rows are wanted.
ThewHEREIlause contains a Boolean (truth value) expression, and only rows for which
the Boolean expression is true are returned. The usual Boolean opearaptsand

NOT) are allowed in the qualification. Fexample, the following retrieves the employees
in department 20 with salaries over $1000.00:

SELECT ename, sal, deptno FROM emp WHERE deptno = 20 AND sal > 1000;

ename | sal |deptno
————— - e

JONES | 2975.00| 20
SCOTT 300 0.00| 20
ADAMS | 1100.00| 20

FORD |3000.00| 20
(4 rows)

You can requestthatthe results ofa query be returned in sorted order:

SELECT ename, sal, deptno FROM emp ORDER BY ename,;

ename | sal |deptno
oo e —ormos S
ADAMS | 1100.00| 20
ALLEN | 1600.00| 30
BLAKE |2850.00| 30
CLARK | 2450.00| 10
FORD |3000.00|] 20
JAMES | 950.00| 30
JONES |2975.00] 20
KING |5000.00| 10
MARTIN | 1250.00| 30
MILLER | 1300 .00| 10
SCOTT |3000.00| 20
SMITH | 800.00| 20
TURNER | 1500.00| 30
WARD |1250.00| 30
(14 rows)

You can requestthatduplicate rows be removed fromthe result of a query:

SELECT DISTINCT job FROM emp;

job
ANALYST
CLERK
MANAGER
PRESIDENT
SALESMAN
(5 rows)

The following section shows how to obtain rows frommore than onetable in a single
query.
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2.1.5 Joins Between Tables

Thus far, our queries have only accessed onetable at a time. Queries can accless multip
tables at once, or access the same table in such a way that multiple rows of the table are
being processed at the same time. A query that accesses multiple rows ofthe same or
differenttables at one time is callefban query. For example, say you \nio list allthe
employee records together with the name and location of the associated department. To
do that, we need to compare tlegetno column of each row of themptable with the

deptno column ofall rows in theept table, and select the pairsofvs where these
values match. This would be accomplished by the following query:

SELECT emp.ename, emp.sal, dept.deptno, dept.dname, dept.loc FROM emp, dept
WHERE emp.deptno = dept.deptno;

ename | sal |deptno| dname | loc
[E—— R S — e — Foem e E
MILLER | 1300.00 | 10 | ACCOUNTING | NEW YORK
CLARK |[2450.00| 10| ACCOUNTING | NEW YORK
KING |5000.00| 10| ACCOUNTING | NEW YORK
SCOTT |3000.00| 20| RESEARCH |DALLAS

JONES | 2975.00 | 20| RESEARCH |DALLAS
SMITH | 800.00| 20| RESEARCH |DALLAS

ADAMS |1100.00| 20| RESEARCH |DALLAS

FORD |3000.00| 20| RESEARCH |DALLAS

WARD |1250.00| 30| SALES | CHICAGO

TURNER | 1500.00| 30| SALES | CHICAGO
ALLEN |1600.00| 30| SALES | CHICAGO

BLAKE |2850.00| 30| SALES | CHICAGO

MARTIN | 1250.00| 30| SALES | CHICAGO

JAMES | 950.00| 30| SALES | CHICAGO

(14 rows)

Observe two things abailte result set:

A Thereis no result rowfor department 40. This is because there is no matching
entry in theemptable for department40, so the join ignores the unmatched rows

_inthedept table. Shortly we will see howthis can be fixed.
A It is more desirale to list the output columns qualified by table name ratherthan
using * orleaving out the qualification as follows:

SELECT ename, sal, dept.deptno, dname, loc FROM emp, dept WHERE emp.deptno =
dept.deptno;

Since all the columns had different names éptdordeptno which therefore must be
gualified), the parser automatically found outwhich table they belongto, butitis good
style to fully qualify column names in join queries:

Join queries ofthe kind seen thus far can also be written in this &ite fioam:
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SELECT emp.ename, emp.sal, dept.deptno, dept.dname, dept.loc FROM emp INNER
JOIN dept ON emp.deptno = dept.deptno;

This syntaxis not as commonly used as the one above, but we show it here to help you
understandthefollowing topics.

You will notice that in allthe aboveresults for joins no employees were returned that
belongedto department 40 and as a consequence, the record for department 40 never
appears. Now we will figure out how we can get the department 40 record in the results
despite he fact that there are no matching employees. Whatwe want the queryto dois to

scan thelept table andforeach rowto find the matchingprow. If no matching row

is found we want some fiempniptydblvadsecsot ombe.
Thiskind of query is called aouter join (The joins we have seen so fariamer joins)

The command looks like this:

SELECT emp.ename, emp.sal, dept.deptno, dept.dname, dept.loc FROM dept LEFT
OUTER JOIN emp ON emp.deptno = dept.deptno;

ename | sal | deptno| dname | loc

———————— D Fomemeeae E - E
MILLER | 1300.00| 10| ACCOUNTING | NEW YORK
CLARK | 2450.00| 10| ACCOUNTING | NEW YORK
KING |5000.00| 10| ACCOUNTING | NEW YORK
SCOTT | 3000.00 | 20 | RESEARCH | DALLAS
JONES |2975.00| 20| RESEARCH |DALLAS
SMITH | 800.00| 20| RESEARCH |DALLAS
ADAMS | 1100.00| 20| RESEARCH |DALLAS
FORD |3000.00| 20| RESEARCH |DALLAS
WARD |1250.00| 30| SAL ES | CHICAGO
TURNER | 1500.00| 30| SALES | CHICAGO
ALLEN | 1600.00| 30| SALES | CHICAGO
BLAKE |2850.00| 30| SALES | CHICAGO
MARTIN | 1250.00| 30| SALES | CHICAGO
JAMES | 950.00| 30| SALES | CHICAGO

| | 40| OPERATIONS | BOSTON
(15 rows)

This query is called keft outer joinbecause the table mentioned on theleft ofthe join
operator will have each of its rows in the outputat leastonce, whereas the table on the
right will only have those rows outputthat match some row ofthe left table. When a left

table rowis selected for which there is no rigadile match, emptywULL) values are
substituted for the rightiable columns.

An alternative syntaxforan outerjoirtiso us e t he outer join oper.
conditionwithin thewHERElause. The outer join operator is placed after the column

name of the table for which nullvalues should be substituted for unmatched rows. So for

all the rows in theept table thathave no matchingrows in dreptable Advanced

Servereturns nullfor any select list expressions containing columas@Hence the
above example could be rewritten as:

SELECT emp.ename, emp.sal, dept.deptno, dept.dname, dept.loc FROM dept, em p
WHERE emp.deptno(+) = dept.deptno;
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ename | sal |deptno| dname | loc
[E—— B R [ Foem e E
MILLER | 1300.00| 10| ACCOUNTING | NEW YORK
CLARK | 2450.00| 10| ACCOUNTING | NEW YORK
KING |5000.0 0| 10| ACCOUNTING | NEW YORK
SCOTT |3000.00| 20| RESEARCH |DALLAS

JONES |2975.00| 20| RESEARCH |DALLAS

SMITH | 800.00| 20| RESEARCH |DALLAS

ADAMS |1100.00| 20| RESEARCH |DALLAS

FORD |3000.00| 2 0| RESEARCH | DALLAS
WARD |1250.00| 30| SALES | CHICAGO

TURNER | 1500.00| 30| SALES | CHICAGO

ALLEN |1600.00| 30| SALES | CHICAGO

BLAKE |2850.00| 30| SALES | CHICAGO

MARTIN | 1250.00| 30| SAL ES | CHICAGO
JAMES | 950.00| 30| SALES | CHICAGO

| | 40| OPERATIONS | BOSTON
(15 rows)

We can also join atable againstitself. This is callsel§oin As an example, suppose

we wish to find the name ofeacheopl ee al ong with the name
manager. So we need to compareithecolumn of eaclkemprow to theempno column

of all otheremprows.

SELECT el.ename || ' works for' || e2.ename AS "Employees and their
Managers" FROM emp el, emp e2 WHERE el .mgr = e2.empno;

Employees and their Managers

FORD works for JONES
SCOTT works for JONES
WARD works for BLAKE
TURNER works for BLAKE
MARTIN works for BLAKE
JAMES works for BLAKE
ALLEN works for BLAKE
MILLER works fo r CLARK
ADAMS works for SCOTT
CLARK works for KING
BLAKE works for KING
JONES works for KING
SMITH works for FORD
(13 rows)

Here, themptable has been4labeled ag1 to represent the employee rowin the select

listand in the join condition, andk® ase2 to representthe matching employee row
acting as managerin the selectlist and in the join condition. These kinds of aliases can be
used in other queries to save some typing, for example:

SELECT e.ename, e.mgr, d.deptno, d.dname, d.loc FROM emp e, deptd WHERE
e.deptno = d.deptno;

ename | mgr |deptno | dname | loc
[E—— B [ R— B —— E

MILLER | 7782| 10 | ACCOUNTING | NEW YORK

CLARK |7839| 10 | ACCOUNTING | NEW YORK

KING | | 10]|AC COUNTING | NEW YORK
SCOTT |7566| 20 | RESEARCH |DALLAS
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JONES | 7839 |
SMITH | 7902 |
ADAMS | 7788 |
FORD | 7566 |
WARD | 7698 |
TURNER | 7698 |
ALLEN | 7698 |
BLAKE | 7839 |
MARTIN | 7698 |
JAMES | 7698 |
(14 rows)

This style of abbreviating will be encountered quite frequently.

Database Compatibility for Oracle® Developers Guide

20 | RESEARCH | DALLAS
20 | RESEARCH | DALLAS

20 | RESEARCH | DALLAS
20 | RESEARCH | DALLAS

30 | SALES | CHICAGO

30 | SALES | CHICAGO
30 | SALES | CHICAGO
30 | SALES | CHICAGO

30 | SALES | CHICAGO
30|S ALES | CHICAGO
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2.1.6 Aggregate Functions

Like most otherrelational database produttiyanced Serverupports aggregate
functions. An aggregate function computes a single resuftrinultiple input rows. For

example, there are aggregates to computeteNTSUMAVG(average)MAX
(maximum), and1IN (minimum) over a set of rows.

As an example, the highest and lowest salaries can be found with the following query:

SELECT MAX(sal) highest_salary, MIN(sal) lowest_salary FROM emp;

highest_salary | lowest_salary
S | R,
5000.00 | 800.00
(1 row)

If we wanted to find the employee with the largest salary, we may be tempted to try:

SELECT ename FROM emp WHERE sal = MAX(sal);

ERROR: aggregates not allowed in WHERE clause

This does notwork because the aggregate funetiog cannotbe used in theHERE
clause. This restriction exists becausetfERElause determines the rows that willgo
into the aggregation stage soit has to be evaluated before aggregate functions are

computed. However, the query can be restated to accomplish the intended result by using
asubquery

SELECT ename FROM emp WHERE sal = (SELECT MAX(sal) FROM emp);
ename
KING

(1 row)

The subqueryis an independent computation that obtains its own result separately from
the outer query.

Aggregates are also very useful in combination with@dReuPBYclause. For example,
the following query gets the highest salary in edepartment.

SELECT deptno, MAX(sal) FROM emp GROUP BY deptno;

deptno | max
= S
10 | 5000.00
20 | 3000.00
30 | 2850.00
(3 rows)
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This query produces one outputrow per department. Each aggregate result is computed
overthe ows matching that department. These grouped rows can be filtered using the
HAVINGCclause.

SELECT deptno, MAX(sal) FROM emp GROUP BY deptno HAVING AV G(sal) > 2000;

deptno | max
[ oo
10 | 5000.00
20 | 3000.00
(2 rows)

This query gves the same results for only those departments that have an average salary
greaterthan 2000.

Finally, the following query takes into account only the highest paid employees who are
analystsin each department.

SELECT deptno, MAX(sal) FROM emp WHERE job = 'ANALYST' GROUP BY deptno HAVING
AV G(sal) > 2000;

deptno | max
e o oo
20 | 3000.00
1 row)
There is a subtle distinction betweentteERBNdHAVINGCclauses. Th&'HERElause
filters out rows before grouping occurs and aggregatetions are applied. THeAVING

clause applies filters on the results after rows have been grouped and aggregate functions
have been computed foreach group.

Soin the previous example, only employees who are analysts are considered. Fromthis
subset, theraployees are grouped by department and only those groups where the
average salary ofanalystsin the groupis greater than 2000 are in the final result. This is

true of only the group for department 20 and the maximum analyst salary in department
20 is 300.00.
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2.1.7 Updates

The column values of existing rows can be changed usingpthaTEcommand. For
example, the following sequence of commands shows the before and after results of
giving everyone who is a manager a 10% raise:

SELECT ename, sal FROM emp WHERE job = 'MANAGER

ename | sal
————— S

JONES | 2975.00
BLAKE | 2850.00
CLARK | 2450.00
(3 rows)

UPDATE emp SET sal = sal * 1.1 WHERE job ='MANAGER';
SELECT ename, sal FROM emp WHERE job = 'MANAGER;

ename | sal
oo b —ocmoo

JONES | 3272.50
BLAKE | 3135.00
CLARK | 2695.00
(3 rows)
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2.1.8 Deletions

Rows can be removed froma table usingdBeETECommand. For example, the
following sequence of commands shows the before and after results of deleting all
employees in departmeza.

SELECT ename, deptno FROM emp;

ename | deptno

[ o S

SMITH | 20
ALLEN | 30
WARD | 30
JONES | 20
MARTIN | 30
BLAKE | 30
CLARK | 10
SCOTT | 20
KING | 10

TURNER | 30
ADAMS | 20
JAMES | 30

FORD | 20
MILLER | 10
(14 rows)

DELETE FROM emp WHERE deptno = 20;

SELECT ename, deptno FROM emp;
ename | deptno

[ O

ALLEN | 30
WARD | 30
MARTIN | 30
BLAKE | 30
CLARK | 10
KING | 10
TURNER | 30
JAMES | 30
MILLER | 10

(9 rows)

Be extremely careful of givingELETECOmmand without HERElause such asthe
following:

DELETE FROMtablename

This statementwill remove all rows from the given table, leaving it cdsiplempty.
The systemwill not request confirmation before doing this.

Copy right © 2007 - 2017 EnterpriseDB Corporation. All rights reserv ed. 47



Database Compatibility for Oracle® Developers Guide

2.1.9 The SQL Language
Advanced ServerupportsSQLIlanguage that isompatible with Oraclsyntaxas well as

syntaxand commands for extended functionality (functionality that does nad@ro
database compatibility for Oracle or support Orastided applications).

The Reference Guide that supports the Database Compatibility for Oracle Developer's
Guide provides detailed information about:

1 Compatible SQIsyntaxand language elements
1 Datatpes
1 Supported6QLcommand syntax

To review a copy ofthe Reference Guide, visit the Advanced Server website at:

http://www.enterprisedb.com/produes®rvicestraining/products/documentation
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2.2 Advanced Concepts

The previous section discussed the basics of .1B@igo store and access your data in

Advanced ServerThis section discusses more advai@®tfeatures that may simplify
management and prevdmss or corruption of your data.

2.2.1 Views

Considerthe followingeELECTcommand.

SELECT ename, sal, sal * 24 AS yearly_salary, deptno FROM emp;

ename | sal |yearly_salary | deptno
[E—— B R B

SMITH | 800.00| 1 9200.00| 20
ALLEN | 1600.00| 38400.00| 30

WARD |1250.00| 30000.00| 30

JONES |2975.00| 71400.00| 20

MARTIN | 1250.00| 30000.00| 30

BLAKE |2850.00| 68400.00| 30

CLARK | 2450.00 | 58800.00| 10
SCOTT | 3000.00 | 72000.00| 20

KING |5000.00| 120000.00| 10
TURNER | 1500.00 | 36000.00| 30
ADAMS | 1100.00 | 26400.00| 20

JAMES | 950.00 | 22800.00| 30

FORD |3000.00 | 72000.00| 20
MILLER | 1300.00 | 31200.00| 10
(14 rows)

If this is a query thatis used repeatedly, a shorthand method of reusing this query without
re-typing the entirSELECTcommand each time is to creatdewas shown below.

CREATEVIEW employee_pay AS SELECT ename, sal, sal * 24 AS yearly_salary,
deptno FROM emp;

The view namesmployee_pay , can now be usedlike an ordinary table name to
performthe query.

SELECT * FROM employee_pay;

ename | sal |yearly _salary | deptno
SMITH | 800.00 | 19200.00| 20
ALLEN | 1600.00 | 38400.00| 30
WARD |1250.00| 30000.00| 30
JONES |2975.00 | 71400.00| 20
MARTIN | 1250.00| 30000.00| 30
BLAKE |2850.00| 68400.00| 30
CLARK | 2450.00 | 58800.00| 10
SCOTT |3000.00 | 72000.00| 20
KING |5000.00| 120000.00| 10
TURNER | 1500.00| 36000.00| 30
ADAMS | 1100.00 | 26400.00| 20
JAMES | 950.00 | 22800.00| 30
FORD |3000.00 | 72000.00| 20
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MILLER | 1300.00| 31200.00| 10
(14 rows)

Making liberaluse of views is a key aspectof g8Ql.database design. Views provide
a consistent interface thateapsulate details of the structure of your tables which may

changeas your application evolves.

Views can be usedin almost any placearealtable can be used. Building views upon
otherviews is not uncommon.
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2.2.2 Foreign Keys

Supposeyouwant to make suresaiployees belongto a valid department. This is called
maintaining theeferential integrityof your data. In simplistic database systems this

would be implemented (if at all) by first looking at tdhept table to checkifa matching
record exists, and #m inserting or rejecting the new employee record. This approach has
a number of problems andis very inconveni@aivanced Servaran make it easier for

you.

A modified version of themptable presentedin Secti@.1.2is shown in this section
with theaddition of a foreign key constraint. The modifigdptable looks like the
following:

CREATE TABLE emp (

empno NUMBER((4) NOT NULL CONSTRAINT emp_pk PRIMARY KEY,
ename VARCHAR2(10),

job VARCHAR2(9),

mgr NUMBER(4),

hiredate DATE,

sal NUMBER(7,2),

comm NUMBER(7,2),

deptno NUMBER((2) CONSTRAINT emp_ref _dept_fk

REFERENCES dept(deptno)
)i

If an attempt is made to issue thédwing INSERT command in the sampdenptable,
the foreign key constrairdmp_ref_dept_fk , ensures that departméntexsts in the
dept table. Since it does not, the command is rejected.

INSERT INTO emp VALUES (8000, JONES','CLERK',7902,17 -AUG 07',1200 ,NULL,50);

ERROR: insert or update on table "emp" violates foreign key constraint
"emp_ref_dept_fk"
DETAIL: Key (deptno)=(50) is not present in table "dept".

The behavior of foreign keys can befinely tuned to your application. Making correct use
of foreign keys will definitely improve the quality of your database applications, so you
are strongly encouragedto learn more about them.
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2.2.3 The ROWNUM Pseudo -Column

ROWNUIg a pseudaolumn thatis assigned an incremental, unique integer value for
each row basd on the order the rows were retrieved froma query. Therefore, the first
row retrieved will hav&OWNU®ST 1; the second row will haveowNuUef2 and so on.

This feature can beused tolimit the number of rows retrieved by a query. This is
demonstrateth the following example:

SELECT empno, ename, job FROM emp WHERE ROWNUM < 5;

empno | ename | job
R SV | —

7369 | SMITH | CLERK

7499 | ALLEN | SALESMAN

7521 | WARD | SALESMAN

7566 | JONES | MANAGER
(4 rows)

TheROWNUWalue & assigned to each row before any sorting of the result set takes place.
Thus, the result setis returned in the order given b RERBYclause, but the

ROWNUwalues may not necessarily be in ascending order as shown in the following
example:

SELECT ROWNUM, empno, ename, job FROM emp WHERE ROWNUM <5 ORDER BY ename;

rownum | empno | ename | job
[E—— R S — [ — E T
2| 7499 | ALLEN | SALESMAN
4 | 7566 | JONES | MANAGER
1| 7369 | SMITH | CLERK
3| 7521 | W ARD | SALESMAN
(4 rows)

The following example shows how a sequence number can be added to every rowin the

jobhist  table. First a new column namedgno ,is added tothe table and thsenno
is set tcROWNUM theUPDATECOmMmMand.

ALTER TABLE jobhist ADD seqno NUMBER(3);
UPDATE jobhist SET segno = ROWNUM;

The followingSELECTcommand shows the newgno values.

SELECT segno, empno, TO_CHAR(startdate,'DD -MONYY') AS start, job FROM
jobhist;
seqno | empno | start | job
——— E T ——— [ SRR B
1| 736917 - DEG 80 | CLERK
2| 749920 - FEB- 81 | SALESMAN
3| 752122 - FEB- 81 | SALESMAN
4| 756602 - APR 81 | MANAGER
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5| 7654 |28 - SEP- 81 | SALESMAN
6| 7698]01 - MAY¥ 81 | MANAGER
7| 7782|109 - JUN- 81 | MANAGER
8| 778819 - APR 87 | CLERK
9| 7788113 - APR 88| CLERK
10| 7788 |05 - MAY 90 | ANALYST
11| 7839 |17 - NOV 81 | PRESIDENT
12| 784408 - SEP- 81 | SALESMAN
13| 7876 |23 - MA¥ 87 | CLERK
14| 790003 - DEC- 81 | CLERK
15| 7900 | 15 - JAN- 83 | CLERK
16| 7902 |03 - DEG 81| ANALYST
17| 7934 |23 - JAN- 82 | CLERK
(17 rows)

Copy right © 2007 - 2017 EnterpriseDB Corporation. All rights reserved. 4€



Database Compatibility for Oracle® Developers Guide

2.2.4 Synonyms

A synonynis an identifier that can be used to reference another database ob§@tin a
statement. A synonymissefulin caseswhere a database object would normally require

full qualification by schema name to be properly reference®@lastatement. A
synonymdefined for that object simplifies the reference to a single, unqualified name.

Advanced Server supgersynonyms for:

tables

views

materialized views

sequences

procedures

functions

types

objects thatare accessible through a database link
other synonyms

E I I

Neitherthe referenced schema orreferenced objectmust exist at the time that you create
the synonyma synonymmay refer to a n@xistent object or schema. A synonymwiil

become invalid if you drop the referenced objector schema. You must explicitly drop a
synonymto remove it.

As with any other schema object, Advanced Server uses the searchrpativM®

unqualified synonymnames. Ifyou havetwo synonyms with the same name, an
unqualified reference to a synonymwill resolve to the first synonymwith the given name
in the search path. dliblic is in your search path, you canreferto a synanyimat

schema without qualifying thatname.

When Advanced Server executes an SQL command, the privileges ofthe current user are
checked against the synonymdés underlying deze
proper permissions for that objectetBQL command will fail.

Deleting a Synonym

To delete a synonym, usethe commaR)P SYNONYMThe syntaxis:

DROP [PUBLIC] SYNONYM [ schema.] syn_name

Parameters:

syn_name
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syn_name is the name ofthe synonym. A synonymname must be unigue within
a scherma.

schema

schema specifies the name ofthe schema in which the synonymresides.

Like any other object thatcan be scheguoalified, you may have two synonyms with the
same name in your search path. To disambiguate the name ofthe synonymthat you are

dropping, include a schema name. Unless a synonymis schema qualifiedicthe

SYNONYMommand, Advanced Server deletes thefirstinstance ofthe synonymit finds in
your search path.

You can optionally include theuBLIC clause to drop a synonymthatices in the
public schemaCompatible with OracldatabasesheDRORPUBLIC SYNONYM
command drops a synonymthat resides iptivic schema:

DROP PUBLIC SYNONYMsyn _name;

The following example drops the synongaxsonnel

DROP SYNONYM personnel;
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2.2.5 Hierarchical Queries

A hierarchical querys a type of querythatreturns therows ofthe result setin a

hierarchical order based upon data forming a parkiitt relationship. A hierarchy is

typically represented by an inverted tree structure. Théstmmemprised of
interconnectedodesEach node may be connected to none, one, or muhgi#nodes.

Each node is connected to gga@entnode except for the top node which has no parent.

This node is theootnode. Each tree has exactly onerootnblde.d es t hat donoét
any children are calldeéafnodes. A tree always has at least one leaf nedg, the

tﬂvi?l c?se where the treeis comprised of a single node. In this case itis both therootand
the leaf.

In a hierarchical query therows oBhesult setrepresentthe nodes of one or more trees.

Note: Itis possible that a single, givenrow may appear in more than onetree andthus
appear more than once in the result set.

The hierarchical relationship in a query is described bg dNMNECTBYClause which
forms the basis ofthe order in which rows are returned in the result set. The context of

where theCONNECT BYclause andits associated optional clauses appearSiE Lz T
command is shown below.

SELECT select_list FROMtable_expression [W HERE ...]
[ START WITH start_expression ]
CONNECT BY { PRIOR parent_expr = child_expr |
child_expr =PRIOR parent_expr }

[ ORDER SIBLINGSBY columnl [ASC|DESC]
[[ coumn2 [ASC|DESC]] ..
[ GROUP BY ...]

[ HAVING ...]
[ other ..

select_list Is one or more expressions that comprise thefields ofthe result set.
table_expression is one or more tables orviews fromwhich the rows ofthe resut set
originateother is any additionalleg@ELECTcommand clauses. The clausesgiipent

to hierarchicalquerieSTARTWITH, CONNECT BYandORDER SIBLINGSBY are
describedin the following sections.

Note: At this time, Advanced Server does not support the useD(r other operators)
in theCONNECTBYclause.
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2.2.5.1Defining the Parert/Child Relationship

Forany given row, its parentand its children are determined IRRECTBYClause.
TheCONNECT Bclause must consist of two expressions compared with the egjuals (
operator. In addition, one of these two expressions must bedeatby the keyword,
PRIOR.

Forany given row, to determine its children:

1. Evaluateparent_expr onthe givenrow

2. Evaluatechild_expr  on anyotherrowresulting fromthe evaluation of
table_expression

3. If parent_expr = child_expr ,thenthisrowis a child n&dbfthe given
parent row

4. Repeatthe process forallremaining rowsliie_expression .Allrows that
satisfy the equationin step 3 are the children nodes ofthe given parent row.

Note: The evaluation process to determine if arow is a child node cocengery row
returned byable_expression beforethevHEREIlause is applied to
table_expression

By iteratively repeating this process treating each child node foundin the prior steps as a
parent, an invertedtree of nodes is constructed. The processpdete whenthefinal
set ofchild nodes has nochildren oftheir owmese are theleaf nodes.

A SELECcTcommand that includescB®DNNECT BYclause typically includes tlerART
WITHclause. Th&8TARTWITH clause determines the rows thatare to be tbenodes
I.e., the rows thatare the initial parent nodes upon which the algorithmdescribed
previously is to be applied. This s further explained in the following section.

2.2.5.2Selecting the Root Nodes

TheSTART WITHclause is usedto determine the rowgdgsted by

table_expression that are to be used as the rootnodes. Allrows selected by
table_expression wherestart_expression evaluates to true become aroot node
of atree. Thus, the number of potential trees in the result setis equalto the number of

root nodes. As a consequence, ifSTART WiTHclause is omitted, then every row
returned byable_expression is aroot ofits own tree.

2.2.5.30rganization Tree in the Sample Application

Considerthemptable ofthe sample application. The rows ofé¢lm@tablke forma
hierarchy based upon thgr column which contains the employee number ofthe
empl oyeeds manager. Each «npidtloepresadenhohs a't

mc

the company s o he has mgroolumaisnallgMdso,itist her ef or e
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possible foran employeeto act as a manager for more than oneemployee. This
relationship forms a typical, trestructured, hierarchical organization chart as illustrated
below.

7839
EING
7566 TaIE Ta
JONES ELAKE CLAFE
7758 7902 EEE] TEEL F 7944 7900 FEET]
ECOTT FORD ALLEN WARD MARTIN TURNER JHMES MILLER
TH7E FET]
ADAME SHITH

Figure 2 Employee Organization Hierarchy

To form ahierarchical query based upon this relationshipSthieeCTcommand includes
the clauseCONNECTBY PRIOR empno = mgr . For example, given the company
presidentKING, with employee numb&s39 , any employee whosegr column is7839
reports directly ta&IN Gwhich is true fodONES BLAKE, andCLARK(these are the child
nodes oKING). Similarly, for employeelONES any other employee withgr column
equaltors66 is a child node afONES- these arsCOTTandFORDN this example.

The top of the organizatin chart iKING so there is onerootnode in this tree. The
START WITH mgr IS NULL clause selects onkyNG as the initial root node.

The completsELECTcommand is shown below.

SELECT ename, empno, mgr
FROM emp

START WITH mgr IS NULL
CONNECT BY PRIOR enpno = mgr;

The rows in the query output traverse each branch fromthe root to leaf moving4n a top
to-bottom, leftto-right order. Below is the outputfromthis query.

ename | empno | mgr
—cooroo I oo oo
KING | 7839 |

JONES | 7566 | 7839
SCOTT | 7788 | 7566
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ADAMS | 7876 | 7788
FORD | 7902 | 7566

SMITH | 7369 | 7902

BLAKE | 7698 | 7839

ALLEN | 7499 | 7698

WARD | 7521 | 7698

MARTIN | 7654 | 7698
TURNER | 7844 | 7698
JAMES | 7900 | 7698

CLARK | 7782 | 7839

MILLER | 7934 | 7782
(14 rows)

2.2.5.4Node Level

LEVELIs a pseudaolumn that can be used wherever a column can appeaSetEeT
command. Foreach rowin the result 8E¥/EL returns a noizero integer value

designating the depthin the hierarchy of the nmegeesented by this row. TheVEL for
root nodes is 1. TheeVELfordirect children of root nodes is 2, and so on.

The following query is a modification ofthe previous query with the addition of the

LEVELpseudecolumn. In addition, using theeVEL value, the employee names are
indentedto further emphasize the depthin the hierarchy of eachrow.

SELECT LEVEL, LPAD ("', 2* (LEVEL - 1)) || ename "employee", empno, mgr
FROM emp START WITH mgr IS NULL
CONNECT BY PRIOR empno = mgr;

The output fromthis qure follows.

level | employee |empno | mgr
e oo oo oo
1| KING | 7839 |
2| JONES | 7566 | 7839

3| SCOTT | 7788 | 7566
4| ADAMS | 7876 | 7788
3] FORD | 7902 |75 66
4]  SMITH | 7369 | 7902
2| BLAKE | 7698 | 7839
3| ALLEN | 7499 | 7698
3| WARD | 7521|7698
3| MARTIN | 7654 | 7698
3| TURNER | 7844 | 7698
3| JAMES | 7900 | 7698
2| CLARK | 7782|7839
3| MILLER | 7934 | 7782
)

(14 rows

Nodes that sharea common parentand are at the same level arslokiigd For
example in the above output, employREsEN, WARDMARTIN, TURNERandJAMESare
siblingssince they are all at levelthree with par@niaKE JONES BLAKE andCLARK
are siblings since they are at level two &mdG is their common parent.
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2.2.5.50rdering the Siblings

Theresult setcan be orderedsothe siblings appearin ascending or descdading or

selected column value(s) using hRDERSIBLINGS BY clause. This is a special case
of theORDERBYclause thatcan be used only with hierarchical queries.

The previous query is further modified with the additio®@BDER SIBLINGSBY
enamensc

SELECT LEVEL, LPAD (', 2 * (LEVEL - 1)) || ename "employee", empno, mgr
FROM emp START WITH mgr IS NULL

CONNECT BY PRIOR empno = mgr

ORDER SIBLINGS BY ename ASC;

The output fromthe prior queryis now modified so the siblings appear in ascending
order by nam. SiblingsBLAKE, CLARK andJONESare now alphabetically arranged
undeKING. SiblingsALLEN,JAMES MARTIN, TURNERandwARIare alphabetically
arranged und@®LAKE and soon.

level | employee |empno | mg

—————— Fom e [ T [ -
1| KING | 7839 |
2| BLAKE | 7698|7839
3| ALLEN | 7499 | 7698

| JAMES | 7900 | 7698

| MARTIN | 7654 | 7698

| TURNER | 7844 | 7698

| WARD | 7521|7698

| CL ARK | 7782|7839

| MILLER | 7934 | 7782

| JONES | 7566 | 7839

| FORD | 7902 | 7566

| SMITH | 7369 | 7902

| SCOTT | 7788 | 7566

| ADAMS | 7876 | 7788

)

P WA WNWNWWWW

(14 rows

This finalexample adds theHERElause and starts with three rootnodes. After the node
tree is constructed, tveHERElausefilters out rows in the tree to formthe result set.

SELECT LEVEL, LPAD ("', 2* (LEVEL - 1)) || ename "employee", empno, mgr
FROM emp WHERE mgr IN (7839, 7782, 7902, 7788)

START WITH ename IN (‘BLAKE','CLARK',"'JONES')

CONNECT BY PRIOR empno = mgr

ORDER SIBLINGS BY ename ASC;

The output fromthe query shows threeroot nodes (level@makE CLARK and
JONES In addition, rows that doot satisfy th@vHERElause have been eliminated from
the output.

level | employee | empno | mgr
e dreoommmems dhomoe—o R p——
1|BLAKE | 7698 | 7839
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1| CLARK | 7782 7839
2| MILLER | 7934 | 7782
1| JONES | 7566 | 7839
3] SMITH| 7369 | 7902
3| ADAMS| 7876 | 7788
(6 rows)

2.2.5.6Retrieving the Root Node with CONNECT_BY_ ROOT

CONNECT_BY_ROdg a unary operator thatcan be usedto qualify a column in orderto
return t he c eilowcomsidesed to laelthe ®otmotie intrefation to the
current row.

Note: A unary operatooperates on a single operand, which in the case of
CONNECT_BY_ROQis the column name following tlG®NNECT_BY_ROdeyword.

In the context of theELECTIist, theCONNECT_BY_RO@perator is shown by the
following.

SELECT [...,] CONNECT_BY_ROOT column [, ...]
FROMtable_expression

The following are some points to note abouttio&iNECT_BY_RO@perator.

1 TheCONNECT_BY_RO@perator can be usedin tReLECTIist, thewHERE
clause,theROUPBYclause, thelAVINGclause, th®RDERBYclause, and the
ORDER SIBLINGS BY clause as longas tBeLECTcommand is for a
hierarchical query.

1 TheCONNECT_BY_RO@perator cannot be used in theNNECTBYclause or
theSTART WITH clause ofthe hierarchicalquery.

1 Itis possibleto applgONNECT_BY_ROQ® an expression involving a column,
butto do so, theexpression mustbe enclosed within parentheses.

The following query shows the use of tt@NNECT_BY_RO@perator to raurn the
employee numberand employee name ofthe rootnode for each employee listedin the
result set based on trees starting with emploge&&E, CLARK andJONES

SELECT LEVEL, LPAD ("', 2 * (LEVEL - 1)) || ename "employee", empno, mgr,
CONNECT_BY_RQA@Gmpno "mgr empno",

CONNECT_BY_ROOT ename "mgr ename"

FROM emp

START WITH ename IN (‘BLAKE','CLARK','JONES')

CONNECT BY PRIOR empno = mgr

ORDER SIBLINGS BY ename ASC;
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Note that the output fromthe query shows thatall of the root nodes in calugnns

empno andmgr ename are one ofthe employe@,AKE, CLARK OrJONES listed in the
START WITH clause.

level | employee | empno | mgr | mgr empno | mgr ename

————— S TP [ T L r—— S R —— Fomm e
1| BLAKE | 7698 | 7839 | 7698 | BLAKE
2| ALLEN | 7499|7698 | 7698 | BLAKE
2| JAMES | 7900| 7698 | 7698 | BLAKE
2| MARTIN | 7654 | 7698 | 7698 | BLAKE
2| TURNER | 7844|7698 | 7698 | BLAKE
2| WARD | 752 1|7698| 7698 | BLAKE
1|CLARK | 7782| 7839| 7782 | CLARK
2| MILLER | 7934 | 7782 | 7782 | CLARK
1|JONES | 7566|7839 | 7566 | JONES
2| FORD | 7902| 7566| 7566 |JONES
3 SMITH | 7369 | 7902 | 7566 | JONES
2| SCOTT | 7788|7566 | 7566 | JONES
3| ADAMS| 7876| 7788| 7566 | JONES

(13 rows)

The following is a similar query, but producing only one tree starting with the single, top
level, employee where tvggr column is null.

SELECT LEVEL, LPAD ("', 2 * (LEVEL - 1)) || ename "employee", empno, mgr,
CONNECT_BY_ROOT empno "mgr empno",

CONNECT_BY_ROOQOT ename "mgr ename”

FROM emp START WITH mgr IS NULL

CONNECT BY PRIOR empno = mgr

ORDER SIBLINGS BY ename ASC;

In the following output, allofthe root nodes in columng empnoandmgr ename
indicateKING as the rootfor this particular query.

level | employee |empno | mgr | mgr empno | mgr ename

scsoms | S S| frooe fos  comeooee dbosommmoe
1| KING | 7839 | | 7839| KING
2| BLAKE | 7698 |7839| 7839 KING
3| ALLEN | 7499 |7698| 7839 | KING
3| JAMES | 7900 | 7698 | 7839 | KING
3] M  ARTIN | 7654 | 7698 | 7839 | KING
3| TURNER | 7844 |7698| 7839 | KING
3| WARD | 7521 |7698| 7839 KING
2| CLARK | 7782 |7839| 7839| KING
3| MILLER | 7934 | 7782| 7839 KING
2| JONES | 7566 |7839| 7839 | KING
3| FORD | 7902 |7566| 7839 | KING
4| SMITH| 7369 |7902| 7839 | KING
3| SCOTT | 7788 |7566| 7839 | KING
4|  ADAMS | 7876 | 7788| 7839 | KING
)

By contrast, the following example omits tReART WITH clause therebyresultingin
fourteen trees.

