WQ'W“%N

PL/SQL
6.1

PL/SQL

firing
INSERT UPDATE DELETE

DML

Oracles8i PL/SQL
6.2.4

6.1.1 DML

DML DML
DML INSERT UPDATE DELETE

magjor_stats
rel Tabl es. sql

CREATE TABLE mmj or _stats (
nej or VARCHAR2( 30) ,
total _credits NUMBER,

(View) Oracle8i
DDL

10

DML

DML
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total _students NUMBER);

major_stats students

major_stats UpdateM aj or Stats

students DML students

major_stats
Updat eMaj or St at s. sql
CREATE OR REPLACE TRI GGER Updat eMaj or St at s
/* Keeps the najor_stats table up-to-date with changes nade
to the students table. */
AFTER | NSERT OR DELETE OR UPDATE ON students
DECLARE
CURSOR c_Statistics IS
SELECT maj or, COUNT(*) total_students,
SUMcurrent_credits) total _credits
FROM st udent s
GROUP BY maj or;
BEG N
/* First delete fromnajor_stats. This will clear the
statistics, and is necessary to account for the deletion
of all students in a given major. */
DELETE FROM n®j or _stats;
/* Now | oop through each najor, and insert the appropriate row into
maj or _stats. */
FOR v_StatsRecord in c_Statistics LOOP
I NSERT | NTO nejor_stats (nejor, total _credits, total _students)
VALUES (v_StatsRecord. mgjor, v_StatsRecord.total _credits,
v_StatsRecord. total _students);

END LOOP;
END Updat eMnj or St at s;
UpdateM ajorStats INSERT
UPDATE DELETE DML
6.1.2
oo sa | Oracles Instead-of trigger
ol DML DML DML
DML classes
rooms:

i nst ead . sql
CREATE OR REPLACE VI EW cl asses_roons AS
SELECT departnent, course, building, room nunber
FROM r oons, cl asses
WHERE roons.room.id = classes.room. d;
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SQL *Plus

i nst ead™ . sql
SQL> | NSERT | NTO cl asses_roons (departnment, course, building,
room nunber)
2 VALUES (' MJUS', 100, 'Music Building', 200);
I NSERT | NTO cl asses_roons (departnent, course, building, room nunber)
*
ERROR at line 1:
ORA-01732: data nani pul ati on operation not legal on this view

i nstead™ . sql

CREATE TRI GGER d assesRoonsl nsert

I NSTEAD OF | NSERT ON cl asses_roons
DECLARE

v_room D roons. room i d%'YPE;
BEG N

-- First determine the roomI|D

SELECT room.i d

I NTO v_room D

FROM r oomns
VWHERE bui | di ng = : new. bui | di ng
AND room nunber = :new.room nunber;

-- And now update the class
UPDATE CLASSES
SET room.id = v_roonm D
WHERE department = :new. depart nment
AND course = :new. course;
END C assesRoonsl nsert;

ClassesRoomslnsert |INSERT

ClassesRoomsl nsert

6.1.3

Oracle 81 & OraCI ES|

LogCreati ons. sql
CREATE TABLE ddl _creations (
user_id VARCHAR2( 30) ,
obj ect _type VARCHAR2( 20) ,
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obj ect _name VARCHAR2( 30) ,
obj ect _owner VARCHAR2( 30) ,
creation_date DATE) ;
LogCreations ddl_creations

LogCreations . sql
CREATE OR REPLACE TRI GGER LogCreati ons
AFTER CREATE ON SCHEMA
BEG N
I NSERT | NTO ddl _creations (user_id, object_type, object_nane,
obj ect _owner, creation_date)
VALUES (USER, SYS. DI CTI ONARY_OBJ_TYPE, SYS. DI CTI ONARY_OBJ_NAME,
SYS. DI CTI ONARY_OBJ_OWNER, SYSDATE) ;

END LogCreati ons;

6.2

CREATE [ OR REPLACE] TRI GGER trigger_name
{BEFORE | AFTER | | NSTEAD OF} triggering_event
referencing_clause
[ WHEN trigger_condition]

[ FOR EACH ROW
trigger_body;

trigger_name triggering_event
trigger_body referencing_clause
WHEN trigger_condition
32K
6.2.1 DML
DML INSERT UPDATE DELETE
12

x 2 DML
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[
Ch ia=pd bo Co
6
6-1 DML
DML INSERT UPDAE
DML
PL/SQL2.1 Oracle7 7.1
12 COMPATIBLE

7.1

DML Oracle8i
14
6-1 DML
INSERT DELETE DML
UPDATE
FOR EACH ROW
1. DML
DML DML
1)
2)
a
b.
C.
3)
classes UPDATE
firingOrder .sql

CREATE SEQUENCE trig_seq

START WTH 1

I NCREMENT BY 1,

CREATE OR REPLACE PACKAGE TrigPackage AS
-- G obal counter for use in the triggers
v_Count er NUMBER;

END Tri gPackage;
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CREATE OR REPLACE TRI GGER Cl assesBSt at ement

BEFORE UPDATE ON cl asses
BEG N

-- Reset the counter first.

Tri gPackage. v_Counter := O;

I NSERT | NTO tenp_t abl e (numcol, char_col)

VALUES (trig_seq. NEXTVAL,
'Before Statement: counter = ' || TrigPackage.v_Counter);

-- And now increnment it for the next trigger.
TrigPackage. v_Counter := TrigPackage.v_Counter + 1;
END C assesBSt at enent ;

CREATE OR REPLACE TRI GGER Cl assesASt at ement 1
AFTER UPDATE ON cl asses
BEG N
I NSERT | NTO tenp_table (numcol, char_col)
VALUES (trig_seq. NEXTVAL,
"After Statement 1: counter = ' || TrigPackage.v_Counter);

-- Increment for the next trigger.
Tri gPackage. v_Counter := TrigPackage.v_Counter + 1;
END Cl assesASt at ement 1;

CREATE OR REPLACE TRI GGER C assesASt at enent 2
AFTER UPDATE ON cl asses
BEG N
I NSERT | NTO tenp_t abl e (numcol, char_col)
VALUES (trig_seq. NEXTVAL,
"After Statenment 2: counter = ' || TrigPackage.v_Counter);

-- Increment for the next trigger.
Tri gPackage. v_Counter := TrigPackage.v_Counter + 1;
END Cl assesASt at enment 2;

CREATE OR REPLACE TRI GGER Cl assesBRowl
BEFORE UPDATE ON cl asses
FOR EACH ROW
BEG N
I NSERT | NTO tenp_t abl e (numcol, char_col)
VALUES (trig_seq. NEXTVAL,
'Before Row 1: counter ="' || TrigPackage.v_Counter);

-- Increment for the next trigger.
Tri gPackage. v_Counter := TrigPackage.v_Counter + 1;
END Cl assesBRowl;

CREATE OR REPLACE TRI GGER Cl assesBRow2



CM a'bUb.COM

BEFORE UPDATE ON cl asses
FOR EACH ROW
BEG N
I NSERT | NTO tenp_t abl e (numcol, char_col)
VALUES (trig_seq. NEXTVAL,
'Before Row 2: counter ="' || TrigPackage.v_Counter);
-- Increment for the next trigger.
Tri gPackage. v_Counter := TrigPackage.v_Counter + 1;
END Cl assesBRowg;

CREATE OR REPLACE TRI GGER Cl assesBRow3
BEFORE UPDATE ON cl asses
FOR EACH ROW
BEG N
I NSERT | NTO tenp_t abl e (numcol, char_col)
VALUES (trig_seq. NEXTVAL,
'Before Row 3: counter ="' || TrigPackage.v_Counter);
-- Increment for the next trigger.
Tri gPackage. v_Counter := TrigPackage.v_Counter + 1;
END Cl assesBRowg;

CREATE OR REPLACE TRI GGER Cl assesARow
AFTER UPDATE ON cl asses
FOR EACH ROW
BEG N
I NSERT | NTO tenp_table (numcol, char_col)
VALUES (trig_seq. NEXTVAL,
"After Row. counter ="' || TrigPackage.v_Counter);

-- Increment for the next trigger.
Tri gPackage. v_Counter := TrigPackage.v_Counter + 1;
END Cl assesARow,

UPDATE

UPDATE cl asses
SET numcredits = 4
WHERE departrment IN ('H'S, 'CS);

temp_table

firingOrder .sql
SQL> SELECT * FROM tenp_table
2 ORDER BY num col ;
NUM COL CHAR COL

1 Before Statenent: counter = 0
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PL/SQL

Bef ore Row 3:
Bef ore Row 2:
Bef ore Row 1:

Bef ore Row 3:
Bef ore Row 2:
Bef ore Row 1:
After Row cou
Bef ore Row 3:
Bef ore Row 2:

© 0 N o g b~ W DN

[
N B O

Bef ore Row 1:

B
A ow

Bef ore Row 3:
Bef ore Row 2:
Bef ore Row 1:
After Row co
After Statene
After Statene

e
© o N o O

DML

DML

triggering_table¥RONMYPE

triggering_table

new. field

count

count

After Row. counter

count

count
nter

er

counter

er
=4
er

counter

er
=8

counter

counter

counter

After Row. counter

count er

counter

counter

unt er
nt 2:
nt 1:

bind variable

counter = 17

co

|
w

12

16

unter = 18

Oracle

PL/SQL

:old :new

AFTER ROW

AFTER ROW

PL/SQL

old :new
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6-2 :old :new
:old ‘new
INSERT - NULL
UPDAE
DELETE - NULL
:old INSERT :new DELETE
PL/SQL INSERT :old DELETE ‘new
oomaz | Oraclesi -:parent
il old  :new ‘parent
Oracle
:0ld  :new GenerateStudent|D :new
INSERT studengt_seuence ID

Gener at eStudent I D . sql

CREATE OR REPLACE TRI GGER Cener at eSt udent | D

BEFORE | NSERT OR UPDATE ON students

FOR EACH ROW
BEGA N
I* Fill
st udent _sequence.
is avalid reference. */
SELECT st udent _sequence. NEXTVAL
I NTO : new. | D
FROM dual ;
END Cener at eSt udent | D;

GenerateStudent| D
‘new
INSERT

Gener at eStudent | D . sql
I NSERT | NTO students (first_naneg,
VALUES ('Lolita', 'Lazarus');

ID

Gener at eSt udent I D . sql
I NSERT | NTO students (1D,
VALUES (-7, 'Zelda',

ID

' Zoom ) ;

Since IDis a colum in students,

first_name,

student_sequence.NEXTVAL

inthe IDfield of students with the next value from

:new. I D

‘new.ID ‘new

GenerateStudent|D

| ast _nane)

ID

| ast _nane)
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:new
‘new old
new :old
-old
new :old
‘new :old triggring_table%ROWTY PE
:new old

pseudoRecords . sql
CREATE OR REPLACE TRI GGER TenpDel et e
BEFORE DELETE ON tenp_tabl e
FOR EACH ROW
DECLARE
v_TenpRec tenp_t abl e¥RONTYPE;
BEG N
/* This is not a |legal assignment, since :old is not truly
a record. */
v_TenpRec : = :old;