SELECT LEVEL, LPAD ("', 2 * (LEVEL - 1)) || ename "employee", empno, mgr,
CONNECT_BY_ROOT empno "mgr empno",
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CONNECT_BY_BOT ename "mgr ename"
FROM emp

CONNECT BY PRIOR empno = mgr
ORDER SIBLINGS BY ename ASC;

The following is the outputfromthe query. Each node appears at least once as a root

node underth@gr empnoandmgr enamecolumns since eventhe leafnodesformthe
top oftheirown trees.

level | employee |empno | mgr | mgr empno | mgr ename

e o e R oo
1|ADAMS | 7876 |7788| 7876 | ADAMS
1|ALLEN | 7499 | 7698| 7499 | ALL EN
1|BLAKE | 7698 | 7839| 7698 | BLAKE

2| ALLEN | 7499 | 7698| 7698 | BLAKE
2| JAMES | 7900|7698 | 7698 | BLAKE
2| MARTIN | 7654 |7698| 7698 | BLAKE

2| TURNER | 7844 | 7698 | 7698 | BLAKE
2| WARD | 7521|7698 7698 | BLAKE
1|CLARK | 7782 |7839| 7782| CLARK

2| MILLER | 7934 |7782| 7782 | CLARK

1| FORD | 7902 | 7566 | 7902 | FORD

2 | SMITH | 7369 |7902| 7902 | FORD
1|JAMES | 7900 | 7698 | 7900 | JAMES
1|JONES | 7566 | 7839| 7566 | JONES

2| FORD | 7902 |7566| 7566 | JONES

3| SMITH | 7369|7902 | 7566 | JONES
2| SCOTT | 7788|7566| 7566 | JONES

3| ADAMS | 7876 |7788| 7566 | JONES

1] KING | 7839 | | 7839| KING

2| BLAKE | 7698 |7839| 7839 KING

3] ALLE N | 7499 |7698| 7839 | KING

3] JAMES | 7900|7698 | 7839 | KING

3| MARTIN | 7654 | 7698 | 7839 | KING

3| TURNER | 7844 |7698| 7839 | KING

3| WARD | 7521 |7698| 7839 KIN G
2| CLARK | 7782 |7839| 7839| KING

3| MILLER | 7934 |7782| 7839 | KING

2| JONES | 7566 |7839| 7839 | KING

3| FORD | 7902 |7566| 7839 | KING

4|  SMITH | 7369 | 790 2| 7839 | KING

3| SCOTT | 7788 |7566| 7839 | KING

4| ADAMS | 7876 | 7788 | 7839 | KING

1|

MARTIN | 7654 | 7698 | 7654 | MARTIN
1| MILLER | 7934|7782 | 7934 | MILLER
1|SC OTT | 7788|7566 | 7788| SCOTT
2| ADAMS | 7876 |7788| 7788| SCOTT
1| SMITH | 7369|7902 | 7369 | SMITH
1| TURNER | 7844 17698 | 7844 | TURNER
1| WARD | 7521|7698 | 7521 | WARD
(39 rows)

The following illustrates the unary operator effecCONNECT_BY_ROOAS shown in

this example, when applied to an expressionthat is not enclosed in parentheses, the
CONNECT_BY_RO®@perator affects only the teramame, immediatéy following it.

The subsequentconcatenatiof of manages'|| ename is not part ofthe
CONNECT_BY_RO@peration, hence the second occurreneaahe results in the
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value ofthe currently processed row while the first occurreneeamfe results in he
value fromthe root node.

SELECT LEVEL, LPAD ("', 2 * (LEVEL - 1)) || ename "employee", empno, mgr,
CONNECT_BY_ROOT ename || ' manages ' || ename "top mgr/employee"
FROM emp

START WITH ename IN (‘BLAKE','CLARK',"'JONES')

CONNECT BY PRIOR empno = mgr
ORIER SIBLINGS BY ename ASC;

The following is the outputfromthe query. Note the values produced undepsthe
mgr/employee column.

level | employee | empno | mgr | top mgr/employee

e drm—memmee E— dho—e— e
1|B LAKE | 7698 | 7839 | BLAKE manages BLAKE
2| ALLEN | 7499 | 7698 | BLAKE manages ALLEN
2| JAMES | 7900 | 7698 | BLAKE manages JAMES

| MARTIN | 7654 | 7698 | BLAKE manages MARTIN

| TURNER | 7844 | 7698 | BLAKE manages TURNER

| WARD | 7521 | 7698 | BLAKE manages WARD

| CLARK | 7782 | 7839 | CLARK manages CLARK

| MILLER | 7934 | 7782 | CLARK manages MILLER

| JONES | 7566 | 7839 | JONES manages JONES

| FORD | 7902 | 7566 | JONES manages FORD

| SMITH| 7369 | 7902 | JONES manages SMITH

| SCOTT | 7788 | 7566 | JONES manages SCOTT

I

)

2
2
2
1
2
1
2
3
2
3 ADAMS | 7876 | 7788 | JONES manages ADAMS

The following example uses tlk®NNECTBY_ROODperator on an expression enclosed
in parentheses.

SELECT LEVEL, LPAD (*', 2 * (LEVEL - 1)) || ename "employee”, empno, mgr,
CONNECT_BY_ROOT (‘Manager'|| ename || "is emp #' || empno)

"top mgr/empno"

FROM emp

START WITH ename IN (‘BLAKE','CLAR K',')JONES')

CONNECT BY PRIOR empno = mgr
ORDER SIBLINGS BY ename ASC;

The following is the outputofthe query. Note that the values oféaihe andempno

are affected by theONNECT_BY_RO@perator and as a result, return the values from
the root nodas shown under th& mgr/empno  column.

level | employee | empno | mgr | top mgr/empno

1|BLAKE | 7698 | 7839 | Manager BLAKE is emp # 7698

2| ALLEN | 7499 | 7698 | Manager BLAKE is emp # 7698
2| JAMES | 7900 | 7698 | Manager BLAKE is emp # 7698

2| MARTIN | 7654 | 7698 | Manager BLAKE is emp # 7698

2| TURNER | 7844 | 7698 | Manager BLAKE is emp # 7698

2| WARD | 7521 | 7698 | Manager BLAKE is emp # 7698
1| CLARK | 7782 7839 | Manager CLARK is emp # 7782

2| MILLER | 7934 | 7782 | Manager CLARK is emp # 7782
1|JONES | 7566 | 7839 | Manager JONES is emp # 7566

2| FORD | 7902 | 7566 | Manager JONES is emp # 7566
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3] SMITH| 7369 | 7902 | Manager JONES is emp # 7566

2| SCOTT | 7788 7566 | Manager JONES is emp # 7566

3| ADAMS | 7876 | 7788 | Manager JONES is emp # 7566
(13 rows)

2.2.5.7Retrieving a Path with SYS_CONNECT_BY_PATH

SYS_CONNECT_BYPATHIs a function thatworks within a hierarchical queryto retrieve
the column values of a specified column that occur betweenthe currentnode andtheroot
node. The signature ofthe function is:

SYS _CONECT_BY_PATH (column, delimiter )
The functiontakes two arguments:

column is the name of a column that resides within a table specified in the
hierarchical query thatis calling the function.

delimiter IS thevarchar value that separates eachentry in fhexsied
column.

The following example returns a list of employee names, and their managers; ifthe
manager has a manager, that name is appendedto the result:

edb=# SELECT level, ename , SYS_CONNECT_BY_PATH(ename, /') managers
FROM emp
CONNECT BY PRIOR empno = mgr
START WITH mgr IS NULL
ORDER BY level, ename, managers;

level | ename | managers
————— e e ————
1| KING |/KING
2 | BLAKE | /KING/BLAKE
2| CLARK | /K ING/CLARK
2| JONES | /KING/JONES
3| ALLEN | /KING/BLAKE/ALLEN
3| FORD | /KING/JONES/FORD
3| JAMES | /IKING/BLAKE/JAMES
3 | MARTIN | /KKING/BLAKE/MARTIN
3| MILLER | /KING/CLARK/MILLER
3| SCOTT | /KING/JONES/SCOTT
3| TURNER | /KING/BLAKE/TURNER
3| WARD | /KING/BLAKEMWARD
4| ADAMS | /KING/JONES/SCOTT/ADAMS
4| SMITH | /KING/JONES/FORD/SMITH
(14 rows)
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Within the result set:

1 Thelevel column displaysthe numberoflevels thatthe querymed.
1 Theenamecolumn displays the employee name.
1 Themanagers column containsthe hierarchicalllist of managers.

The Advanced ServerimplementatiorsofS_CONNECT_BY_PAT#DES not supportuse
of:

 SYS_CONNECT_BY_PATRSIdECONNECT_BY_PATH
f SYS_CONNECT_BYATHInsideSYS_CONNECT_BY_PATH
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2.2.6 Multidimensional Analysis

Multidimensional analysiefers to the process commonly used in data warehousing
applications of examining data using various combinations of dimen®imnsnsions

are categoriesusedtoclassy dat a

such

as

t i me,

geography

productlines, andso forth. The results associated with a particular set of dimensions are
calledfacts Facts are typically figures associated with product sales, profits, volumes,

counts, etc.

In orderto obtain these facts accordingto a set of dimensions in a relational database
system, SQL aggregation is typically use@L aggregatiobasically means datais
grouped according to certain criteria (dimensions) and the result set consists of
aggegates of facts such as counts, sums, and averages ofthe data in each group.

TheGROUP BYclause ofthe SQRELECTcommand supports the following extensions

that simplify the process of producing aggregate results.

 ROLLUPextension
I CuBEextension
 GROUPING SETSextension

In addition, thesROUPINdunction andthéROUPING_IDfunctioncanbe usedin the
SELECTIist ortheHAVINGclause to aid with the interpretation of the results when these

extensions are used.

Note: The sampleept andemptables are usegkiensivelyin this discussion to provide
usage examples. The following changes were applied to these tables to provide more

informative results.

UPDATE dept SET loc = 'BOSTON' WHERE deptno = 20;
INSERT INTO emp (empno,ename,job,deptno) VALUES (9001, SMIT

H''CLERK",40);

INSERT INTO emp (empno,ename,job,deptno) VALUES (9002,' JONES','ANALY ST 40);
INSERT INTO emp (empno,ename,job,deptno) VALUES (9003, ROGERS','MANAGER",40);

The following rows froma join of thempanddept tables are used:

SELECT loc, dname , job, empno FROM emp e, deptd

WHERE e.deptno = d.deptno
ORDERBY 1, 2, 3, 4;

loc | dname | job | empno
N —— S ——— S ———
BOSTON | OPERATIONS | ANALYST | 9002
BOSTON | OPERATIONS | CLERK | 9001
BOSTON | OPERATIONS | MANAGER | 9003
BOSTON |RESEARCH |ANALYST | 7788
BOSTON | RESEARCH |ANALYST | 7902
BOSTON | RESEARCH |CLERK | 7369

Fommm o
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BOSTON | RESEARCH |CLERK | 7876
BOSTON | RESEARCH | MANAGER | 7566
CHICAGO |SALES |CLERK | 7900
CHICAGO | SALES | MANAGER | 7698
CHICAGO | SALES | SALESMAN | 7499
CHICAGO | SALES | SALESMAN | 7521
CHICAGO | SALES | SALESMAN | 7654
CHICAGO | SALES | SALESMAN | 78 44
NEW YORK | ACCOUNTING | CLERK | 7934
NEW YORK | ACCOUNTING | MANAGER | 7782
NEW YORK | ACCOUNTING | PRESIDENT | 7839
(A7 rows)

Theloc ,dname, andjob columns are used forthe dimensions of the SQL aggregations
used in the examples. The rimg facts of the aggregations are the number of
employees obtained by using theUNT(*) function.

A basic query grouping thec ,dname, andjob columns is given by thefollowing.

SELECT loc, dname, job, COUNT (*) AS "employees" FROM emp e, deptd
WHEREe.deptno = d.deptno

GROUP BY loc, dname, job

ORDER BY 1, 2, 3;

The rows ofthis result set using the b&askoUPBYclause without extensions are
referred to as thigase aggregat®ws.

loc | dname | job | employees
BOSTON | OPERATIONS | ANALYST | 1
BOSTON | OPERATIONS |CLERK | 1
BOSTON | OPERATIONS | MANAGER | 1
BOSTON |RESEARCH |ANALYST | 2
BOSTON |RESEARCH |CLERK | 2
BOSTON |RESEARCH |MANAGER | 1
CHICAGO | SALES |CLERK | 1
CHICAGO | SALES | MANAGER | 1
CHICAGO | SALES | SALESMAN | 4
NEW YORK | ACCOUNTING | CLERK | 1
NEW YORK | ACCOUNTING | MANAGER | 1
NEW YORK | ACCOUNTING | PRESIDENT | 1
(12 rows)

TheROLLUPandCUBEextensions add to the base aggregate rows by providing additional
levels of subtotals to the result set.

TheGROUPING SETSxtension provides the ity to combine different types of
groupingsinto a single result set.

TheGROUPIN@NAGROUPING_IDfunctions aid in the interpretation of the result set.
The additions provided by these extensions are discussed in more detail in the subsequent

sections.
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2.2.6.1ROLLUP Extension

TheRoLLUPextension produces a hierarchical set of groups with subtotals for each
hierarchicalgroup as wellas a grand total. The order ofthe hierarchyis determined by

the order ofthe expressions given in Re.LUPexpression listThe top of the hierarchy
is the leftmost itemin the list. Each successive item proceeding to the right moves down
the hierarchy with the rightmostitembeing the lowest level.

The syntaxfora singROLLURS as follows:

ROLLUP ({ expr_1 |( exprla [, expr.lb 1..)}
[, expr_2 |( expr_2a [, expr2b ]1..]..)

Eachexpr is an expression thatdetermines the grouping ofthe result set. Ifenclosed
within parenthesis as expr_1a , expr_1b , ... ) thenthe combination ofvalues
returned byxpr_1a andexpr_1b definesasingle groupinglevelofthe hierarchy.

The base level of aggregates returned in the result setis for each unique combination of
values returned by the expression list.

In addition, a subtotalis returnedforthe firstitemin thedigp(_1 or the combination

of ( expr_la , expr_1b , ... ), whicheveris specified)foreach uniquevalue. A
subtotalis returned for the second itemin thedigi{ 2 or the combination af
expr_2a , expr_2b , .. ),whicheveris specified)for each unigque\ahithin each

grouping ofthe firstitemand so on. Finally a grand total is returned for the entire result
set.

Forthe subtotalrows, nullis returned for the items across which the subtotal is taken.

TheROLLUPextension specified within the contextbEGROUP BYclause is shown by
the following:

SELECT select _list FROM ...
GROUP BY [... ,] ROLLUP ( expression_list )L

The items specified iselect _list mustalsoappearin tiROLLUP
expression_list ; orthey mustbe aggregate functions suctGESNTSUMAVG MIN,

or MAX orthey must be constants or functions whose return values are independent of the
individual rows in the group (for example, teesSDATEunction).

TheGROUP BYclause may specify multipROLLUPextensions as wellas multiple
occurrences of oth@rROUPBYextensions and individual expressions.
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TheORDER BYclause should be used if you want the output to display in a hierarchical
or other meaningful structure. There is no guarantee on the order ofthe result setifno
ORDER BYclause is specified.

The numberofgrouping levels ortotalaiis 1 wheren represents the number of items
in theROLLUPexpressionlist. A parenthesized list counts as oneitem.

The following query produces a rollup based on a hierarchy of colemngname,
thenjob .

SELECT loc, dname, job, COUNT(*) AS "employees" FROM emp e, dept d
WHERE e.deptno = d.deptno

GROUP BY ROLLUP (loc, dname, job)

ORDER BY 1, 2, 3;

The following is the result of the query. There is a count of the number of employees for
eachunique combination aéc ,dname, andjob , as well as subtotals for each unique

combination ofoc anddname, foreach uniquevalue wk ,and a grandtotal
displayedon the lastline.

loc | dname | job | employees
——————— E R —— S — S T

BOSTON | OPERATIONS | ANALYST | 1
BOSTON | OPERATIONS | CLERK | 1
BOSTON | OPERATIONS | MANAGER | 1
BOSTON | OPERATIONS | | 3
BOSTON | RESEARCH |ANALYST | 2
BOSTON |RESEARCH |CLERK | 2
BOSTON | RESEARCH | MANAGER | 1
BOSTON | RESEARCH | | 5
BOSTON | | | 8
CHICAGO |SALES |CLERK | 1
CHICAGO |SALE S | MANAGER | 1
CHICAGO | SALES | SALESMAN | 4
CHICAGO | SALES | | 6
CHICAGO | | | 6
NEW YORK | ACCOUNTING | CLERK | 1
NEW YORK | ACCOUNTING | MANAGER | 1
NEW YORK | ACCOUNTING | PRESIDENT | 1
NEW YORK | ACCOUNTING | | 3
NEW YORK | [ | 3

I I I 17

(20 rows)

The following query shows the effect of combigitems in the&OLLURlist within
parenthesis.

SELECT loc, dname, job, COUNT(*) AS "employees" FROM emp e, dept d
WHERE e.deptno = d.deptno

GROUP BY ROLLUP (loc, (dname, job))

ORDER BY 1, 2, 3;

In the outputnote that there are no subtotalséer anddnamecombinations asin the
prior example.
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loc | dname | job | employees

R Fom e F e E T ——
BOSTON | OPERATIONS | ANALYST | 1
BOSTON | OPERATIONS |CLERK | 1
BOSTON | OPERATIONS |MANAGER | 1
BOSTON |RESEARCH |ANALYST | 2
BOSTON | RESEARCH |CLERK | 2
BOSTON | RESEARCH | MANAGER | 1
BOSTON | | [ 8
CHICAGO |SALES |CLERK | 1
CHICAGO | SALES | MANAGER | 1
CHICAGO | SALES | SALESMAN | 4
CHICAGO | [ [ 6
NEW YORK | ACCOUNTING | CLERK | 1
NEW YORK | ACCOUNTING | MANAGER | 1
NEW YORK | ACCOUNING | PRESIDENT | 1
NEW YORK | | | 3

I I I 17
(16 rows)

If the first two columns in thROLLUPlist are enclosed in parenthesis, the subtotal levels
differ as well.

SELECT loc, dn ame, job, COUNT(*) AS "employees" FROM emp e, dept d
WHERE e.deptno = d.deptno

GROUP BY ROLLUP ((loc, dname), job)

ORDER BY 1, 2, 3;

Nowthere is a subtotal for each unigate anddname combination, butnone for unique
values ofoc .

loc | dname | job | employees
—emmca=— frmoo—m—a— fhomemmmmmems fro—me——e—
BOSTON | OPERATIONS | ANALYST | 1
BOSTON | OPERATIONS | CLERK | 1
BOSTON | OPERATIONS | MANAGER | 1
BOSTON | OPERATIONS | | 3
BOSTON |RESEARCH |ANALYST | 2
BOSTON |RESEARCH |CLERK | 2
BOSTON |RESEARCH |MANAGER | 1
BOSTON |RESEARCH | | 5
CHICAGO | SALES |CLERK | 1
CHICAGO |SA LES | MANAGER | 1
CHICAGO | SALES | SALESMAN | 4
CHICAGO |SALES | [ 6
NEW YORK | ACCOUNTING | CLERK | 1
NEW YORK | ACCOUNTING | MANAGER | 1
NEW YORK | ACCOUNTING | PRESIDENT | 1
NEW YORK | ACCOUNTING | [ 3

I I I 17

(17 rows)
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2.2.6.2CUBE Extension

ThecuBEextension is similar to thROLLUPextension. However, unlikkOLLUR which
produces groupings and results ineraichy based on a left to right listing of items in

theROLLUPexpression list,auBEproduces groupings and subtotals based onevery
permutation of all items in theuBEexpressionlist. Thus, theresult setcontains more
rows than &oLLUPperformed orthe same expression list.

The syntaxfora singleuBEs as follows:

CUBE ({ expr_1 |( expr_la [, expr_lb ]..)}
[, expr_2 |( expr_2a [, expr2b ]1..7]..)

Eachexpr is an expression thatdetermines the grouping ofthe result set. Ifenclosed

within parenthesis as expr_1a , expr_1b , ... ) thenthe combination ofvalues
returned byxpr_1a andexpr_1b definesasingle group.

The base level of aggregates returned in the result setis for each unique combination of
values returned by the expresdien

In addition, a subtotalis returnedfor the firstitemin thedigg(_1 or the combination

of ( expr_la , expr_1b , ... ), whicheveris specified)foreach uniquevalue. A
subtotalis returned for the second itemin thedigi{_ 2 or the combinatin of(
expr_2a , expr_2b , .. ),whicheveris specified)foreach uniquevalue. A subtotal

is also returnedforeach unique combination of the first temand the second item.
Similarly, if there is a third item, a subtotalis returned for each uniqueettlie third

item, each unique value ofthe third itemand first tem combination, each unique value of
the third temand second itemcombination, and each unique value of the third item,
secolnd item, and first item combination. Finally a grand totatigmed for the entire

result set.

Forthe subtotalrows, nullis returned for the items across which the subtotal is taken.

ThecuBEextension specified within the context of tBROUP BYclause is shown by the
following:

SELECT select _list FROM ...
GROUPBY [...,] CUBE ( expression_list ) -]

The items specified iselect _list mustalsoappearin tltg)BEexpression_list ;

or they must be aggregate functions sucb@3INTSUMAVG MIN, OrMAX or they must
be constants or functions whose return galare independentof the individual rows in
the group (for example, tt&er SDATHunNction).
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TheGROUP BYclause may specify multip@uBeEextensions as wellas multiple
occurrences of oth@rROUPBYextensions and individual expressions.

TheORDER BYclause should be usedif you want the output to display in a meaningful

structure. There is no guarantee on the order of the result seffER BYclause is
specified.

The number of grouping levels or total® iised to the power afwheren represents
the number ofitems in thmuBEexpression list. A parenthesized list counts as one item.

The following query produces a cube based on permutations of cahtmyumame, and
job .

SELECT loc, dname, job, COUNT(*) AS "employees" FROM emp e, dept d
WHERE e.deptno = d.deptno

GROUP BY CUBE (loc, dname, job)

ORDER BY 1, 2, 3;

The following is the result ofthe query. There is a count of the number of employees for
each combination adc ,dname, andjob , as well as subtotals for each combination of

loc anddname, foreach combination adc andjob , for each combination afiame

andjob , for each unique value @k , foreach uniquevalue afame, for each unique
value ofiob , and a grand totaldisplayed on thelast line.

loc | dname | job |emp loyees

BOSTON | OPERATIONS | ANALYST | 1
BOSTON | OPERATIONS |CLERK | 1
BOSTON | OPERATIONS | MANAGER | 1
BOSTON | OPERATIONS | | 3
BOSTON | RESEARCH |ANALYST | 2
BOSTON |RESEARCH |CLERK | 2
BOSTON |RESEARCH |MANAGER | 1
BOSTON |RESEARCH | | 5
BOSTON | | ANALYST | 3
BOSTON | | CLERK | 3
BOSTON | | MANAGER | 2
BOSTON | [ | 8
CHICAGO | SALES |CLERK | 1
CHICAGO | SALES | MANAGER | 1
CHICAGO | SALES | SALESMAN | 4
CHICAGD | SALES | | 6
CHICAGO | | CLERK | 1
CHICAGO | | MANAGER | 1
CHICAGO | | SALESMAN | 4
CHICAGO | | | 6
NEW YORK | ACCOUNTING | CLE RK | 1
NEW YORK | ACCOUNTING | MANAGER | 1
NEW YORK | ACCOUNTING | PRESIDENT | 1
NEW YORK | ACCOUNTING | | 3
NEW YORK | | CLERK | 1
NEW YORK | | MANAGER | 1
NEW YORK | | PRESIDENT | 1
NEW YORK | | | 3

| ACCOUNTING | CLERK | 1
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| ACCOUNTING | MANAGER | 1
| ACCOUNTING | PRESIDENT | 1
| ACCOUNTING | | 3

| OPERATIONS | ANALYST | 1

| OPERATIONS | CLERK | 1

| OPERATIONS | MANAGER | 1
| OPERATIONS | | 3

| RESEARCH | ANALYST | 2
| RESEARCH |CLERK | 2

| RESEARCH | MANAGER | 1

| RESEARCH | | 5

| SALES |CLERK | 1
|SALES | MANAGER | 1

| SALES | SALESMAN | 4
| SALES | | 6

| | ANALYST | 3

| | CLERK | 5

| | MANAGER | 4

| | PRESIDENT | 1
| | SALESMAN | 4

I I I 17

The following query shows the effect of combining items incbedist within
parenthesis.

SELECT loc, dname, job, COUNT (*) AS "employees" FRO M emp e, dept d
WHERE e.deptno = d.deptno

GROUP BY CUBE (loc, (dname, job))

ORDER BY 1, 2, 3;

In the output note thatthere are no subtotals for permutations invielwiranddname
combinationsipc andjob combinations, or fadname by itself, orforjob by itself.

loc | dname | job | employees

R Fom e F R — E T ——
BOSTON | OPERATIONS | ANALYST | 1
BOSTON | OPERATIONS |CLERK | 1
BOSTON | OPERATIONS | MANAGER | 1
BOSTON |RESEARCH |ANALYST | 2
BOSTON |RESEARCH |CLERK | 2
BOSTON |RESEARCH |MANAGER | 1
BOSTON | | | 8
CHICAGO | SALES |CLERK | 1
CHICAGO | SALES | MAN AGER | 1
CHICAGO | SALES | SALESMAN | 4
CHICAGO | | [ 6
NEW YORK | ACCOUNTING | CLERK | 1
NEW YORK | ACCOUNTING | MANAGER | 1
NEW YORK | ACCOUNTING | PRESIDENT | 1
NEW YORK | | | 3

| ACCOUNTING | CLERK | 1

| ACCOUNTING | MANAGER | 1

| ACCOUNTING | PRESIDENT | 1

| OPERATIONS | ANALYST | 1

| OPERATIONS | CLERK | 1

| OPERATIONS | MANAGER | 1

| RESEARCH | ANALYST | 2

| RESEARCH |CLERK | 2

| RESEARCH | MANAGER | 1

Copy right © 2007 - 2017 EnterpriseDB Corporation. All rights reserved. 6¢



Database Compatibility for Oracle® Developers Guide

| SALES |CLERK | 1
| SALES | MANAGER | 1
| SALES | SALESMAN | 4

| | 17

(28 rows)

The following query shows another variation whereby the first expression is specified
outside oftheuBEextension.

SELECT loc, dname, job, COUNT (*) AS "employees" FROM emp e, dept d
WHERE e.deptno = d.deptno

GROUP BY loc, CUBE (dname, job)

ORDERBY 1, 2, 3;

In this output, the permutations are performedif@ame andjob within each grouping
ofloc .

loc | dname | job | employees
R Fom e F e E T ——
BOSTON | OPERATIONS | ANALYST | 1
BOSTON | OPERATIONS |CLERK | 1
BOSTON | OPERATIONS | MANAGER | 1
BOSTON | OPERATIONS | | 3
BOSTON | RESEARCH |ANALYST | 2
BOSTON | RESEARCH |CLERK | 2
BOSTON | RESEARCH | MANAGER | 1
BOSTON |RESEARCH | [ 5
BOSTON | | ANALYST | 3
BOSTON | | CLERK | 3
BOSTON | | MANAGER | 2
BOSTON | | [ 8
CHICAGO | SALES |CLERK | 1
CHICAGO |SALES | MANAGER | 1
CHICAGO | SALES | SALESMAN | 4
CHICAGO | SALES | | 6
CHICAGO | | CLERK | 1
CHICAGO | | MANAGER | 1
CHICAGO | | SALESMAN | 4
CHICAGO | | | 6
NEW YORK | ACCOUNTING | CLERK | 1
NEW YORK | ACCOUNTING | MANAGER | 1
NEW YORK | ACCOUNTING | PRESIDENT | 1
NEW YORK | ACCOUNTING | | 3
NEW YORK | | CLERK | 1
NEW YORK | | MANAGER | 1
NEW YORK | | PRESIDENT | 1
NEW YORK | | [ 3
(28 rows)
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2.2.6.3GROUPING SETS Extension

The use ofth&eROUPINGSETSXtension within th&éROUPBYclause provides a
means to prodwone result setthatis actually the concatenation of multiple results sets

based upon different groupings. In other wordgyBON ALL operationis performed
combining the result sets of multiple groupings into one result set.

Note that aJNIONALL operdion, and therefore theROUPING SETSxtension, do not
eliminate duplicate rows fromthe result sets thatare being combined together.

The syntaxfora singlBROUPINGSETSxtension is as follows:

GROUPING SETS (
{ expr_1 |( exprla [, expr_1lb 1]..) |
ROLLUP ( expr_list ) | CUBE ( expr_list )
LoD

A GROUPING SETSextension can contain any combination of one or more cemma

separated expressions, lists of expressions enclosed within pareRrtbesispP
extensions, andUuBEextensions.

TheGROUPING SETSextension is specified within the context of trROUP BYclause
as shown by thefollowing:

SELECT select _list FROM ...
GROUP BY [..,] GROUPING SETS ( expression_list ), -]

The items specified iselect _list mustalsoappearin tlBROUPNG SETS
expression_list ; orthey mustbe aggregate functions suc@sNTSUMAVG MIN,

or MAX orthey must be constants or functions whose return values are independent of the
individual rows in the group (for example, teesDATEunction).

TheGROUPBY clause may specify multipeROUPINGSETSxtensions as well as
multiple occurrences of otheROUPBYextensions and individual expressions.

TheORDER BYclause should be usedif you want the output to display in a meaningful

structure. There is no geantee on the order of the result set idRDER BYclause is
specified.

The following query produces a union of groups given by colusensdname, andjob .

SELECT loc, dname, job, COUNT(*) AS "employees" FROM emp e, dept d
WHERE e.deptno = d.deptno

GR@P BY GROUPING SETS (loc, dname, job)

ORDER BY 1, 2, 3;
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The resultis as follows:

loc | dname | job | employees
———————eee C Y L
BOSTON | | | 8
CHICAGO | | [ 6
NEW YORK | | | 3
| ACCOUNTING | | 3
| OPERATIONS | | 3
| RESEARCH | | 5
| SALES | | 6
[ | ANALYST | 3
[ | CLERK | 5
| | MANAGER | 4
| | PRESIDENT | 1
| | SALESMAN | 4
(12 rows)

This is equivalat to the following query, which employs the use oftingONALL
operator.

SELECT loc AS "loc", NULL AS "dname", NULL AS "job", COUNT(*) AS "employees"
FROM emp e, dept d
WHERE e.deptno = d.deptno
GROUP BY loc
UNION ALL
SELECT NULL, dname, NULL, COUNT(*
WHERE e.deptno = d.deptno
GROUP BY dname
UNION ALL
SELECT NULL, NULL, job, COUNT(*) AS "employees" FROM emp e, dept d
WHERE e.deptno = d.deptno
GROUP BY job
ORDER BY 1, 2, 3;

) AS "employees" FROM emp e, dept d

The output fromth&NIONALL query is thesame as theROUPINGSH'S output.

loc | dname | job | employees
R Fom e F SRS B ———
BOSTON | | | 8
CHICAGO | | | 6
NEW YORK | | | 3
| ACCOUNTING | | 3
| OPERATIONS | | 3
| RESEARCH | | 5
| SALES | | 6
| | ANALYST | 3
| | CLERK | 5
[ | MANAGER | 4
[ | PRESIDENT | 1
| | SALESMAN | 4
(12 rows)

The following example shows how various typesRDOUP Byextensons canbe used

together within &ROUPING SETS expression list.

SELECT loc, dname, job, COUNT(*) AS "employees" FROM emp e, dept d
WHERE e.deptno = d.deptno
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GROUP BY GROUPING SETS (loc, ROLLUP (dname, job), CUBE (job, loc))
ORDER BY 1, 2, 3;

The following is the outputfromthis query.

loc | dname | job | employees
m——————— S TR [ RSP R— T
BOSTON | | ANALYST | 3
BOSTON | | CLERK | 3
BOSTON | | MANAGER | 2
BOSTON | | | 8
BOSTON | | | 8
CHICAGO | | CLERK | 1
CHICAGO | | MANAGER | 1
CHICAGO | | SALESMAN | 4
CHICAGO | | | 6
CHICAGO | | | 6
NEW YORK | | CLERK | 1
NEW YORK | | MANAGER | 1
NEW YORK | | PRESIDENT | 1
NEW YORK | | | 3
NEW YORK | | | 3
| ACCOUNTING | CLERK | 1
| ACCOUNTING | MANAGER | 1
| ACCOUNTING | PRESIDENT | 1
| ACCOUNTING | | g
| OPERATIONS | ANALYST | 1
| OPERATIONS | CLERK | 1
| OPERATIONS | MANAGER | 1
| OPERATIONS | | 3
| RESEARCH | ANALYST | 2
| RESEARCH | CLERK | 2
| RESEARCH | MANAGER | 1
| RESEARCH | | 5
| SALES | CLERK | 1
| SALES | MANAGER | 1
| SALES | SALESMAN | 4
| SALES | | 6
| | ANALYST | 3
| | CLERK | 5
| | MANAGER | 4
| | PRESIDENT | 1
| | SALESMAN | 4
I I I 17
I I I 17
(38 rows)

The outputis basically a concatenation of the result sets thatwould be produced

individually fromGROUP BY loc , GROUP BYROLLUP (dname, job) ,andGROUP
BY CUBE (job, loc) . These individual queries are shown by the following.

SELECT loc, NULL AS "dname", NULL AS "job", COUNT(*) AS "employees"
FROM emp e, dept d

WHERE e.deptno = d.deptno

GROUP BY loc

ORDER BY 1;
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The followingis the result set fromth@&ROUPBY loc clause.

loc |dname | job | employees
tememmee E R -

BOSTON | | 8
CHICAGO | | ] 6
NEW YORK | | ] 3
(3 rows)

The following qLery uses theROUPBY ROLLUP (dname, job)

clause.

SELECT NULL AS "loc", dname, job, COUNT(*) AS "employees" FROM emp e, dept d

WHERE e.deptno = d.deptno
GROUP BY ROLLUP (dname, job)
ORDER BY 2, 3;

The following is the result set fromtiedROUP BY ROLLUP (dname, job)

loc |

dname | job | employees

B R, [ S R e ——
| ACCOUNTING | CLERK | 1

| ACCOUNTING | MANAGER | 1

| ACCOUNTING | PRESIDENT | 1

| ACCOUNTING | | 3

| OPERATIONS | ANALYST | 1

| OPERATIONS | CLERK | 1

| OPERATIONS | MANAGER | 1

| OPERATIONS | | 3

| RESEARCH | ANALYST | 2

| RESEARCH | CLERK [ 2
| RESEARCH | MANAGER | 1

| RESEARCH | | 5

| SALES |CLERK | 1

| SALES | MANAGER | 1

| SALES | SALESMAN | 4

| SALES | | 6
I | I 17

(17 rows)

The following query uses thteBROUPBY CUBE (job, loc)

clause.

SELECT loc, NULL AS "dname", job, COUNT(*) AS "employees" FROM emp e, deptd

WHERE e.deptno = d.deptno
GROUP BY CUBE (job, loc)
ORDERBY 1, 3;

The following is the result set fromtie®OUP BY CUBE (job, loc)

loc |dname| job | employees
—emmca=— [ fhmommmmme—ee fho——me—e—
BOSTON |  |ANALYST | 3
BOSTON | |CLERK | 3
BOSTON | | MANAGER | 2
BOSTON | | | 8
CHICAGO | | CLERK | 1
CHICAGO | | MANAGER | 1
CHICAGO | | SALESMAN | 4
CHICAGO | | | 6
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NEW YORK | | CLERK | 1
NEW YORK | | MANAGER | 1
NEW YORK | | PRESIDENT | 1
NEW YORK | | | 3
| | ANALYST | 3
| | CLERK | 5
| | MANAGER | 4
| | PRESIDENT | 1
| | SALESMAN | 4
(. | 17
(18 rows)

If the previous three queries are combined withtRBDNALL operator, a concatenaton
of the three results sets is produced.

SELECT loc AS "loc", NULL AS "dname", NULL AS "job", COUNT(*) AS "employees"
FROM emp e, dept d
WHERE e.deptno = d.deptno
GROUP BY loc
UNION ALL
SELECT NULL, dname, job, count(*) AS "employees" FROM emp e, dept d
WHERE e.deptno = d.deptno
GROUP BY ROLLUP (dname, job)
UNION ALL
SELECT loc, NULL, job, count(*) AS "employees" FROM emp e, dept d
WHERE e.deptno = d.deptno
GROUP BY CUBE (job, loc)
ORDER BY 1, 2, 3;

The following is the output, which is the same as wheGROUPBY GROUPING SETS
(loc, ROLLUP (dname, job), CUBE (job, loc)) clause is used.

loc | dname | job | employees
—emscma— drmo—oen—e— fhomcomm s ro— s
BOSTON | | ANALYST | 3
BOSTON | | CcL ERK | 3
BOSTON | | MANAGER | 2
BOSTON | | | 8
BOSTON | | | 8
CHICAGO | | CLERK | 1
CHICAGO | | MANAGER | 1
CHICAGO | | SALESMAN | 4
CHICAGO | | | 6
CHICAGO | | | 6
NEW YORK | | CLERK | 1
NEW YORK | | MANAGER | 1
NEW YORK | | PRESIDENT | 1
NEW YORK | | [ 3
NEW YORK | | | 3
| ACCOUNTING | CLERK | 1
| ACCOUNTING | MANAGER | 1
| ACCOUNTING | PRESIDENT | 1
| ACCOUNTING | | 8
| OPERATIONS | ANALYST | 1
| OPERATIONS | CLERK | 1
| OPERATIONS | MANAGER | 1
| OPERATIONS | | 3
| RESEARCH |ANALYST | 2
| RESEARCH |CLERK | 2
| RESEARCH | MANAGER | 1
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| RESEARCH | | 5

| SALES |CLERK | 1

| SALES | MANAGER | 1
| SALES | SALESMAN | 4

| SALES | | 6

| | ANALYST | 3

| | CLERK | 5

| | MANAGER | 4

| | PRESIDENT | 1
| | SALESMAN | 4

| | | 17

| | | 17

(38 rows)
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2.2.6.4GROUPING Function

When usingth@OLLUR CUBE OrGROUPING SE'S extensions toth&ROUPBYclause,

it may sometimes be difficult to differentiate betweenthe various levels of subtotals
generated by the extensions as wellas the base aggregate rows in the result set. The
GROUPINdunction provides a means of making thistohiction.

The general syntaxfor use of tarROUPINdunctionis shown by the following.

SELECT [ expr ...,] GROUPING( col _expr )|, expr 1]...
FROM ...
GROUP BY [...,]

{ ROLLUP | CUBE | GROUPING SETS X [...,] col_expr

LD -]

TheGROUPINdunctiontakes a single parameter that mustbe an expression ofa

dimension column specified in the expression listkdaLUR CUBE OrGROUPING
SETS extension oftheROUPBYclause.

The return value of theROUPINdunctionis either 8or 1. In theesult setofa query,
if the column expression specified in tAROUPINdunction is nullbecausethe row
represents a subtotal over multiple values of that column th@rthePINdunction
returns avalue of 1. If the row returns results based on ayartvalue ofthe column

specified in th&sROUPINdunction, thentheROUPINGunction returns a value of 0. In
the latter case, the column canbe nullas wellasmdifbut in any case, itis fora
particular value ofthat column, nota subtotal asnmultiple values.

The following query shows how thereturn values oftR®UPINdunction correspond
to the subtotal lines.