/* We can acconplish the same thing, however, by assigning
the fields individually. */

v_TenpRec. char_col := :old.char_col;

v_TenpRec. num col := :old.numcol;
END TenpDel et e;

:old new triggring_table%ROWTY EP
REFERENCING ‘new :old
WHEN
REFERENCI NG [ OLD AS :old_name] [ NEW AS : new_name]
:old_name :new_name old  :new
GenerateStudent| D REFERECING :new :new_student

Gener at eSt udent I D . sql
CREATE OR REPLACE TRI GGER Gener at eSt udent | D
BEFORE | NSERT OR UPDATE ON students
REFERENCI NG new AS new_st udent
FOR EACH ROW
BEG N
/* Fill inthe IDfield of students with the next value from
student _sequence. Since IDis a colum in students,
:new_student.IDis a valid reference. */
SELECT student _sequence. next val
I NTO : new_student.|D
FROM dual ;

new
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END Gener at eSt udent | D,
3. WHEN
WHEN
WHEN
WHEN trigger_condition

trigger_condition ‘new

trigger_condition
CheckCredits 20

CREATE OR REPLACE TRI GGER CheckCredits
BEFORE | NSERT OR UPDATE OF current_credits ON students
FOR EACH ROW
WHEN (new.current_credits > 20)
BEG N
/* Trigger body goes here. */
END;

CheckCredits

CREATE OR REPLACE TRI GGER CheckCredits
BEFORE | NSERT OR UPDATE OF current_credits ON students
FOR EACH ROW
BEG N
IF :new current_credits > 20 THEN
/* Trigger body goes here. */
END | F;
END;

4. INSERTING UPDATING DELETING

WHEN

old

6.1.1 UpdateM gj or Stats INSERT UPDATE DELETE

DML
INSERTING UPDATING DELETING

INSERTING INSERT TRUE

UPDATING UPDATE TRUE
DELETING DELETE TRUE

Oracle8i
6.2.3 “ "

LogRSChanges registered_students

rel Tabl es . sql
CREATE TABLE RS_audit (

FALSE
FALSE
FALSE

RS _audit
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change_type CHAR( 1) NOT NULL,
changed_by VARCHAR2( 8) NOT NULL,
ti mestanp DATE NOT NULL,
ol d_student _id NUMBER(5),
ol d_department CHAR(3),
ol d_course NUMBER( 3) ,
ol d_grade CHAR(1),
new _student _id NUMBER(5),
new departnent CHAR(3),
new_cour se NUMBER( 3) ,
new_gr ade CHAR( 1)
)
LogRSChanges

LogRSChanges. sql
CREATE OR REPLACE TRI GGER LogRSChanges
BEFORE | NSERT OR DELETE OR UPDATE ON regi stered_students
FOR EACH ROW

DECLARE
v_ChangeType CHAR(1);
BEG N
/* Use 'I'" for an INSERT, 'D for DELETE, and 'U for UPDATE. */

I F | NSERTI NG THEN
v_ChangeType := "'
ELSI F UPDATI NG THEN

v_ChangeType := 'U;
ELSE

v_ChangeType := 'D ;
END | F;

/* Record all the changes nade to registered_students in
RS audit. Use SYSDATE to generate the tinmestanp, and
USER to return the userid of the current user. */
I NSERT | NTO RS_audi t
(change_t ype, changed_by, timestanp,
ol d_student _id, ol d_department, ol d_course, ol d_grade,
new_student _id, new department, new_course, new_grade)
VALUES

(v_ChangeType, USER, SYSDATE,

:old.student _id, :old.department, :old.course, :old.grade,
:new. student _i d, :new department, :new course, :new. grade);
END LogRSChanges;
LogRSChanges

LogRSChanges

RAISE_APPLICATION
_ERROR
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6
6.2.2
ooaosa ] DML INSERT UPDATE DELETE
DML
14
Oracle8i 8.1.5
1
DML
* Set operators(UNION,UNION ALL,MINUS)
« Aggregate functions(SUM,AV G, etc.)
« GROUPBY,CONNECT BY, START WITH clauses
. DISTINCT
DML
DML 6-3
6-3
key-preserved
6-3

DML

INSERT

UPDATE

DELETE
2.

6.1.2 classes rooms
i nst eadX . sql

CREATE OR REPLACE VI EW cl asses_roons AS
SELECT department, course, building, room nunber
FROM r oons, cl asses
WHERE roons.room.id = classes.room. d;

INSERT UPDATE
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DELETE classes rooms DELETE
classes classes_rooms DML
INSERT classes
UPDATE classes rooms
classes_rooms
DELETE ID classes ID
NULL
ClassesRoomsl nstead classes_romms

DML

Cl assesRoonl nst ead. sql
CREATE OR REPLACE TRI GGER Cl assesRoonsl nst ead
I NSTEAD OF | NSERT OR UPDATE OR DELETE ON cl asses_roons
FOR EACH ROW
DECLARE
v_room D roons. room i d%YPE;
v_Updat i ngCl asses BOOLEAN : = FALSE;
v_Updati ngRooms BOCOLEAN : = FALSE;

-- Local function that returns the roomI|D, given a building
-- and room nunber. This function will raise ORA-20000 if the
-- building and room nunber are not found.
FUNCTI ON Get Room D( p_Bui | di ng I N roons. bui | di ng%lYPE,

p_Room I N roomns. room nunber %9 YPE)
RETURN roomns. room i d%YPE | S

v_Roomnl D roons. room i d% YPE;
BEG N
SELECT room.id
I NTO v_Room D
FROM r oons
WHERE bui | ding = p_Buil ding
AND r oom nunber = p_Room
RETURN v_Roonl D
EXCEPTI ON
VWHEN NO_DATA FOUND THEN
RAI SE_APPLI CATI ON_ERROR( - 20000, ' No matching rooni);
END get Rooml D;

-- Local procedure that checks whether the class identified by
-- p_Departnment and p_Course exists. If not, it raises
-- ORA-20001.
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PROCEDURE Veri fyd ass(p_Departnent | N cl asses. depart nent % YPE,
p_Course IN classes. course%YPE) | S
v_Dummy NUMBER;
BEG N
SELECT 0
I NTO v_Dunmmy
FROM cl asses
WHERE department = p_Depart nent
AND course = p_Course;
EXCEPTI ON
WHEN NO_DATA_FOUND THEN
RAI SE_APPL| CATI ON_ERROR( - 20001,
p_Departnment || ' ' || p_Course ||
END verifyd ass;

doesn' 't exist');

BEGA N
I F I NSERTI NG THEN
-- This essentially assigns a class to a given room The logic
-- here is the same as the "updating roons" case below First,
-- determne the room|D:
v_Room D : = Get Room D(: new. bui | di ng, :new.room nunber);
-- And then update classes with the new ID.
UPDATE CLASSES
SET room.id = v_Room D
VWHERE departnent = : new. depart nent
AND course = :new. course,;

ELSI F UPDATI NG THEN
-- Determine if we are updating classes, or updating roons.

v_UpdatingC asses : = (:new departnent != :old.departnent) OR
(:new. course != :old.course);
v_UpdatingRoonms : = (:new. building != :old.building) OR
(: new. room nunber != :old.roomnnunber);

I F (v_UpdatingCl asses) THEN
-- In this case, we are changing the class assigned for a
-- given room First make sure the new cl ass exists.
Veri fyd ass(: new. departnment, :new. course);

-- Get the roomID,
v_Room D : = Get Rooml D(: ol d. bui | di ng, :old.room nunber);

-- Then clear the roomfor the old class,
UPDATE cl asses

SET room | D = NULL

VWHERE department = :ol d. depart nent

AND course = :old.course;
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-- And finally assign the old roomto the new cl ass.
UPDATE cl asses
SET room I D = v_Room D

VWHERE department = :new. depart nment
AND course = :new. course;
END | F;

I F v_Updati ngRoons THEN
-- Here, we are changing the roomfor a given class. This
-- logic is the same as the "inserting" case above, except
-- that classes is updated with :old instead of :new
-- First, deternine the new room I D.
v_Room D : = Get Room D(: new. bui | di ng, :new. room numnber);

-- And then update classes with the new ID.
UPDATE CLASSES
SET room.id = v_Room D

WHERE department = :ol d. departnent
AND course = :old. course;
END | F;

ELSE
-- Here, we want to clear the class assigned to the room
-- without actually renmoving rows fromthe underlying tables.
UPDATE cl asses
SET room | D = NULL

WHERE department = :ol d. departnment
AND course = :old.course;
END | F;

END d assesRoonsl nst ead;

FOR EACH ROW

ClassesRoomsl nstead DML
6-1 classes rooms classes rooms INSERT

Cl assesRoonl nst ead. sql
I NSERT | NTO cl asses_r oons
VALUES (' MJS', 100, 'Misic Building', 200);
classes classes 6-2
UPDATE

Cl assesRoon nst ead. sql
UPDATE cl asses_r oons
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SET departnment = 'NUT', course = 307
WHERE bui l ding = 'Building 7° AND room nunber = 201;
classes
101 307 101
6-3 DELETE

Cl assesRoonl nst ead. sql
DELETE FROM cl asses_r oomns
WHERE buil ding = 'Building 6';

classes [ooms clas=es_roome

Cept _]:IZILIFE-I':' Eoom| |Room Euil:ling Koo Cept |Couree E:uil:ling Eoom |
| | I I Murrker Murnben
| HIS |07 | 20000 (20000 | Buikling | 20 HIS | 101 | Builcling™| 201 j
Lo | el 2| el JBukling e LA Lo | 1L JEBuilclinge] 1 ]
BCh | aoa [zoooz] POTOZ[Buiklinge] TR | [BCM | 203 [Euilding®] 150 |
CCs | 102 [2o00a| [A0COE|Buikling e TeD et | T0Z [Euoicimg ] Tel |
| HIS | A0 [2000<4] (2000 Euikling & 170 HIS | 20T JBuildirg'e] 170 |
Fas| o | 50E| Fooosl wwee | Toe | [SIE G | Swe | o0 |

s |00 | E wilclire 1| EBuilling |
ECH | 10d [20007| [Aooe| Musie | X0 | [BECM | 10T [Euilcing 7] 30|
INLIT | 307 | 20008 B wilcling NIT | 207 |Building?| 210 |