SELECT loc, dname, job, COUNT (*) AS "employees",
GROUPING(loc) AS "gf_loc",
GROUPING(dname) AS "gf_dname",
GROUPING(job) AS "gf_job"

FROM emp e, deptd

WHERE e.deptno = d.deptno

GROUP BY ROLLUP (loc, dname, job)

ORDER BY 1, 2, 3;

In the three rightnost columns displaying the output of thROUPINdunNctions, a value

of 1 appears on a subtotal line wherever a subtotal is tadtess values of the
corresponding columns.

loc | dname | job | employees|gf loc| of _dname | of job
[ Fom e F RS — E T —— [ p— E —— B —
BOSTON | OPERATIONS | ANALYST | 1] 0] o] o0
BOSTON | OPERATIONS |CLERK | 1] 0] 0| o0
BOSTON | OPERATIONS | MANAGER | 1] 0] o] o0
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BOSTON | OPERATIONS | | 3] 0] o] 1
BOSTON |RESEARCH |ANALYST | 2| 0] o] o©
BOSTON |RESEARCH |CLERK | 2| 0] o] o©
BOSTON |RESEARCH |MANAGER | 1] 0] o] o
BOSTON |RESEARCH | | 5| 0] o] 1
BOSTON | | | 8| 0] 1] 1
CHICAGO | SALES |CLERK | 1| 0] 0| o©
CHICAGO |SALES | MANAGER | 1] 0] 0| ©
CHICAGO | SALES | SALESMAN | 41 0] 0| o©
CHICAGO |SALES | | 6| O] o] 1
CHICAGO | | [ 6] O] 1] 1
NEW YORK | ACCOWTING | CLERK | 1] 0] o] o©
NEW YORK | ACCOUNTING | MANAGER | 1] 0] 0] ©
NEW YORK | ACCOUNTING | PRESIDENT | 1] 0] 0] ©
NEW YORK | ACCOUNTING | [ 3] 0] o] 1
NEW YORK | | | 3] O 1]
I I I 171 1] 1] 1
(20 rows)

These indicators can be used as screening criteria for parsaidtotals. For example,

using the previous query, you can display only those subtotéds f@nddname
combinations by using theROUPINdunction in aHAVINGclause.

SELECT loc, dname, job, COUNT (*) AS "employees",
GROUPING(loc) AS "gf_loc",
GROBING(dname) AS "gf_dname",
GROUPING(job) AS "gf_job"

FROM emp e, deptd

WHERE e.deptno = d.deptno

GROUP BY ROLLUP (loc, dname, job)

HAVING GROUPING (loc) =0
AND GROUPING(dname) =0
AND GROUPING(job) =1

ORDER BY 1, 2;

This query produces the followg result:

loc | dname |job | employees|gf_loc | gf_dname | gf_job
R Fom F [ RE—— F R B
BOSTON | OPERATIONS| | 3] 0] o] 1
BOSTON |RESEARCH | | 5| 0] o] 1
CHICAGO |SALES | | 6] O] o] 1
NEW YORK | ACCOUNTING | | 3] 0] o] 1
(4 rows)

TheGROUPINdunction can be used to distinguish a subtotal row fidmase aggregate
row or from certain subtotalrows where one ofthe items in the expressionlist returns

null as aresult ofthe column on which the expressionis basedbeingnullforone or more

rows in the table, as opposedto representing a subtotadhmmolumn.

To illustrate this point, the following row is added to ¢heptable. This provides a row
with a null value forth@b column.

INSERT INTO emp (empno,ename,deptno) VALUES (9004,'PETERS',40);
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The following query is issued using a reducethbar of rows for clarity.

SELECT loc, job, COUNT(*) AS "employees",
GROUPING(loc) AS "gf_loc",
GROUPING(job) AS "gf_job"
FROM emp e, deptd
WHERE e.deptno = d.deptno AND loc = ' BOSTON
GROUP BY CUBE (loc, job)
ORDER BY 1, 2;

Note that the output conte two rows containinBOSTONN theloc column and spaces
in thejob column (fourth and fifth entries in the table).

loc | job |employees | gf_loc|gf_job
[E—— B [ R —— S — E —
BOSTON | ANALYST | 3] 0] 0
BOSTON | CLERK | 3] 0] O
BOSTON | MANAGER | 2] 0] O
BOSTON | | 1] 0] ©
BOSTON | | 9| 0] 1
| ANALYST | 3] 1] O
| CLERK | 3] 1] O
| MANAGER | 2| 1] O
I I 1] 1] ©
I I 9] 1| 1
(10 rows)

The fifth row where theROUPINdunction onthgob column ¢f_job )returnsl

indicates this is a subtotal over alljobs. Note that the row contains a subtotal value of 9in

theemployees column.

The fourth rowwhere theROUPINdunction onthgob column aswellas on thec
column returns Oindicates this is ad®e aggregate of allrows where isBOSTONINd

job is null, which is the row inserted for this example. Ehwloyees column contains
1, which is the count of the single such row inserted.

Also notethatin the ninthrow (next to last) theOUPINGunction on thgob column
returns O while theROUPINdunctionon théoc column returns 1indicating thisis a

subtotaloveralllocations wheretjoe column is null, which again, is a countofthe
single rowinserted for this example.
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2.2.6.5GROUPING_ID Function

TheGROUPING_IDfunction provides a simplification of ttGROUPINGunctionin order
to determine the subtotal level of a rowin the result setflRO1LABACKCUBE Or
GROUPING SETS®xtension.

TheGROUPINdunction takes only one column expression aatdrns an indication of
whetherornotarowis a subtotal overallvalues ofthe given column. Thus, multiple

GROUPINdunctions may be required to interpretthe level of subtotals for queries with
multiple grouping columns.

TheGROUPING_IDfunctionacepts one or more column expressions thathave been used

in theROLLBACKCUBE 0rGROUPING SET®xtensions andreturns a single integer that
can be usedto determine over which of these columns a subtotal has beenaggregated.

The general syntaxfor usetbEGROUPING_IDfunctionis shown by the following.

SELECT [ expr ...]

GROUPING_ID( col _expr_1 [, col expr 2 1...)
[, expr ]..
FROM ...
GROUP BY [...,]
{ ROLLUP | CUBE | GROUPING SETS X [...,] col_expr_1
[, col_expr 2 1L--DIL -]

TheGROUPING_ID functiontakes one or more parameters that mustbe expressions of

dimension columns specified in the expression listredBL UR CUBE Or GROUPING
SETS extension oftheROUPBYclause.

TheGROUPING_IDfunctionreturns an integer value. Thawe corresponds to the base

10 interpretation of a bit vector consi st
returned by a series GROUPINdunctions specified in the same ledt-rightorder as

the ordering of the parameters specified iInGR®OUPING_IDfunction.

The following query shows how thereturned values o8ROUPING_IDfunction
represented in colungid correspondto the values returned by WD UPINGuUNctions
on columnsgoc anddname.

SELECT loc, dname, COUNT (*) AS "employees",
GROUPING(loc) AS "gf_loc", GROUPING(dname) AS "gf_dname",
GROUPING_ID(loc, dname) AS “"gid"

FROM emp e, dept d

WHERE e.deptno = d.deptno

GROUP BY CUBE (loc, dname)

ORDER BY 6, 1, 2;
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In the following output, note the relationship between a bit vectaisting ofthe

gf_loc value andyf_dname value comparedto the integer givenii .

loc | dname |employees| gf _loc|gf dname | gid
—————-- D f S —— E S — £ S E —
BOSTON | OPERATIONS | 3| 0] 0] O
BOSTON | RESEARCH | 5| 0] 0] O
CHICAGO | SALES | 6 | 0] 0] O
NEW YORK | ACCOUNTING | 3| 0] 0] O
BOSTON | | 8| 0] 1| 1
CHICAGO | | 6 | 0] 1] 1
NEW YORK | | 3| 0] 1] 1
| ACCOUNTING | 3] 1] 0| 2
| OPERATIONS | 3] 1] 0] 2
| RESEARCH | 5| 1] 0] 2
| SALES | 6 | 1] 0] 2
| | 17 | 1] 1] 3
(12 rows)

The following table provides specific examples of BROUPING_IDfunction

calculations based on tb®OUPINdunction returnvalues for four rows of the output.

loc dname Bit Vector GROUPING_ID
gf_loc gf_dname gid
BOSTON OPERATIONS o* 20 +0* 2 0
BOSTON null o* 21 + 1+ 27 1
null ACCOUNTING 1* 20 + 0 * 2° 2
null null 1* 20 4 1% 2° 3

The following table summarizes how thROUPING_IDfunction return values
correspond tdte grouping columns over which aggregation occurs.

Aggregation by Column Bit Vector GROUP_ING_ID
of_loc gf _dname gid

loc, dname 00 0

loc 01 1

dname 10 2

Grand Total 11 3

So to display only those subtotalsdamame, the following simplified query aabe used

with aHAVINGclause based on tlBROUPING _IDfunction.

SELECT loc, dname, COUNT (*) AS "employees",
GROUPING(loc) AS "gf loc", GROUPING(dname) AS "gf dname",
GROUPING_ID(loc, dname) AS "gid"

FROM emp e, dept d

WHERE e.deptno = d.deptno

GROUPBY CUBE (loc, dname)

HAVING GROUPING_ID(loc, dname) = 2

ORDER BY 6, 1, 2;
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The following is the result of the query.

loc| dname |employees | gf loc | gf_dname | gid

P T T r—— [ T TR —— S T E R Heeeme
| ACCOUNTING | 3] 1| 0| 2
| OPERATIONS | 3] 1| 0| 2
| RESEARCH | 5] 1| 0| 2
| SALES | 6| 1| 0] 2
(4 rows)

Copy right © 2007 - 2017 EnterpriseDB Corporation. All rights reserved. 82



Database Compatibility for Oracle® Developers Guide

2.3 Profile Management

Advanced $rver 9.@llows a database superuser to create ngmefiles. Each profile

defines rules for password management thataugmesword andmd5authentication.
The rules in a profile can:

count failed login attempts

lock an account due to excessivésfdiogin attempts
mark a password for expiration

define a grace period after a password expiration
define rules for password complexity

define rules thdimit password raise

=A== 241

A profile is a named set of password attributes thatallow you to easily magemep of
roles that share comparable authentication requirements. Ifthe password requirements

change, you can modify the profile to have the new requirements applied to each user that
is associated with that profile.

After creating the profile, you ceassociate the profile with one or more users. Whena
userconnects to the server, the server enforces the profile that is associated with their
login role. Profiles are shared by all databases within a cluster, buteach cluster may have
multiple profiles. A single userwith accessto multiple databases will use the same

profile when connecting to each database within the cluster.

Advanced Servd).6creates a profile namedfault  that is associated with a new role
when the role is created unless aemate profile is specified. Ifyou upgrade to
Advanced Servé@.6from a previous server version, existing roles will automatically be
assignedto theefault profile. You cannotdeletethizfault  profile.

Thedefault profile specifies the followingtéributes:

FAILED_LOGIN_ATTEMPTS UNLIMITED
PASSWORD_LOCK_TIME UNLIMITED
PASSWORD_LIFE_TIME UNLIMITED
PASSWORD_GRACE_TIME UNLIMITED
PASSWORD_REUSE_TIME UNLIMITED
PASSWORD_REUSE_MAX UNLIMITED

PASSWORD_VERIFY_FUNCTION NULL

A database superusman uselteALTERPROFILE command to modify thealues

specified by theefault profile. For more information aboatodifying a profile, see
Section2.3.2
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2.3.1 Creating a New Profile

Use theCcREATEPROFILE command to create a new ptefiThe syntaxis:

CREATE PROFILE profile_name
[LIMIT { parameter value }...];

IncludetheLIMIT clauseand one or more spadelimitedparameter /value pairsto
specify theules enforced by Advanced Server.

Parameters.
profile_name  specifieghe naneoftheprofile.
parameter specifieghe attribute limited by the profile.
value specifies the parameter limit.

Advanced Server supports thetue shownbelow for eaclparameter

FAILED_LOGIN_ATTEMPTSspecifies the number of failed login attemgiat a user
may make before the serverlocks the user out oftheiraccountforthe length of time
specified bPASSWORD_LOCK_TIM&upported values are:

1 AnNINTEGERvalue greatertham
1 DEFAULT- the value ofFAILED_LOGIN_ATTEMPTSspecified in the
DEFAULTprofile.

1 UNLIMITEDT the connecting user may make an unlimiednber of failed
login attempts.

PASSWORD_LOCK_TIMIpecifies the length of time that must pass before the server

unlocks an account that has beenlocked becagse@idfD LOGIN_ATTEMPTS.
Supported values are:

1 A NUMERIOQvalue greaterthanorequalto To specify a fractional portion
of aday, specify adecimal value. Forexample, use the ¥alu® specifys
days,12 hours.

 DEFAULT- the value oPASSWORD_LOCK_TIM®ecified in th®EFAULT
profile.

f UNLIMITEDT the accountis locked untilitis manually unlocked by a
database superuser.
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PASSWORD_LIFE_TIMESpecifies theaumber of days thatthe current password may
be used before theuseris prompted to provide a new passncicde the
PASSWORDGRACETIME clause when using tlRASSWORRIFE _TIME clauseto
specify the number of days thatwill pass afteggassword expirelsefore

connections bythe role are rejected® ABSWORDBERACETIME is not specified, the
password will expire on thatlay specified by the default value of
PASSWORDGRACETIME, and the user will not be allowed to execute any command
untila new password is providetlipported values are:

1 A NUMERIOQvalue greaterthaor equalt®. To specify a fractional portion
of adg, specify adecimalvalue. Forexample, use the vatué¢o specifys
days,12 hours.

1 DEFAULT- the value oPASSWORD_LIFE_TIMB pecified in th@®EFAULT
profile.

1 UNLIMITEDT The password does nothave an expiration date

PASSWORD_GRACE_TIMpecifies tle length ofthe grace period after a password
expires untilthe useris forced to changetheirpassword. Whenthe grace period
expires, a userwill be allowed to connect, but will not be allowed to execute any
command untilthey update their expired pagrsivSupported values are:

1 A NUMERIOQvalue greaterthaor equalt®. To specify a fractional portion
of aday, specify adecimal value. Forexample, use the ¥alu® specifys
days,12 hours.

1 DEFAULT- the value o0PASSWORD_GRACE_TIgpecified itheDEFAULT
profile.

1 UNLIMITEDT The grace period is infinite

PASSWORD_REUSE_TIMEpecifieshe number of days a user must wait before re
using a passwordlhePASSWORIREUSE TIME andPASSWORDREUSE MAX
parameters are intended to be used togelhgou specify dinite value for one of
these parameters while the otheyieLIMITED, old passwords cannever be reused.

If both parameters are setdNLIMITED there are no restrictions on password reuse.
Supported values are:

1 A NUMERIOQvalue greatertheorequalt®. To specify a fractional portion
of aday, specify a decimalvalue. Forexample, use the ¥alut® specify4
days,12 hours.

1 DEFAULT- the value o0PASSWORD_REUSE_TIMpecified in th@®EFAULT
profile.

1 UNLIMITEDT The password can be-used without restrictions

PASSWORD_REUSE_MaXRecifiegshe number of password changes thatmust occur
before a password can be reusédePASSWORIMREUSE TIME and
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PASSWORIREUSE MAXparameters are intended to be used togethgsu specify a
finite value for one ofthese parameters while the oth@isMITED, old passwords

can neverbe reusettboth parameters are sett§LIMITED there are no
restrictions on password reussupported values are:

An INTEGERvalue greaterthan orequalto

DEFAULT- the value 0PASSWORD_REUSE_Mgyecified in th@EFAULT
profile.

1 UNLIMITEDT The password can be-used without restrictions.

l
l

PASSWORD_VERIFY_FUNCTIO$pecifiegpassword complexitysupported values
are:

1 Thename ofa PL/SQL function.

1 DEFAULT- the value oPASSWORD_VERIFY_FUNCTIGecified in the
DEFAULTprofile.

 NULL

Notes
UseDRORPROFILE command to remove the profile.

Examples

The following command creates a profile naraectg . The profile specifies thatifa
user has not authenticatediwihe correct password in five attempts, the account willbe
locked for one day:

CREATE PROFILE acctg LIMIT
FAILED_LOGIN_ATTEMPTS 5
PASSWORD_LOCK_TIME 1,

The following command creates a profile narselds . The profile specifiesthata user
must change their password every 90 days:

CREATE PROFILE sales LIMIT
PASSWORD_LIFE_TIME 90
PASSWORD_GRACE_TIME 3;

If the user has not changed their password before the 90 days specified in the profile has

passed, theywill be issued a wainat login. Aftera grace period of 3days, their
account will not be allowed to invoke any commands untilthey change their password.

The following command creates a profile namects . The profile specifies thata user
cannotreuse a password withil80 days ofthe lastuse of the password, and must
changetheir password at least 5 times befeusmegthe password:
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CREATE PROFILE accts LIMIT
PASSWORIREUSE_TIME 180
PASSWORIREUSE MAX 5;

The following command creates a profile namedources ; the profile calls auser

defined function nameghssword_rules  that will verify that the password provided
meets their standards for complexty:

CREATE PROFILE resources LIMIT
PASSWORD_VERIFY_FUNCTION password_rules;

2.3.1.1Creating a Password Fution

When specifyinPASSWORD_VERIFY_FUNCTIQNyouU can provide a customized

function that specifies the security rules that willbe applied when your users change their
password. Forexample, you can specify rules thatstipulate that the new passtord mu
be at least characters long, and may not contain a specific value.

The password function has the following signature:

function _name (user _name VARCHARZ2,
new_password VARCHAR2,
old password VARCHARRRETURN boolean

Where:
user _nameis the name of the user.

new_password is the new password.

old _password is the user's previous password. Ifyou reference this parameter
within your function:

When a database superuser changes their password, the third parameter
will always beNULL.

When a userwith theREATEROLAttribute changes their password, the
parameter will pass the previous password ifthe statementincludes the

REPLACElause. Note that tlREPLACEClause is optional syntaxfora
userwith thecREATEROLPrivilege.

When a userthatis not a database superuser and does not have the

CREATEROLARLttribute changes their password, the third parameter will
contain the previous password forthe role.
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The functionreturns a Boolean value. Ifthe function returns true anddtregse an
exception, the password is accepted; if the functionreturns false or raises an exception,
the password is rejected. Ifthe function raises an exception, the specified error message

is displayedto the user. Ifthe functiondoes not raisxeeption, but returns false, the
following error message is displayed:

ERROR: password verification for the specified password failed

The function must be owned by a database superuser, and residsy/in sithema.
Example:

The following example creas a profile and a customfunction; then, the function is
associated with the profile. The followiGREATEPROFILE command creates a profile
namecdhcctg _pwd_profile

CREATE PROFILE acctg _pwd_profile;

The following commands create a (scheaqoalified) function named
verify_  password

CREATE OR REPLACE FUNCTION sys. verify  password (user _name varchar2,
new_password varchar2, old_password varchar2)
RETURN boolean IMMUTABLE
IS
BEGIN

IF (length(new_password) < 5)

THEN

raise_application_error( - 20001, 'too short);
END IF;

IF substring(new_password FROM old_password) IS NOT NULL
THEN

raise_application_error( - 20002, 'includes old password");
END IF;

RETURN true;
END

Thefunctionfirst ensures that the password is at least5 cieesdang, and then

compares the new password tothe old password. Ifthe new password contains fewer
than 5 characters, or contains the old password, the function raises an error.

The following statement sets the ownership ofédrédy password functionto the
enterprisedb  database superuser:

ALTER FUNCTION verify_password (varchar2, varchar2, varchar2) OWNER TO
enterprisedb;
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Then, theerify _password function is associated with the profile:

ALTER PROFILE acctg_pwd _profile LI MIT PASSWORD_VERIFY_FUNCTON
verify_ password ;

The following statements confirmthat the function is working by first creating atestuser
(alice ), and then attempting to associateinvalid and valid passwords with herrole:

CREATE ROLE alice WITH LOGIN PASSWORD ‘'temp_password' PROF ILE
acctg_pwd_profile;

Then,wheralice connectsto the database and attempts to change her password, she
must adhere to the rules established by the profile function. Auaperuser without
CREATEROLBwSst include the@EPLACElause when changing a passd:

edb=> ALTER ROLE alice PASSWORD ‘'hey';
ERROR: missing REPLACE clause

The new password mustbe at least5 characters long:

edb=> ALTER USER alice PASSWORD 'hey' REPLACE 'temp_password';

ERROR: EDB- 20001: too short

CONTEXT: edb -splfunction verify password(character varying,character
varying,character varying) line 5 at procedure/function invocation statement

If the new passwordis acceptable, the command completes without error:

edb=> ALTER USER alice PASSWORD 'hello' REPLACE 'temp_password’;
ALTER ROLE

If alice decides tochange her password, the new password mustnotcontainthe old
password:

edb=> ALTER USER alice PASSWORD 'helloworld' REPLACE 'hello';

ERROR: EDB- 20002: includes old password

CONTEXT: edb -splfunction verify_password(character varying,character
varying,character varying) line 10 at procedure/function invocation statement

To remove the verify function, sgssword _verify _function tONULL:
ALTER PROFILE acctg_pwd_profile LIMIT password_verify function NULL;

Then, all password ewtraints will be lifted:

edb=# ALTER ROLE alice PASSWORD ‘hey';
ALTER ROLE
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2.3.2 Alteringa Profile

Use theALTER PROFILE command to modif usetdefined profile; Advanced Server
supports two forms of the command

ALTER PROFILE profile_name RENAME TOnew_nhame;

ALTER PROFILE profile_name
LIMIT { parameter value }|...];

IncludetheLIMIT clauseand one or more spadelimitedparameter /value pairsto
specify theules enforced by Advanced Server, seLTERPROFILEE RENAMB Oto
changethe name afprofile.
Parameters

profile_name  specifiedhe naneoftheprofile.

new_name specifieshenewnameoftheprofile.

parameter specifieghe attribute limited by the profile.

value specifies the parameter limit.
See theable in Sectio2.3.1for a complete list of accepted parameter/value pairs.

Examples

The following examplenodifiesa profile namedcctg_profile

ALTER PROFILE acctg_profile
LIMIT FAILED_LOGIN_ATTEMPTS 3 PASSWORD_LOCK_TIME 1;

acctg_profile will count failed connection attempts when a login role attempts to

connectto theserver. The profile specifies that ifa user has not authenticated with the
correct password in three attempts, the account will be locked fatayne

The following example changes the nameaatg_profile to payables_profile

ALTER PROFILE acctg_profie RENAME TO payables_profile;
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2.3.3 Dropping a Profile
Use thebDRORPROFILE command to drop a profile. The syntaxis:

DROP PROFILE [IF EXISTS]  profile _name [CASCADE|RESTRICT];

Include theF EXISTS clause toinstruct the serverto not throw an error ifthe specified
profile does not exist. The serverwillissue a notice ifthe profile does notexst.

Include the option@ASCADEIlause to reassign angers thatare currently associated
with the profile to thelefault  profile, and then drop the profilénclude the optional
RESTRICTclause to instruct the serverto not drop any profile thatis associated with a
role. This is the default behavior.
Parameters
profile_  name

The namefthe profile being dropped.
Examples
The following example@ropsa profile namedcctg_profile

DROP PROFILE acctg_profile CASCADE;

The command first rassociates any roles associated withatleey_profile profile
with thedefault  profile, and then drops thaectg_profile profile.

The following example@lropsa profile namedcctg_profile

DROP PROFILE acctg_profile RESTRICT;

TheRESTRICTclause in the command instructs the server to notatag profile
if there are anyoles associated with the profile.
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2.3.4 Associating a Profile with an Existing Role

After creating a profile,youcanusethé TER UBRODRIEEOFTALTER ROLEE®

PROFILE command to associate the profile with arole. Gtimmandsyntaxelated to
profile managment functionalitys:

ALTER USERROLE name [ [ WI T H] option[ é]

whereoption can be the followingompatibleclauses:

PROFILE profile_name

| ACCOUNT {LOCK|UNLOCK
| PASSWORD EXPIRE [AT' timestamp ]

oroption can be the following nenompaible clauses:

| PASSWORD SET AT 'timestamp
| LOCKTIME ' timestamp
| STORE PRIOR PASSWORD 'password’ ‘timestamp  } 1, ..]

Forinformation aboutthe administrative clauses ofMlTEERUSEROrALTERROLE
command that are supported by Adwech8erver, please seethostgreSQL core
documentatioavailableat:

http://www.postgresgl.org/docs/9.5/static/sgimmands.html

Only adatabase superuser can theALTERUSERROLEClauses that enforce profile
managemenfThe clausegnforce the following behaviors:

Include thePROFILE clause and grofile_name  to associate a piaefined

profile with arole, or tehange which prelefined profile iassociate with a
user.

Include theacCOUNTlause antheLOCKorUNLOCKeywordto specify thatthe
useraccount should be placedin alocked or unlocked state.

Include theeOCKTIME ' timestamp ' clause and a date/time value tolockthe
role at the specified time, and unlock theral the time indicated by the
PASSWORD. OCK TIME parameter of the profile assignedto this rdie OCK
TIME is used with thecCOUNTOCKclause, therole can only be unlocked by a
database superuser with th@COUNUNLOCKIlause
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Include thePASSWORBXPIRE clause with thaT' timestamp ' keywordsto

specify a date/time when the password associated with the role will expire. If you
omit theAT' timestamp ' keywords, the password will expire immediately.

Include thePASSWORBETAT' timestamp ' keywordsto set the password
modification date to the time specified.

Include thesSTOREPRIORPASSWORpDpassword'  ‘timestamp  }[, ...]
clause to modify the password history, adding the new password and the time the
passwordwas set.

Each login role may only have eprofile. To discoverthe profile that is currently
associated with alogin role, query frefile  column oftheDBA_USERY¥iew.

Parameters
name
The name of theolewith which the specified profile will be associated
password
The password associatsith the role.
profile_name
The name ofthe profile that will be associated with the role

timestamp

The date and time at which the clause will be enforced. When specifyinga value
for timestamp , enclosethe value gingle-quotes.

Examples

The followingcommand usestileL TER USERé EoRM&End tomssociate a
profile namedhcctg with auser namejdhn :

ALTER USER john PROFILE acctg profile;

The following command uses tAeTERROLE P R O Fgommand to associate a
profile namecdhcctg with a user namejdohn :

ALTER ROLE john PROFILE acctg_profile;
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2.3.5 Unlocking a Locked Account

A database superussnuseclauses ofheALTERUSERROLEé command to lock or
unlockarole. The syntaxis:

ALTERUSER|ROLEname

ACCOUNJLOCK|UNLOCK}
LOCK TIME ' time stamp'

Include theaACCOUNTOCKclause to lock arole immediatelyhwe n | ocked, a
LOGINfunctionality is disabledWhen you specify the«CCOUNTOCKclause without
theLOCKTIME clausethe state athe role will not change untila superuser ubes t
ACCOUNTNLOCKclause to unlocktherole.

Use theACCOUNTUNLOCKlausdo unlockarole.

Use tha. OCKTIME ' timestamp ' clause toinstructthe serverto lockthe accountat the
time specified by the giventimestamp for the length of time specifi¢eoy
PASSWORD_LOCK_TIMmrameter ofthe profile associated with this role.

Combine the OCKTIME ' timestamp ' clause andth@®CCOUNTOCKclause to lock

an account at a specified time untilthe account is unlocked by a superuser invoking the
ACCOUNTUNLOCKlause.

Parameters
name
The name ofthe role that is being locked or unlocked.

timestamp

The date and time at which the role will be locked. When specifying a value for
timestamp , enclose the valuegingle-quotes.

Note

This command (available only in Adnced Server) is implemented to support Oracle
styled profile management.
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Examples

The followingexampleuses theCCOUNTOCKclause tdock the role nameghn .
The account willremain lockaghtilthe account is unlocked with tA€ COUNTUNLOCK
clause:

ALTER ROLE john ACCOUNT LOCK;

The followingexampleuses theCCOUNTUNLOC®&auseto unlock the role named
john :

ALTER USER john ACCOUNT UNLOCK;

The following example useéBeLOCKTIME ' timestamp ' clauséolockthe role
namedohn on September 2015:

ALTER ROLE john LOCK TI ME 6September 4 12:00: 00 2015

The role will remain locked for the length oftime specified by the
PASSWORD.OCK TIME parameter.

The following example combingleLOCKTIME ' timestamp ' clause andthe
ACCOUNTOCKclause tdockthe role nameidhn on September 4, 2015:

ALTER ROLE john LOCK Tl ME 6September 4LOCR;: 00: 00 2015

The role will remain locked untila database superuser use€tt@UNTUNLOCK
command to unlockthe role.
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2.3.6 Creatinga New Role Associatedwit h a Profile

A database superuser can use clauses acRER@TEJSERROLECOmmMand to assign a
named profile to arole when creatingthe role, or to specify profile managementdetails
for arole. The command syntaxrelated to profile managementfunctipisalit

CREATE USERROLE name [[WITH] option [ é] ]

whereoption can be the following compatible clauses:
PROFILE profile_name

| ACCOUNT {LOCK|UNLOCK}
| PASSWORD EXPIRE [AT ' timestamp ']

oroption can be the following neononpatible clauses:

| LOCK TIME ' timestamp '

Forinformation aboutthe administrative clauses oftREATEUSEROrCREATEROLE

command that are supported by Advanced Server, pleaseseestigreSQL core
documentatioavailable at:

http://www.postgresgl.org/docs/9.5/static/cgimmands.html

CREATE ROL E| USE rRaéldsramewrole vilith an associated profile to an
Advanced Serveatatabase cluster.

Roles created with tteREATEUSERcommand are (by default) login roles. Roles
created with theREATEROLEcommand are (by default) notlogin roles. To create a
login account with theREATEROLEcommand, you mustinclude theGIN keyword.

Only adatabase superuser can theCREATEUSERROLECclauses that enforce profile
managementhese clausemnforce the following behaviors:

Include thePROFILE clause and profile_name  to associate a pigefined
profile with a role, or t@hange which preefined profile isassociate with a
user.

Include theacCOUNTlause antheLOCKorUNLOCKeywordto specify thatthe
useraccount should be placedin alocked or unlocked state.

Include theeOCKTIME ' timestamp ' clause and a date/time value tolockthe
role at the specified time, drunlocktherole at the time indicated by the
PASSWORD.OCK TIME parameter of the profile assignedto this rdie OCK
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TIME is used with theCCOUNTOCKclause, therole can only be unlocked by a
database superuser with heCOUNUNLOCK lause

Include thePASSWORBXPIRE clause with the optionadT ' timestamp

keywords to specify a date/time when the password associated with the role will
expire. If youomittheaT' timestamp ' keywords, the password willexpire
immediately.

Each login role may onlgave one profile. To discoverthe profile that is currently
associated with alogin role, query frefile  column oftheDBA_USERYiew.

Parameters
name
The name ofthe role.
profile_name
The name ofthe profile associated with therole.

timestamp

Thedate and time at which the clause will be enforced. When specifyinga value
for timestamp , enclosethe value in singdpiotes.

Examples

The following example USEEREATBJSERLO create a login role namgdhn who is
associated with thaxctg_profile profile:

CREATE USER john PROFILE acctg_profile | DENTIFIED BY flsaf

john canloginto the server, usingthe passwetdepwd .

The following example use&SREATEROLEtO create a login role namgdhn who is
associated with thacctg _profile  profile:

CREAE ROLE john PROFILE acctg profile LOGIN PASSWORD fAlsaf

john canloginto the server, usingthe passwetdepwd .
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2.3.7 Backing up Profile Management Functions

A profile may include ®ASSWORD/ERIFY_FUNCTIONclause that refersto a user
defined fundion that specifies the behavior enforced by Advanced Selrefiles are

global objects; they are shared by all of the databases within a cluster. While profiles are
global objects, usatefined functions are database objects.

Invokingpg_dumpall with thei g ori r option will create a script that recreates the
definition of any existing profiledut thatdoes not recreate the edefined functions
that are referred to by tlFRASSWORIVERIFY_FUNCTIONclause.You should use the
pg_dump utility to explicitly dump (and later restore) the database in which those
functions reside.

The script created lpg_dump will contain a command that includes the clause and
function name:

ALTER PROFILEé LI MI' T PASSWORIncioB RameY _FUNCTI ON

to associate #hrestored function with the profile with which it was previously associated.

If the PASSWORD_VERIFY_FUNCTIGNauseis set tbEFAULTOrNULL, the behavior

will be replicated by the script generated bygdthedumpall i g orpg_dumpall ir
command.
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2.4 Optimize r Hints

When you invoke 8ELETE INSERT, SELECTorUPDATECOmMmMand, the server
generates a set of execution plans; after analyzing those execution plans, the server

selects a plan that will (generally) return theresult setin the leastamount of tieme. Th
server's choice of plan is dependent upon several factors:

The estimated execution cost of data handling operations.

Parameter values assignedto parameters QubgTuning  sectionofthe
postgresql.conf file.

1 Column statistics thathave been gattéretheANALYZEcommand.

T
T

As arule, the query plannerwillselect the leastexpensive plan. You canusean
optimizerhintto influencethe serveras it selects a query plan.

An optimizer hintis a directive (or multiple directives) embedded in a comfikent

syntaxthat immediately followsZELETE INSERT, SELECTOrUPDATECOMMmMand.
Keywords in the comment instruct the server to employ or avoid a specific plan when
producing tle result set.

Synopsis

{ DELETE | INSERT | SELECT | UPDATE } /*+{ hint [ comment ]}
[m]st;tement_body

{ DELETE | INSERT | SELECT | UPDATE } -- +{ hint [ comment ]}
[...]

statement_body
Optimizer hints may be includedin either of the formewabove. Note that in both
forms, a plus sign+) mustimmediately followthe or-- openingcomment symbols,
with no intervening space, or the server will not interpret the following tokens as hints.
If you are using thefirst form, the hint and iopll comment may span multiple lines.
The secondformrequires allhints and comments to occupy a single line; the remainder
of the statement muststart on anewline.
Description
Please Note:

1 The database serverwill always try to use the specified ihattall possible.
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1 Ifa plannermethod parameteris set soas todisable a certain plantype, then this
plan will not be used evenifit is specified in a hint, unless there are no other
possible options for the planner. Examples of planner method @iamare
enable_indexscan ,enable_seqscan ,enable_hashjoin ,
enable_mergejoin ,andenable_nestloop .These are allBoolean
parameters.

1 Remember that the hintis embedded within a comment. As a consequence, ifthe
hintis misspelled orif any parameter toiat such as view, table, or column
name is misspelled, or neexistent in th&SQLcommand, there will be no
indication that any sort of error has occurred. No syntaxerror will be given and
the entire hintis simply ignored.

1 Ifanalias is used fora tabbr view name in th8QLcommand, then the alias
name, not the original objectname, must be usedin the hint. Forexample, in the
commandSELECT /*+ FULL(acct) */ * FROM accounts acct
acct , the alias foaccounts , must be specified in tirJLL hint, notthe table
nameaccounts

Use theeXPLAIN command to ensure that the hint is correctly formed and the planneris
using the hint. See thedvanced Servatocumentation set forinformationon the
EXPLAIN command.

1 In general, optimizer hints should rbe used in production applications.
Typically, the table data changes throughoutthe life of the application. By

ensuring that the more dynamic columns/naLyze frequently, the column
statistics will be updatedto reflect value changes and the plaifinese such
information to producethe least cost plan for any given command execution. Use

of optimizer hints defeats the purpose of this process and will result in the same
plan regardless of how the table datachanges.

Parameters
hint
An optimizer hint directive.

comment

A string with additional information. Note that there are restrictions as to what
characters may be included in the comment. Genetaltynent may only
consist of alphabetic, numeric, the underscore, dollar sign, number sign amd spac

characters. These mustalso conformto the syntaxof an identifier. Any
subsequent hintwill be ignored ifthe comment is not in this form.

statement_body
The remainder of thRELETE INSERT,SELECT, orUPDATECOMMand.
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The following sections describe tbptimizer hint directives in more detail.
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2.4.1 Default Optimization Modes

There are a number of optimization modes that can be chosen as the default setting for a
Advanced Servetatabase cluster. This setting can also be changed on a per session basis
by udng theALTERSESSIONcommand as wellas in individuakLETE SELECT, and
UPDATECcommands within an optimizer hint. The configuration parameter that controls

these default modes is nan@eTIMIZER_MODEThe following table shows the possible
values.

Table 3-2-1 Default Optimization Modes

Hint Description
ALL_ROWS Optimizes for retrieval of all rows of the result set.
CHOOSE Does no default optimization based on assumed number of rows to be reti
from theresult set. This is the default.
FIRST_ROWS Optimizes for retrieval of only the first row of the result set.
FIRST_ROWS_10 Optimizes for retrieval of the first 10 rows of the results set.
FIRST_ROWS_100 Optimizes for retrieval of the first 100 rows tife result set.
FIRST_ROWS_1000 Optimizes for retrieval of the first 1000 rows of the result set.
Optimizes for retrieval of the first rows of the result set. This form may not
FIRST_ROWSH) used as the object of tWeTER SESSION SET OPTIMIZER_MODE command.
It may only be used inthe form of a hint ifSQLcommand.

These optimization modes are based upontheassumptionthatthe client submitting the
SQL.command is interested in viewing only
then abandothe remainder of the result set. Resources allocated to the query are
adjusted as such.

Examples

Alterthe current sessionto optimize for retrieval of the first 10 rows ofthe result set.

ALTER SESSION SET OPTIMIZER_MODE = FIRST_ROWS_10;

The current vale of theOPTIMIZER_MODBparameter can be shown by usingshe©w

command. Note that this command s a utility dependent commaR8Qh theSHOwW
command is used as follows:

SHOW OPTIMIZER_MODE;

optimizer_mode

first_rows_10
(1 row)
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ThesHOweommandcompatible with Oracle databaskas the following syntax

SHOW PARAMETER OPTIMIZER_MODE;

NAME

VALUE

optimizer_mode
first rows 10

The fdlowing example shows an optimization mode usedAIZECTcommand as a
hint:

SELECT /*+ FIRST_ROWS(7) */ * FROM emp;

empno | ename | job | mgr | hiredate | sal | comm |deptno
+ + +eomeeee Fommmmmmmemeeeee eeeee + + +
7369 | SMITH | CLERK | 7902 | 17 - DEG 80 00:00:00 | 800.00 | | 20
7499 | ALLEN | SALESMAN | 7698 | 20 - FEB- 81 00:00:00 | 1600.00 | 300.00| 30
7521 | WARD | SALESMAN | 7698 | 22 - FEB-81 00:0 0:00 | 1250.00 | 500.00| 30
7566 | JONES | MANAGER | 7839 | 02 - APR 81 00:00:00 | 2975.00 | | 20
7654 | MARTIN | SALESMAN | 7698 | 28 - SEP- 81 00:00:00 | 1250.00 | 1400.00 | 30
7698 | BLAKE | MANAGER | 7839 | 01 - MA¥ 81 00:00 :00 | 2850.00 | | 30
7782 | CLARK | MANAGER | 7839 | 09 - JUN- 81 00:00:00 | 2450.00 | | 10
7788 | SCOTT | ANALYST | 7566 | 19 - APR 87 00:00:00 | 3000.00 | | 20
7839 | KING | PRESIDENT | | 17 - NOV 81 00:00: 00 | 5000.00 | | 10
7844 | TURNER | SALESMAN | 7698 | 08 - SEP- 81 00:00:00 | 1500.00 | 0.00| 30
7876 | ADAMS | CLERK | 778823 - MAY¥ 87 00:00:00 | 1100.00 | | 20
7900 | JAMES | CLERK | 7698 | 03 -DEG 81 00:00:0 0] 950.00 | | 30
7902 | FORD | ANALYST | 7566 | 03 - DEG 81 00:00:00 | 3000.00 | | 20
7934 | MILLER | CLERK | 7782 | 23 - JAN- 82 00:00:00 | 1300.00 | | 10
(14 rows)

Copy right © 2007 - 2017 EnterpriseDB Corporation. All rights reserved. 102



Database Compatibility for Oracle® Developers Guide

2.4.2 Access Method Hints

The following hints infuence how the optimizer accesses relations to create the result set.