00T |Buikling 7] 200
200C0|Buikling7] 210

Y

6-1 classesrooms classes rooms

dasss P ORI clisses rooms

Lepl fCvurse| Koom | [Huem Building | Keom | [Depl|Course| Building | Keomn

L 1L Mumiber _|Mumber
HI% 01 [20000 RPOogo)Balding ] 01 FIs ] Tol Jhuildions 7] 201
i 100 [20007) ROodt [Balding &] 101 4 11 JGuildioe &) 11
Lot | 200 J2oo02| B [Guildine 6] 1eir | [LCN | 200 |Guildioe ] 150 |
5 02 [2o0na] EOR I Eaildine 6] T4 Cs ] 1ol JGuildions 6] Vi
s | se) fromog] V00 P uilding & 110 LIS | 30T [huilding 6] - 175
rALIS T 410 [ 20005] 2onns]  Masic i MUST AT Music TIH]
AL | 100 | 2000005 Fuilding Building
LOW L 100 20007 o] Music 2L} RO TOT Jhuilddiogs 7] Ui
NI Tl T, Liuiilefina MUT] 307 [Guildio: 7| 310
20007 [uilding 71 AU IMUST T | Music 200
2o fbuilding 71 4110 Buil ding
6-2

classes 6 room_|ID 6-4
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DML rooms classses
clazzes Iooms chses rooms
ept [Couree| Room | |Room [ Ewlding | Reem | [Cept (Course| Builting | Room
] =] Murnber Murnbe
WLUT [ 307 |20000) [Poooe]bBoche ] 307 HIS [ 101 [Buikling ™) 501
CS | 100 [ 2000 | |S000r Euib:Iirg B[ 101 o5 T Eiulb:]irg AR
ECM | 203 [S0002 A Euil:lirg B 150 ECR | 203 |Buiklirge) 1ED
CS | 102 [ 2000 (2o Bkl Irg bl el 5| 1oz [Buikh g b Tl
FERRERN EET s Euil:lirg ARELE His | A Buil:lirg gf 170
CAUE [ 410 | 20008 SO0E|  Music T salla ] o LB o
MALIS | 100 | 20006 Buikling Erviiicling
ECh | 100 | 20007 [3000e|  Music ] ECM | T Euii:lirﬁ? A0
HIs [ 10 Bwikli NUT | 207 [Building 7| 201
2007 |Buikling 7 0 SALIST 100 Mlsic X0
R Euil:lirg FOoHD E:uil:lirg
6-3
clhmes roo ms cleeses_rooms
ept Course| Koom| [Room Euil:ling RKoom | |[Cept (Course Builtling Room
. o |0 Murmber Murmbe
MUT | 207 | 20000 (20000 Blllt“l‘%? 2 FATE] 0 ."-"!lIE!L' 100
_EE- 101 2000 (Buikline 6| 104 Euilklirg
ECH | 203 Az {Buikling 6] 150 ECH 10T T Buiiding 7] 550
R AT Buikling & TeL MNLT| 307 |Building 7] 207
HIE | 20 O Buikding 6| 170 | [MIS] 100 Mwic | 200
MALIST A0 | 20008 [so0os|  Music T Buiitcling
MG | 00 | 2000 Euih:lir%
EC | 101 [ 20007 [moooe|  Music EN
His | 14 E:uib:lir%
0007 |Buikling 7| A0
] Bull:llrﬁ? S0
6-4
6.2.3
Oracle 81 & DML DML

==®* | INSERT UPDATE DELETE
CREATE ALTER DROP

DDL

DDL

CREATE [ OR REPLACE] TRIGGER [ schema.] trigger_name
{BEFORE | AFTER}
{ ddl _event_list| database_event_list}
ON { DATABASE | [ schema.] SCHEMA}
[ when_clause]
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6
trigger_body;
ddl_event_list DDL OR database event_list
13 OR!
6-4 DDL
TRUNCATE
ADMINISTER DATABASE TRIGGER
6.2.4 “ i
6-4 DLL
1
DATABASE
SCHEMA SCHEMA
UserA
Dat abaseSchena. sql

CREATE OR REPLACE TRI GCER LogUser AConnect s

AFTER LOGON ON SCHENA
BEG N

I NSERT | NTO exanpl e.tenp_table

VALUES (1, 'LogUserAConnects fired!');
END LogUser AConnects;
L ogUserA Connects UserA temp_table
UserB UserB

Dat abaseSchena. sql
CREATE OR REPLACE TRI GGER LogUser BConnect s
AFTER LOGON ON SCHENA
BEG N
I NSERT | NTO exanple.tenp_table
VALUES (2, 'LogUserBConnects fired!');
END LogUser BConnect s;
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example
Connects

Dat abaseSchena. sql
CREATE OR REPLACE TRI GGER LogAl | Connect s
AFTER LOGON ON DATABASE
BEG N
I NSERT | NTO exanpl e.tenp_tabl e
VALUES (3, 'LogAll Connects fired!");
END LogAl | Connect s;

UserA UserB,
DatabaseSchema.sql
SQL *Plus

Dat abaseSchena. sql
SQ.> connect User A/ User A
Connect ed.
SQL> connect User B/ UserB
Connect ed.
SQL> connect exanpl e/ exanpl e
Connect ed.
SQ>
SQL> SELECT * FROM tenp_tabl e;

NUM COL CHAR _COL

LogAll

LogAl | Connects fired!
LogUser BConnects fired!
LogAl | Connects fired!
LogAl | Connects fired!
1 LogUser AConnects fired!