Table 3-2-2 Access Method Hints

Hint Description
FULL(table ) Perform a full sequential scan able .
INDEX(table [ index ][..]) Usein dex ontable to access the relation.
NO_INDEX(table [ index ][..]) Do not useindex ontable to access the relation.

In addition, theA\LL_ ROWSFIRST_ROWSandFIRST_ROWSh) hints ofTable3-2-1 can
be used.

Examples

The sam@ application does not have sufficient data to illustrate the effects of optimizer
hints so the remainder of the examples in this section willuse a banking database created
by thepgbench application located in th&dvanced Serverin subdirectory.

The fdlowing steps create a database namatk , populated by the tables,
pgbench_accounts ,pgbench_branches ,pgbench_tellers ,and

pgbench_history . Theis 20 option specifies a scaling factortafenty, which

results in the creation tirentybranches, each thi 100,000 accounts, resulting in a total
of 2,00Q000 rows in thegbench_accounts  table andwentyrows in the

pgbench_branches table. Ten tellers are assighedto each branchresultingin a total of
200rows in thepgbench_tellers table.

The followinginitializes thepgbench applicationin théank database

createdb - U enterprisedb bank
CREATE DATABASE

pgbench -i -s20 - U enterprisedb bank

NOTICE: table "pgbench_history" does not exist, skipping

NOTICE: table "pgbench_tellers" does not exist, skippin g

NOTICE: table "pgbench_accounts" does not exist, skipping

NOTICE: table "pgbench_branches" does not exist, skipping

creating tables...

100000 of 2000000 tuples (5%) done (elapsed 0.11 s, remaining 2.10 s)

200000 of 2000000 tuples (10%) done (elapsed O. 22 s, remaining 1.98 s)
300000 of 2000000 tuples (15%) done (elapsed 0.33 s, remaining 1.84 s)

400000 of 2000000 tuples (20%) done (elapsed 0.42 s, remaining 1.67 s)

500000 of 2000000 tuples (25%) done (elapsed 0.52 s, remaining 1.57 s)

600000 of 2000000 t uples (30%) done (elapsed 0.62 s, remaining 1.45 s)
700000 of 2000000 tuples (35%) done (elapsed 0.73 s, remaining 1.35 s)

800000 of 2000000 tuples (40%) done (elapsed 0.87 s, remaining 1.31 s)

900000 of 2000000 tuples (45%) done (elapsed 0.98 s, remaining 1.195s)
1000000 of 2000000 tuples (50%) done (elapsed 1.09 s, remaining 1.09 s)
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1100000 of 2000000 tuples (55%) done (elapsed 1.22 s, remaining 1.00 s)
1200000 of 2000000 tuples (60%) done (elapsed 1.36 s, remaining 0.91 s)
1300000 of 2000000 tuples (65%) done (elapsed 1.51 s, remaining 0.82 s)
1400000 of 2000000 tuples (70%) done (elapsed 1.65 s, remaining 0.71 s)
1500000 of 2000000 tuples (75%) done (elapsed 1.78 s, remaining 0.59 s)
1600000 of 2000000 tuples (80%) done (elapsed 1.93 s, remaining 0.48 s)
1700000 of 2000000 tuples (85%) done (elapsed 2.10 s, remaining 0.37 s)
1800000 of 2000000 tuples (90%) done (elapsed 2.23 s, remaining 0.25 s)
1900000 of 2000000 tuples (95%) done (elapsed 2.37 s, remaining 0.12 s)
2000000 of 2000000 tuples (100%) done ( elapsed 2.48 s, remaining 0.00 s)
vacuum...

set primary keys...

done.

A total of500,00transactionare then processethis will populate the
pgbench_history  table with500,000rows.

pgbench -U enterprisedb -t 500000 bank

starting vacuum...end.

transact ion type: <builtin: TPC - B (sort of)>
scaling factor: 20

query mode: simple

number of clients: 1

number of threads: 1

number of transactions per client: 500000

number of transactions actually processed: 500000/500000
latency average: 0.000 ms

tps =1464.338 375 (including connections establishing)
tps = 1464.350357 (excluding connections establishing)

The table definitions are shown below:

\'d pgbench_accounts

Table "public.pgbench_accounts"
Column | Type | Modifiers

[ o —————— [
aid | integer | not null
bid | integer |

abalance | integer |
filler | character(84) |
Indexes:
"pgbench_accounts_pkey" PRIMARY KEY, btree (aid)

\'d pgbench_branches

Table "public.pgbench_branches"
Column | Type | Modifiers

R [ R,

bid | integer | not null

bbalance | integer |

filler | character(88) |
Indexes:

"pgbench_branches_pkey" PRIMARY KEY, btree (bid)
\ d pgbench_tellers

Table "public.pgbench_tellers"
Column | Type | Modifiers
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[ e —————— [
tid | integer | not null
bid | integer |

tbalance | integer |
filler | character(84) |
Indexes:
"pgben ch_tellers_pkey" PRIMARY KEY, btree (tid)

\'d pgbench_history

Table "public.pgbench_history"

Column | Type | Modifiers

R o o
tid |integer [

bid | integer |

aid | integer [

delta |integer |

mtime | timestamp without time zone |
filler | character(22) |

TheEXPLAIN command shows the plan selected by the queryplain the following
example aid is the primary key column, so an indexed search is used on index,
pgbench_accounts _pkey .

EXPLAIN SELECT * FROM pgbench_ accounts WHERE aid = 100;

QUERY PLAN

Index Scan using pgbench_accounts_pkey on pghbench_accounts (cost=0.43..8.45
rows=1 width=97)
Index Cond: (aid = 100)
(2 rows)

TheFuLL hintis used to force a fullsequential scaninstead of usingthe indexas shown
below:

EXPLAIN SELECT /*+ FULL( pgbench_ accounts) * * FROM pgbench_ accounts WHERE
aid = 100;

QUERY PLAN

Seq Scan on pgbench_accounts (cost=0.00..58781.69 rows=1 width=97)
Filter: (aid = 100)
(2 rows)

TheNO_INDEXhint forces garallelsequential scanstead of use ofthe indag shown
below:

EXPLAIN SELECT /*+ NO_INDEX( pgbench_ accounts pgbench_ accounts_pkey) */ * FROM
pgbench_ accounts WHERE aid = 100;

QUERY PLAN

Gather (cost=1000.00..45094.80 rows=1 width=97)
Workers Planned: 2

Copy right © 2007 - 2017 EnterpriseDB Corporation. All rights reserved. 10¢



Database Compatibility for Oracle® Developers Guide

- > Parallel Seq Scan on pgbench_accounts (cost=0.00..44094.70 rows=1
width=97)
Filter: (aid = 100)
(4 rows)

In addition tousing thEXPLAIN command as shown in the prior examples, more
detailed information regarding whether or not a hint was used by the planner can be
obtained by settingtheace_hints  configuration parameter as follows:

SET trace_hints TO on;

TheseLECTcommand with thelO_INDEXhint is repeated belowto illustrate the
additional information produced when thece_hints  configuration parameteisset.

EXPLAIN SELECT /*+ NO_INDEX( pgbench_ accounts pgbench_ accounts_pkey) */ * FROM
pgbench_ accounts WHERE aid = 100;

INFO: [HINT S]Index Scan of [pgbench_accounts].[pgbench_accounts_pkey]

rejected due to NO_INDEX hint.
QUERY PLAN

Gather (cost=1000.00..45094.80 rows=1 width=97)

Workers Planned: 2
- > Parallel Seq Scan on pgbench_accounts (cost=0.00..44094.70 rows=1

width=97)
Filter: (aid = 100)
(4 rows)

Note thatifa hintis ignored, theFO: [HINTS] line will not appear. This may be an
indication that there was a syntaxerror or some other misspelling in the hintas shownin
the following example where the indexname is misspelled.

EXPLAIN SELECT /*+ NO_INDEX( pgbench_ accounts pgbench_ accounts_xxx) */ * FROM
pgbench_ accounts WHERE aid = 100;

QUERY PLAN

Index Scan using pgbench_acc ounts_pkey on pgbench_accounts (cost=0.43..8.45
rows=1 width=97)
Index Cond: (aid = 100)
(2 rows)
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2.4.3 Specifying a Join Order

Include theoRDEREMirective to instructthe query optimizer to join tables in the order in
which they are listed in treROMlause. Ifyou do notinclude tikeRDEREReyword,
the query optimizer will choosethe order in which to join the tables.

Forexample, the following command allows the optimizer to choosethe orderin which
to join the tables listed in tirROMlause:

SELECT e.ename, d.dname, h.startdate
FROM emp e, deptd, jobhist h
WHERE d.deptno = e.deptno
AND h.empno = e.empno;

The following command instructs the optimizer to join the tables in the ordered specified:

SELECT /*+ ORDERED */ e.ename, d.dname, h.star tdate
FROM emp e, deptd, jobhist h
WHERE d.deptno = e.deptno
AND h.empno = e.empno;

In theORDEREWDersion of the command, Advanced Server will first joitp e with
deptd before joining the results withbhisth . Without theORDEREMmirective, he
join orderis selected bythe query optimizer.

Please note: theRDEREMDIirective does not work for Oraefyle outer joins (those joins
that contain a '+'sign).
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2.4.4 Joining Relations Hints

When two tables are to be joined, there are three possibetharmay be usedto
performthe join.

1 Nested LoopJoin A table is scanned once for every row in dhieer joined
table.

1 Merge Sort Joiii Each table is sorted on thejoin attributes before the join starts.
The two tables are then scanned in paralidittie matching rows are combined
to formthe join rows.

1 Hash Joiri Atableis scanned andits join attributes are loaded into a hashtable
using its join attributes as hash keys. dfier joinedable is then scanned and its
joigI attributes are used aas$h keys to locate the matching rows fronfiisé
table.

The following table lists the optimizer hints that can be usedto influencethe plannerto
use one type ofjoin plan over another.

Table 3-2-3 Join Hints

Hint Description
USE_HASH{able [..]) Use a hash joifor table .
NO_USE_HASHfble [...]) Do not use a hash jofor table .
USE_MERGHéfble [...]) Use a merge sort join faable .
NO_USE_MERGE{ble [..]) Do not use a merge sort join fable .
USE_NL(table [...]) Use a nested loop join faable .
NO_USE_NLtable [..]) Do not use a nested loop join fable .

Examples

In the following exampleheUSE_HASHint is used foa join on the
pgbench_branches andpgbench_accounts tables. The querylpn shows that a hash

join is used by creating a hash table fromthe join attribute @kjbench_branches
table.

EXPLAIN SELECT /*+ USE_HASH(b) */ b.bid, a.aid, abalance FROM
pgbench_ branches b, pgbench_ accounts a WHERE b.bid = a.bid;

QUERY PLAN

Hash Join (cost=21.45..81463.06 rows=2014215 width=12)
Hash Cond: (a.bid = b.bid)
-> Seq Scan on pgbench_accounts a (cost=0.00..53746.15 rows=2014215
width=12)
-> Hash (cost=21.20..21.20 rows=20 width=4)
- > Seq Scan on pgbench_branches b (cost=0.00..21.20 rows=20
width=4)
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(5 rows)

Next, theNO_USE_HASH(ab) hint forces the plannerigse an approach other than
hash tables. The result isnerge join

EXPLAIN SELECT /*+ NO_USE_HASH(a b) */ b.bid, a.aid, abalance FROM
pgbench_ branches b, pgbench_ accounts a WHERE b.bid = a.bid;

QUERY PLAN

Merge Join (cost=333526.08..368774.94 rows=2014215 width=12)
Merge Cond: (b.bid = a.bid)
-> Sort (cost=21.63..21.6 8 rows=20 width=4)
Sort Key: b.bid
- > Seq Scan on pgbench_branches b (cost=0.00..21.20 rows=20
width=4)
- > Materialize (cost=333504.45..343575.53 rows=2014215 width=12)
-> Sort (cost=333504.45..338539.99 rows=2014215 wid th=12)
Sort Key: a.bid
- > Seq Scan on pgbench_accounts a (cost=0.00..53746.15
rows=2014215 width=12)
(9 rows)

Finally, theUSE_MERGAHInt forces the plannerto use a merge join.

EXPLAIN SELECT /*+ USE_MERGE(a) */ b.bid, a.ai d, abalance FROM
pgbench_ branches b, pgbench_ accounts a WHERE b.bid = a.bid;

QUERY PLAN

Merge Join (cost=333526.08..368774.94 rows=2014215 width=12)
Merge Cond: (b.bid = a.bid)
-> Sort (cost=21.63..21.68 rows=20 width=4)
Sort Key: b.bid
- > Seq Scan on pgbench_branches b (cost=0.00..21.20 rows=20
wid th=4)
- > Materialize (cost=333504.45..343575.53 rows=2014215 width=12)
-> Sort (cost=333504.45..338539.99 rows=2014215 width=12)
Sort Key: a.bid
- > Seq Scan on pgbench_accounts a (cost=0.00..53746.15
rows=201 4215 width=12)
(9 rows)

In this threetable join example, the planner first performs a hashjoin on the

pgbench_branches andpgbench_history  tables, thenfinally performstastjoin
of the result with thegbench_accounts table.

EXPLAIN SELECT h.mtime, h. delta, b.bid, a.aid FROM pgbench_ history h, pgbench_ branches
b, pgbench_ accounts a WHERE h.bid = b.bid AND h.aid = a.aid;

QUERY PLAN

Hash Join (cost=86814.29..123103.29 rows=500000 width=20)

Hash Cond: (h.aid = a.aid)
-> Hash Join (cost=21.45..15081.45 rows=500000 width=20)

Hash Cond: (h.bid = b.bid)
-> Seq Scano n pgbench_history h (cost=0.00..8185.00 rows=500000 width=20)
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-> Hash (cost=21.20..21.20 rows=20 width=4)
- > Seq Scan on pghench_branches b (cost=0.00..21.20 rows=20 width=4)
-> Hash (cost=53746.15..53746.15 rows=2014215 w idth=4)
-> Seq Scan on pgbench_accounts a (cost=0.00..53746.15 rows=2014215 width=4)
(9 rows)

This plan is altered by using hints to force a combination of a merge sort join and a hash
join.

EXPLAIN SELECT /*+ USE_MERGE(h b) USE_HASH(a) */ h.mti me, h.delta, b.bid, a.aid FROM
pgbench_ history h, pgbench_ branches b, pgbench_ accounts a WHERE h.bid = b.bid AND h.aid
= a.aid;

QUERY PLAN

Hash Join (cost=152583.39..182562.49 rows=500000 width=20)
Hash Cond: (h.aid = a.aid)
- > Merge Join (cost=65790.55..74540.65 rows=500000 width=20)
Merge Cond: (b.bid = h.bid)
-> Sort (cost=21.63..21.68 rows=20 width=4)
Sort Key: b.bid
-> Seq Scan on pghench_branches b (cost=0.00..21.20 rows=20 width=4)
- > Materialize (cost=65768.92..68268.92 rows=500000 width=20)
-> Sort (cost=65768.92..67018.92 rows=500000 width=20)
Sort Key: h.bid
-> Seq Scan on pgbench_history h (cost=0.00..8185.00 rows=500000

width=20)
-> Hash (cost=53746.15..53746.15 rows=2014215 width=4)
-> Seq Scan on pgbench_accounts a (cost=0.00..53746.15 rows=2014215 width=4)
(13 rows)
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2.45 Global Hints

Thus far, hints have been applied directly to tables thatare reference8@lthe
command. Itis also possible to apply hints tddathatappear in a viewwhen the view

is referenced in thBQLcommand. The hint does not appear in the view, itself, but rather
in theSQLcommand that references the view.

When specifying a hint thatis to apply to a table within a view, the viewedrielhames
are given in dot notation within the hintargument list.

Synopsis
hint (view . table )
Parameters
hint
Any ofthe hintsinrable3-2-2 orTable3-2-3.
view
The name ofthe view containireple
ta ble
The table on which the hintis to be applied.

Examples

A view namedtx ,is created fromthe threéable join ofogbench_history

pgbench_branches ,andpgbench_accounts shownin the finalexample of Section
24.4

CREATE VIEW tx AS SELECT h.mtime, h.delta, b.bid, a.aid FROM pgbench_ history
h, pgbench_ branches b, pgbench_ accounts a WHERE h.bid = b.bid AND h.aid =
a.aid;

The query plan produced by selecting fromthis view is show below:

EXPLAIN SELECT * FROM tx;

QUERY PLAN

Hash Join (cost=86814.29..123103.29 rows=500000 width=20)
Hash Cond: (h.aid = a.aid)
-> Hash Join (cost=21.45..15081.45 rows=500000 width=20)
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Hash Cond: (h.bid = b.bid)
-> Seq Scan on pgbench_history h (cost=0.00..8185.00 rows=500000 width=20)
-> Hash (cost=21.20..21.20 rows=20 width=4)
-> Seq Scan on pgbench_branches b (cost=0.00..21.20 rows=20 width=4)
-> Hash (cost=53746.15..53746.15 rows=2014215 width=4)
-> Seq Scan on pgbench_accounts a (cost=0.00..53746.15 rows=2014215 width=4)
(9 rows)

The same hints that were apgli® this join at the end of Sectig.4can be applied to
the view as follows:

EXPLAIN SELECT /*+ USE_MERGE(tx.h tx.b) USE_HASH(tx.a) */ * FROM tx;

QUERY PLAN

Hash Join (cost=152583.39..182562.49 rows=500000 width=20)
Hash Cond: (h.aid = a.aid)
- > Merge Join (cost=65790.55..74540.6
Merge Cond: (b.bid = h.bid)
-> Sort (cost=21.63..21.68 rows=20 width=4)
Sort Key: b.bid
-> Seq Scan on pghench_branches b (cost=0.00..21.20 rows=20 width=4)
-> Materializ e (cost=65768.92..68268.92 rows=500000 width=20)
-> Sort (cost=65768.92..67018.92 rows=500000 width=20)
Sort Key: h.bid
-> Seq Scan on pgbench_history h (cost=0.00..8185.00 rows=500000

5 rows=500000 width=20)

width=20)
-> Hash (cost=53746.15..53746.15 rows=2014215 width=4)
-> Seq Scan on pgbench_accounts a (cost=0.00..53746.15 rows=2014215 width=4)
(13 rows)

In addition to applying hints to tables within stored views, hints can be applied totables
within subqueries as illustrated by the following example. In this query onthe sample
applicatioremptable, employees and their managers are listed by joinirgtpiable

with a subquery of themptable identified by the alias,

SELECT a.empno, a.ename, b.empno "mgr empno", b.ename "mgr ename" FROM emp a,
(SELECT * FROM emp) b WHERE a.mgr = b.empno;

empno | ename | mgr empno | mgr ename

—————— B — F S — F R
7369 | SMITH | 7902 | FORD
7499 | ALLEN | 7698 | BLAKE
7521 | WARD | 7698 | BLAKE
7566 | JONES | 7839 | KING
7654 | MARTIN | 7698 | BLAKE
7698 | BLAKE | 7839 | KING
7782 | CLARK | 7839 | KING
7788 | SCOTT | 7566 | JONES
7844 | TURNER | 7698 | BLAKE
7876 |AD AMS | 7788 |SCOTT
7900 | JAMES | 7698 | BLAKE
7902 | FORD 7566 | JONES
7934 | MILLER | 7782 | CLARK

(13 rows)

The plan chosenby the query planneris shown below:

EXPLAIN SELECT a.empno, a.ename, b.empno "mgr empno", b.enam
FROM emp a, (SELECT * FROM emp) b WHERE a.mgr = b.empno;
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QUERY PLAN
Hash Join (cost=1.32..2.64 rows=13 width=22)
Hash Cond: (a.mgr = emp.empno)
-> Seq Scan onemp a (cost=0.00..1.14 rows=14 width=16)
-> Hash (cost=1.14..1.14 rows=14 width=11)
-> Seq Scan onemp (cost=0.00..1.14 rows=14 width=11)

(5 rows)

A hint can be applied to tkenptable withn the subquery to performan indexscan on
index,emp_pk, instead of a table scan. Note the difference in the query plans.

EXPLAIN SELECT /*+ INDEX(b.emp emp_pk) */ a.empno, a.ename, b.empno "mgr
empno”, b.ename "mgr ename"” FROM emp a, (SELECT * FROM emp) b WHERE a.mgr =
b.empno;

QUERY PLAN
Merge Join (cost=4.17..13.11 rows=13 width=22)
Merge Cond: (a.mgr = emp.e mpno)
-> Sort (cost=1.41..1.44 rows=14 width=16)

Sort Key: a.mgr
-> Seq Scanonemp a (cost=0.00..1.14 rows=14 width=16)

-> Index Scan using emp_pk on emp (cost=0.14..12.35 rows=14 width=11)
(6 rows)
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2.4.6 Using the APPEND Optimiz er Hint

By default, Advanced Server will add new data into the first availablesfpeee in a
table (vacated by vacuumed records). IncludeHrENDdirective after alNSERT or
SELECTcommand to instructthe server to bypasstaldle free space, andiahew

rows to the end ofthe table. This optimizer hint can be particularly usefulwhen bulk
loading data.
The syntaxis:

I*+APPEND*/

Forexample, the following commaymbmpatible with Oracle databasestructs the
serverto append the data in the ERTstatement tothe end of thales table:

INSERT /*+APPEND*/ INTO sales VALUES
(10, 10, '01 - Mar-2011', 10, 'OR' )

Note that Advanced Server supportsAlr@ ENChint whenadding multiple rowsin a
singleINSERT statement:

INSERT /*+APPEND*/ INTO sales VA LUES

(20, 20,'01 - Aug- 2011', 20, 'NY"),
(30,30,'01 - Feb-2011', 30, 'FL"),
(40, 40,'01 - Nov- 2011', 40, 'TX");

TheAPPENDhint can also be included in tBeLECTclause of amNSERTINTO
statement:

INSERT INTO sales_history SELECT /*+APPEND*/ FROM sales;
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2.4.7 Parallelism Hints

ThePARALLELoptimizer hintisusel to force parallel scanning
TheNO_PARALLELlOptimizerhintprevents usage of a péeascan
Synopsis

PARALLEL (table [ parallel degree | DEFAULT )

NO PARALLEL (table )

Description

Parallel scannings the usagef multiple background workers tamultaneoushperform
a scan ofatablghatis, in parallefior a given query. This process provigesformance
improvement oveother methods such #sesequential scan.

Parameters
table
The table to whah theparallehintis to be applied.

parallel _degree | DEFAULT

parallel _degree Is apositive integehat specifiesttedesired number of
workers to use forparallel scanf specified the lesser giarallel _degree

andconfiguration parameterax_para llel_workers  _per_gather isusedas
the planned number of workeRar information on the
max_parallel_workers _per_gather parameteipleasesee Section 18.4.6

Asynchronous Behavior located in Section 18Resource Consumption in
thePostgreSQktore documeration available at:

https://www.postgresagl.org/docs/9.6/static/runticmnfig-resource.html

If DEFAULTIs specified, thenthe maxmupossible paralleldegreeis used.

If bothparallel_degree andDEFAULTare omitted, then the query optimizer
determires the paralleldegrda this case, fable has been set with the

parallel_workers storage parametghenthis valueis used as the parallel
degree, otherwise the optimiaises the maximum possible paralleldegree as if

DEFAULTwas specifiedrorinformation onthearallel_workers storage
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parameter, please see therage Parameters subsectionlocated under
CREATETABLEIn thePostgreSQktore documentation available at:

https://www.postqgresqgl.org/docs/9.6/statictstgatetable.html

Regardless ofthe circumstance, the parallel degree never exceeds the setting of
configuration parameterax_par allel_workers  _per_gather

Examples

The following configuration parameter settings are in effect:

SHOW max_worker_processes;

max_worker_processes

8
(1 row)

SHOW max_parallel_workers_per_gather;

max_parallel_workers_per_gather

2
1 row)

The following examfe shows the defaudican ontablpgbench_accounts . Notethat a
sequential scanis shownin the queryplan.

SET trace_hints TO on;
EXPLAIN SELECT * FROM pgbench_accounts;

QUERY PLAN

Seq Scan on pgbench_accounts (cost=0.00..53746.15 rows=2014215 width=97)
(1 row)

The following example uses tiP@RALLELAINt. In the query plan, the Gather node,

which launches the background workers, indicates that two workeymaredo be
used.

Note: If trace_hints  is settoon,theINFO:[HINTS] lines appear statin@at

PARALLELhas been accepted fmbench_accou nts as wellas other hintinformation.
Forthe remaining examplethese lines willnot be displayed as tgeyerallyshowthe
same outputthat is frace_hints  has been resettdf ).

EXPLAIN SELECT /*+ PARALLEL(pgbench_accounts) */ * FROM pgbench_accoun ts;

INFO: [HINTS] SeqScan of [pgbench_accounts] rejected due to PARALLEL hint.
INFO: [HINTS] PARALLEL on [pgbench_accounts] accepted.

INFO: [HINTS] Index Scan of [pgbench_accounts].[pgbench_accounts_pkey]
rejected due to PARALLEL hint.
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QUERY PLAN

Gather (cost=1000.00..244418.06 rows=2014215 width=97)
Workers Planned: 2
-> Parall el Seq Scan on pgbench_accounts (cost=0.00..41996.56
rows=839256 width=97)
(3 rows)

Now, themax_parallel_workers_per_gather setting is increased:

SET max_parallel_workers_per_gather TO 6;
SHOW max_parallel_workers_per_gather;

max_parallel_workers_per_ gather

6
(1 row)

The same query grgbench_accounts is issued again with no paralleldegree

specificationin th@ARALLELhint. Note thatthe number of planned workers has
increasedtdas determined by the optimizer

EXPLAIN SELECT /*+ PARALLEL(pgbench_accounts) */ * FROM pgbench_accounts;

QUERY PLAN

Gather (cost=1000.00..241061.04 rows=2014215 width=97)
Workers Planned: 4
- > Parallel Seq Scan on pgbench_accounts (cost=0.00..38639.54
rows=503554 width=97)
(3 rows)

Now, avalue of 6 is specified for the paralleldegree parameter AL LELINt.
The planned number of workers is now returned as this specified value:

EXPLAIN SELECT /*+ PARALLEL(pgbench_accounts 6) */ * FROM pgbench_accounts;

QUERY PLAN

Gather (cost=1000.00..239382.52 rows=2014215 width=97)
Workers Planned: 6
- > Parallel Seq Scan on pgbench_accounts (cost=0.00..36961.03
rows=335702 width=97)
(3 rows)

The same query is now issued with lEFAUL TS etting for the parallel degree. The
results indicate thatthe maximum allowable number of workers is planned.

EXPLAIN SELECT /*+ PARALLEL(pgbench_accounts DEFAULT) */ * FROM
pgbench_accounts;

QUERY PLAN
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Gather (cost=1000.00..239382.52 rows=2014215 width=97)
Workers Planned: 6
-> Paralle | Seq Scan on pgbench_accounts (cost=0.00..36961.03
rows=335702 width=97)
(3 rows)

Tablepgbench_accounts is now altered sothat therallel_workers storage
parameteris setto 3.

Note: This format of thé\LTER TABLE command to set thparallel_workers
parameter is not compatible with Oracle databases.

Theparallel_workers settings shown by the PSQLd+ command.

ALTER TABLE pgbench_accounts SET (parallel_workers=3);

\'d+ pgbench_accounts
Table "public.pgbench_accounts"

Column | Type | Modifiers | Storage | Stats target | Description
R Fom e F B T ——— [ TR B T ———
aid | integer | not null | plain | |
bid | integer | | pl ain |
abalance | integer | | plain | |
filler | character(84) | | extended | |
Indexes:
"pgbench_accounts_pkey" PRIMARY KEY, btree (aid)
Options: fillfactor=100, parallel_w orkers=3

Now, when the@ARALLELhintis givenwith no parallel degree, the resulting number of
planned workers is the value from{ieeallel_workers parameter:

EXPLAIN SELECT /*+ PARALLEL(pgbench_accounts) */ * FROM pgbench_accounts;

QUERY PLAN

Gather (cost=1000.00..242522.97 rows=2014215 width=97)
Workers Planned: 3
-> Parallel S eq Scan on pgbench_accounts (cost=0.00..40101.47
rows=649747 width=97)
(3 rows)

Specifying a parallel degree valueb®BFAULTIN thePARALLELhintoverridesthe
parallel_workers setting.

The following example shows the®_PARALLELhint.Notethat withra ce_hints  set

toon, theINFO:[HINTS] message states that the parallel scanwas rejected dueto the
NO_PARALLELhint.

EXPLAIN SELECT /*+ NO_PARALLEL(pgbench_accounts) */ * FROM pgbench_accounts;
INFO: [HINTS] Parallel SegScan of [pgbench_accounts] rejecte d due to
NO_PARALLEL hint.
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QUERY PLAN

Seq Scan on pgbench_accounts (cost=0.00..53746.15 rows=2014215 width=97)
1 row)
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2.4.8 Conflicting Hints

If a command includes two or more conflicting hints, the server will ignore the
contradictory hints. The following table lists hints that are contradictory to each other.

Table 3-2-4 Conflicting Hints

Hint Conflicting Hint
ALL_ROWS FIRST_ROWS - all formats

INDEX(table [ index ])
PARALLEL (table [ degree )
FULL(table )

INDEX(table ) NO_INDEX (table )

PARALLEL (table [ degree )
FULL(table )

INDEX(table index ) NO_INDEX(table i ndex)
PARALLEL (table [ degree )
FULL(table )

PARALLEL(table [ degree ] |[INDEX(table )
NO_PARALLEL¢able )

FULL( table )

USE_HASH{able ) NO_USE_HASH@ble )
USE_MERGHAblE ) NO_USE_MERGEADlE )
USE_NL(table ) NO_USE _NLgable )
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3 Stored Procedure Language

This chapter describes tistored Procedure Langug@PL). SPLis a highly

productive, procedural programming language for writing custom procedures, functions,
triggers, and packages #ddvanced Servehat provides:

1 full procedural programming functionality complement th&QLIlanguage

a single, common language to create stored procedures, functions, triggers, and
packages for thAdvanced Servetatabase

a seamless delepment and testing environment

the use ofreusable code

ease olise

=A==

This chapter desbres the basic elements of&8RLprogram, before providing an
overview ofthe organization of @PLprogramand how it is used to create a procedure
or afunction. Triggers, while still utilizin§PL, are sufficiently different towarrant a
separate dussior(seeSectiordfor information about triggers). Packages are discussed

in theDatabase Compatibility for Oracle Developers BimtPackage Guidavailable
at:

http://www.enterprisedb.com/produes®rvicestraining/products/documentation

The remaining sections of this chapter delve into the details 8Rhlanguage and
provide examples ofits application.

3.1 Basic SPL Elements

This section discusses the basic programming elements#figorogram.

3.1.1 Character Set

SPLprograms are written using the following setof characters:

Uppercase lettersthruz and lowercase letteesthru z

Digits 0 thru9

Symbols( ) +-*/ <>=1 ~~; " @%, "#$&_| {}?[]
White space characters tabs, spaces, and carriage returns

== =4 =9

Identifiers, expressions, statements, control structures, etc. that comp8&t.the
language are written using these characters.
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Note: The data that can lmeanipulated by aBPLprogramis determined by the
character set supported by the database encoding.

3.1.2 Case Sensitivity

Keywords and usatefined identifiers that are used in@RLprogramare case
insensitive. So for example, the statenEBmMS_OUTPUT.PUTLINE('Hello
World"); is interpreted to mean the same thingtass_output.put_line(Hello
World");  orDbms_Output.Put_Line(‘HelloWorld'); or
DBMS_output.Put_line(‘*HelloWorld');

Character and string constants, however, are case sensitive as welllatanirieved
fromthe Advanced Servetatabase or data obtained fromother externalsources. The

statemenbBMS_OUTPUT.PUT_LINE('"HelloWorld!"); produces the following
output:

Hello World!

Howeverthe statemeDBMS_OUTPUT.PUT_LINE(HELLOWORLD!"); producesthe
output:

HELLO WORLD!

3.1.3 Identifiers

Identifiersare usedefined names thatare used to identify various elementsSHlan

programincluding variables, cursors, labels, programs, and parambesyntaxrules
for valid identifiers are the saras foridentifiers in th&€QLlanguage.

An identifier must not be the same asS#ikeyword or a keyword of theQL
language. The following are some examples of valid identifiers:

X
last___name

a_$ Sign

Many$$$$$$$$signs_
THIS_IS_AN_EXTREMELY_LONG_NMWE
Al

3.1.4 Qualifiers

A qualifieris a name that specifies the owner or context of an entity thatis the object of
the qualification. A qualified object is specified as the qualifier name followed by a dot
with no intervening white space, followed by the naffri@e object being qualified with

no intervening white space. This syntaxis cafletinotation

The following is the syntaxof a qualified object.
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qualifier .[ qualifier A object

qualifier is the name of the owner ofthe objetiect is the name ahe entity

belongingtayualifier . Itis possible to have a chain of qualifications where the
preceding qualifier owns the entity identified by the subsequent qualifier(s) and object.

Almost any identifier can be qualified. Whatan identifier is qualiigadlepends upon
what the identifier represents and the context of its usage.

Some examples of qualification follow:

1 Procedure andfunction names qualified by the schema to which they belong
e.g.schema_name. procedure_name (...)

1 Triggernames qualifiedyathe schema to which they belorayg.,
schema _name. trigger_name

1 Column names qualified by the table to which they bel@ng..emp.empno

1 Table names qualified by the schema to which they belerygpublic.emp

1 Column names qualified by table andiema- e.g. public.emp.empno

As ageneralrule, wherevera name appears in the synta8Btatatement, its

gualified name can be used as wélpically a qualified name would only beused if

there is some ambiguity associated with the name. Fopde@afrtwo procedures with

the same name belongingto two differentschemas are invoked fromwithin a programor
if the same name is used for a table columnSfPldvariable within the same program.

You should avoid usingualified names if at all possélin this chapter, the following
conventions are adopted to avoid naming conflicts:

1 Allvariables declared in the declaration section ddBhprogramare prefixed
byv_.E.g.,v_empno

1 Allformal parameters declared in a procedure or function defiratie prefixed
byp_. E.g.,p_empno

1 Column names and table names do not have any special prefixconventions. E.g.,
columnempnoin tableemp

3.1.5 Constants
Constantorliteralsare fixed values thatcan be use@PLprograms to represent

values of various tygs- e.g., numbers, strings, dates, etc. Constants come in the
following types:

1 Numeric (Integerand Real)

1 Characterand String
1 Date/time
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3.1.6 User-Defined PL/SQL Subtypes

Advanced Server suppordserdefined PL/SQL subtypes and (subtype) aliases. A
subtype is a data type with an optional set of constraints that restrictthe values that can
be stored in a column ofthat type. Therules that apply tothe type on which the subtype
is based are stillenforced, butyou can use additional constraints térpitscen the
precision or scale of values stored in the type.

You can define a subtype in the declaration of a PL function, procedure, anonymous
block or package. The syntaxis:

SUBTYPE subtype _name IS type _name[( constraint )] [NOT NULL]
Whereconstraint  is:
{ precision [, scale 1}| length

Where:

subtype _name
subtype _namespecifies the name ofthe subtype.
type _name

type _namespecifies the name ofthe originaltype on which the subtype is based.
type_name may be:

1 Thename ofany ofthe type supported by&ated Server.
1 The name ofany composite type.

1 Acolumnanchaed by @6 TYPEOperator.

1 The name ofanother subtype.

Include theconstraint  clause to definerestrictions for types that support precision or
scale.

precision

precision  specifies thetotalumber of digits permitted in a value ofthe
subtype.
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scale

scale specifies the number of fractional digits permitted in a value ofthe
subtype.

length

length specifies the total length permitted in a value @ARACTER/ARCHAR
or TEXTbhase types

IncludetheNOTNULL clause to specify thatuLLvalues may not be storedin a column
of the specified subtype.

Note that a subtype that is based ona column will inherit the column size constraints, but
the subtyp&iill not inheritNOTNULLOr CHECkconstraing.

Unconstrained Subtypes

To create an unconstrained subtype, ussitieaYPECommand to specify the new
subtype name andthe name ofthe type on which the subtype is based. Forexample, the

following command creates a subtype naawtiess that has allbthe attributes of the
type,CHAR

SUBTYPE address IS CHAR;

You can also createsubtype (constrained or unconstrained) that is a subtype of another
subtype:

SUBTYPE cust_address IS address NOT NULL

This command creates a subtype named address thatshares all ofthe attributes
of theaddress subtype. Include theOTNULLclause to specify that a value ofthe
cust _address may not beNULL

Constrained Subtypes

Include dength value when creating a subtype that is based ona charactertype to
definethe maximum length ofthe subtype. Forexample:

SUBTYPE acct_name IS VARCHAR (15);

This example creates a subtypenamad namethatis based onaARCHARIata type,
butis limited to 15 characters in length.
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Include values fogrecision  (to specify he maximum number of digits in a value of
the subtype) and optionallgale (to specify the number of digits to the rightofthe
decimal point) when constraining a numeric base type. Forexample:

SUBTYPE acct_balance IS NUMBER (5 , 2);

This example creasea subtype namedct_balance that shares all of the attributes of

aNUMBERype, but that may notexceed 3 digits to the left of the decimal point and 2
digits to the right of the decimal.

An argument declaration (in a function or procedure headeisnalargument The

value passed to a function or procedure ia@nalargument When invoking a function

or procedure, the caller provides (0 or more) actualarguments. Each actualargumentis
assignedto a formalargument thatholds the valuentitle body of the function or
procedure.

If a formal argumentis declared as a constrained subtype:

1 Advanced Server does not enforce subtype constraints when assigning an actual
argument to a formal argument when invokirfgraction.

1 Advanced Server eafces subtype constraints when assigning an actual argument
to a formal argument wheninvokingeocedure

Using the% TYPE Operator

You can useTYPHotationto declare a subtype anchoredto a column. Forexample:

SUBTYPE emp_type IS emp.empno%TYPE

Thiscommand creates a subtype named type whose basetype matches thetype of
theempno column in theemptable. A subtypethatis basedon a column will share the
column size constraintSOTNULLandCHECKeonstraints are not inherited.

Subtype Converson

Unconstrained subtypes are aliases for the type on which they are based. Anyvariable of
type subtype (unconstrained) is interchangeable with a variable of the base type without
conversion, and vice versa.

A variable of a constrained subtype may kdelichanged with a variable of the base type
without conversion, buta variable of the base type may only be interchanged with a
constrained subtype if it complies with the constraints of the subtype. A variable ofa
constrained subtype may be implicitlyroverted to another subtype ifit is based onthe
same subtype, andthe constraint values are within the values ofthe subtype towhich it is
being converted.
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3.2 SPL Programs

SPLis a procedural, bloe&tructured language. There are four differenttypes of

programs thatcan be created usiil, namelyproceduresfunctionstriggers, and
packages

In addition, SPLisused to create subprogramssubprogramefers to aubprocedure

or asubfunctionwhich arenearlyidenticalin appearand® procedursand tinctiors,

but differin thafprocedures and functions astandalone programsvhichare

individually stored in the database and can be invoked by other SPL programs or from

PSQL.Subprograms can only be invoked fromwithin the standalone prograimwith
which they have been created
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3.2.1 SPL Block Structure

Regardless of whetherthe programis a procedure, funstibprogranor trigger, an
SPLprogramhas the sarbéockstructure. A block consists of up to three sectia@ms
optional declaration sectipa mandatory executable section, and an optional exception
section. Minimally, a block has an executable sectionthat consists of one @Phore
statements within the keywordss GINandeND

Theoptional declaration sectias used to declare variablesirsors, typesand
subprogramshat are used by the statements within the executable and exception
sections. Declarations appear justprior toBBeIN keyword of the executable section.
Depending uponthe context of where the blockis used, the dieclaraction may begin
with the keywordECLARE

You can include an exception sectwithin theBEGIN- ENDblock. The exception
section begins with the keywoEX CEPTION and continues untilthe end ofthe blockin
which it appears. If an exception irown by a statementwithin the block, program

controlgoes tothe exception section where the thrown exception may or may not be
handled depending uponthe exceptionandthe contents of the exception section.

The following is the general structure of ath:

[ [ DECLARE]
declarations |

BEGIN
statements

[ EXCEPTION
WHENexception_condition THEN
statements [, ...]]
END;

declarations ~ are one or more variable, cursor, typesubprogrameclarations that

are local to thélock.If subprogramdeclarations are included, they mustbe declared
afterall othervariable, cursor, and type declaratiéash declaration must be terminated

by a semicolon. The use ofthe keywbECLAREIepends uponthe context in which the
block gppears.

statements are one or mor8PLstatements. Each statementmust be terminated by a
semicolon. The end ofthe block denoted by the key®nmmust also be terminated by
a semicolon.

If present, the keyworBHXCEPTIONmMarks the beginning of the excepisection.

exception_condition is a conditional expression testing for one or more types of
exceptions. If a thrown exception matches one ofthe exceptionsin
exception_condition ,thestatements  following thewHEN
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exception_condition clause are executethere may be one or monHEN
exception_condition clauses, eachfollowed btatements

Note: A BEGIN/ENDDblockin itself, is considered a statement; thus, blocks may be
nested. The exception section may also contain nested blocks.

The following is the snplest possible block consisting of thieLLstatementwithin the
executable section. T\JLLStatementis an executable statementthat does nothing.

BEGIN
NULL;
END;

The following block contains a declaration section as well as the executable section

DECLARE
v_numerator NUMBER(2);
v_denominator NUMBER(2);
v_result NUMBER(5,2);
BEGIN
V_numerator = 75;
v_denominator = 14;
v_result ;= v_numerator / v_denominator,
DBMS_OUTPUT.PUT_LINE(v_numerator || ' divided by "|l v_denominator ||
"is '|| v_result);
END;

In this example, three numeric variables are declared of datatyeeERIN the

executable section, values are assigned to two ofthe variables and thenone numberis
divided by the other, storirtge results in a third variable which isein displayed. If
executedthe output would be:

75 divided by 14 is 5.36

Thefollowing block consists of declarationanexecutable, and an exception:

DECLARE
v_numerator NUMBER(2);
v_denominator N UMBER(2);
v_result NUMBER(5,2);
BEGIN
V_numerator = 75;
v_denominator := 0;
v_result ;= v_numerator / v_denominator,
DBMS_OUTPUT.PUT_LINE(v_numerator || ' divided by ' || v_denominator ||
"is '|| v_result);
EXCEPTION
WHEN OTHERS THEN
DBMS_OUTPUT.PUT_LINE(‘An exception occurred');
END;

The following output shows that the statement within the exception section is executed as
a result ofthe division by zero.
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An exception occurred
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3.2.2 Anonymous Blocks

Blocks ardypically written as part of a procedure, functisnbprogranor trigger.
Procedure, function, and triggmograms are named and stored in the database forre
use. Forquick (oname)executionsuch as testingyou can simply enter the block
without providing a name or storing it in the database.

A blockof this typeis called aanonymous blocl&nanonymous blockis unnamed and
is not stored in the database. Once the block has been executed and erased fromthe
application buffer, it cannot be-executed unless the block code isergtered into the
application.

Typically, the same block of coadl be reexecuted many times. In orderto run a block

of code repeatedly without the necessity eéngering the code each time, with some

simple modifiations, an anonymous block can be turned into a procedure or function.
The following sections discuss how to create a procedure or functionthatcan be storedin
the database and invoked repeatedly by another procedure, function, or application
program.
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3.2.3 Procedures Overview

Procedures atandalon&PLprograms thatare invoked or called as an indivigedl
programstatement. When called, procedures may optionally receive values fromthe

caller in the formof input parameters and optionally returnesdo the caller in the
form of output parameters.

3.2.3.1Creating a Procedure

TheCREATE PROCEDUREDMMand defines and namestandalon@rocedure that will
be stored in the database.

CREATE [OR REPLACEPROCEDURE name [ (parameters ) ]

IMMUTABLE
| STABLE
| VOLATILE
| DETERMINISTIC
| [NOT ] LEAKPROOF
| CALLED ON NULL INPUT
| RETURNS NULL ON NULL INPUT
| STRICT
| [EXTERNAL ] SECURITY INVOKER
| [EXTERNAL ] SECURITY DEFI NER
| AUTHID DEFINER
| AUTHID CURRENT_USER
| PARALLEL { UNSAFE | RESTRICTED | SAFE }
| COST execution _cost
| ROWS result _rows

| SET configuration __parameter
{TO wvalue |= vaue |FROM CURRENT}
o]
{IS|AS}
[ declarations ]
BEGIN
statements
END [ name ];
Where:
name

name is the identifier of the procedure. Ifyou specify thR REPLACE] clause
and a procedure with the same name already exists in the schema, the new
procedurevill replace the existing one. Ifyou do notspefif)R REPLACE],

the new procedurewill not replace the existing procedure with the same name in
the same schema.
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parameters

parameters is a list of formal parameters.

declarations

declarations  are vaiable, cursor, typer subprogrardeclarationdf

subprogramdeclarations are included, they must be declared after allother
variable, cursor, andtype declarations.

statements

statements areSPLprogramstatements (tBE€GIN-ENDblock may contain
anEXCEPTIONsection).

IMMUTABLE
STABLE
VOLATILE

These attributes informthe query optimizer about the behavior pfttvedure;
you can specify onlgne choice VOLATILE is the defaulbehavior

IMMUTABLENdicates thatthprocedureannot modify thelatabase and always
reacheshe same result when given the same argumentyé#ldegs not do

database lookups or otherwise use information not directly presentin its argument

list. If youinclude this clausany call of theorocedurevith all-constah
arguments can be immediately replaced witlptioeedurevalue.

STABLEIndicates that thprocedure&eannot modify the database, and thatwithin a
single table scatt will consistently returnthe same result for the same argument

values, butthatits sailt could change across SQL statemenitss is the

appropriate selection fprocedurethatdepend on database lookups, parameter

variables (suchas the current time zone), etc.

VOLATILE indicates thatthprocedurevalue can change even within aglén
table scan, sono optimizations can be m&leasenote thatany functionthat

has sideeffects must be classified volatile, even ifits result is quite predictable, to

preventcalls frombeing optimized away.

DETERMINISTIC

DETERMINISTIC is a synonynforiIMMUTABLE A DETERMINISTIC
procedureannot modify the database and alwaacheshe same result when

given the same argumentvaluigsloes not do database lookups or otherwise use

information not directly present in its argument listyou nclude this clause
any call of theorocedurevith all-constant arguments can be immediately
replaced with therocedurevalue.
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[ NOT ] LEAKPROOF

A LEAKPROOKrocedure has no side effects, and reveals no infornatmut the
values usedto callthe pratee.

CALLED ON NULL INPUT
RETURNS NULL ON NULL INPUT
STRICT

CALLEDONNULL INPUT (the default) indicates that tipeocedureavill be called

normally when some ofits arguments igta L. It is the author's responsibility to
checkfoNuLLvalues if necsesary and respond appropriately.

RETURNSIULL ONNULLINPUT OorSTRICT indicates that theroceduralways
returnsNULLwWhenever any ofits arguments aiteLL. If theseclauses are

specified, th@rocedures notexecuted whenthere arneLLarguments; istead a
NULL resultis assumed automatically.

[ EXTERNAL] SECURITY DEFINER

SECURITYDEFINERSpecifies that therocedurevill executewith the privileges

of the userthat createdlthis is the defaultThe key worcEXTERNALIs allowed
for SQL conformace, but is optional.

[ EXTERNAL] SECURITY INVOKER

TheSECURITYINVOKERclausandicates that thproceduravill executewith the

privilegesofthe userthat calls.iThe key wordeXTERNALS allowed for SQL
conformance, but is optional.

AUTHID DEFIN ER
AUTHID CURRENT_USER

TheAUTHIDDEFINERclause is a synonymfiEXTERNAL] SECURITY

DEFINER. If theAUTHIDclause is omitted orKUTHIDDEFINERIs specified,
the rights of the procedure owner are used to determine access privileges to
database obj¢ts

TheAUTHIDCURRENT_USE&ause is a synonymf{EXTERNAL] SECURITY
INVOKER If AUTHIDCURRENT_USER specified, the rights ofthe current user
executing the procedure are used to determine access privileges.

PARALLEL { UNSAFE | RESTRICTED | SAFE }
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ThePARALLELclause enables the use of parallel sequential scans (parallel mode).
A parallel sequentlacan uses multipleorkers to scan a relation in parallel
during a query in contrastto a serial sequestiah

When set tyNSAFEthe procedure canbbe executed in parallelmode. The

presence of such a procedure forces a serial execution plan. This is the default
settingifthePARALLELclause is omitted.

When set tRESTRICTED the procedure can be executed in parallelmode, but
the execution is sgtricted to the parallelgroup leader. If the qualification for any
particular relation has anything that is parallel restricteatrifdation won't be
chosen foparallelism.

When set t@GAFE the procedure can be executed in parallel mode with no
restrction.

COST execution _cost

execution _cost IS apositive number giving the estimated execution cost for
the procedure, in units offu_operator _cost . Ifthe procedure returns a set,
this is the costperreturnedrow. Largervalues causethe planyeidavoid
evaluating the function more often than necessary.

ROWSresult _rows

result _rows is a positive number giving the estimated number of rows thatthe
planner should expect the procedure to return. This is only allowed whenthe
procedure is declaréd return a set. The default assumptionis 1000 rows.

SET configuration _parameter {TO value |= value |FROM CURRENT }

TheSETclause causes the specified configuration parameter to be setto the
specified value when thirocedures entered, and theestored toits prior value

when theprocedurexts. SETFROMCURRENBaves the session's current value
of the parameter as the value to be applied wheprtoedurés entered.

If a SET clause is attached t@aocedurethen the effects ofSETLOCAL

command executed inside fv@cedurdor the same variable are restricted to the
procedure;hie configuration parameter's prior value is restorpdate dureexit.
AnordinarysETcommand (withoutOCAL) overrides thsETclause, much as it
would do fora previousETLOCALcommand, withtheeffects of sucha

commandersisingafterprocedurext, unless the currenttransactionis rolled
back.

Please NotelfheSTRICT,LEAKPROOFPARALLEL COSTROWSRNASETkeywords
provide extended functionality fordvanced Server and are notsupported by Oracle.
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Example

The following is an example of a simple procedure that takes no parameters.

CREATE OR REPLACE PROCEDURE simple_procedure
IS
BEGIN
DBMS_OUTPUT.PUT_LINE('That"s all folks!");
END simple_procedure;

The procedure is stored in the database by entering the procedureAddanced
Server.

The following example demonstrates usingAb@&HID DEFINERaNdSET clausesin a
proceduraleclaration Theupdate _salary procedureconveys the privileges ofthe
role that definedthe procedureto the role thatis calling the procedure (while the
procedure executes)

CREATE OR REPLACE PROCEDURE update_salary(id INT, new_salary NUMBER)
SET SEARCH_PATH = 'public’' SET WORK_MEM = "IMB'
AUTHID DEFINER IS

BEGIN
UPDATE emp SET salary = new_salary WHERE emp_id =id;

END;

Include theseTclause to seéhe procedure'search patto public andthe work

memory talMB Othermprocedures, functions andjects wil not be affected by these
settings.

In this example, theUTHID DEFINERclause temporarily grants privilegesto arole that
might otherwise not be allowed to execute the statements within the procBoure.
instruct the serverto usethe privileges associated with the role invoking the procedure,
replace theaUTHIDDEFINERclause with theUTHID CURRENTUSERclause.

3.2.3.2Calling a Procedure

A procedure can be invoked fromanot8@Lprogramby simply specifying the
procedure name followed by its parameters, ifany, followed by a semicolon.

name [ ([ parameters ])];
Where:
name is the identifier of the procedure.

parameters Is a list of actual parameters.

Note: If there are no actual parameters to be passed, the procedure may be called with an
empty parameter list, orthe opening and closing parenthesis may be omiirelg.e
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Note: The syntaxfor calling a procedure is the same as in the preceding syntaxdiagram
when executing it with theEXECcommand in PSQL or EDB*Plus. SteDatabase
Compatibility for Oracle Developers Tools and Utilities Guiaienformation abatthe

EXECcommand.

The following is an example of calling the procedure froman anonymous block:

BEGIN
simple_procedure;
END;

That's all folks!

Note: Each application has its owmique way to calla procedure. Forexampleg i
Javaapplicationthe application programming interfad®BC is used.

3.2.3.3Deleting a Procedure

A procedure can be deleted fromthe database usimgRibe PROCEDURE MmMand.

DROP PROCEDUREBame
Wherename is the name ofthe procedure to be dropped.

The previously created geedure is dropped in this example:

DROP PROCEDURE simple_procedure;
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3.2.4 Functions Overview

Functions arstandalon&PLprograms thatare invoked as expressions. When evaluated,
a functionreturns a value that is substituted in the expression in whichittie fus
embedded. Functions may optionally take values fromthe calling programin the formof
input parameters. In addition to the fact thatthe function, itself, returns a value, a
function may optionally return additional values to the caller indl@ bf output
parameters. The use of output parameters in functions, however, is not an encouraged
programming practice.

3.2.4.1Creating a Function

TheCREATE FUNCTIONcommand defines and namestandalonéunction thatwill be
stored in the database.

CREATE[ ORREPLACE ] FUNCTION name [ (parameters ) ]
RETURNdata_type
[
IMMUTABLE

| STABLE
| VOLATILE
| DETERMINISTIC
| [NOT ] LEAKPROOF
| CALLED ON NULL INPUT
| RETURNS NULL ON NULL INPUT
| STRICT
| [EXTERNAL ] SECURITY INVOKER
| [EXTERNAL ] SECURITY DEFINER
| AUTHID DEFINER
| AUTHID CURRENT_USER
| PARALLEL { UNSAFE | RESTRICTED | SAFE }
| COST execution _cost
| ROWS result _rows

| SET configuration __parameter
{TO wvalue |= vaue |FROM CURRENT}
{I1S] A\S }
[ declarations ]
BEGIN
statements

END [ name ];

Where:

name
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name is the identifier of théunction Ifyou specify thfORREPLACE] clause
and dunctionwith the same name already exists in the schema, theuneion
will replace the existing one. Ifyou do notspefif)R REPLACE], the new

functionwillnot replace the exstinfynctionwith the same name in the same
schema.

paramete rs
parameters is a list of formal parameters.

data_type

data type i s t he data type of t mRETURNal ue r et ul
statement.

declarations

declarations  are variable, cursor, typer subprogrardeclarationdf
subprogramdeclarations aneluded, they must be declared after allother
variable, cursor, andtype declarations.

statements

statements areSPLprogramstatements (tB&GIN-ENDblock may contain
anEXCEPTIONsection).

IMMUTABLE
STABLE
VOLATILE

These attributes informthe gy optimizer about the behavior of thiaction
you can specify onlgne choice VOLATILE is the defaulbehavior

IMMUTABLENdicates thatth&inctioncannot modify the database and always
reacheshe same result when given the same argumentyé#ldegs not do

database lookups or otherwise use information not directly presentin its argument
list. If you include this clausany call of théunctionwith all-constant

arguments can be immediately replaced witHfuhetionvalue.

STABLEIindicates hat thefunctioncannot modify the database, and thatwithin a
single table scaiit will consistently return the same result for the same argument
values, butthatits result could change across SQL stateriidrigss the

appropriate selection feunctionthatdepend on database lookups, parameter
variables (suchas the current time zone), etc.
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VOLATILE indicates thatthiinctionvalue can change evenwithin a single table
scan, so no optimizations can be madleas@ote that any function that has
sideeffects mustbe classified volatile, even ifits result is quite predictable, to
preventcalls frombeing optimized away.

DETERMINISTIC

DETERMINISTIC is a synonymfoMMUTABLE A DETERMINISTIC function
cannotmodify the database and alwaagcheshe same result when given the
same argument valugsdoes not do database lookups or otherwise use
information not directly present in its argument listyou include this clause

any call of thdunctionwith all-constant arguments can be immedyateplaced
with thefunctionvalue.

[ NOT ] LEAKPROOF

A LEAKPROOHKunctionhas no side effects, andreveals no informaloout the
values usedto calltHenction

CALLED ON NULL INPUT
RETURNS NULL ON NULL INPUT
STRICT

CALLEDONNULLINPUT (the de&ult) indicates that thgroceduraill be called
normally when some ofits arguments gt L. It is the author's res ponsibility to
checkfoNULLvalues if necessary and respond appropriately.

RETURNSIULLONNULLINPUT orSTRICT indicates that therocedurealways
returnsNULLwhenever any of its arguments argLL. If theseclauses are
specified, thgprocedurgs notexecuted whenthere areLLarguments; instead a
NULL resultis assumed automatically.

[ EXTERNAL] SECURITY DEFINER

SECURITYDEFINERSpecifies that thieinctionwill executewith the privileges of

the userthatcreateglihis is the defaultThe key wordEXTERNALS allowed for
SQL conformance, butis optional.

[ EXTERNAL] SECURITY INVOKER

TheSECURITYINVOKERclausandicateshat thefunctionwill executewith the
privilegesofthe userthat calls.iiThe key worcEXTERNALS allowed for SQL
conformance, but is optional.

AUTHID DEFINER
AUTHID CURRENT_USER
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TheAUTHIDDEFINERCclause is a synonymfEXTERNAL] SECURITY

DEFINER. If theAUTHIDclause is omitted orAUTHID DEFINERIs specified,
the rights of the function owner are used to determine access privileges to
database objects

TheAUTHIDCURRENT_USEElause is a synonymfEXTERNAL] SECURITY

INVOKER If AUTHIDCURRENT_USERS specified, the rights ofthe current user
executing the function are usedto determine access privileges.

PARALLEL { UNSAFE | RESTRICTED | SAFE }

ThePARALLELclause enables the use of parallel sequential scans (parallel mode).
A parallel sequetial scan uses multipleorkers to scan a relation in parallel
during a query in contrastto a serial sequestiah

When set tyNSAFEthe function cannot be executedin parallelmode. The
presence of such a function in a SQL statement forces aeseaition plan.
This is the default setting if ttF/ARALLELclause is omitted.

When set tRESTRICTED the function can be executed in parallelmode, but the
execution is restricted to the parallelgroup leader. Ifthe qualification for any
particular reation has anything that is parallel restrictedttielation won't be
chosen foparallelism.

When sett&AFE, the function can be executed in parallel mode with no
restriction.

COST execution _cost

execution _cost IS apositive number giving the estimate@cution cost for
thefunction in units oktpu _operator _cost . Ifthefunctionreturns a set, this

is the cost perreturnedrow. Largervalues cause the plannerto try to avoid
evaluating théunctionmore often than necessary.

ROWSresult _rows

result _rows IS a positive number giving the estimated number of rows thatthe

planner should expect thenctionto return. Thisis only allowed whenthe
functionis declared toreturna set. The default assumption is 1000 rows.

SET configuration _parameter {TO value |= value |FROM CURRENT }

TheSETclause causes the specified configuration parameter to be setto the
specified value when thanctionis entered, and thenrestoredto its prior value

when thdunctionexits. SETFROMCURRENBaves the sessioeisrrent value of
the parameter as the value to be applied whefutiogionis entered.
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If a SET clause is attached tdanction, thenthe effects ofSETLOCAL

command executed inside tlnactionfor the same variable are restricted to the
function; the configuration parameter's prior value is restorégirationext. An
ordinarySETcommand (withoutOCAL) overrides th&ETclause, much as it
would do fora previouSETLOCALcommand, withtheeffects of sucha

commandersisingafterprocedureit, unless the currenttransactionis rolled
back.

Please NotefheSTRICT,LEAKPROORPARALLEL COSTROWSRNASETkeywords
provide extended functionality for Advanced Server and are notsupported by Oracle.

Examples

The following is an example of a simgpunction thattakes no parameters.

CREATE OR REPLACE FUNCTION simple_function
RETURN VARCHAR?2

IS

BEGIN
RETURN 'That"s All Folks!;

END simple_function;

The following function takes two input parameters. Parameters are discussed in more
detailn subsequentsections.

CREATE OR REPLACE FUNCTION emp_comp (

p_sal NUMBER,
p_comm NUMBER
) RETURN NUMBER
IS
BEGIN

RETURN (p_sal + NVL(p_comm, 0)) * 24;
END emp_comp;

The following example demonstrates usingAb&HID CURRENTUSERclauseand
STRICT keyword in a function declaration

CREATE OR REPLACE FUNCTION dept_salaries(dept_id int) RETURN NUMBER
STRICT
AUTHID CURRENT_USER
BEGIN
RETURN QUERY (SELECT sum(salary) FROM emp WHERE deptno = id);
END;

Include thesTRICT keyword to instruct the server to retiNoDLLIf any input parameter
passedisliULL; if aNULL value is passed, the function will not execute.

Thedept _salar ies functionexecutes with the privileges ofthe role that is calling the
function. Ifthe currentuseloes nothave sufficientprivileges to performsigeECT

statement querying thkenptable (to display employee salaries), the functionwill report
an error. To instructthe serverto use the privileges associated with the role thatdefined
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the functionreplaceth@UTHID CURRENTUSERclause with th@UTHIDDEFINER
clause.

3.2.4.2Calling a Function

A function can be used anywhere an expression can appear withitLatatement. A

function is invoked by simply specifying its name followed by its parametefssed in
parenthesis, ifany.

name [ ([ parameters ])]
name is the name ofthe functioparameters is alist ofactual parameters.

Note: If there are no actual parameters to be passed, the function may be called with an
empty parameter list, orthe opegand closing parenthesis may be omitted entirely.

The following shows howthe function can be called froman&mReprogram.

BEGIN
DBMS_OUTPUT.PUT_LINE(simple_function);
END;

That's All Folks!

A function is typically used within 8QLstatementashown in the following.

SELECT empno "EMPNO", ename "ENAME", sal "SAL", comm "COMM",
emp_comp(sal, comm) "YEARLY COMPENSATION" FROM emp;

EMPNO | ENAME | SAL | COMM | YEARLY COMPENSATION

————— B — [ B Ep— YR -
7369 | SMITH | 800.00 | | 19200.00
7499 | ALLEN | 1600.00| 300.00 | 45600.00
7521 | WARD | 1250.00| 500.00 | 42000.00
7566 | JONES | 2975.00 | | 71400.00
7654 | MARTIN | 1 250.00 | 1400.00 | 63600.00
7698 | BLAKE | 2850.00 | | 68400.00
7782 | CLARK | 2450.00 | | 58800.00
7788 | SCOTT |3000.00 | | 72000.00
7839 | KING |5000.00 | | 120000.00
7844 | TURNER | 1500.00| 0.00 | 36000.00
7876 | ADAMS |1100.00 | | 26400.00
7900 | JAMES | 950.00 | | 22800.00
7902 | FORD |3000.00 | | 72000.00
7934 | MILLER | 1300.00 | | 31200.00
(14 rows)
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3.2.4.3Deleting a Function

A function can be deleted fromthe database usingri@P FUNCTION.Ommand.

DROP FUNCTIONname [ ( parameters )]
Wherenameis the name of the function to be dropped.

Note: The specification ofthe parameter list is required in Advanced Server under certan
circumstances. Oracle requires that the parameter list always be omitted.

The previously created functionis dropped in this example:

DROP FUNCTION simple_function;
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3.2.5 Procedure and Function Parameters

Animportant aspectofusing procedures and functions is the capability to pass datafrom
the calling programto the procedure or function and to receive data back fromthe
procedure or function. This is accomplished by upimgameters

Parameters are declared in the procedure or function definition, enclosed within

parenthesis following the procedure or function name. Parameters declared in the

procedure or function definition are knownfasmal parameterd/V hen the procede or

function is invoked, the calling programsupplies the actual data that is to be usedin the
called programbs processing as well as the

called programbs processi negcalingpregrathat a and \
when the procedure orfunctionis called are referred to athal parameters

The following is the general format of a formal parameter declaration.

(name [ IN | OUT| INOUT ] data_type [DEFAULT value 1)

name is an identifier assiged to the formal parameter. If specified defines the

parameter for receiving inputdata into the procedure or functiorh Avarameter can
also be initialized to a default value. If specified;Tdefines the parameter for returning
data fromthe proedure or function. If specifiedy OUT allows the parameterto be used
for both input and output. Ifall oR , OUT, andiNOUT are omitted, then the parameter
acts as ifit were defined &s by default. Whether a parametems OUT, orIN OUT is
ref’k, r ed t o as mbdedta p@er definestthe datasype ofthe parameter.
value is a default value assigned tolarparameter in the called programif an actual
parameteris not specified in the call.

The following is an example of a proceduratitakes parameters:

CREATE OR REPLACE PROCEDURE emp_query (

p_deptno IN  NUMBER,
p_empno IN OUT NUMBER,
p_ename IN OUT VARCHAR2,
p_job OUT VARCHAR2,
p_hiredate OUT DATE,
p_sal OUT NUMBER

)

IS

BEGIN

SELECT empno, ename, job, hiredate, sal
INTO p_empno, p_ename, p_job, p_hiredate, p_sal
FROM emp
WHERE deptno = p_deptno
AND (empno = p_empno
OR ename = UPPER(p_ename));
END;
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In this examplep_deptno is anIN formal parametep_empno andp_ename areiN

ouTformal parameters, apdjob ,p_hiredate ,andp_sal areouTformal
parameters.

Note: In the previous example, no maximum length was specified orafReHAR?2
parameters and rayecision and scale were specified onNb&BERarameters. It is
illegal to specify alength, precision, scale or other constraints on parameter declarations.

These constraints are automatically inherited fromthe actual parameters that are used
when theprocedure or functionis called.

Theemp_query procedure canbe called by another program, passingit the actual
parameters. The following is an example of anc8fprogramthat callsmp_query .

DECLARE
v_deptno NUMBER(2);
v_empno NUMBER(4);
V_ename VARCHAR2(10);
v_job VARCHAR2(9);
v_hiredate DATE;
v_sal NUMBER,;

BEGIN
v_deptno := 30;
v_empno = 7900;
v_ename =";
emp_query(v_deptno, v_empno, v_ename, v_job, v_hir edate, v_sal);

DBMS_OUTPUT.PUT_LINE(Department : ' || v_deptno);
DBMS_OUTPUT.PUT_LINE(Employee No: ' || v_empno);

DBMS_OUTPUT.PUT_LINE('Name 2| v_ename);
DBMS_OUTPUT.PUT_LINE('Job 2| v_job);
DBMS_OUTPUT.PUT_LINE( Hire Date :'|| v_hiredate);
DBMS_OUTPUT.PUT_LINE(Salary :'||v_sal);

END;

In this exampley_deptno ,v_empno,v_ename,v_job ,v_hiredate ,andv_sal are
the actual parameters.

The output fromthe preceding example is shown as follows:

Departme nt: 30
Employee No: 7900

Name : JAMES

Job : CLERK

Hire Date : 03 - DEC 81
Salary : 950

3.2.5.1Positional vs. Named Parameter Notation

You can use eith@ositionalornamegarameter notation when passing parametersto a
function or procedurefyou specify parameters using positional notation, you must list

the parametersin the orderthat they are declared; if you specify parameters with named
notation, the order ofthe parameters is not significant.
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To specify parameters using named notattithe name of each parameter followed by

an arrow£>) and the parameter value. Named notation is more verbose, but makes your
code easierto read and maintain.

A simple example that demonstrates using positionaland named parameter notation
follows:

CREATE OR REPLACE PROCEDURE emp_info (
p_deptno IN  NUMBER,

p_empno IN OUT NUMBER,
p_ename IN OUT VARCHAR?2,

)

IS

BEGIN
dbms_output.put_line('Department Number =' || p_deptno);
dbms_output.put_line("Employee N umber ='|| p_empno);
dbms_output.put_line('Employee Name =' || p_ename;

END;

To call the procedure using positional notation, pass the following:
emp_info(30, 7455, 'Clark");

To call the procedure using named notation, pass the following:
emp_info(p_e name =>'Clark’, p_empno=>7455, p_deptno=>30);

Using named notation can alleviatethe needorer ange a procedurebs

the parameter list changes, ifthe parameters are reordered orifa new optional parameter
is added.

In a case where ythave a default value for an argument and the argumentis not a
trailing argument, you must use named notationto callthe procedure orfunction. The
following case demonstrates a procedure with two, leading, default arguments.

CREATE OR REPLACE PROCHDRE check_balance (
p_customeriD IN NUMBER DEFAULT NULL,
p_balance IN NUMBER DEFAULT NULL,
p_amount IN NUMBER
)
IS
DECLARE
balance NUMBER;
BEGIN
IF (p_balance IS NULL AND p_customerID IS NULL) THEN
RAISE_APPLICATION_ERROR
(-20010, 'Must provide balance or customer');
ELSEIF (p_balance IS NOT NULL AND p_customerID IS NOT NULL) THEN
RAISE_APPLICATION_ERROR
(-20020,'Must provide balance or customer, not both');
ELSEIF (p_balance ISNULL) T HEN
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balance := getCustomerBalance(p_customerID);
ELSE

balance := p_balance;
END IF;

IF (amount > balance) THEN
RAISE_APPLICATION_ERROR
(- 20030, '‘Balance insufficient");
END IF;
END;

You can only omit no#irailing argument values (whenyou call this procedure) by using

named notation; when using positional notation, only trailing arguments are allowed to
default. You can callthis procedure with the following arguments:

check_balance(p_customerlD => 10, p_amount = 500.00)

check_balance(p_balance => 1000.00, p_amount = 500.00)

You can use a combination of positional and named notation (mixed notation) to specify
parameters. A simple example that demonstrates using mixed parameter notation
follows:

CREATE OR REPLAE PROCEDURE emp_info (
p_deptno IN  NUMBER,

p_empno IN OUT NUMBER,
p_ename IN OUT VARCHARZ2,

)

IS

BEGIN
dbms_output.put_line('Department Number =' || p_deptno);
dbms_output.put_line('Employee Number =" || p_empn 0);
dbms_output.put_line('Employee Name =' || p_ename;

END;

You can callthe procedure using mixed notation:

emp_info(30, p_ename =>'Clark’, p_empno=>7455);

If you do use mixed notation, remember that named arguments cannot precede positional
arguments

3.2.5.2Parameter Modes

As previously discussed, a parameter has one ofthree possible-mod®sT, oriIN
oUT The following characteristics of a formal parameter are dependentuponits mode:

1 Itsinitial value when the procedure orfunctionis called.
1 Whethkerornotthe called procedure or function can modify the formal parameter.
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1 Howthe actual parametervalue is passed fromthe calling programto the called
program.

1 What happens to the formal parameter value when an unhandled exception occurs
in the callecprogram.

The following table summarizes the behavior of parameters according to their mode.

Table 4-3-1 Parameter Modes

Mode Property IN IN OUT ouT
Formal parameter initialized to: |Actual parameter vallActual parameter valyActual parameter valy
Formal parameter modifable by t
called program?

No Yes Yes

Original actual
parameter value prior
to the call

Actual parameter contains: (ater [Original actual
handled exception inthe called |parameter value prior

Last value of the Last value of the
formal paraneter formal parameter

Actual parameter contains: (ater
normal called program terminatiory

Last value of the Last value of the

orogram) o the call formal parameter formal parameter
Actual parametercontains: (after afOriginal actual Original actual Original actual
unhandled exception in the called[parameter value prior|parameter value prior|parameter value prior
program) to the call to the call to the call

As shown bythe table, an formal parameeris initialized to the actual parameter with
which it is called unless it was explicitly initialized with a default value.ikhe
parameter may be referenced within the called program, however, the called program
may not assigha new value to tkepamameter. After control returns to the calling

program, the actual parameter always contains the same value as it was set to prior to the
call.

TheouTformal parameteris initialized to the actual parameter with which it is called.

The called programmayference and assign new values tothe formal parameter. If the
called programterminates without an exception, the actual parameter takes onthe value
last set in the formal parameter. If a handled exception occurs, the value ofthe actual
parameter takesdhe lastvalue assigned to the formal parameter. If an unhandled
exception occurs, the value ofthe actual parameter remains as it was prior to the call.

Like anIN parameter,am OUT formal parameter s initialized to the actual parameter
with which t is called. Like amuTparameter,am OUT formal parameteris

modifiable by the called programand thelast value in the formal parameteris passedto
the calling programbébs actual parameter
exception. If a hadled exception occurs, the value ofthe actual parameter takes on the

last value assigned to the formal parameter. If an unhandled exception occurs, the value
of the actual parameter remains as it was priorto the call.
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3.2.5.3Using Default Values in Parameters

You can set a default value of a formal parameter by includingeRreuLTclause or
using the assignment operater)in theCREATEPROCEDUREICREATEFUNCTION
statement.

The generalformofa formal parameter declarationis:

(name [ IN|J|OUTIN OUT ] data_type [DEFAULT|:=} expr 1)
name is an identifier assignedto the parameter.

INJOUT|IN OUT specifies the parameter mode.

data_type is the datatypeassigned tothe variable.

expr Iis the default value assigned tothe parameter. Ifyou do notiredhEAULT
clause, the caller must provide a value forthe parameter.

The default value is evaluated every time the function or procedure is invoked. For

example, assigningySDATEO a parameter of tygeATEcauses the parameter to have
the time of the cuent invocation, notthe time when the procedure or function was
created.

The following simple procedure demonstrates using the assignment operator to seta
default value o8 YSDATHNtO the parametetijredate

CREATE OR REPLACE PROCEDURE hire_emp (
p_empno NUMBER,
p_ename VARCHAR?2,
p_hiredate  DATE := SYSDATE

)
IS

BEGIN
INSERT INTO emp(empno, ename, hiredate)
VALUES(p_empno, p_ename, p_hiredate);

DBMS_OUTPUT.PUT_LINE('Hired!");
END hire_emp ;

If the parameter declarationincludes a default value, you can omit the parameter fromthe
actual parameter list when you call fire cedure Calls to the sample procedure

(hire_emp ) mustinclude two arguments: the employee nunpbentpno) and

employee nam@_empno). The third parametep (hiredate ) defaults to the value of
SYSDATE

hire_emp (7575, Clark )
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If you do include a value for the actual parameter when you cartoedurgthatvalue
takes precedence overthe default value:

hire_emp (7575, Clar k,15 -FEB-2010)

Adds anewemployee with a hiredateelfruary 15,2010  , regardless of the current
value ofSYSDATE

You can write the sanmrocedurdoy substituting th@EFAULTKeyword for the
assignmentoperator:

CREATE OR REPLACE PROCEDURE hire_emp (
p_empno NUMBER,
p_ename VARCHAR?,
p_hiredate  DATE DEFAULT SYSDATE

)
IS
BEGIN
INSERT INTO emp(empno, ename, hiredate)
VALUES(p_empno, p_ename, p_hiredate);

DBMS_OUTPUT.PUT_LINE('Hired!";
END hire_ emp;

3.2.6 Subprograms 1 Subprocedures and Subfunctions

The capability ad functionality ofSPL procedure and function programs can be usedin

an advantageous manner to bwitll-structurednd maintaiableprograms by
organizing the SPtode into subprocedwand subfunctions.

The same SPL code can be ingdknultiple times from different locations within a

relatively large SPL progralry declarings ubproceduresal subfunctions within the
SPL program.

Subprocedures and subftiions have the followingharacgristics:

1 The syntax, structure, and functionality of subprocedures and subfuratons
practically identical to standalone procedures and functions. The major difference
is the use ofthe keywoRROEDUREOrFUNCTIONINStead 0OEREATE
PROCEDUR@rCREAE FUNCTIONto declare the subprogram

1 Subprocedures and subfunctions provide isolation for the identifiers (that is,
variables, cursors, types, and other subprograms) ddelathin itself. That is,
these identifiersannot be accessed nor alteiredn theupperparentlevel SPL
programs or subprograms outside of the subprocedure or subfumtiien.
ensures thatthe subprocedure and subfunction results are reliapledicthble

1 The declaration section of subprocedures and subfunctions canincloa its
subprocedures and subfunctions. Thus, a #ayg| hierarchy of subprograms
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can exist in the standalone program. Within the hierarchy, a subprogramcan
accesstheidentifiers apper level parent subprograasdals oinvoke upper

level parensubprgrams. However, the same access to identifiers and invocation
cannotbe done for lower level child subprograms in the hierarchy.

Subprocedures and subfuiotts carbe declared and invoked fromthin any ofthe
following types of SPL programs

Standalone pcedures anfiinctiors

Anonymous blocks

Triggers

Packages

Procedure and function methods of an objecttype body

Subprocedures and subfunctions declared within any of the preceding programs

I

The rules regarding subprocedure and subfunction structure aas$acelis cussed in
more detailin the next sections.

3.2.6.1Creating a Subprocedure

ThePROCEDURElause specifig in the declaration section defines and names a
subprocedurecaltothat block.

The ternblockrefers to th&PL blockstructure consisting of aptional declaration
section, amandatory executable section, and an optional exception 8iutiksare
the structures faatandalone procedwwandunctiors,anonymous blod subprogras
triggers,packags, andbjecttype methal

The phrastheidentifieris localto the blockneans thatthe identifier (that @yariable,

cursor, type, or subprogram) is declared within the declaration section ofthat blockand is
therefore accessible by the SPL code within the executable section and optemtidex
section ofthat block.

Subprocedures can only be declared after all sthable, cursor, and type declarations
included in the declaration sectighhat is, subprograms mustbe the lastsetof
declarations.)