LogAllConnects
LogUserBConnects

STARTUP SHUTDOWN

INSETING UPDATING DELETING

PL/SQL
6-5
LogCreations
SYS PL/SQL

LogCreati ons. sql

SYS

LogUserAConnects
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CREATE OR REPLACE TRI GGER LogCreati ons
AFTER CREATE ON SCHEMA

BEG N

I NSERT | NTO ddl _creations (user_id,
obj ect _owner,

obj ect _t ype,

obj ect _nane,
creation_date)

VALUES (USER, SYS. DI CTI ONARY_OBJ_TYPE, SYS. DI CTlI ONARY_OBJ_NANE,
SYS. DI CTI ONARY_OBJ_OWNER, SYSDATE);

END LogCreati ons;

6-5
SYSEVENT VARCHAR2 20
INSTANCE_NUM NUMBER OPS
1
DATABASE_NAME VARCHARZ2(50)
SERVER_ERROR NUMBER SERVERERROR NUMBER
1
IS SEVERERROR BOOLEAN SERVERERROR
Oracle
TRUR
LOGIN_USER VARCHAR2(30) userid
DICTIONARY_OB VARCHAR2(20) CREATE, DROP, DDL
J TYPE ALTER
DICTIONARY_OB VARCHAR2(30) CREATE, DROP, DDL
J NAME ALTER
DICTIONARY_OB VARCHAR2(30) CREATE, DROP, DDL
J OWNER ALTER
DES ENCRYPTE VARCHAR2(30) CREATE DES
D_PASSWORD ALTER

3. SERVERERROR
SERVERERROR

SERVER_ERROR

DBMS_UTILITY.FORMAT_ERROR_STACK
PL/SQL

LogErrors. sql
CREATE TABLE error_l og (

ti mestanp
user nane
i nstance

DATE,
VARCHAR2( 30) ,
NUMBER,

dat abase_nanme VARCHAR2(50),

error_stack

)

VARCHAR2( 2000)
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error_log

LogErrors. sql
CREATE OR REPLACE TRI GCER LogErrors
AFTER SERVERERROR ON DATABASE
BEG N
I NSERT | NTO error_| og
VALUES ( SYSDATE, SYS.LOGd N_USER, SYS. | NSTANCE_NUM SYS.
DATABASE_NAME, DBMS_UTI LI TY. FORVAT_ERROR_STACK) ;
END LogErrors;

LogErrors
SQL PL/SQL PL/SQL
LogErrors. sql
SQL> SELECT * FROM non_exi stent _tabl e;
SELECT * FROM non_exi stent _tabl e
ERROR at |ine 1:
ORA-00942: table or view does not exi st
SQ.> BEG N
2 I NSERT | NTO non_exi stent_table VALUES (' Hello!"');
3 END;
4/

I NSERT | NTO non_exi stent_table VALUES (' Hello!");
ERROR at |ine 2:
ORA-06550: line 2, colum 15:
PLS-00201: identifier 'NON_EXI STENT_TABLE' nust be decl ared
ORA-06550: line 2, colum 3:
PL/ SQL: SQ. Statenent ignored
SQ.> BEG N

2 -- This is a syntax error!

3 DELETE FROM students

4 END;

51/
END;
ERROR at |ine 4:
ORA-06550: line 4, colum 1:
PLS-00103: Encountered the symbol "END' when expecting one of the
fol | owi ng:

@; return RETURNING_ <an identifier>
<a doubl e-quoted delinited-identifier> partition where
The synmbol ";" was substituted for "END' to continue.
SQ.> SELECT *

2 FROM error_|l og;

TI MESTAMP USERNAME | NSTANCE DATABASE
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30- AUG 99 EXAMPLE 1 V815
ORA-00942: table or view does not exist

30- AUG 99 EXAMPLE 1 V815

ORA- 06550: line 2, colum 15:

PLS-00201: identifier 'NON_EXI STENT _TABLE nust be decl ared
ORA- 06550: line 2, colum 3:

PL/SQ.: SQ. Statenent ignored

30- AUG 99 EXAMPLE 1 v815

ORA- 06550: line 4, colum 1:

PLS-00103: Encountered the synbol "END' when expecting one of
the foll ow ng:

@; return RETURNING_  <an identifier>
<a doubl e-quoted delimted-identifier> partition where

The symbol ";" was substituted for "END' to continue.
4.
STARTUP SHUTDOWN
SEVERERROR LOGON LOGOFF DDL
DDL
CREATE ALTER DROP LOGOFF
11
5. WHEN
DML WHEN
* STARTUP SHUTDOWN
« SERVERERROR ERRNO
* LOGON LOGOFF USERID USERNAME
* DDL
6.2.4

Name-
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space
1
major_stats major_stats major_stats
SQL *Plus
Sanenarne. sql
SQ.> -- Legal, since triggers and tables are in different namespaces.

SQL> CREATE OR REPLACE TRI GGER nmmj or _stats
2 BEFORE | NSERT ON nmj or_stats

3 BEG N
4 I NSERT | NTO tenp_tabl e (char_col)
5 VALUES (' Trigger fired!');
6 END mmj or _stats;
71
Trigger created.
SQL> -- Illegal, since procedures and tables are in the same nanespace.
SQL> CREATE OR REPLACE PROCEDURE mmj or _stats AS
2 BEG N
3 I NSERT | NTO tenp_tabl e (char_col)
4 VALUES (' Procedure called!");
5 END mmj or _stats;
6 /

CREATE OR REPLACE PROCEDURE nmj or_stats AS

*

ERROR at line 1:
ORA-00955: nane is already used by an existing object

TRG
1
PL/SQL Oraclesi
PL/SQL
. COMMIT ROLLBACK SAVEPOINT SET

TRANSACTION PL/SQL
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6
Oracle8i
11
Oracles8i
. LONG LONG RAW :new :old
LONG LONGRAW
¢ Oracle8 LOB
3.
e—y Oracle8i PL/SQL Oracle8i
SR PL/SQL
wrapper Java

Java

rel Grabl es. sql
CREATE TABLE connect _audit (
user _name VARCHAR2(30),
operati on VARCHAR2(30),
timestanp DATE);