PROCEDURBame [ (parameters ) ]
{IS |AS}
[ declarations |

BEGIN
statements
END [ name ];

Where:
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name

name Is the identifier of theulprocedure.

parameters

parameters is a list of formal panmeters

declarations

declarations ~ are variable, cursor, type, or subprogramdeclarstld
subprogramdeclarations are included, they must be declared after all other
variable, cursor, andtype declarations.

statements

statements areSPLprogramstatements (tB&EGIN- ENDblock may contain
anEXCEPTIONsection).

Examples

The following eampleis a subprocedure within an anonymous block.

DECLARE
PROCEDURE list_emp
IS
v_empno NUMBER@4);
v_ename VARCHAR2(10);
CURSOR emp_cur IS
SELECT empno, ename FROM emp ORDER BY empno;
BEGIN
CPEN emp_cur;
DBMS_OUTPUT.PUT_LINE('Subprocedure list_emp:');
DBMS_OUTPUT.PUT_LINE(EMPNO ENAME');
DBMS_OUTPUT.PUT_LINE('----- e
LOOP
FETCH emp_cur INTO v_empno, v_ename;
EXIT WHEN emp_cur%NOTFOUND;
DBMS_OUTPUT.PUT_LINE(v_empno ||' '||v_ename);
END LOOP;
CLOSE emp_cur;
END;
BEGIN
list_ emp;
END;

Invoking this anonymous block produces the following output:

Subprocedure list_emp:
EMPNO ENAME

7369 SMITH
7499 ALLEN
7521 WARD
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7566 JONES
7654 MARTIN
7698 BLAKE
7782 CLARK
7788 SCOTT
7839 KING
7844 TURNER
7876 ADAMS
7900 JAMES
7902 FORD
7934  MILLER

The following example is a subpedure within a trigger.

CREATE OR REPLACE TRIGGER dept_audit_trig
AFTER INSERT OR UPDATE OR DELETE ON dept
DECLARE
v_action VARCHAR2(24);
PROCEDURE display_action (
p_action IN VARCHAR2
)

IS
BEGIN
DBMS_OUWUPUT.PUT_LINE('User' || USER || ' ' || p_action ||
"depton' || TO_CHAR(SYSDATE,YYYY - MMDDY));
END display_action;
BEGIN

IF INSERTING THEN
v_action :="'added"
ELSIF UPDATING THEN
v_action :="'updated";
ELSIF DELETING THEN
v_action :='deleted’;
END IF;
display_action(v_action);
END;

Invoking this trigger produces the following output:

INSERT INTO dept VALUES (50,'"HR','DENVER);

User enterprisedb added dept on 2016 -07- 26

3.2.6.2Creating a Subfunction

TheFUNCTIONclause specified in the declaration section defines and names a
subfunctionlocalto thatblock.

The ternblockrefers to the SPLblock structure consisting of an optional declaration
section, a mandatory executable section, and an opgiragghtion section. Blocks are

the structures for standalone procedures and functions, anonymous blocks, subprograms,
triggers, packages, and objecttype methods.
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The phrastheidentifieris local to the blockneans thatthe identifier (that @yariable
cursor, type, or subprogram) is declared within the declaration section ofthat blockand is

therefore accessible by the SPL code within the executable section and optional exception
section ofthat block.

FUNCTION name [ (parameters ) ]
RETURNdata _type
{IS|AS}

[ declarations ]

BEGIN
statements
END [ name ],

Where:
name

name is the identifier of the subfunction.
parameters

parameters is a list of formal parameters.

data_ type

data_type isthe datatypeofthe valuereturnedby the funéti®BTURN
statement.

declarations

declarations  are variable, cursor, type, or subprogramdeclarations. If
subprogramdeclarations are included, they must be declared after all other
variable, cursor, andtype declarations.

statements

statements areSPLprogramstatements (tlBEGIN-ENDblock may contain
anEXCEPTIONsection).

Examples

The following example shows the use of a recursive subfunction:

DECLARE
FUNCTION factorial (
n BINARY_INTEGER
) RETURN BINARY_INTEGER
IS
BEGIN
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IFn=1THEN
RETURN n;
ELSE
RETURN n * factorial(n -1);
END IF;
END factorial;
BEGIN
FOR iIN 1..5 LOOP
DBMS_OUTPUT.PUT_LINE(i || " ="]| factorial(i));
END LOOP;
END;

The output franthe example is the following:

P NODNBE
N B
o

(SARE ST e

3.2.6.3Block Relationships

This section describes the terminology of the relationship between blocks thatcan be

declared in a SPLprogramThe ability toinvoke subprograms aratcess ideniérs
declared within a block depends uponthis relationship.

The following are the basic terms:

1 A blockis the basic SPL structure consisting of an optional declaration section, a
mandatory executable section, and an optional exception sditicks
implementstandalone procedure and function programs, anonymous blocks,
triggers, packages, and subprocedures and subfunctions.

1 Anidentifier (variable, cursor, type, or subprogrémeal to a blockneans that it

is declared within the declaration sectiontd given block. Such localidentifiers

are accessible fromthe executable section and optional exception section ofthe

block.

Theparentbloclcontains the declaration of another block @héd block.

Descendentblockse the setof blocks forming tkRkild relationship starting

from a given parentblock.

Ancestor blockare the setof blocks forming the parental relationship starting

from a given child block.

The set of descendent (or ancestor) blocks fdria@archy.

Thelevelis an ordinal numberfa given block fromthaighestancestoblock.

Forexample, given a standalone procedure, the subprograms declared within the

declaration section ofthis predure are allat the same level, forexample call it

level 1. Additionalsubprogramsvithin thedeclarationsectionofthe
subprogramsleclared in the standalone procedureaatbe next level, whicis

level 2.

= = = = =4
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1 Thesibling blocksarethe setof blocks that havethe same parent block (that is,
they are allocally declared in the same block). Sig blocks are also always at
the same levelrelative to each other.

The following schematic of a setjpfoceduraleclaration sectiongovides an example
of a set of blocks and their relationshio their surrounding blocks.

Thetwo vertical lines on the lefthand side of the blocks indicatesre are two pairs of

sibling blodks.block_1a andblock_1b isone pair,anddlock_2a andblock_2b is
the second pair.

The relationship of each block with its ancestors is shown on thehagtutside ofthe
blocks.There are threleierarchical pathformedwhen progressing up the hierarchy from
the lowest level child blocks. The firsbnsissofblock_0 ,block_1a ,block_2a ,and
block_3 .Thesecondislock 0 ,block_1a ,andblock 2b .The thirdisblock 0 |,
block_1b ,andblock_2b
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CREATE PROCEDURMBlock_0

IS
+---- PROCEDURE block_1a  ------- Local to block_0
| IS
I I
| |
|+ -- PROCEDURE block_2a --- - Local to block_l1a and descenda nt
| | IS of block_0
[ I
[ I
[ I
| ] PROCEDURE block_3 -- Local to block_2a and descenda nt
| ] IS of block_1a, and block_0
| Siblings . |
| : I
| : I
| END block_3; |
| | END block_2a; |
|+ PROCEDURE block_2b --- - Local to block_1a and descenda nt
| | IS of block_0

Siblings | , |

(I I I
[ I
|+ --  END block_2b; |
I I
| END block_1a; - +
+-- PROCEDURE block_1b; - e Local to block_0
| IS
I I
| |
| PROCEDURE block_2b --- - Local to block_1b and descenda nt
| IS of block_0
I : I
I I
I : I
| END block_2b;
I I
+----  END block_1b;  ---oeeee- +

BEGIN

END block_0;

The rules forinvoking subprograms based upon block location is described starting with
Section3.2.6.4 The rules for accessing variables bagmhblock locationis described
in Section3.2.6.7

3.2.6.4Invoking Subprograms

A subprogranis invoked in the same manner as a standgooeedure or functioly
specifying its name and any actual parameters.

The subprogrammay bevoked with none, one, or more qualifiers, which are the names

of the parentsubprograroslabeled anonymous blocksaming the ancestor hierarchy
fromwhere the subprogramhas been declared
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Theinvocationis specified as a eketparated list of qualifie ending with the
subprogramname and any of its argumantshown by the following:

[ [ qualifier  _1.][..] qualifier_n .] subprog [(arguments )]

If specified qualifier_n Is thesubprograrmn whichsubprog has beendeclared in its
declaration section. The peding list of qualifiers must reside in a continuous path up
the hierarchy fromualifier_n to qualifier_1 .qualifier_1 may be any
ancestosubprogramin the path as wellasy ofthe following:

Standalone procedure name containing the sulgomog

Standabnefunction name containing s ubpragn

Package name containititge subprogram

Object type name containing the subprogramwithin an object type method
An anonymous block labelincluded prior to theCLAREeyword if a

declaration section exists, or priortheBEGINkeyword if there is no declaration
section.

=2 =A=2-a =9

Note: qualifier_1 may not be achema nametherwise an erroris thrownupon

invocation of the subprograithis Advanced Serveestrictions not compatible with
Oracle databases, which allow uséxe schema name as a qualifier.

arguments is the list of actual pareeters to be passed to the subprocedure or
subfunction.

Upon invocation, the search for the subprogramoccurs as follows:

1 Theinvokedsubprogramnanefitstype (thatis, subproceduresubfunction)
along withanyqualifiersin the specifie@rder, (referred to asheinvocationist)
is usedo find a matching set dlocksresiding in the same hierarchical order
The search begimsthe block hierarchywherethe lowestlevelthe Hock from
wherethe subprogramis invoke@ihe declaration of the subprogrammust be in
the SPL code priorto the code Iwbkere itis ivoked wherthe code i®bserved
from top tobottom (An exceptionto this requirement can be accomplished using
a forward declaration. See SectiR.6.5or information on forward
declarations.)

1 Iftheinvocation list does notmatch the hierarchy of blstading fromthe
blockwhere the subprogramis invokedcomparison is made by matathe
invocationlist starting with the parent of the previous startiriack. In other
words, the comparison progresagsthe hierarchy.

1 Ifthere are sibling blocks ofthe ancestors, the invocatioadisiparis orals o
includes the hierarchy of the $iitg blocks, butalways comparing in an upward
level, never comparing tltkescendantsf the sibling blocks.

1 This comparison process continues up the hierarchies untilthe first complete
match is found in which casethe located subprogramis invbkedthat the
formal parameter list of the matched subprogrammust comply with the actual
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parameter list specified for the invoked subprogram, otherwise an error occurs
upon invocation of the subprogram.

1 Ifnomatchis faind after searching up to the standalpregiram, then an erroris
thrownupon invocation of the sydsogram

Note: TheAdvanced Server search algorithmfor subprograminvoaatioot quite
compatiblewith Oracle databases. For Oracle, the searchlooks for the first match ofthe
first qualifier (that isqualifier_1 ). Whensucha match is found, allremaining

gualifiers, the subprogramname, subprogramtype, and arguments of the invocation must
match the hierarchy contentwhere the matchingdinstifier is found, otherwise an

erroris thrownFor Advanced Server, a match is not found unless all qualifiezs
subprogramname, and the subprogramofpee invocation match the hierarchy

content. If suchmexactmatch is noinitially found,Advanced Server continues the
searctprogressingipthe hierarchy.

The location of subprograms relative to the blo@knwhere thenvocations made can
be accessed as follows:

1 Subprograms declared in tloehl bbckcan be invoked fromthe executable
section ortheexception section of the same block.

1 Subprograms declared in thagent oother ancestor bloclksan be invokd from
the child block of the parent or other ancestors.

1 Subprograms declarediibsng blocks can be called froma sibling block or from
any descendebtiockofthe sibling

Howeverthe following location of subprograms cannot be accessed rdfative block
from where the invocatioa made:

1 Subprograms declaredin blocks that@@scendantsfthe block fromwhere the
invocationis attempted

1 Subprograms declared ifoloksthat aedescendantsf asibling blockfrom
where the invocatiol attempted

The following examples illustrate the varioumditions previously described.

Invoking Locally DeclaredSubprograms

The following example contains a single hierarchy of blocks awdavithin standalone
procedurgevel_0 .Within theexecutablsection of procedutevel_1a ,the means
of invoking thelocal procedurevel_2a are shown, both with and without qualifiers.

Also notethatacces$s the descenaof local procedurevel . 2a, which is procedure

level_3a ,Is not permitted, with or without qualifiers. These calls are commented outin
the example.

CREATE OR REPLACE PROCEDURE level_0
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IS
PROCEDURE level_1la
IS
PROCEDURE level_2a
IS
PROCEDURE level_3a
IS
BEGIN
DBMS_OUTPUT.PUT_LINE(........ BLOCK level_3a');
DBMS_OUTPUT.PUT_LINE(........ END BLOCK level_3a');
END level_3a;
BEGIN
DBMS_OUTPUT.PUT_LINE(...... B LOCK level_2a');
DBMS_OUTPUT.PUT_LINE(..... END BLOCK level_2a’);
END level_2a;
BEGIN
DBMS_OUTPUT.PUT_LINE('.. BLOCK level_1a’);
level _ 2a; -- Local block called
leve |_la.level_2 a; -- Qualified local block called
le vel_0.level_1la.level_2a; -- Double qualified local block called
level_3a; -- Error - Descenda nt of local block
level_2a.level_3a; --  Error - Descenda nt of local block
DBMS_OUTPUT.PUT_LINE('.. END BLOCK level_1a');
END level_1a;
BEGIN
DBMS_OUTPUT.PUT_LINE('BLOCK level_0";
level_1a;
DBMS_OUTPUT.PUT_LINE('END BLOCK level_0');
END level_0;

When the standalone procedure is invoked, the outputis the follgwihigh indicates

that procedurevel_2a is successfully invoked fromthe calls in the executable section
of procedurgevel_1a

BEGIN
level_0;
END;

BLOCK level_0

.. BLOCK level_1a

...... BLOCK level_2a
...... END BLOCK level_2a
...... BLOCK level_2a

...... END BLOCK level 2a
...... BLOCK level_2a

...... END BLOCK level_2a
.. END BLOCK level_1a
END BLOCK level_0

If you were to attempt to run procedureel_0 with any ofthe calls to the deendent
blockuncommented, then an error occurs.

Invoking Subprograms Declaredin Ancestor Blocks

The following example shows how subprograms can be invoked that are declared in
parent and other ancestor blockstie&to the block where the invocatimmade.

In this example, the executable section of procaduee 3a invokes procedure
level_2 a,whichis its parent blockNote thatr_cnt is usedto avoid an infinite loop.)

CREATE OR REPLACE PROCEDURE level_0
IS
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v_cnt NUMBER(2) := 0O;
PROCEDURE level_1la
IS
PROCEDURE level_2a
IS
PROCEDURE level_3a
IS
BEGIN
DBMS_OUTPUT.PUT_LINE(........ BLOCK level_3a');
v_cnt:=v_cnt + 1;
IFv_cnt< 2 THEN
level_2a; -- Parent block called
END IF;
DBMS_OUTPUT.PUT_LINE(........ END BLOCK level_3a');
END level_3a;
BEGIN
DBMS_OUTPUT.PUT_LINE(...... BLOC K level_2a");
level_3a; -- Local block called
DBMS_OUTPUT.PUT_LINEC(...... END BLOCK level_2a');
END level_2a;
BEGIN
DBMS_OUTPUT.PUT_LINE('.. BLOCK level_1la');
level_2a; -- Local block called
DBMS_OUTPUT.PUT_LINE('.. END BLOCK level_1a');
END level_1a;
BEGIN
DBMS_OUTPUT.PUT_LINE('BLOCK level_0");
level_1a;
DBMS_OUTPUT.PUT_LINE('END BLOCK level_0';
END level_0;

The following is he resulting output:

BEGIN
level_0;
END;

BLOCK level_0

.. BLOCK level_1a

...... BLOCK level_2a

........ BLOCK level_3a

...... BLOCK level_2a

........ BLOCK level_3a

........ END BLOCK level_3a

...... END BLOCK level_2a

........ END BLOCK level_3a
.. END BLOCK level_2a

.. END BLOCK level_1la

END BLOCK level_0

In asimilar example, the executable section of proceewske 3a  invokes procedure

level_1 a,whichis further up the ancestoerarchy (Note that_cnt is usedto avoid
an infinite loop.)

CREATE OR REPLACE PROCEDURE level_0
IS
v_cnt NUMBER(2) := 0;
PROCEDURE level_1la
IS
PROCEDURE level_2a
IS
PROCEDURE level_3a
IS
BEGIN
DBMS_OUTPUT.PUT_LINE(........ BLOC K level_3a');
v_cnt:=v_cnt+1;
IF v_cnt <2 THEN
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level_1la; -~ Ancestor block called
END IF;
DBMS_OUTPUT.PUT_LINE(........ END BLOCK level_3a);
END level_3a;
BEGIN
DBMS_OUTPUT.PUT_LINE(...... BLOCK level_2a'");
level_3a; -- Local block called
DBMS_OUTPUT.PUT_LINE(...... END BLOCK level_2a");
END level_2a;
BEGIN
DBMS_OUTPUT.PUT_LINE('.. BLOCK level_1la‘);
level_2a; -- Local block called
DBMS_OUTPUT.PUT_LINE('.. END BLOCK level_1a'%);
END level_1a;
BEGIN
DBMS_OUTPUT.PUT_LINE('BLOCK level_0";
level_1a;
DBMS_OUTPUT.PUT_LINE('END BLOCK level_0';
END level_0;

The following is the resulting output:

BEGIN
level_0;
END;

BLOCK level_0

.. BLOCK level_1a

...... BLOCK level_2a

........ BLOCK level_3a

.. BLOCK level_1a

...... BLOCK level_2a

........ BLOCK level_3a
........ END BLOCK level_3a
...... END BLOCK level_2a
.. END BLOCK level_1a
........ END BLOCK level_3a
...... END BLOCK level_2a
.. END BLOCK level_1a
END BLOCK level_0

Invoking Subprograms Declaredin Sibling Blocks

The following examplsshowhow subprograms can be invoked that are declared in a

sibling blockrelative to the local, pareatother ancestor blocks frowhere the
invocation of the subprograsnmade.

In this example, the executable section of procadue¢ 1b invokes procedure
level_la ,whichis its sibling block. Both are localto standalone proceelse 0

Note that invocation oével_2a orequivalentlylevel_la.level 2a fromwithin
procedurgevel_1b is commentedoutas this callwould regubn errorinvokinga
desendensubprogranievel_2a )ofsibling blocklevel_1a )is not permitted.

CREATE OR REPLACE PROCEDURE level_0
IS
v_cnt  NUMBER(2) := 0;
PROCEDURE level_1la
IS
PROCEDURE level_2a
IS
BEGIN
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DBMS_OUTPUT.PUT_INE('...... BLOCK level_2a");
DBMS_OUTPUT.PUT_LINE(...... END BLOCK level_2a');
END level_2a;
BEGIN
DBMS_OUTPUT.PUT_LINE('.. BLOCK level_1a');
DBMS_OUTPUT.PUT_LINE('.. END BLOCK level_1a');
END level_1a;
PRCCEDURE level_1b
IS
BEGIN
DBMS_OUTPUT.PUT_LINE('.. BLOCK level_1b');
level_1a; - Sibling block called
-- level_2a; -- Error 1 Descenda nt of sibling block
-- level_1 a.level_2a; -- Error - Descenda nt of sibling block
DBMS_OUTPUT.PUT_LINE(".. END BLOCK level_1b");
END level_1b;
BEGIN
DBMS_OUTPUT.PUT_LINE('BLOCK level_0";
level_1b;
DBMS_OUTPUT.PUT_LINE('END BLOCK level_0%;
END level_O;

The following is the resulting output:

BEGIN
level_0;
END;

BLOCK level_0

.. BLOCK level_1b

.. BLOCK level_1a

.. END BLOCK level_1a
.. END BLOCK level_1b
END BLOCK level_0

In the followingexample, procedutevel_1a ,whichis the sibling gbrocedure
level_1b ,whichis an ancestor of procediaeel_3b is successfully invoked.

CREATE OR REPLACE PROCEDURE level_0

IS
PROCEDURE level_1la
IS
BEGIN
DBMS_OUTPUT.PUT_LINE('.. BLOCK level_1a');
DBMS_OUTPUT.PUT_LINE(.. END BLOCK level_1a');
END level_1a;
PROCEDURE level_1b
IS
PROCEDURE level_2b
IS
PROCEDURE level_3b
IS
BEGIN
DBMS_OUTPUT.PUT_LINE(........ BLOCK level_3b'");
level_1 a; -- Ancestor 's sibling block called
level_0.level_1a; -- Qualified ancestor's sibling block
DBMS_OUTPUT.PUT_LINE(........ END BLOCK level_3b');
END level_3b;
BEGIN
DBMS_OUTPUT.PUT_LINE(...... BLOCK level_2b");
level_3b; -- Local block called
DBMS_OUTPUT.PUT_LINE(...... END BLOCK level_2b');
END level_2b;
BEGIN
DBMS_OUTPUT.PUT_LINE('.. BLO CK level_1b");
level_2b; -- Local block called

DBMS_OUTPUT.PUT_LINE(.. END BLOCK level_1b');
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END level_1b;
BEGIN
DBMS_OUTPUT.PUT_LINE('BLOCK level_0");
level_1b;
DBMS_OUTPUT.PUT_LINE(END BLOCK level_0');
END level_0;

The following is the resulting output:

BEGIN
level_0;
END;

BLOCK level_0

.. BLOCK level_1b

...... BLOCK level_2b
........ BLOCK level_3b

.. BLOCK level_1a

.. END BLOCK level_1la

.. BLOCK level_1a

.. END BLOCK level_1la
........ E ND BLOCK level_3b
...... END BLOCK level_2b
.. END BLOCK level_1b
END BLOCK level 0

3.2.6.5Using Forward Declarations

As discussed sofar, when a subprogramis to be invoked, it must have been declared
somewhere in the hierarchy of blocks within the stand alosgram, but prioto where it

is invoked. In otherwords, when scanning the SPL code frombeginningto end, the
subprogramdeclaration muse foundefore its invocation.

However, there is a method of constructing the SPL code sothat the full declafation

the subprogram (that is, its optional declaration section, its mandatory executable section,
and optional exception section) appears in the SPL code afterthe point in the code where
it is invoked.

This is accomplished by insertingpaward declarationn the SPL code prior to its

invocation. The forward declarati@mthe specification of a subprocedure or subfunction
name formal parameters, andreturn type ifitis a subfunction.

The fullsubprogramspecification consisting of the optional declaratationthe
executable sectigandtheoptional excepion section mustbe specified in the same

declaration section as the forward degfimn but may appear following other
subprogramdeclarations thatinvoke this subprogramwith the forward dieclarat

Typicalusage of a forward declarationis when two subprograms invokethach®
shown by the following:

DECLARE
FUNCTION add_one (
p_add IN NUMBER
) RETURN NUMBER;
FUNCTION test_max (
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p_test IN NUMBER)
RETURN NUMBER
IS
BEGIN
IF p_test<5 THEN
RETURN add_one(p_test);
END IF;
DBMS_OUTPUT.PUT('Final value is );
RETURN p_test;
END;
FUNCTION add_one (
p_add IN NUMBER)
RETURN NUMBER
IS
BEGIN
DBMS_OUTPUT.PUT_LINE('Increase by 1');
RETURN test_max(p_add + 1);
END;
BEGIN
DBMS_OUTPUT.PUT_LINE(test_max(3));
END;

Subfunctionest_max invokes subfunctioadd one , which also invokes subfunction

test_max , S0 abrward declarationis required fone of the subprogranmwhich is
implemented foadd_one atthe beginning ofthe anonymous block declaration section.

The resulting outputfromthe anonymous blockis as follows:

Increase by 1
Increase by 1
Final value is 5

3.2.6.60verloading Subprograms

Generally, subprograms of the same tfgagbprocedure or subfunctionith the same
name and same formal parameter specificatian appear multiple times within the

same standalone programas long as they are notsibling tloatis, the subprograms
are not declared in &nsamdocal block).

Each subprogramcan be individually invoked depending upon the use of qualifiers and

the location where the subprograminvocation ideas discussed in the previous
sections.

It is however possible to declare subprograms, even as siblings, thatare ofthe same
subprogramtype anthme as long as certain aspecthefformal parameterffer.

These characteristics (subprogramtype, name, and formal parameter specification) is
generalyknowna s a p sign@gurea mo s

The declaration of multipleubprogramsvhere the signatures are identical except for
certain aspects of the formal parameter specification is referred to as subprogram
overloading
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Thus, thedetermination of which partitar overloaded subprogramis to be invoked
determined by a match of the actual paramssieecifiedby the subprograminvocation
and the formal parameter ksidf the overloaded subprograms.

Any ofthe following differencepermit overloadedubprograms:

1 Thenumberoformalparameters are differén

1 Atleastone pair afata types ofthe corresponding formal parameters (thatis,
comparedccording to the sanaeder of appearance in the formal parameter list)
aredifferent, but are not aliasd3ata typealiasesrediscussed later in this
section.

Note thathe bllowing differences alone do not permit overloaded subprograms

1 Different formalparameter names
1 Differentparameter modgsN,IN OUT, OUT) for the corresponding formal
parameters

1 Forsubfunctios,differentdatatypesin theRETURNIause

As previously indicated, one of the differences allowing overloaded subprograms are
different data types.

However, certainlata type have alternative names referred talé&seswhich canbe
used for the tdb definition.

Forexample, there are fixed length character datatypes that can be specifieckas
CHARACTERThere are variable length character datatypes that can be spedifiearas
VARYING CHARACTER VARYING/ARCHAROrVARCHAR2For integersthere are
BINARY_INTEGERPLS_INTEGER andINTEGERdata types. Fornumbers, there are
NUMBERNUMERIGDEG andDECIMALdata types.

For detailed information aboutthe datatypes supported by Advanced Server, please see
the Database Compatibility for OradDevelopers Reference Guide, available from
EnterpriseDB at:

http://www.enterprisedb.com/produes®rvicestraining/products/documentation

Thus, when attemptirtg createoverloaded subprograms, the formal parameter data
types are not considered differentifthe specified data types are aliases of each other.

It can be determined if certain data types are aliases of othebtypeplaying thedble
definition containingthe data types in question.

Forexamje, the following table definitiomontainssomedatatypes andtheir aliases

CREATE TABLE data_type_aliases (
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dt BLOB BLOB,

dt LONG_RAW LONG RAW,
dt RAW RAW(4),

dt BYTEA BYTEA,

dt_ INTEGER INTEGER,

dt_ BINARY_INTEGER BINARY_INTEGER,
dt PLS_INTEGER PLS_INTEGER,

dt REAL REAL,

dt DOUBLE_PRECISION DOUBLE PRECISION,
dt_ FLOAT FLOAT,

dt NUMBER NUMBER,

dt DECIMAL DECIMAL,

dt NUMERIC NUMERIC,

dt CHAR CHAR,

dt CHARACTER CHARACTER,

dt_ VARCHAR2 VARCHAR2(4),

dt CHAR_VARYING CHAR VARYING(4),
dt VARCHAR VARC HAR(4)

Using the PSQLd command to display the table definition, the Type column displays
the data type internally assigned to each column based uponits data type in the table
definition:

\ d data_type_aliases

Column | Type | Modifiers

oSS e Y SV e

dt _blob | bytea |

dt long_raw | bytea |

dt_raw | bytea(4) |

dt _bytea | bytea |

dt_integer | integer |

dt_binary_integer |integer |

dt_pls_integer | integer |

dt_real | real |

dt_double_precision | double precision |

dt_float | doub le precision |

dt_number | numeric |

dt_decimal | numeric |

dt_numeric | numeric |

dt_char | character(1) |

dt_character | character(1) |

dt var char2 | character varying(4) |

dt _char_varying | character varying(4) |

dt_varchar | character varying(4) |

In the example, the base setofdata tgpelsytea ,integer ,real ,double
precision ,numeric ,character , andcharactervary ing .

When attempting to declare overloaded subprograms, a pair of formal parameter data
typesthatare aliasesould not be sufficient to allow subprogramoverloading. Thus,
parameters with datatyp@srEGERandPLS_INTEGERcannotoverload a pair of
subpograms, but data typeéTEGERandREAL, OrINTEGERaNdFLOAT, OfINTEGER
andNUMBERan overload the subprograms.

Note: The overloading rules based upon formabpaeter data types are not compatible
with Oracle databases. Generally, the Advanced Saresrare more flexible, and
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certain combinations are allowedAdvanced Servehat would result in an errorwhen
attempting to create the procedure or functionin Oracle databases.

For certain pairs of data types used for overloading, casting of thmem¢gs pecified by

the subprograminvocation may be required to avoid an error encountered during runtime
of the subprogram. Invocation of a subprogrammust include the actual parameter list that
can specifically identify the datatypes. Certain pairs/eftvaded datatypes may

require thecAsTfunctionto explicitly identify datatypes. Forexample, pairs of

overloaded data types that may require casting during the invocatiorarand
VARCHAR20rNUMBERNAREAL

The following example shows a groofoverloaded subfunctions invoked fromwithin
an anonymous block. The executable section ofthe anonymous block contains the use of
theCAsTfunction to invoke overloaded functions with certain datatypes.

DECLARE
FUNCTION add_it (
p_add_1 IN BINARY_INTEGER,
p_add_2 IN BINARY_INTEGER
) RETURN VARCHAR2
IS
BEGIN
RETURN 'add_it BINARY_INTEGER: ' || TO_CHAR(p_add_1 + p_add_2,9999.9999);
END add_it;
FUNCTION add_it (
p_add_1 IN NUMBER,
p_add_2 IN NUMBER
) RETURN VARCHAR2
IS
BEGIN
RETURN 'add_it NUMBER: ' || TO_CHAR(p_add_1 + p_add_2,999.9999);
END add_it;
FUNCTION add_it (
p_add_1 IN REAL,
p_add_2 IN REAL
) RETURN VARCHAR2
IS
BEGIN
RETURN 'add_it REAL: ' || TO_CHAR(p_add_1 + p_add_2,9999.9999);
END add_it;
FUNCTION add_it (
p_add_1 IN DOUBLE PRECISION,
p_add_2 IN DOUBLE PRECISION
) RETURN VARCHAR2
IS
BEGIN
RETURN'add_it DOUBLE PRECISION: ' || TO_CHAR(p_add_1 + p_add_2,9999.9999);
END add_it;
BEGIN
DBMS_OUTPUT.PUT_LINE(add_it (25, 50));
DBMS_OUTPUT.PUT_LINE(add_it (25.3333, 50.3333));
DBMS_OUTPUT.PUT_LINE(add_it (TO_NUMBER(25.3333), TO_NUMBER(50.33 33)));
DBMS_OUTPUT.PUT_LINE(add_it (CAST('25.3333' AS REAL), CAST('50.3333' AS REAL)));
DBMS_OUTPUT.PUT_LINE(add_it (CAST('25.3333' AS DOUBLE PRECISION),
CAST('50.3333' AS DOUBLE PRECISION)));
END;

The following is the outputdisplayed frahre anonymous block:

add_it BINARY_INTEGER: 75.0000
add_it NUMBER: 75.6666
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add_it NUMBER: 75.6666
add_it REAL: 75.6666
add_it DOUBLE PRECISION: 75.6666

3.2.6.7Accesmg Subprogram Variables

Variable declared in blocks such as subprograrasonymos blocks can be accessed

from the exeutable section or thexception section of other blocks depending upontheir
relative location

Accessing a variable meahsing able to referendawithin a SQL statementoran SPL
statement ais done with any localariable.

Note: If the subprogram signatucentairs formalparameterghese may be accessed

the same manner &xalvariablesof the subprogranm this section, alldiscussion
related to variables of a subprogramalso applies to formal paranmetessobprogram.

Access of variables notonly includes those defined as a data type, butalso includes
others such as record tygeollection types, and cursors

The vaiable may be accessby at mostongualifier, whichis the namefthe
subprogama labeled anonymous bloegkwhichthe variable has bedwcally declared.

Thesyntaxto reference a variablesisown by the following:

[ qualifier ] variable

If specified qualifier  is the subprograor labeled anonymous bloickwhich
variable has been ddaredin its declaration sectithat is, it is a local variable).

Note: In Advanced Server, thereis only one circumstance where two qualifiers are
permitted This scenaries for accessing public variables of packages where the reference
can be spec#d in the following format:

schema_name. package_name . public_variable_name

For more information aboutsupported package syntax, please see the Database
Compatibility for Oracle Developers Bulih Packages Guide

The following summargs how variables carlaccessd:

1 Variablescanbeaccessdas longas the blo@gkwhich the variable has been
locally declared is within the ancestor hierarchical path startingfrernlock
containing thereference to the variaBlach variables declared in ancestor
blocksare referred to aglobal variables

1 If areference to an ungualified variable is made, the first attempt is to locate a
localvariable of that name. If such alocal variable does nojthesithe search

Copy right © 2007 - 2017 EnterpriseDB Corporation. All rights reserv ed. 171



Database Compatibility for Oracle® Developers Guide

for the variable is made in tiparent of the curent block, and soforth,
proceeding up the anceshoerarchyIf such avariable is not found, then an error
occurs upon invocation of the subprogram.

1 If areference to a qualified variablenade, the same search progess
performed as described imd previous bullet point, bgearching for therst
match ofthe subprograonlabeled anonymous blothat containshe local
variable The search proceeds upthe ancésesarchyuntila match is foundf
such amatch is not found, thenan errowsapon invocation ofthe
subprogram.

The following location of variables cannot be accessed relative to the block fromwhere
the reference to thevariable is made:

1 Variables declared in a descendent block cannot be accessed,
1 Variables declared in a siblj block, a sibling block of amncestoblock, orany
descendantsithin the sibling block cannotbe accessed.

Note: The Advanced Server process for accessing variables is notcompatible with Oracle
databases. For Oracle, any number of qualifiers capdmified and the search is based
upon thefirst match ofthe first qualifier in a similar manner to the Oracle matching
algorithmforinvoking subprograms.

The following example displays how variables in various blocks are accessed, with and
without qualifers.The lines that are commented out illustrate atteto@scess
variables that would result in an error.