LogPkg. sql
CREATE OR REPLACE PACKAGE LogPkg AS
PROCEDURE LogConnect (p_User | D I N VARCHAR2) ;
PROCEDURE LogDi sconnect (p_User| D | N VARCHAR2) ;
END LogPkg;
CREATE OR REPLACE PACKAGE BODY LogPkg AS
PROCEDURE LogConnect (p_UserI D I N VARCHAR2) IS
BEG N
I NSERT | NTO connect _audit (user_nane, operation, tinestanp)
VALUES (p_USer| D, ' CONNECT', SYSDATE);
END LogConnect;
PROCEDURE LogDi sconnect (p_UserI D I N VARCHAR2) IS
BEG N
I NSERT | NTO connect _audit (user_nane, operation, tinestanp)
VALUES (p_USer| D, ' DI SCONNECT', SYSDATE);
END LogDi sconnect ;
END LogPkg;

LongPkg.LogConnect LogPkg.LogDisconnect
connect_audit LOGON LOGOFF
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LogConnect s. sql
CREATE OR REPLACE TRI GGER LogConnects
AFTER LOGON ON DATABASE
CALL LogPkg. LogConnect ( SYS. LOG N_USER)

CREATE OR REPLACE TRI GGER LogDi sconnects
BEFORE LOGOFF ON DATABASE
CALL LogPkg. LogDi sconnect ( SYS. LOG N_USER)

LogConnect LogDisconnect
ADMINISTER DATABASE TRIGGER

LogConnect LogDisconnect
CALL PL/SQL
CALL C Java
Java
Loger. sql
import java.sql.*;
inmport oracle.jdbc.driver.*;
public class Logger {
public static void LogConnect(String userlD)
t hrows SQLException {
Il Cet default JDBC connection
Connection conn = new Oracl eDriver().defaultConnection();

String insertString =
"I NSERT | NTO connect _audit (user_nane, operation, timestamp)" +
" VALUES (?, 'CONNECT', SYSDATE)";

/'l Prepare and execute a statement that does the insert
PreparedSt at enent insertStatenment =

conn. prepareSt at enent (i nsertString);
insertStatenment.setString(1l, userlD);
i nsert Statenent. execute();

public static void LogDi sconnect(String userlD)
throws SQLException {
I/ Get default JDBC connection
Connection conn = new Oracl eDriver().defaultConnection();

String insertString =
"I NSERT | NTO connect_audit (user_nane, operation, tinmestanp)" +
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" VALUES (?, 'DlI SCONNECT', SYSDATE)";

/'l Prepare and execute a statement that does the insert
Prepar edSt at enent insertStatenment =

conn. prepareSt atenent (i nsertString);
insertStatenent.setString(1l, userlD);
i nsert St at enent . execute();

}
}
LogPkg:
LogPkg2. sql
CREATE OR REPLACE PACKAGE LogPkg AS
PROCEDURE LogConnect (p_User| D I N VARCHAR2) ;
PROCEDURE LogDi sconnect (p_User| D I N VARCHAR?) ;
END LogPkg;
CREATE OR REPLACE PACKAGE BODY LogPkg AS
PROCEDURE LogConnect (p_UserI D I N VARCHAR2) | S
LANGUAGE JAVA
NAME * Logger . LogConnect (j ava.lang. String)';
PROCEDURE LogDi sconnect (p_UserI D I N VARCHAR2) | S
LANGUAGE JAVA
NAME ' Logger . LogDi sconnect (j ava.l ang. String)';
END LogPkg;
10
Java
INSERTING UPDATING DELETING :new :old
:parent PL/SQL CALL
4.
6-6
Oracle7 7.3
6-6
CREATE TRIGGER
CREATE ANY TRIGGER SYS
ALTER ANY TRIGGER SYS

GREATE ANY TRIGGER
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DROP ANY TRIGGER SYS
ADMINISTER DATABASE TRIGGER
CREATE TRIGGER CREATE
ANY TRIGGER

6.2.5

user_triggers
WHEN UpdateM gjor Stats

SQL> SELECT trigger_type, table_name, triggering_event
2 FROM user _triggers
3 VWHERE trigger_nanme = ' UPDATEMAJORSTATS' ;

TRI GGER_TYPE TABLE_NAVE TRI GGERI NG_EVENT

AFTER STATEMENT STUDENTS | NSERT OR UPDATE OR DELETE

C
2.
DROP TRI GGER triggername;
triggername
OR REPLACE CREATE

ALTER TRI GGER triggername{ Dl SABLE | ENABLE};

triggername
ENABLED ALTER TRIGGER
UpdateM ajor Stats

SQ.> ALTER TRI GGER Updat eMaj or St at s DI SABLE;
Trigger altered.

SQ.> ALTER TRI GGER Updat eMaj or St at s ENABLE;
Trigger altered.

ALTER TABLE ENABLE ALL TRIGGERS DISABLE ALL
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TRIGGERS

SQL> ALTER TABLE students

2 ENABLE ALL TRI GGERS;
Tabl e al tered.
SQL> ALTER TABLE students

2 DI SABLE ALL TRI GGERS;
Tabl e al tered.

user_triggers status ENABLED DISABLED

3. p-code

Oracle7 7.3

6.3

mutating table (constraining table) DML
DELETE CASCADE
Oracle

registered_students,

rel Tabl es. sql
CREATE TABLE registered_students (

student _i d NUMBER(5) NOT NULL,
department CHAR(3) NOT NULL,
course NUMBER(3) NOT NULL,
grade CHAR(1),
CONSTRAI NT rs_grade

CHECK (grade IN('A, 'B, 'C, 'D, '"E)),
CONSTRAI NT rs_student_id

FOREI GN KEY (student i d) REFERENCES students (id),
CONSTRAI NT rs_depart ment _course

FOREI GN KEY (departnent, course)

REFERENCES cl asses (departnent, course)

registered_students registered-
stuelents students classes classes studengts



Chinaspubecom

DML registered_students DML

SQL

DELETE CASCADE

INSERT

I NSERT | NTO t abl e SELECT ...