CREATE OR REPLACE PROCEDURE level_0
IS
v_level_0 VARCHAR2(20) := 'Value from level_0";
PROCEDURE level_1la
IS
v_level_la VARCHAR2(20) := 'Value from level_1la’;
PROCEDURE level_2a

IS
v_level_ 2a  VARCHARZ2(20) := 'Value from level_2a’;
BEGIN
DBMS_OUTPUT.PUT_LINE(...... BLOCK level_2a'");
DBMS_OUTPUT.PUT_LINE('.... ....v_level_2a:"|| v_level_2a);
DBMS_OUTPUT.PUT_LINE(........ v_level_la:'|| v_level_la);
DBMS_OUTPUT.PUT_LINE(........ level_la.v_level_la:'||
level_la.v_level_1a);
DBVS_OUTPUT.PUT_LINE(........ v_level_0: ' || v_level_0);
DBMS_OUTPUT.PUT_LINE(........ level_0.v_level_0:"|| level_0.v_level_0);
DBMS_OUTPUT.PUT_LINE(...... END BLOCK level_2a');
END level_2a;
BEGIN
DBMS_OUTBT.PUT_LINE('.. BLOCK level_1a');
level_2a;
DBMS_OUTPUT.PUT_LINE(".... v_level_2a: "' || v_level_2a);
Error - Descendent block - A
DBMS_OUTPUT.PUT_LINE('.... level_2a.v_level_2a: "' || level_2a.v_ level_2a);
Error - Descendent block ~ -----------m--- A
DBMS_OUTPUT.PUT_LINE('.. END BLOCK level_1l1a');
END level_1a;
PROCEDURE level_1b

IS
v_level_1b VARCHARZ2(20) := 'Value from level_1b';
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BEGIN
DBMS_OUTPUT.PUT_LINE(.. BLOCK level_1b);
DBMS_OUTPUT.PUT_LINE('.... v_level 1b: ' || v_level 1b);
DBMS_OUTPUT.PUT_LINE('.... v_level 0: || v_level 0);

-- DBMS_OUTPUT.PUT_LINE(".... level_1a.v_level_1a:'|| level_la.v_| evel_la);
= Error - Sibling block ~  -----------m-———- "
-- DBMS_OUTPUT.PUT_LINE('.... level_2a.v_level_2a: ' || level_2a.v_level_2a);
-- Error - Sibling block descenda nt ------ &
DBMSOUTPUT.PUT_LINE('.. END BLOCK level_1b');
END level_1b;

BEGIN
DBMS_OUTPUT.PUT_LINE('BLOCK level_0");
DBMS_OUTPUT.PUT_LINE('.. v_level_0: ' || v_level_0);
level_1a;
level_1b;
DBMS_OUTPUT.PUT_LINE('END BLOCK level_0';
END level_0;

The following is the outpughowing the content of each variable whenthe procedureis
invoked

BEGIN
level_0;
END;

BLOCK level_0

.. vV_level_0: Value from level_0

.. BLOCK level_1a

...... BLOCK level_2a

........ v_level_2a: Value from level_2a
v_level_1la: Value from level_la

. level_la.v_level_1a: Value from level_1la

. v_level_0: Value from level_0

. level_0.v_level_0: Value from level_0

END BLOCK level_2a

.. END BLOCK level_1a

.. BLOCK level_1b

... V_level_1b: Value from level_1b

... V_level_0 : Value from level_0

.. END BLOCK level_1b

END BLOCK level_0

The following example shows similar access attempts when all variables in all blocks
have the same name:

CREATE OR REPLACE PROCEDURE level_0

IS
v_common Vv ARCHAR2(20) := 'Value from level_0";
PROCEDURE level_la

IS
v_common VARCHAR2(20) := 'Value from level_1a'";
PROCEDURE level_2a
IS
v_common VARCHAR2(20) := 'Value from level_2a';
BEGIN
DBMs_OUTPUT.PUT_LINE(...... BLOCK level_2a');
DBMS_OUTPUT.PUT_LINE(........ v_common: ' || v_common);
DBMS_OUTPUT.PUT_LINE('........ level_2a.v_common: ' || level_2a.v_common);
DBMS_OUTPUT.PUT_LINE('........ level_la.v_co mmon: ' || level_la.v_common);
DBMS_OUTPUT.PUT_LINE(........ level_0.v_common: ' || level_0.v_common);
DBMS_OUTPUT.PUT_LINE(...... END BLOCK level_2a');
END level_2a;
BEGIN
DBMS_OUTPUT.PUT_LINE('.. BLOCK level_ la');

DBMS_OUTPUT.PUT_LINE('.... v_common: " || v_common);
DBMS_OUTPUT.PUT_LINE(.... level_0.v_common: ' || level_0.v_common);
level_2a;
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DBMS_OUTPUT.PUT_LINE('.. END BLOCK level_1a’);
END level_1a;
PROCEDURE level_1 b
IS
v_common VARCHAR2(20) := 'Value from level_1b';
BEGIN
DBMS_OUTPUT.PUT_LINE('.. BLOCK level_1b");
DBMS_OUTPUT.PUT_LINE('.... v_common: ' || v_common);
(
(

DBMS_OUTPUT.PUT_LINE('.... level_0.v_common : ' || level_0 .v_common);
DBMS_OUTPUT.PUT_LINE('.. END BLOCK level_1b");
END level_1b;
BEGIN

DBMS_OUTPUT.PUT_LINE('BLOCK level_0');
DBMS_OUTPUT.PUT_LINE('.. v_common: ' || v_common);
level_1a;
level_1b;
DBMS_OUTPUT.PUT_LINE(END BLOCK lev el_0;

END level_0;

The following is the output showing the content of each variable whenthe procedureis
invoked:

BEGIN
level_0;
END;

BLOCK level_0

.. v_common: Value from level_0

.. BLOCK level_1a

.... v_common: Value from level_1a

.... level_0.v_ common: Value from level_0
BLOCK level_2a

. v_common: Value from level_2a

. level_2a.v_common: Value from level_2a
. level_la.v_common: Value from level_la
. level_0.v_common: Value from level 0
END BLOCK level_2a

.. END BLOCK level_1la

.. BLOCK level_1b

.... v_common: Value from level_1b

.... level_0.v_common : Value from level_0

.. END BLOCK level_1b

END BLOCK level_0

As previously discussed, the labels onanonymous blocks canalso be usedto qualify
accessto vables. The following example shewariable access within a setofnested
anonymous blocks:

DECLARE
v_common VARCHAR2(20) := 'Value from level_0";

BEGIN
DBMS_OUTPUT.PUT_LINE('BLOCK level_0');
DBMS_OUTPUT.PUT_LINE('.. v_common: ' || v_com mon);
<<level_la>>
DECLARE

v_common VARCHAR2(20) := 'Value from level_1la’;

BEGIN

DBMS_OUTPUT.PUT_LINE('.. BLOCK level_1a');
DBMS_OUTPUT.PUT_LINE('.... v_common: ' || v_common);
<<level_2a>>

DECLARE
v_common VARCHAR2(20) :='Value from level_2a'’;
BEGIN
DBMS_OUTPUT.PUT_LINE(...... BLOCK level_2a');
DBMS_OUTPUT.PUT_LINEC(........ v_common: ' || v_common);
DBMS_OUTPUT.PUT_LINE(........ level_la.v_ common: ' || level_la.v_common);
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DBMS_OUTPUT.PUT_LINE('...... END BLOCK level_2a');
END;
DBMS_OUTPUT.PUT_LINE('.. END BLOCK level_1a');
END;
<<level_1b>>
DECLARE
v_common VARCHAR2(20) := 'Value from level_ 1b';
BEGIN
DBMS_OUTPUT.PUT_LINE
DBMS_OUTPUT.PUT_LINE
DBMS_OUTPUT.PUT_LINE
DBMS_OUTPUT.PUT_LINE
END;
DBMS_OUTPUT.PUT_LINE('END BLOCK level_0Y;
END;

".. BLOCK level_1b");

"....v_common: " || v_common);

".... level_1b.v_common: ' || level_1b.v_common);
".. END BLOCK level_1 b");

L g e ey

The following is the outputshowing the content of each variable whenthe anonymous
blockis invoked:

BLOCK level_0

.. v_common: Value from level_0

.. BLOCK level_1a

.... v_common: Value fro m level_la
...... BLOCK level_2a

........ v_common: Value from level_2a

........ level_la.v_common: Value from level_la
...... END BLOCK level_2a

.. END BLOCK level_1a

.. BLOCK level_1b

.... v_common: Value from level_1b

.... level_1b.v_common: Value from level_1b
.. END BLOCK level_1b

END BLOCK level_0

The following example is an object typewhose object type medispthy_emp
contains record typenp_typ and subprocedueenp_sal_query .Record \ariable
r_emp declared locally temp_sal_query is able tacaccess theecord typemp_typ
declared in the parent blodisplay_emp

CREATE OR REPLACE TYPE emp_pay_obj_typ AS OBJECT

(
empno NUMBER(4),

MEMBER PROCEDURE display_emp(SELF IN OUT emp_pay_obj_typ)
);

CREATE OR REPLACE TYPE BODY emp_pa/_obj_typ AS
MEMBER PROCEDURE display_emp (SELF IN OUT emp_pay_obj_typ)

IS
TYPE emp_typ IS RECORD (
ename emp.ename%TYPE,
job emp.job%TYPE,
hiredate emp.hiredate%TYPE,
sal emp.sal%TYPE,
deptno emp.deptno%TYPE
P)ROCEDURE emp_sal_query (
p_empno IN emp.empno%TYPE
IS
r_emp emp_typ;
v_avgsal emp.sal%TYPE;
BEGIN

SELECT ename, job, hiredate, sal, deptno
INTO r_emp.ename, r_emp.job, r_emp.hiredate, r_emp.sal, r_emp.deptno
FROM emp WHERE empno = p_empno;
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DBMS_OUTPUT.PUT_LINE('Employe e # : ' || p_empno);

DBMS_OUTPUT.PUT_LINE('Name .|| r_emp.ename);
DBMS_OUTPUT.PUT_LINE('Job :"|| r_emp.job);
DBMS_OUTPUT.PUT_LINE('Hire Date :' || r_emp.hiredate);
DBMS_OUTPUT.PUT_LINE('Salary :'|| r_emp.sal);
DBMS_OUTPUT.PUT_LINE('Dept# :'|| r_emp.deptno);

SELECT AVG(sal) INTO v_avgsal
FROM emp WHERE deptno = r_emp.deptno;
IF r_emp.sal > v_avgsal THEN
DBMS_OUTPURUT_LINE('Employee"s salary is more than the '
|| 'department average of ' || v_avgsal);

E[SSE
DBMS_OUTPUT.PUT_LINE('Employee"s salary does not exceed the '
|| 'department average of ' | | v_avgsal);
END IF;
END;
BEGIN
emp_sal_query(SELF.empno);
END;
END;

The following is the outputdisplayed when an instance ofthe object typeis created and
procedurelisplay_emp is invoked:

DECLARE
v_emp E MP_PAY_OBJ_TYP;
BEGIN
v_emp := emp_pay_obj_typ(7900);
v_emp.display_emp;

END;

Employee # : 7900

Name : JAMES

Job : CLERK

Hire Date : 03 - DEG 81 00:00:00

Salary :950.00

Dept# :30

Employee's salary does not exceed the departm ent average of 1566.67

The following example is a package with three levels of subprocedures. A record type,

collection type, and cursor type declaretheupper level procedure can be accessed
the descendent subprocedure

CREATE OR REPLACE PACKAGE em dept_pkg
IS
PROCEDURE display_emp (
p_deptno NUMBER
)i
END;

CREATE OR REPLACE PACKAGE BODY emp_dept_pkg
IS
PROCEDURE display_emp (
p_deptno NUMBER

IS
TYPE emp_rec_typ IS RECORD (
enmpno emp.empno%TYPE,
ename emp.ename%TYPE

);
TYPE emp_arr_typ IS TABLE OF emp_rec_typ INDEX BY BINARY_INTEGER;
TYPE emp_cur_type IS REF CURSOR RETURN emp_rec_typ;
PROCEDURE emp_by_dept (
p_deptno emp.deptno%TYPE
)
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emp_arr emp_arr_typ;
emp_refcur  emp_cur_type;
i BINARY_INTEGER := 0;
PROCEDURE display_emp_arr
IS
BEGIN
DBMS_OUTPUT.PUT_LINE(EMPNO ENAME);
DBMS_OUTPUT.PUT_LINE('-----  ------- ;
FOR j IN emp_arr.FIRST .. emp_arr.LAST LOOP
DBMS_OUTPUT.PUT_LINE(emp_arr(j).empno || ||
emp_arr(j).ename);
END LOOP;
END display_emp_arr;
BEGIN
OPEN emp_refcur FOR SELECT empno, ename FROM emp WHERE deptno = p_deptno;
LOOP
i=i+1;
FETCH emp_refcur INTO emp_arr(i).empno, emp_arr(i).ename;
EXIT WHEN emp_refcur%aNOTFOUND;
END LOOP;
CLOSE emp_refcur;
display_emp_arr;
END emp_by_dept;
BEGIN
emp_by_dept(p_deptno);
END;
END;

The following is the outputdisplayed whenthe top Ipaekage procedure is invoked:

BEGIN
emp_dept_pkg.display_emp(20);
END;

EMPNO ENAME
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3.2.7 Compilation Errors in Procedures and Functions

When the Advanced Server parsers compile a procedure or function, they confirmthat
both theCREATEstatement and the programbody (that portion of the programthat
follows theaskeyword) conformso thegrammar rules for SPL and SQL constru@g.
default, the server will terminate the compilation process if a parser detects an error.
Note that the parsers detsghtaxerrors in expre&ss, but not semantic errors (i.e. an
expression referencing a nemistent column, table, or function, or a value of incorrect

type).

spl. max_error _count instructstheserverto stop parsing ifit encounters the specified
number of errors in SPL code, orwhen it encounters an errorin SQL code. The default
value ofspl . max_error _count Is10;the maxmum valuis 1000. Setting

spl.max_error_count to avalue of instructs the serverto stop parsingwhenit
encounters the first errorin either SPLor SQL code.

You can use theETcommand to specify a value fgi. max_error _count foryour
current session. The syntaxis:

SET spl.max_error_count = number_of _errors

Wherenumber_of_errors  specifies the number of SPL errors that may occur before
the server halts the compilation process. Forexample:

SET spl.max_error_count =6

The example instructs the serverto continue past the first five SPL errors it encounters.
When the server encounters the sixth error it will stop validating, and print sixdetailed
errormessages, and one error summary.

To save time when developingw code, orwhen importing existing code fromanother

source, you may wantto set #ge. max_error _count configuration parameterto a
relatively high number of errors.

Please note that if you instruct the server to continue parsing in spite of ether SiAL
code in a programbody, andthe parser encounters an error in a segment of SQL code,

there may still be errors in any SPLor SQL code thatfollows the erroneous SQL code.
Forexample, the following functiaesults in two errors:

CREATE FUNCTION computeBonus(baseSalary number) RETURN
number AS
BEGIN

bonus = baseSalary * 1.10;
total := bonus + 100;
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RETURN bonus;
END;

ERROR: "bonus" is not a known variable
LINE 4: bonus = baseSalary * 1.10;

AN

ERROR: "total" is not a known variable
LINE 5: total := bonus + 100;

AN

ERROR: compilation of SPL function/procedure
"computebonus" failed due to 2 errors

The following example addssELECTstatement to the previous example. The errorin
theSELECTstatement msks the other errors thatfollow:

CREATE FUNCTION computeBonus(employeeName number) RETURN
number AS
BEGIN
SELECT salary INTO baseSalary FROM emp
WHERE ename = employeeName,;

bonus = baseSalary * 1.10;
total := bonus + 100;

RETURNbonus;
END;
ERROR: "basesalary" is not a known variable

LINE 3: SELECT salary INTO baseSalary FROM emp WHERE
ename = emp...
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3.2.8 Program Security

Security over whatuser may execute&sitiprogramand what database objectSBh
programmay accessifany given user executing the programis controlled by the
following:

1 Privilege to execute a program.
1 Privileges granted onthe database objects (including 8Bigrrograms) which
a programattempts toaccess.
1 Whetherthe programis defined withdefbes r i ghts or i nvokerds

These aspects are discussed in the following sections.

3.2.8.1EXECUTE Privilege

An SPLprogram (function, procedure, or package) can begin executiononly ifany ofthe
following are true:

The current useris a superuser, or
The curent user has been granedCcuTriviege onthé&PLprogram, or

The current user inherisXECUTHrivilege on th&PLprogramby virtue of
being a member ofa group which does have such privilege, or

EXECUTHrivilege has been granted to theBLIC group.

= = =4 =4

Whenever aisPLprogramis created hdvanced ServeEXECUTHrivilege is

automatically granted to timJBLIC group by default, therefore, any user can
immediately execute the program.

This default privilege canbe removed by usingREBEFOKEEXECUTEOommand. The
following is an example:

REVOKE EXECUTE ON PROCEDURE list_emp FROM PUBLIC;

Explicit EXECUTHrivilege on the programcan thenbe grantedto individual users or
groups.

GRANT EXECUTE ON PROCEDURE list_emp TO john;

Now, userjohn , can executthelist_ emp program; other users who donotmeet any
of the conditions listed at the beginning of this section cannot.

Once a programbegins execution, the next aspectof security is what privilege checks
occur if the programattempts to performan actinoany database objectincluding:
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1 Reading or modifying table or view data.

1 Creating, modifying, or deleting a database object such as a table, view, index, or
sequence.

1 Obtaining the current ornext value froma sequence.

1 Calling another program (functipprocedure, or package).

Each such action canbe protected by privileges onthe database object either allowed or
disallowed forthe user.

Note that it is possible for a database to have more thanone objectofthe same type with
the same name, but eaclth objectbelonging to a different schema in the database. If
this is the case, which object is being referenced [8Ruprogram? This is the topic of

the next section.

3.2.8.2Database Object Name Resolution

A database objectinside &PLprogrammay eithdye referenced by its qualified name

or by an unqualified name. A qualified name is in the foratbéma. namewhere

schema is the name ofthe schema under which the database objectwith ideviifier,

exists. An unqual i fschenth.on gnoer tdiooens. nWhte rh aav a et
made to a qualified name, there is absolutely no ambiguity as to exactly which database

objectis intendetit either does ordoes not exist in the specified schema.

Locating an object with an unqualified name, howeveguies the use ofthe current

userds search path. When a user becomes t hce
path is always associated with that user. The search path consists ofa list of schemas

which are searched in letib-right order for locéing an unqualified database object
reference. The objectis considered#eor i st ent i f it canét be fou

in the search path. The default search path can be displdB8Qluusing thesHOW
search_path command.

SHOW search_path;
search_path
$user,public,sys,dbo
1 row)

$user in the above search pathis a generic placeholder that refers to the current user so
if the current user ofthe above sessiamierprisedb  , an unqualified database object
would be garched forin the following schemas in this oidfest, enterprisedb

thenpublic ,thensys, and finally dbo.
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Once an unqualified name has beenresolved in the search path, it can be determined if
the current user has the appropriate priviege tmp@rthe desired action on that
specific object.

Note: The concept ofthe search path is compatible with Oracle databasesr an
unqualified referenc@raclesimply looks in the schema of the current user forthe
named database object. It also impoita note thati®racle a userand his or her

schema is the same entity whildidvanced Server user and a schema are two distinct
objects.

3.2.8.3Database Object Privileges

Once arSPLprogrambegins execution, any attempt to access a database object from
within the programresults in a checkto ensure the current user has the authorizationto
performthe intended action against the referenced object. Privileges on database objects
are bestowed and removed usingdRaNTANdREVOKEOMMands, respectivelythe

current user attempts unauthorized access on a database object, thenthe programwill
throw an exceptiorbeeSection3.5.7for informationabout exception handling.

The final topic discusses exactly who is the cuuiset.

3284Definerds vs. |l nvokers Rights

When arSPLprogramis aboutto begin execution, a determination is made as to what

useris to be associated with this process. This useris referred tcageheuserThe
current user 6s d areuaddtodaetermnbdwyhetitetor noptraccesstb e g e s
database objects referenced in the programwill be permititeccurrent, prevailing

search path in effect whenthe programis invoked willbe used to resolve any unqualified
object references.

The selectionfthe currentuseris influenced by whether$iféprogramwas created

with definer s r i gAbTHIDdausedetenniods tatsekectioni g ht s .
Appearance ofthe claus®THIDDEFINERg i ves t he program definer
also the defult iftheAuTHIDclause is omitted. Use ofthe clawgerHID

CURRENT_USERi ves t he program invokerods rights.
summarized as follows:

1 Ifaprogramhad e f i n e rtleesthaowngriofthe programbecomesthe

currentue r when program execution begins. Th
object privileges are usedto determine ifaccess to a referenced object is
permitted. I n a definerds rights prograi

invoked the program.

1 Ifaprogranhas n v o k e r,tibesthecurgrt user at the time the programis
called remains the currentuser while the programis executing (but not necessariy
within called subprograniss ee t he foll owing bullet poi
rights programisnvoked, the current user is typically the userthatstarted the
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session (i.e., made the database connection) althoughit is possible to changethe
current user after the session has started usirgSEM&OLEcommand. In an

i nvoker 6s r i igetetastagiowhighrusenactualytowns the
program.

Fromthe previous definitions, the following observations can be made:

T 1f a definerds rights program calls
changes fromthe owner ofthe calling prograthemowner of the called program
during execution ofthe called program.

T 1f a definerds rights program calls
calling programremains the currentuser during execution of both the calling and
called programs.

a

an

T fan invokerdés rights program calls an

of the calling programremains the current user during execution of the called
program.
T If an invokerso6 rights program calls

a

d e

N

C

switches t o the owner of the defineroés righ

called program.

The same principles apply ifthe called programin turn calls another programin the cases
cited above.

This section on security concludes with an example using th@sapplication.

3.2.8.5Se curity Example

In the following example, a new database willbe created along with twoiusersgr
who will own a copy of the entire sample application in schemangr ; and
sales_mgr who will own a schema namethles_mgr ,thatwillhave a copy ofonly
theemptable containing only the employees whoworkin sales.

The procedurést_emp , functionnhire_clerk , and packagemp_admin willbe used
in this example. All ofthe default privileges that are granted upon installation ofthe

sanple application will be removed and then be explicitigranted so as to present a
more secure environment in this example.

Programgist_emp andhire_clerk wi | I be changed from the
t hei

rights to i nvoker 0 satedthatgmesales. mgi runsttiesel be
programs, they act upon tb@ptable insales mgr 6 s s ¢ h esafea_mg iI0rsCc €
search path and privileges will be used for name resolution and authorization checking.

Programgjet_dept_name andhire_emp intheemp_admin package will then be

executed bgales_mgr .Inthis case, théept table an@mptableinnr mgrés s c he ma

will be accessed as_mgr is the owner ofthemp_admin package which is using
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d ef i ne rSimeethedetalit searchpathis in effect withstineer placeholder, the
schema matchingthe user (in this casengr ) is usedto find the tables.

Step 1i Create Database and Users

As useenterprisedb , create thar database:

CREATE DATABASE hr;

Switch to the hr database and create the users:

\chrent erprisedb
CREATE USER hr_mgr IDENTIFIED BY password;
CREATE USER sales_mgr IDENTIFIED BY password;

Step 2i Create the Sample Application

Create the entire sample application, ownebowygr ,inhr mgrés s ¢ he ma.

\c - hr_mgr
\i C :/Program Files/PostgresPlu s/ 9.6 ASlinstaller/server/edb - sample.sql

BEGIN

CREATE TABLE
CREATE TABLE
CREATE TABLE
CREATE VIEW
CREATE SEQUENCE

CREATE P.ACKAGE
CREATE PACKAGE BODY
COMMIT

Step 3i Create the emp Table in Schemasales_mgr

Create a subset dféemptable owned bgales_mgr insales_ mgr 6 s s c he ma.

\c i hr_mgr

GRANT USAGE ON SCHEMA hr_mgr TO sales_mgr;

\c i sales_mgr

CREATE TABLE emp AS SELECT * FROM hr_mgr.emp WHERE job = 'SALESMAN?;

In the above example, tIBRANT USAGE ON SCHEM@ommand is gien to allow
sales_mgr accessintar mgrd6s s ch ema t or_nmgadksaptable.dhlusp y
step is required iAdvanced Servand is notompatible with Oracle databasasce
Oracledoes not havethe concept ofa schema thatis distinct fromits user.

Step4i Remowve Default Privileges

Remove all privileges to later illustrate the minimum required privileges needed.
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\c i hr_mgr

REVOKE USAGE ON SCHEMA hr_mgr FROM sales_mgr;

REVOKE ALL ON dept FROM PUBLIC;

REVOKE ALL ON emp FROM PUBLIC;

REVOKE ALL ON next _empno FROM PUBLIC;

REVOKE EXECUTE ON FUNCTION new_empno() FROM PUBLIC;

REVOKE EXECUTE ON PROCEDURE list_emp FROM PUBLIC;

REVOKE EXECUTE ON FUNCTION hire_clerk(VARCHAR2,NUMBER) FROM PUBLIC;
REVOKE EXECUTE ON PACKAGE emp_admin FROM PUBLIC;

Step5i Changel st _emp to Invokerdéds Right

While connected as usér, mgr ,add theA\UTHIDCURRENT_USERIlause to the

S

list_ emp programand resave itAdvanced ServeWWhen performing this step, be
sure you are logged ontasmgr , otherwise the modified program may @iap in the

public schemainsteadofim_mgrés s c hema.

CREATE OR REPLACE PROCEDURE list_emp
AUTHID CURRENT_USER
IS

v_empno NUMBER (4);

V_ename VARCHAR2(10);

CURSOR emp_cur IS

SELECT empno, ename FROM emp ORDER BY empno;
BEGIN

OPEN emp_cur;
DBMS_OUTPUT.PUT_LINECEMPNO ENAME);
DBMS_OUTPUT.PUT_LINE( ----- ;
LOOP
FETCH emp_cur INTO v_empno, v_ename;
EXIT WHEN emp_cur%NOTFOUND:;
DBMS_OUTPUT.PUT_LINE(v_empno || * '|| vV_ename);
END LOOP;

CLOSE emp_cur,;
END;

Step6iChange hire_ _clerk to Invoker s

While connected as user, mgr ,add theAUTHIDCURRENT_USERIlause to the
hire_clerk program.

Also, aftertheBEGINstatement, fuy qualify the referencexew_empno, to
hr_mgr.new_empno inordertoensurdghehire_clerk  functioncaltothe
new_empno functionresolves tahehr_mgr schema.

When resaving the program, be sure you are loggedionragr , otherwise the
modified programmay wind up in th@ublic schemainstead ofim_mgr 6 s

CREATE OR REPLACE FUNCTION hire_clerk (
p_ename VARCHAR2,
p_deptno NUMBER

) RETURN NUMBER
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AUTHID CURRENT_USER

IS
v_empno NUMBER (4);
vV_ename VAR CHAR2(10);
v_job VARCHAR2(9);
v_magr NUMBER (4);
v_hiredate DATE;
v_sal NUMBER(7,2);
v_comm NUMBER(7,2);
v_deptno NUMBER(2);

BEGIN

v_empno := hr_mgr.new_empno;

INSERT INTO emp VALUES (v_empno, p_ename, 'CLERK"', 7782,
TRUNC(SYSDATE), 950.00, NULL, p_deptno);

SELECT empno, ename, job, mgr, hiredate, sal, comm, deptno INTO
v_empno, Vv_ename, v_job, v_mgr, v_hiredate, v_sal, v_comm, v_deptno
FROM emp WHEE empno =v_empno;

DBMS_OUTPUT.PUT_LINE(Department : ' || v_deptno);

DBMS_OUTPUT.PUT_LINE(Employee No: "' || v_empno);

DBMS_OUTPUT.PUT_LINE(Name 2|l v_ename);
DBMS_OUTPUT.PUT_LINE(Job ]| v_job);
DBMS_OUTPUT.PUT_LNE(Manager :'||v_magr);
DBMS_OUTPUT.PUT_LINE(Hire Date :'|| v_hiredate);
DBMS_OUTPUT.PUT_LINE(Salary :'||v_sal);

DBMS_OUTPUT.PUT_LINE(Commission : ' || v_comm);
RETURN v_empno;
EXCEPTION
WHEN OTHERS THEN
DBMS OUTPUT.PUT_LINE(The following is SQLERRM:Y);
DBMS_OUTPUT.PUT_LINE(SQLERRM);
DBMS_OUTPUT.PUT_LINE(The following is SQLCODE:);
DBMS_OUTPUT.PUT_LINE(SQLCODE);
RETURN- 1;
END;

Step 7 Grant Required Privileges

While connectd as usenhr_mgr , grantthe privileges neededsstes_mgr can

execute thést_emp procedurehire_clerk  function,ancemp_admin package.

Note that the only data objezeties_mgr hasaccessto is tkeptable in the

sales_mgr schemasales_mgr hasno pvileges on anytable in the_mgr schema.

GRANT USAGE ON SCHEMA hr_mgr TO sales_mgr;

GRANT EXECUTE ON PROCEDURE list_emp TO sales_mgr;

GRANT EXECUTE ON FUNCTION hire_clerk(VARCHAR2 ,NUMBER) TO sales_mgr;
GRANT EXECUTE ON FUNCTION new_empno() TO sales_mgr;

GRANT EXECUTE ON PACKAGE emp_admin TO sales_mgr;

Step 8 Run Programs list_empand hire_clerk

Connect as usetales_mgr ,and runthe following anonymous block:

\c 1 sales_mgr
DECLARE
v_empno NUMBER (4);
BEGIN
hr_mgr.list_emp;
DBMS_OURUT.PUT_LINE(** Adding new employee ***");
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v_empno := hr_mgr.hire_clerk(JONES',40);
DBMS_OUTPUT.PUT_LINE(** After new employee added ***");
hr_mgr.list_emp;

END;

EMPNO ENAME

7499 ALLEN

7521 WARD

7654 MARTIN

7844 TURNER

*#** Adding new employee ***
Department : 40

Employee No: 8000

Name : JONES

Job : CLERK

Manager : 7782

Hire Date : 08 - NOV 07 00:00:00

Salary :950.00

*** After new employee added ***
EMPNO ENAME

7499 ALLEN

7521 WARD

7654 MARTIN

7844 TURNER

8000 JONES

The table and sequence accessed by the programs ofthe anonymous block are illustrated
in the following diagram. The gray ovals representthe schemagefmgr and

hr_mgr . The currat userduring each programexecutionis shown within parenthesis in
bold red font.

(sales_mgr)

BEGIN
hr_mgr.list_emp;
hr_mgr.hire_clerk

END,;

hr_mgr

sales_magr
list_emp hire_clerk
(sales_mgr) (sales_mgr)

new_empno
(hr_mgr)

Figure 3 - Invoker's Rights Programs

Selecting fromales_mgr 06 smptable shows thatthe update was made in this table.
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SELECT empno, ename, hi
hr_mgr.emp_admin.get_dept_name(deptno) FROM sales_mgr.emp;

empno | ename |
————— N R

7499 | ALLEN | 20 -

7521 | WARD

|22 -

7654 | MARTIN |28 -
7844 | TURNER |08 -
8000 | JONES |08 -

(5 rows)
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redate, sal, deptno,

hiredate | sal |deptno|get_dept_name
S B R [ Foem e

FEB-81 00: 00:00 | 1600.00| 30| SALES
FEB-81 00:00:00 | 1250.00 | 30| SALES
SEP-81 00:00:00 | 1250.00| 30| SALES
SEP-81 00:00:00 | 1500.00| 30| SALES

NOV 07 00: 00:00 | 950.00| 40| OPERATIONS

The following diagramshows that tRELECTcommand references taptable in the
sales_mgr schema, butthéept table referenced by tlyet_dept_name functionin

theemp_admin packageis fromthie_mgr schema sincethemp_admin package has
definerds
placeholderesolves the access by usemmgr to thedept table in thenr_mgr schema.

sales_magr

r i gt ing . Theddfauit searah path settingbwiyh $heer

(sales_mgr)
SELECT empno, ename...

hr_mgr.emp_admin.get_dept_name...
FROM sales_mgr.emp

emp_a
(hr mar)

get_dept_name

_~

emp dept $

Figure 4 Definer's Rights Package

Step 9i Run Programhire_empinthe emp_admin Package

While connected as usesles_mgr ,run thenire_emp procedurein themp_admin

package.

EXEC hr_mgr.emp_admin.hire_emp(9001,
'ALICE','SALESMAN',8000, TRUNC(SYSDATE),1000,7369,40);

This diagramillustrates that thee_emp procedureinthemp admind e f i ner 6 s
package updates tkeptable belongingtar_mgr since th@bjectprivileges of
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hr_mgr are usegandthedefault search path setting withdtins=r placeholder resolves
to the schema of_mgr .

(sales_mgr)
EXEC hr_mgr.emp_admin.hire_emp...

get_dept_name

hr_mgr
sales_magr
hire_emp
emp emp dept

Figure 5 Definer's Rights Package

Now connectas useéir,_mgr . The followingSELECTcommand verifies that the new

employee was addediio mgr 6 emptable sincethemp_adminp ac ka g e
rightsandhr_mgr isemp_admind s

\c i hr_mgr

owner

SELECT empno, ename, hiredate, sal, deptno,
hr_mgr.emp_admin.get_dept_name(deptno) FROM hr_mgr.emp;

empno | ename |
SV

7369 | SMITH | 17
7499 | ALLEN | 20
| 22
7566 | JONES | 02
7654 | MARTIN | 28
7698 | BLAKE |01
7782 | CLARK | 09
7788 | SCOTT |

| 17
7844 | TURNER | 08
7876 | ADAMS |23
7900 |JAMES |03
| 03
7934 | MILLER | 23
9001 | ALICE |08

7521 | WARD

7839 | KING

7902 | FORD

(15 rows)

hiredate | sal

S,

| deptno | get_dept_name
S|

- DEG 80 00:00:00 | 800.00 |

- JUN-81 00:00:00 | 2450.00 |
19- APR-87 00:00:00 | 3000.00 |

Fmmmmmeem
20 | RESEARCH

e

- FEB-81 00:00:00 | 1600.00| 30| SALES
- FEB-81 00:00:00 | 1250.00| 30| SALES
- APR 81 00:00:00 | 2975.00| 20 | RESEARCH
- SEP-8100:00:00 | 1250.00| 30 | SALES
- MAY 81 00:00:00 | 2850.00| 30 | SALES

10 | ACCOUNTING
20 | RESEARCH

- NOV 81 00:00:00 | 5000.00 | 10| ACCOUNTING
- SEP-81 00:00:00 | 1500.00 | 30| SALES

- MAY-87 00:00:00 | 1100.00 | 20| RESEARCH

- DEG 81 00:00:00 | 950.00| 30| SALES

- DEG 81 00:00:00 | 3000.00 |
- JAN-82 00:00:00 | 1300.00 |
- NOV 07 00:00:00 | 8000.00 |
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3.3 Variable Declarations
SPLis a blockstructured language. The first section thatcan appearin a blockis the

declaration. The declaration contains the definition of variables, cursors, and other types
that can be used BPLstatements contained in the block.

3.3.1 Declaring a Variable

Generally, all variables usedin a blockmust be declared in the declaration section ofthe
block. A variable declaration consists of a name that is assigned tothe variable and its
datatype Optionally, the variable can be initialized to a default value in the variable
declaration.

The general syntaxofa variable declarationis:

name type [ {:=|DEFAULT}{ expression | NULL} ];
name is an identifier assignedto the variable.
type is the data type assignedto thevariable.
[ = expression ], if given, specifies the initial value assigned to the variable whenthe
blockis entered. Ifthe clauseis not giventhen the variable is initialized EdheUL L
value.
The default value is eushted every time the blockis entered. So, for example, assigning

SYSDATHO a variable of typeATEcauses the variable to have the time ofthe current
invocation, not the time when the procedure or function was precompiled.
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The following procedure illusates some variable declarations that utilize defaults
consisting of string and numeric expressions.

CREATE OR REPLACE PROCEDURE dept_salary_rpt (
p_deptno NUMBER

)
IS

todays_date DATE := SYSDATE;

rpt_title VARCHAR2(60) :='Rep ort For Department # ' || p_deptno
|| "on " || todays_date;

base_sal INTEGER := 35525;

base_comm_rate NUMBER :=1.33333;

base_annual NUMBER := ROUND(base_sal * base_comm rate, 2);
BEGIN
DBMS_OUTPUT.PUT_LINE(rpt_ti tle);

DBMS_OUTPUT.PUT_LINE(Base Annual Salary: ' || base_annual);
END;

The following outputofthe above procedure shows thatdefault values in the variable
declarations are indeed assigned to the variables.

EXEC dept_salary_rpt(20);

Report For Depar tment # 20 on 10 -JUL- 07 16:44:45
Base Annual Salary: 47366.55
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3.3.2 Using %T'YPE in Variable Declarations

Often, variables willbe declared$PLprograms thatwill be used to hold values from

tables in the database. In order to ensure compatibility betwetbteolumns and the
SPLvariables, thedatatypes of the two should be the same.

However, as quite often happens, a change might be made to thetable definition. Ifthe
datatype ofthe column is changed, the corresponding change may be requiredto the
variable in the&SPLprogram.

Instead of coding the specific column data type into the variable declaration the column
attribute % TYPECcan be usedinstead. A qualified column name in dot notation or the
name of a previously declared variable mustbe fpd@s a prefixteoTYPEThe data

type ofthe column or variable prefixedw#dYPHs assigned to the variable being

declared. Ifthe data type ofthe given column or variable changes, the new data type will
be associated with the variable without thedho modify the declaration code.

Note: The% TYPRttribute can be usedwith formal parameter declarations as well.

name {{ table | view }. column | variable 1%TYPE;

name is the identifier assigned to the variable or formal parameter that is beingdeclare

column is the name ofa columntable orview .variable isthe name ofa variable
that was declared prior to the variable identifiechdnyie.

Note:The variable does not inherit any of the
specified on the damn with theNOTNULL clause or th@EFAULTclause.

In the following example a procedure queriesstihptable using an employee number,

di splays the employeeds data, finds th
towhich theemployeebeloig and t hen compares the ¢c
departmentaverage.

e ave
hosen

CREATE OR REPLACE PROCEDURE emp_sal_query (
p_empno IN NUMBER
)

IS
V_ename VARCHAR2(10);

v_job VARCHAR2(9);
v_hiredate DATE;
v_sal NUMBER(7,2);

v_deptno NUMBER(2);
v_avgsal NUMBER(7,2);
BEGIN
SELECT ename, job, hiredate, sal, deptno
INTO v_ename, v_job, v_hiredate, v_sal, v_deptno
FROM emp WHERE empno = p_empno;
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DBMS_OUTPUTRUT_LINE(Employee # : ' || p_empno);

DBMS_OUTPUT.PUT_LINE(Name :'|| v_ename);
DBMS_OUTPUT.PUT_LINE('Job 2| v_job);
DBMS_OUTPUT.PUT_LINE(Hire Date :'|| v_hiredate);
DBMS_OUTPUT.PUT_LINE(Salary :'||v_sal);
DBMS_OUTPUT.PUT_LINE(Dept# :'||v_deptno);

SELECT AVG(sal) INTO v_avgsal
FROM emp WHERE deptno = v_deptno;
IF v_sal >v_avgsal THEN
DBMS_OUTPUT.PUT_LINE('Employee''s salary is more than the '
|| 'department ave rage of ' || v_avgsal);
ELSE
DBMS_OUTPUT.PUT_LINE('Employee's salary does not exceed the *
|| ‘department average of ' || v_avgsal);
END IF;
END;

Instead ofthe above, the procedure could be written as follows without exglimting
theemptable data types into the declaration section of the procedure.

CREATE OR REPLACE PROCEDURE emp_sal_query (

p_empno IN emp.empno%TYPE
IS
vV_ename emp.ename%T Y PE;
v_job emp.job%TYPE;
v_hiredate emp.hiredate%T YPE;
v_sal emp.sal%TYPE;
v_deptno emp.deptno%TYPE;
v_avgsal v_sal»nTYPE;
BEGIN
SELECT ename, job, hiredate, sal, deptno
INTO v_ename, v_job, v_hiredate, v_sal, v_deptno
FROM emp WHERE enpno = p_empno;
DBMS_OUTPUT.PUT_LINE(Employee # : ' || p_empno);
DBMS_OUTPUT.PUT_LINE(Name :'|| v_ename);
DBMS_OUTPUT.PUT_LINE(Job ]| v_job);
DBMS_OUTPUT.PUT_LINE(Hire Date :'|| v_hiredate);
DBMS_OUTPUT.PUT_LINE('Salary :'|| v_sal);
DBMS_OUTPUT.PUT_LINE(Dept# :'||v_deptno);
SELECT AVG(sal) INTO v_avgsal
FROM emp WHERE deptno = v_deptno;
IF v_sal >v_avgsal THEN
DBMS_OUTPUT.PUT_LINE('Employee's salary is more than the '
|| 'department average of ' || v_avgsal);
ELSE
DBMS_OUTPUT.PUT_LINE('Employee's salary does not exceed the '
|| 'department average of ' || v_avgsal);
END IF;
END;

Note: p_empno shows an example of a formal paraem@efined usingeTYPE

v_avgsal illustrates theusage edTYPaEeferring to another variable instead of a table
column.
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The following is sample outputfromexecuting this procedure.

EXEC emp_sal_query(7698);

Employee # : 7698

Name : BLAKE

Job : MANAGER

Hire Date : 01 - MAY¥ 81 00:00:00
Salary : 2850.00

Dept# :30

Employee's salary is more than the department average of 1566.67
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3.3.3 Using YROWTY PE in Record Declarations

The%wTYPRttribute provides an easy way to create a variable deptnplon a

col umnds dat @arOwyypadributeysucam define &arecotat contains

fieldsthat correspontb all columns of a given table. Each field takes onthe data type of

its corresponding column. The fields intherecorddonotinhea ny of t he col un

other attributes such as might be specified withd@ENULLclause orth®@EFAULT
clause.

A recordis anamed, ordered collection of fieldsfiéld is similar to a variable; it has an
identifier and data type, but has the additipnaperty of belongingto a record, and must
be referenced using dot notation with the record name as its qualifier.

You can use thROWTYPatributeto declare a recordhe%sROWTYPatribute is
prefixed by a table name. Each column in the named tieiilee s an identically named
field in the record with the same data type as the column.

record table %ROWTYPE

record IS an identifier assigned to the recaedle is the name of atabferview)
whose columns are to define thefields in the recordfdlloeving example shows how
theemp_sal_query procedure fromthe prior section can be modified to use

emp%ROWTYRA create a record name@mp instead of declaring individual variables
for the columns irmp.

CREATE OR REPLACE PROCEDURE emp_sal_query (

p_empno IN emp.empno%TYPE
IS
r_emp emp%ROWTYPE;
v_avgsal emp.sal%TYPE;
BEGIN
SELECT ename, job, hiredate, sal, deptno
INTO r_emp.ename, r_emp.job, r_emp.hiredate, r_emp.sal, r_emp.deptno
FROM emp WHERE empno = p_empno;
DBMS_OUTPUT.PUT_LINE(Employee # : ' || p_empno);
DBMS_OUTPUT.PUT_LINE('Name :"|| r_emp.ename);
DBMS_OUTPUT.PUT_LINE('Job 2|l r_emp.job);
DBMS_OUTPUT.PUT_LINE(Hire Date :'|| r_emp.hiredate);
DBVUS_OUTPUT.PUT_LINE(Salary :'||r_emp.sal);
DBMS_OUTPUT.PUT_LINE(Dept# :'||r_emp.deptno);
SELECT AVG(sal) INTO v_avgsal
FROM emp WHERE deptno = r_emp.deptno;
IFr_emp.sal >v_avgsal THEN
DBMS_OUTPUT.PUT_LINE('Empl oyee's salary is more than the '
|| ‘department average of ' || v_avgsal);
ELSE
DBMS_OUTPUT.PUT_LINE('Employee's salary does not exceed the '
|| 'department average of ' || v_avgsal);
END IF;
END;
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3.3.4 User-Defined Rec ord Types and Record Variables

Records can bedeclared based upon a table definition usmgthw TY Pattribute as
shown in SectioB.3.3 This section describes how a new record structure can be defined
thatis not tied tomy particular table definition.

TheTYPE IS RECORD statement is usedto create the definition ofarecord type. A
record types a definition ofa record comprised of one or more identifiers and their
corresponding data types. A recordtype cannotsgjfjtoe usedto manipulate data.

The syntaxfor@YPEIS RECORBtatementis:

TYPE rec _type IS RECORD ( fields )

Wherefields is a commeseparated list of one or more field definitions ofthe
following form:

field _namedata _type [NOT NULL][{:= | DEFAULT}default _value ]
Where:
rec_type

rec_type is anidentifier assigned tothe record type.
field_name

field_name Iis the identifier assigned to the field of the record type.
data_type

data_type specifies the data type tdld_name

DEFAULT default _value

TheDEFAULTclause assigns a default data value for the correspdielthgThe
data type ofthe default expression mustmatch the datatype ofthe column. Ifno
defaultis specified, thenthe defaullisLL

A record variableor simply put, aecord isan instance ofa record type. A record is
declared fromarecord type. The properties ofthe record such as its field names and
types are inherited fromthe record type.
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The following is the syntaxfor a record declaration.

record rectype

record is an icentifier assigned to the record variabietype is the identifier ofa
previously defined recordtype. Once declared, a record canthen be usedto hold data.

Dot notationis usedto make reference to thefields in the record.

record.field

record IS a previously declared record variable aiiedld  is the identifier of a field
belongingto therecord type fromwhigitord is defined.

Theemp_sal_query is again modified this time using a usetefined record type and
record variable.

CREATE OR REPLACE PROCEURE emp_sal_query (

p_empno IN emp.empno%TYPE
IS
TYPE emp_typ IS RECORD (
ename emp.ename%TYPE,
job emp.job%TYPE,
hiredate emp.hiredate%TYPE,
sal emp.sal%nTYPE,
deptno emp.deptno%TYPE
)
r_emp emp_typ;
v_avgsal emp.sal%TYPE;
BEGIN
SELECT ename, job, hiredate, sal, deptno
INTO r_emp.ename, r_emp.job, r_emp.hiredate, r_emp.sal, r_emp.deptno
FROM emp WHERE empno = p_empno;
DBMS_OUTPUT.PUT_LINE(Employee # : ' || p_empno);
DBMS_OUTPUT.PUT_LINE(Name :'|| r_emp.ename);
DBMS_OUTPUT.PUT_LINE('Job :'|| r_emp.job);
DBMS_OUTPUT.PUT_LINE(Hire Date :'|| r_emp.hiredate);
DBMS_OUTPUT.PUT_LINE(Sal ary :'||r_emp.sal);
DBMS_OUTPUT.PUT_LINE(Dept# :'||r_emp.deptno);
SELECT AVG(sal) INTO v_avgsal
FROM emp WHERE deptno = r_emp.deptno;
IFr_emp.sal >v_avgsal THEN
DBMS_OUTPUT.PUT_LINE('Employee's salary is more than the '
|| 'department average of ' || v_avgsal);
ELSE
DBMS_ OUTPUT.PUT_LINE('Employee's salary does not exceed the '
|| 'department average of ' || v_avgsal);
END IF;
END;

Note that instead of specifying dat@agmnames, theTYPRttribute can be usedforthe
field datatypesin the record type definition.
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The following is the outputfromexecuting this stored procedure.

EXEC emp_sal_query(7698);

Employee # : 7698

Name : BLAKE

Job : MANAGER

Hire Da te : 01 - MAY¥ 81 00:00:00

Salary : 2850.00

Dept# :30

Employee's salary is more than the department average of 1566.67

Copy right © 2007 - 2017 EnterpriseDB Corporation. All rights reserved. 19¢



Database Compatibility for Oracle® Developers Guide

3.4 Basic Statements

This section begins the discussion of the programming statements that canbe usedin an
SPLprogram.

3.4.1 NULL

The simplest statementis tReLLstatement. This statementis an executable statement
that does nothing.

NULL,;

The following is the simplest, possible vaBéLprogram.

BEGIN
NULL;
END;

TheNuLLstatementcan actas a placeholder waeexecutable statement is required
such as in a branch of &#h- THEN ELSEStatement.

Forexample:

CREATE OR REPLACE PROCEDURE divide_it (
p_numerator IN NUMBER,
p_denominator IN NUMBER,
p_result OUT NUMBER

)

IS
BEGIN
IF p_de nominator =0 THEN
NULL;
ELSE
p_result := p_numerator / p_denominator;
END IF;
END;

3.4.2 Assignment

The assignment statement sets a variable or a formal parameter afumeN OUT
specified on the left side of the assignmentto the evaluated expression specified on
the right side of the assignment.

variable = expression

variable is an identifier fora previously declared variableTformal parameter, or
IN OUT formal parameter.

Copy right © 2007 - 2017 EnterpriseDB Corporation. All rights reserv ed. 19¢



Database Compatibility for Oracle® Developers Guide

expression IS an expression that producesregie value. Thevalue produced by the
expression must have a compatible data type with tivatiable

The following example shows thetypical use of assignment statements in the executable
section ofthe procedure.

CREATE OR REPLACE PROCEDURE dept_salary_rmt (
p_deptno NUMBER

IS
todays_date DATE;
rpt_title VARCHAR2(60);
base_ sal INTEGER;
base comm_rate NUMBER;
base_annual NUMBER;
BEGIN
todays_date := SYSDATE;
rpt_title := 'Report For Departm ent #'|| p_deptno||"' on'
|| todays_date;
base_sal := 35525;
base_comm_rate := 1.33333;
base_annual := ROUND (base_sal * base_comm_rate, 2);

DBMS_OUTPUT.PUT_LINE(rpt_title);
DBMS_OUTPUT.PUT_LINE('Base Annual Salary: ' || bas e_annual);
END;

3.4.3 SELECT INTO

TheSELECT INTO statementis aBPLvariation oftheSQLSELECTcommand, the
differences being:

1 ThatSELECTINTO is designed to assigntheresults to variables or records where
they can then be used$®Lprogramstatements.

9 The accessible result sSeSHLECTINTO is at most one row.

Otherthan the above, all of the clauses ofslhiecECTcommand such a8HEREORDER

BY, GROUP BYHAVING, etc. are valid foBELECT INTO. The following are the two
variations oSELECTINTO.

SELECT select_expressions INTO target FROM...;

target is acommeaseparated list of simple variableslect_expressions andthe

remainder of the statement are the same as feshecTcommand. The selected values

must exactly match in data type, number, artr the structure of the target or a runtime
error occurs.

SELECT * INTO record FROMtable
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record is arecord variable that has previously been declared.

If the query returns zero rows, null values are assignedto the target(s). Ifthe query
returnsmultiple rows, thefirst rowis assignedto the target(s) andtherest are discarded.
(Note that'the firstrow"is notwelld e f i ned unl eRPEBRBY)oudve used

Note: In either cases, where norow s returned or more than one row is retsiphed,
throwsan exception.

Note: Thereis a variation FELECTINTO using theBULKCOLLECTclause that allows
aresult set of more thanone rowthat is returnedinto a collection. See Sel&idrl

for more information on using ttBUJLKCOLLECT clause with th&ELECTINTO
statement.

You can use th&HENNO_DATA_FOUNIausein alEXCEPTIONblockto determine
whether the assignment was successful (that is, at least one row was returned by the

query).

This version ofthemp_sal_query procedure uses the variationSELECTINTO that

returns theresult set into arecord. Also note the addition &XtePTIONblock
containing theVHEN NO_DATA_FOouNDnNditional expression.

CREATE OR REPLACE PROCEDURE emp_sal_query (

p_empno IN e mp.empno%TYPE
)
IS
r_emp emp%ROWTY PE;
v_avgsal emp.sal%TYPE;
BEGIN
SELECT * INTO r_emp
FROM emp WHERE empno = p_empno;
DBMS_OUTPUT.PUT_LINE(Employee # : ' || p_empno);
DBMS_OUTPUT.PUT_LINE(Name S emp.ename);
DBMS_OUTPUT.PUT_LINE(Job 2| r_emp.job);
DBMS_OUTPUT.PUT_LINE(Hire Date :'|| r_emp.hiredate);
DBMS_OUTPUT.PUT_LINE(Salary :'||r_emp.sal);
DBMS_OUTPUT.PUT_LINE(Dept# :'||r_emp.deptno);
SELECT AVG(sal) INTO v_avgsal
FROM emp WHERE deptno = r_emp.deptno;
IFr_emp.sal >v_avgsal THEN
DBMS_OUTPUT.PUT_LINE('Employee's salary is more than the '
|| 'department average of ' || v_avgsal);
ELSE
DBMS_OUTPUT.PUTLINE('Employee's salary does not exceed the '
|| 'department average of ' || v_avgsal);
END IF;
EXCEPTION
WHEN NO_DATA_FOUND THEN
DBMS_OUTPUT.PUT_LINE('Employee # ' || p_empno || ' not found");
END;

If the query is executedthi a nonexistentemployee number the results appear as
follows.
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EXEC emp_sal_query(0);

Employee # 0 not found

Another conditional clause of use in theCEPTIONsection WithSELECTINTO is the

TOO_MANY_ROWegception. fmore than one rowis selectedi®SELECTINTO
statement an exception is thrown&yL

When thefollowing blockis executed, theO_MANY_ROWegception is thrown since
there are many employees in the specified department.

DECLARE
V_ename emp.ename%T YPE;
BEGIN
SELECT ename INTO v_ename FROM emp WHERE deptno = 20 ORDER BY ename;
EXCEPTION
WHEN TOO_MANY_ROWS THEN
DBMS_OUTPUT.PUT_LINE('More than one employee found’);
DBMS_OUTPUT.PUT_LINE('First employee returned is' || v_ename);
END;

More than one empl oyee found
First employee returned is ADAMS

Note: See Sectin 3.5.70r more information on exception handling.

3.44 INSERT
TheINSERT command available in tH&QLlanguage canalso be use&Lprograms.

An expressionin th8PLlanguage can be used wherever an expressionis allowed in the

SQLINSERTcommand. ThusSPLvariables and parameters can be usedto supply
values to theinsert operation.

The following is an example of a procedure that performs an insert ofa new employee
using data passed froma calling program.

CREATE OR REPLACE PROCEDURE emp_insert (
p_empno IN emp.empno%TYPE,
p_ename IN emp.ename%T YPE,
p_job IN emp.job%TYPE,
p_mgr IN emp.mgreTYPE,
p_hiredate IN emp.hiredate%TYPE,
p_sal IN emp.sal%TYPE,
p_comm IN emp.comm%TYPE,
p_deptno IN emp.deptno%TYPE

)

IS

BEGIN
INSERT INTO emp VALUES (

p_empno,
p_ename,
p_job,

p_mgr,
p_hiredat e,
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p_sal,
p_comm,
p_deptno);

DBMS_OUTPUT.PUT_LINE(Added employee...");
DBMS_OUTPUT.PUT_LINE(Employee # : ' || p_empno);

DBMS_OUTPUT.PUT_LINE('Name || p_ename);
DBMS_OUTPUT.PUT_LINE('Job e ob);
DBMS_OUTPUT.PUT_LINE('Manager :'||p_mgr);
DBMS_OUTPUT.PUT_LINE(Hire Date :'|| p_hiredate);
DBMS_OUTPUT.PUT_LINE(Salary :'||p_sal);
DBMS_OUTPUT.PUT_LINE(Commission :' || p_comm);
DBMS_OUTPUT.PUT_LINE('Dept # :'|| p_deptno);
DBMS_OUTPUT.PUT_LINE( —------=--=-==-=--=- );
EXCEPTION

WHEN OTHERS THEN
DBMS_OUTPUT.PUT_LINE('OTHERS exception on INSERT of employee #'
[l p_empno);
DBMS_OUTPUT.PUT_LINE('SQLCODE : '|| SQLCODE);
DBMS_OUTPUT.PUT_LINE('SQLERRM : ' || SQLERRM);
END;

If an exception occurs alldatabase changes made in the procedure are automatically
rolled back. In this example tlEXCEPTIONsection with th@VHENOTHERSlause
catches allexceptions. Two varieblare displayesQLCODE a number thatidentifies

the specific exceptionthat occurrsQLERRNS a text message explaining the error. See
Sectin 3.5.7for more information on exception handling.

The following shows thewiput when this procedure is executed.

EXEC emp_insert(9503,'PETERSON','’ANALYST',7902,'31 - MAR 05',5000,NULL,40);

Added employee...
Employee # : 9503

Name : PETERSON

Job . ANALYST

Manager : 7902

Hire Date : 31 - MAR 05 00:00:00
Salary 5000

Dept# :40

SELECT * FROM emp WHERE empno = 9503;

empno | ename | job | mgr | hiredate | sal | comm | deptno
------- Ao Ao B Ao T
9503 | PETERSON | ANALYST | 7902 | 31 - MAR 05 00:00:00 | 5000.00 | | 40
(1 row)

Note: ThaNSERTcommand can be included iF@RALLStatement. AORALL

statement allows a singleSERT command to insert multiple rows fromvalues supplied
in one or moreollections See3.12.3for more information on theORALLStatement.
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3.45 UPDATE
TheuPDATECOMMand available in tHgQLlanguage canalso be use&RLprograms.
An expressionin th8PLIlanguage canbe used wherever an egwass allowed in the

SQLUPDATECOmMmMand. ThusSPLvariables and parameters canbe usedto supply
values to the update operation.

CREATE OR REPLACE PROCEDURE emp_comp_update (

p_empno IN emp.empno%T YPE,
p_sal IN emp.sal%TYPE,
p_comm IN emp.comm%TY PE
)
IS
BEGIN
UPDATE emp SET sal = p_sal, comm = p_comm WHERE empno = p_empno;
IF SQL%FOUND THEN
DBMS_OUTPUT.PUT_LINE('Updated Employee #: ' || p_empno);
DBMS_OUTPUT.PUT_LINE('New Salary o || p_sal);
DBMS_OUTPUT.PUT_LINE('New Commission  :' || p_comm);
ELSE
DBMS_OUTPUT.PUT_LINE('Employee #' || p_empno || ' not found");
END IF;
END;

ThesQL»FOUNConditional expression returmeUEIf a row is updatedALSE

othewise. See Sectind.4.8for a discussion EQL%FOUNand other similar
expressions.

The following shows the update on the employee using this procedure.

EXEC emp_comp_update(9503, 6540, 1200);
Updated Employee # : 9503

New Salary 1 6540

New Commission  : 1200

SELECT * FROM emp WHERE empno = 9503;

empno | ename | job | mgr | hiredate | sal | comm |deptno
------- Ao Ao B + + +
9503 | PETERSON | ANALYST | 7902 | 31 - MAR 05 00:00:00 | 6540.00 | 1200.00 | 40
(1 row)

Note: TheUPDATECOMmMand can be included iF@RALLStatement. AORALL

statement allows a singl®eDATECOMmMand to update multiple rows fromvalues
suppliedinone or moreollections. Se8ectiorB8.12.¥or more information on the
FORALLstatement.

3.46 DELETE

TheDELETEcommand (available in tHeQLlanguage) can also be use®iPL
programs.
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An expressionin th8PLIanguage canbe udwherever an expressionis allowed in the

SQLDELETEcommand. ThusSPLvariables and parameters can be usedto supply
values to thedelete operation.

CREATE OR REPLACE PROCEDURE emp_delete (

p_empno IN emp.empno%TYPE
)
IS
BEGIN
DELETE FRM emp WHERE empno = p_empno;
IF SQL%FOUND THEN
DBMS_OUTPUT.PUT_LINE('Deleted Employee #:' || p_empno);
ELSE
DBMS_OUTPUT.PUT_LINE('Employee # ' || p_empno || ' not found");
END IF;
END;

ThesQL%FOUNconditional expression netnsTRUEIf a row is deletedFALSE
otherwise. See Secti@.4.8for a discussion BQL%FOUNand other similar
expressions.

The following shows the deletion of an employee using this procedure.

EXEC emp_delete(9503);
Delete d Employee # : 9503
SELECT * FROM emp WHERE empno = 9503;

empno | ename | job | mgr | hiredate | sal | comm | deptno

———— [ ——— B YRR [ R
(0 rows)

Note: TheDELETEcommand can be included ifF@RALLStatement. AORALL

statement allows a singieELETECoOmmand to delete multiple rows fromvalues supplied

in one or moreollections. Se&ectiorB3.12.3for more information on theORALL
statement.

3.4.7 Using the RETURNING INTO Clause

TheINSERT,UPDATEandDELETEcCommands may be appended by the optional
RETURNING INTOclause. This clause allows tBELprogramto capturethe newly

added, modified, or deleted values fromthe results ™§8BRT, UPDATE OrDELETE
command, respectively.

The folowing is the syntax.
{ insert | update | delete }

RETURNING { * | expr_ 1 [, expr_2 ]..}
INTO{ record | field_1 [, field_2 1.}
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insert IS avaldINSERT commandupdate is a validuPDATECOMManddelete is a

valid DELETEcommand. It is speciied, then the values fromthe row affected by the
INSERT, UPDATE, or DELETE command are made available for assignmentto the
record or fields to the right of theTO keyword. (Notethatthe use'ois an Advanced
Serverextension andis nabmpatible wih Oracle databasgsxpr_1 ,expr_2 ...are
expressions evaluated upon the row affected b)WBERT,UPDATE, or DELETE

command. The evaluated results are assignedto the record or fields to the right of the
INTO keyword record is the identifier of a reord that must contain fields that matchin
numberand order, and are data type compatible with the valuesRETO&NING
clausefield_1 ,field_ 2 ,...are variables that mustmatch in numberandorder, and are
data type compatible with the set of valineheRETURNINGlause.

If theINSERT,UPDATE orDELETEcOmmand returns a result setwith more than one
row, then an exceptionis thrown wisl)LCODB1422 ,query returned more than

onerow . If norows are inthe result set, thenthevariables follottiegNTO keyword
are setto null.

Note: There is a variation ®ETURNINGINTOUSING theBULKCOLLECTclause that
allows aresult set of more than onerowthat is returned into a collection. See Section

3.12.4for more informaibn on theBULKCOLLECTclause.

The following example is a modification of th@p_comp_update procedure
introduced in Sectin3.4.5 with the addition of thRETURNINGINTOClause.

CREATE OR REPLACE PROCEDURE emp_comp_update (

p_empno IN emp.empno%TYPE,
p_sal IN emp.sal%TYPE,
p_comm IN emp.comm%TY PE
)
IS
v_empno emp.empno%TYPE;
v_ename emp.ename%TYPE;
v_job emp.job%TYPE;
v_sal emp.sal%TYP E;
v_comm emp.comm%TYPE;
v_deptno emp.deptno%TYPE;
BEGIN
UPDATE emp SET sal = p_sal, comm = p_comm WHERE empno = p_empno
RETURNING
empno,
ename,
job,
sal,
comm,
deptno
INTO
vV_empno,
V_ename,
v_job,
v_sal,
v_comm,
v_deptno;
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IF SQL%FOUND THEN
DBMS_OUTPUT.PUT_LINE('Updated Employee #: ' || v_empno);

DBMS_OUTPUT.PUT_LINE('Name ;' || v_ename);

DBMS_OUTPUT.PUT_LINE('Job 2|l v_job);

DBMS_OUTPUT.PUT_LINE('Department 2" || v_deptno);

DBMS_OUTPUT.PUT_LINE('New Salary 2t v_sal);

DBMS_OUTPUT.PUT_LINE('New Commission  :' || v_comm)
ELSE

DBMS_OUTPUT.PUT_LINE('Employee # ' || p_empno || " not found");
END IF;

END;

The following is the outputfromthis procedure (assuming emplegee created by the
emp_insert procedure still exists within the table).

EXEC emp_comp_update(9503, 6540, 1200);

Updated Employee # : 9503

Name : PETERSON
Job . ANALYST
Department 40

New Salary : 6540.00

New Commission : 1200.00

The following example is a modification of thep_delete procedire, with the
addition of the(RETURNINGINTOCclause using record types.

CREATE OR REPLACE PROCEDURE emp_delete (

p_empno IN emp.empno%T YPE
)
IS
r_emp emp%ROWTYPE;
BEGIN
DELETE FROM emp WHERE empno = p_empno
RETURNING
*
INTO
r_emp;
IF SQL%FOUND THEN
DBMS_OUTPUT.PUT_LINE('Deleted Employee #:' || r_emp.empno);
DBMS_OUTPUT.PUT_LINE('Name 2|l r_emp.ename);
DBMS_OUTPUT.PUT_LINE('Job 2|l r_emp.jo b);
DBMS_OUTPUT.PUT_LINE('Manager 'l r_emp.mgr);
DBMS_OUTPUT.PUT_LINE('Hire Date 2|l r_emp.hiredate);
DBMS_OUTPUT.PUT_LINE(‘Salary || r_emp.sal);
DBMS_OUTPUT.PUT_LINE('‘Commission 2 || r_emp.comm);
DBMS_ OUTPUT.PUT_LINE('Department 2 || r_emp.deptno);
ELSE
DBMS_OUTPUT.PUT_LINE('Employee # ' || p_empno || ' not found");
END IF;
END;

The following is the outputfromthis procedure.

EXEC emp_del ete(9503);

Deleted Employee # : 9503
Name : PETERSON
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Job . ANALYST

Manager : 7902

Hire Date > &l - MAR 05 00:00:00
Salary : 6540.00

Commission : 1200.00

Department - 40

3.4.8 Obtainingt he Result Status

There are several attributes that can be usedto determine the effect of a command.
SQL%FOUNB a Boolean that returmRUEIf at least one row was affected by an

INSERT,UPDATEOrDELETECcOMMAand or 8ELECT INTO command retrieved one or
more rows.

The following anonymous blockinserts a row and then displays the fact that the row has
been inserted.

BEGIN
INSERT INTO emp (empno,ename,job,sal,deptno) VALUES (
9001, 'JONES', 'CLERK", 850.00, 40);
IF SQL%FOUND THEN

DBMs_OUTPUT.PUT_LINE('Row has been inserted');
END IF;
END;

Row has been inserted

SQL»wROwcoupmvides the number of rows affected by8ERT, UPDATEOT

DELETEcommand. The following example updates the row that was justinserted and
displaysSQL%ROVOLNT

BEGIN
UPDATE emp SET hiredate = '03 - JUN-07' WHERE empno = 9001;
DBMS_OUTPUT.PUT_LINE(# rows updated: ' || SQL%ROWCOUNT);
END;

# rows updated: 1

SQL%NOTFOUN®the opposite QL% FOUNBQL%NOTFOUNBtUrnsTRUEf no rows

were affected b@nINSERT, UPDATEOrDELETECOMMmMand or SELECT INTO
command retrieved no rows.

BEGIN
UPDATE emp SET hiredate ='03 - JUN-07' WHERE empno = 9000;
IF SQL%NOTFOUND THEN
DBMS_OUTPUT.PUT_LINE('No rows were updated’);
END IF;
END;

No rows we re updated
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3.5 Control Structures

The programming statementsS®Lthat make it a full procedural complemen$QL
are describedin this section.

3.5.1 IF Statement

IF statements let you execute commands based on certain con8iBhhss four forms
of IF :

1 IF ... THEN
M1 IF..THEN... ELSE
M IF..THEN... ELSE IF
M1 IF..THEN... ELSIF ... THEN ... ELSE
3.5.1.1IF-THEN
IF boolean -expression THEN
statements
END IF;

IF - THENStatements are the simplest fornrof The statements betweBRENandEND
IF will be executed ithe conditionisTRUE Otherwise, they are skipped.

In the following example arF - THENstatementis used to test and display employees
who have a commission.

DECLARE

v_empno emp.empno%T YPE;

v_comm emp.comm%TYPE;

CURSOR emp_cusor IS SELECT empno, comm FROM emp;
BEGIN

OPEN emp_cursor;
DBMS_OUTPUT.PUT_LINECEMPNO COMM");

DBMS_OUTPUT.PUT_LINE( - e 9
LOOP

FETCH emp_cursor INTO v_empno, v_comm;
EXIT WHEN emp_cursor% NOTFOUND;

- Test whether or not the employee gets a commission

IFv_comm IS NOT NULL AND v_comm >0 THEN
DBMS_OUTPUT.PUT_LINE(v_empno [|* "||
TO_CHAR(vV_comm,'$99999.99");

END IF;

END LOOP;
CLOSE emp_cursor;
END;
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The following is the outputfromthis program.

EMPNO COMM

7499  $300.00
7521  $500.00
7654 $1400.00

3.5.1.2IF-THEN-ELSE
IF boolean -expression THEN
statements

ELSE
statements

END IF;

IF - THEN ELSEStatements add tb - THENDY letting you specify an alternative set of
statements that should be executed if the condition evaluates tofalse.

The previous example is modified solan THEN ELSEStatement is usedto display the
textNon- commission if the employee does notgeta commission.

DECLARE

vV_empno emp.empno%TYPE;

v_comm emp.comm%TYPE;

CURSOR emp_cursor IS SELECT empno, comm FROM emp;
BEGIN

OPEN emp_cursor;
DBMS_OUTPUT.PUT_LINECEMPNO COMM");
DBMS_OUTPUT.PUT_LINE( ----- ;
LOOP
FETCH emp_cursor INTO v_empno, v_comm,;
EXIT WHEN emp_cursor%NOTFOUND:;

- Test whether or not the employee gets a commission

IF v_comm IS NOT NULL AND v_comm >0 THEN
DBMS_OUTPUT.PUT_LINE(v_empno [| " ||
TO_CHAR(v_comm,'$99999.99");

ELSE
DBMS_OUTPUT.PUT_LINE(v_empno ||' "||'Non - commission');

END IF;

END LOOP;
CLOSE emp_cursor;
END;

The following is the outputfromthis program.

EMPNO COMM

7369 Non - commission
7499 $ 300.00
7521 $ 500.00

7566 Non - commission
7654 $ 1400.00

7698 Non - commission
7782 Non - commission
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7788 Non - commission
7839 Non - commission
7844  Non - commission
7876  Non - commission
7900 Non- commission
7902 Non - commission
7934  Non - commission

3.5.1.3IF-THEN-ELSE IF

IF statements can be nested sothatalternatiggéatements can be invoked onceitis
determined whether or not the conditional of an olrtextatement iISRUEOr FALSE.

In the following example the outsT - THEN ELSESstatement tests whether ornot an

employee has acommission. TheiniferTHEN ELSEStatements thentest whetherthe
employeebds total compensation exceeds

DECLARE

v_empno emp.empno%TYPE;

v_sal emp.sal%TYPE;

v_comm emp.comm%TY PE;

v_avg NUMBER(7,2);

CURSOR emp_cursor IS SELECT empno, sal, comm FROM emp;
BEGIN

- Calculate the average yearly compensation in the company
SELECT AVG((sal + NVL(comm,0)) * 24) INTO v_avg FROM emp;
DBMS_OUTPUT.PUT_LINE(Average Yearly Compensation: ' ||

TO_CHAR(v_avg,'$999,999.99");
OPEN emp_cursor;
DBMS_OUTPUT.PUT_LINECEMPNO YEARLY COMP');
DBMS_OUTPUT.PUTLINE( ----- )
LOOP
FETCH emp_cursor INTO v_empno, v_sal, v_comm;
EXIT WHEN emp_cursor%NOTFOUND;

- Test whether or not the employee gets a commission
IFv_comm IS NOT NULL AND v_comm >0 THEN
- Testi fthe employee's compensation with commission exceeds the average

IF (v_sal + v_comm) *24 >v_avg THEN
DBMS_OUTPUT.PUT_LINE(v_empno || ' ||
TO_CHAR((v_sal + v_comm) * 24,'$999,999.99) ||
' Exceeds Average");
ELSE
DBMS_OUTPUT.PUT_LINE(v_empno || ' ||
TO_CHAR((v_sal + v_comm) * 24,'$999,999.99) ||
' Below Average');
END IF;
ELSE
- Test if the employee's compensation without commission exceeds the
average
IFv_sal *24 >v_avg THEN
DBMS_OUTPUT.PUT_LINE(v_empno || " ||
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TO_CHAR(v_sal * 24,'$999,999.99) || ' Exceeds Average);
ELSE
DBMS_OUTPUT.PUT_LINE(v_empno || ' " ||
TO_CHAR(v_sal * 24,'$999,999.99") || ' Below Average');
END IF;
END IF;
END LOOP;
CLOSE emp_cursor;
END;

Note: The logic in this programcan be silifipd considerably by calculating the
empl oyeeds year | yNwfonctprenthsndhesELEcTcommandofi t h e

the cursor declaration, however, the purpose of this example is to demonstrate how
statements canbe used.

The following is the oygutfromthis program.

Average Yearly Compensation: $ 53,528.57
EMPNO YEARLY COMP

7369 $ 19,200.00 Below Average

7499 $ 45,600.00 Below Average

7521 $ 42,000.00 Below Average

7566 $ 71,400.00 Exceeds Average
7654 $ 63,600 .00 Exceeds Average
7698 $ 68,400.00 Exceeds Average
7782 $ 58,800.00 Exceeds Average
7788 $ 72,000.00 Exceeds Average
7839 $ 120,000.00 Exceeds Average
7844 $ 36,000.00 Below Average

7876 $ 26,400.00 Below Average

7900 $ 22,800.00 Below Avera ge
7902 $ 72,000.00 Exceeds Average
7934 $ 31,200.00 Below Average

When you use this form, you are actually nestingrasitatementinside treL SEpart of

an outerF statement. Thusyou need aaDIF statement for each nestédand one
for the paentiF - ELSE.

3.5.141F-THEN-ELSIF-ELSE
IF boolean - expression THEN

statements

[ ELSIF  boolean -expression  THEN
statements

[ ELSIF  boolean -expression  THEN
statements ] ..]

[ ELSE
statements ]

END IF;
IF - THEN ELSIF - ELSEprovides a method of chenk many alternatives in one

statement. Formally itis equivalent to nested THEN ELSE- IF - THENcommands, but
only oneENDIF is needed.

Copy right © 2007 - 2017 EnterpriseDB Corporation. All rights reserv ed. 212



Database Compatibility for Oracle® Developers Guide

The following example uses &#h- THEN ELSIF - ELSEStatement to count the number
of employees by compensation rangesait000.

DECLARE
v_empno emp.empno%TYPE;
v_comp NUMBER(8,2);

BEGI

END;

v_|t_25K SMALLINT = 0;
v_25K_50K SMALLINT = 0;
v_50K_75K SMALLINT = 0;
v_75K_100K  SMALLINT := 0;
v_ge_100K SMALLINT : =0
CURSOR emp_cursor IS SELECT empno, (sal + NVL(comm,0)) * 24 FROM emp;
N
OPEN emp_cursor;
LOOP
FETCH emp_cursor INTO v_empno, v_comp;
EXIT WHEN emp_cursor%NOTFOUND:;
IF v_comp < 25000 THEN
v_It_25K = v_It_25K + 1;
ELSIF v_comp <50000 THEN
v_25K_50K :=v_25K_50K + 1;
ELSIF v_comp < 75000 THEN
v_50K_75K :=v_50K_75K + 1,
ELSIF v_comp < 100000 THEN
v_75K 100K :=v_75K_100K +1;
ELSE
v_ge 100K :=v_ge 100K + 1,
END IF;
END LOOP;
CLOSE emp_cursor;
DBMS_OUTPUT.PUT_LINE('Number of employees by yearly compensation');
DBMS_OUTPUT.PUT_LINE(Less than 25,000 : ' || v_It_25K);
DBMS_OUTPUT.PUT_LINE(25,000 - 49,9999 :'| v_25K_50K);
DBMS_OUTPUT.PUT_LINE(50,000 - 74,9999: '| v_50K_75K);
DBMS_OUTPUT.PUT_LINE(75,000 - 99,9999: '| v_75K_100K);
DBMS_OUTPUT.PUT_LINE(100,000 and over : ' | v_ge_100K);

The following is the outputfromthiprogram.

Number of employees by yearly compensation

Less

than 25,000 : 2

25,000 - 49,9999:5
50,000 - 74,9999:6
75,000 - 99,9999:0
100,000 and over : 1
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3.5.2 RETURN Statement

TheRETURNstatement terminates the current function, procedure or anonyiocks b
and returns controlto the caller.

There are two forms of trRETURNStatement. The first formof thRETURNs tatement is

used to terminate a procedure or functionthat returids. The syntaxofthe first form
is:

RETURN,;

The secondformETWRNreturns a value to the caller. The syntaxofthe second form
of theRETURNstatementis:

RETURNexpression ;
expression Mmustevaluate to the same data type as thereturntype ofthe function.

The following example uses tiRETURN tatement returns a ki to the caller:

CREATE OR REPLACE FUNCTION emp_comp (
p_sal NUMBER,
p_comm NUMBER
) RETURN NUMBER
IS
BEGIN
RETURN (p_sal + NVL(p_comm, 0)) * 24;
END emp_comp;
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3.5.3 GOTO Statement

TheGoTGstatementcauses the point of exeaut@jump to the statementwith the
specified label. The syntaxo&aTCstatementis:

GOTOlabel

label is a name assignedto an executable statemaet. must be unique within the
scope ofthefunction, procedure oranonymous block.

To labela stat@ent, use the syntax

<<l|abel >> statement

statement is the point of execution that the programjumps to.

You can labelassignment statements, any SQL statememifikeT, UPDATE

CREATEetc.) and selected procedural language statements. The prbeeduwage
statements that canbe labeled are:

IF

EXIT
RETURN
RAISE
EXECUTE
PERFORM
GETDIAGNOSTICS
OPEN
FETCH
MOVE
CLOSE
NULL
COMMIT
ROLLBACK
GOTO
CASE
LOOP
WHILE
FOR

=A =4 =4 =& -4 -8 -8 -4 a8 _a_a 8 _a s e

Please note thakit is considered a keyword, and cannot be used asthe nambelfa la

GOTGstatements cannot transfer contmbba conditional block or sublock, butcan
transfer contrdroma conditional block or sublock.
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The following example verifies that an employee record contains a name, job description,

and employee hiréate; if any piece of information is missingz@TGtatement transfers
the point of executionto a statement that prints a messagethatthe employeeis not valid.

CREATE OR REPLACE PROCEDURE verify_emp (
p_empno NUMBER
)
IS
V_ename emp.ename%TYPE;
v_job emp.job%TYPE;
v_hiredate emp.hiredate%T YPE;
BEGIN
SELECT ename, job, hiredate
INTO v_ename, v_job, v_hiredate FROM emp
WHERE empno = p_empno;
IF v_ename IS NULL THEN
GOTO inval id_emp;
END IF;
IF v_job IS NULL THEN
GOTO invalid_emp;
END IF;
IF v_hiredate IS NULL THEN
GOTO invalid_emp;
END IF;
DBMS_OUTPUT.PUT_LINE(Employee ' || p_empno ||
'validated without errors.');
RETURN;
<<invalid_emp>> DBMS_OUTPUT.PUT_LINE(Employee ' || p_empno ||
"is not a valid employee.");
END;

GOTGstatements havethe following restrictions:
1 A GOTGstatement cannotjump to a declaration.
1 A GOTGstatement cannottransfer control to anofinection or procedure.

1 Alabel should notbe placed atthe end ofa block, function or procedure.
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3.5.4 CASE Expression

TheCASEexpression returns a value thatis substituted wher@aBeexpressionis
located within an expression.

There are two formats tfieCASEexpressionone thatis calledsearche€ ASE and
the otherthat useselector

3.5.4.1Selector CASE Expression

The selectot ASEexpression attempts to match an expression called the selector to the
expression specified in one or mavelEN¢lausesiesult  is an expressionthatis type
compatible in the context where thaseexpressionis used. Ifa match is found, the
value given in the correspondimgENclause is returned by tkkASEexpression. Ifthere

are no matches, the value followiBigSEis returned. IELSEis omitted, thecASE
expression returns null.

CASE selector - expression
WHENmMmatch - expression THEN
result
[ WHENmMmatch - expression THEN
result
[ WHEN match - expression THEN
result ]...]

[ ELSE
result ]

END;

match - express ion is evaluated in the orderin which it appears withindhgE
expressionesult is an expressionthatis tyygempatible in the context where the
CASEexpressionis used. When the firgitch - expression is encountered that equals
selector - expression ,result inthe correspondintHENclause is returned as the
value of thecASEexpression. If none edatch - expression equalsselector -
expression thenresult following ELSEIs returned. If n@LSEis specified, theASE
expression returns null.

The followingexample uses a selectxSEexpression to assignthe department name to
a variable based upon the departmentnumber.

DECLARE

v_empno emp.empno%T YPE;

V_ename emp.ename%T YPE;

v_deptno emp.deptno%TYPE;

v_dname dept.dname%TYPE;

CURSOR emp_cursor IS SELECT empno, ename, deptno FROM emp;
BEGIN

OPEN emp_cursor,
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DBMS_OUTPUT.PUT_LINECEMPNO ENAME DEPTNO DNAME");
DBMS_OUTPUT.PUT_LINE( ----- %
LOOP
FETCH emp_cursor INTO v_empno, v_ename, v_deptno;
EXIT WHEN emp_cursor%NOTFOUND;
v_dname =
CASE v_deptno
WHEN 10 THEN ‘Accounting’
WHEN 20 THEN 'Research’
WHEN 30 THEN 'Sales'
WHEN 40 THEN 'Operations'
ELSE ‘unknown’

END;
DBMS_OUTPUT.PUT_LINE(v_empno || ' '|| RPAD(v_ename, 10) ||
" "]l v_deptno || ' "|| v_dname);
END LOOP;
CLOSE emp_cursor;

END;

The following is the outputfromthis program.

EMPNO ENAME DEPTNO DNAME

7369 SMITH 20 Research

7499 ALLEN 30 Sales

7521 WARD 30 Sales

7566 JONES 20 Research
7654 MARTIN 30 Sales

7698 BLAKE 30 Sales

7782 CLARK 10 Accounting

7788 SCOTT 20 Research

7839 KING 10 Accounting

7844 TURNER 30 Sales

7876 ADAMS 20 Research
7900 JAMES 30 Sales

7902 FORD 20 Research

7934  MILLER 10 Accounting

3.5.4.2S5earched CASE Expression

A searchedAsSEexpression uses one or more Boolean expressions to determine the
resulting value toaturn.

CASE WHENboolean - expression THEN
result

[ WHENboolean - expression THEN
result

[ WHEN boolean - expression  THEN
result ]...]

[ ELSE
result ]

END;

boolean - expression IS evaluatedin the orderin which it appears withindhgg

expresion.result is an expressionthatis tyygempatible in the context where the
CASEexpressionis used. When the fiseblean - expression is encountered that
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