CascadeRSI nserts
students classes

CascadeRSI nserts . sql
CREATE OR REPLACE TRI GGER CascadeRS| nserts
/* Keep the registered_students, students, and cl asses

tables in synch when an INSERT is done to registered_students.

BEFORE | NSERT ON regi stered_students
FOR EACH ROW
DECLARE
v_Credits classes. numcredits%YPE;
BEG N
-- Determ ne the nunber of credits for this class.
SELECT numcredits
INTO v_Credits
FROM cl asses
WHERE departnent = :new. depart ment
AND course = :new. course,;

-- Mudify the current credits for this student.
UPDATE st udent s
SET current _credits = current_credits + v_Credits
WHERE | D = : new. student _id;

-- Add one to the nunber of students in the class.
UPDATE cl asses
SET current _students = current_students + 1
WHERE department = :new. depart nment
AND course = :new. course;

students

*/

classes
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END CascadeRSI nserts;

6.3.1
studengts
Li m t Maj ors . sql
CREATE OR REPLACE TRI GGER Li mit Maj ors
/* Limts the nunber of students in each major to 5.
If this limt is exceeded, an error is raised through
rai se_application_error. */
BEFORE | NSERT OR UPDATE OF nmj or ON students
FOR EACH ROW
DECLARE
v_MaxSt udent s CONSTANT NUMBER : = 5;
v_Current Students NUMBER,
BEG N
-- Determne the current number of students in this
-- nmmjor.
SELECT COUNT(*)
I NTO v_Current Students
FROM st udent s
WHERE nmj or = :new. ngj or;
-- If there isn't room raise an error.
IF v_Current Students + 1 > v_MaxStudents THEN
RAI SE_APPLI CATI ON_ERROR( - 20000,
'Too many students in major ' || :new ngjor);
END | F;
END Li it Maj ors;
students

Li mt Mpj ors . sql
SQL> UPDATE students
2 SET major = 'History'
3 WHERE | D = 10003;
UPDATE st udent s
*
ERROR at line 1:
ORA- 04091: tabl e EXAMPLE. STUDENTS is mutating, trigger/function
may not see it
ORA-06512: at line 7
ORA-04088: error during execution of trigger 'EXAWMPLE. LI M TMAJORS'

LimitMajor ORA-4091
ORA-4091
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6.3.2

students
LimitMajor :new.major
:new.major students
:new.major PL/SQL

student_data,
RLimitMajors SLimiMajors
mutating .sql
CREATE OR REPLACE PACKAGE Student Data AS
TYPE t _Majors |'S TABLE OF students. maj or Y0 YPE
I NDEX BY BI NARY_| NTEGER,;
TYPE t_IDs |'S TABLE OF students. | DXIYPE
| NDEX BY BI NARY_| NTECER;

v_Student Maj ors t_Majors;

v_Student|Ds t_IDs;

v_NunEnt ri es Bl NARY_I NTEGER : = O;
END St udent Dat a;

CREATE OR REPLACE TRI GGER RLi mi t Maj or s
BEFORE | NSERT OR UPDATE COF mmj or ON students
FOR EACH ROW
BEG N
/* Record the new data in StudentData. W& don't make any
changes to students, to avoid the ORA-4091 error. */
StudentData.v_NunmEntries := StudentData.v_NunEntries + 1;
St udent Dat a. v_St udent Maj or s( St udent Dat a. v_NunEntries) :=
I new. maj or;
St udent Dat a. v_St udent | Ds( St udent Dat a. v_NunEntries) := :newid;
END RLi mi t Maj ors;

CREATE OR REPLACE TRI GGER SLi mit Maj ors
AFTER | NSERT OR UPDATE OF nmj or ON students
DECLARE
v_MaxSt udent s CONSTANT NUMBER : = 5;
v_Current St udents NUMBER;
v_Student | D students. | DYTYPE;
v_Maj or students. maj or % YPE;
BEG N
/* Loop through each student inserted or updated, and verify
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that we are still within the limt. */
FOR v_Loopl ndex IN 1..StudentData.v_NunEntries LOOP
v_Student| D : = Student Data. v_Student| Ds(v_Loopl ndex) ;
v_Maj or := StudentData.v_Student Maj or s(v_Loopl ndex) ;

-- Determne the current nunber of students in this mjor.
SELECT COUNT( *)

I NTO v_Current Students

FROM st udent s

WHERE maj or = v_Major;

-- If there isn't room raise an error.
I F v_Current Students > v_MaxStudents THEN
RAI SE_APPLI CATI ON_ERROR( - 20000,

'Too many students for major ' || v_Mjor ||
because of student ' || v_StudentlD);
END | F;
END LOOP;

-- Reset the counter so the next execution will use new data.
Student Data.v_NunmEntries := 0;
END Li m t Maj ors;

LimitMgjors
student

nmutating . sql
SQ.> UPDATE students
2 SET major = 'History'
3 WHERE | D = 10003;
1 row updat ed.
SQL> UPDATE students
2 SET major = 'History'
3 WHERE | D = 10002;
1 row updat ed.

SQ.> UPDATE st udents
2 SET mgjor = 'History'
3 WHERE I D = 10009;
UPDATE st udents
*
ERROR at line 1:
ORA-20000: Too neny students for major H story because of student 10009
ORA-06512: at "EXAMPLE. SLIM TMAJORS', line 19
ORA- 04088: error during execution of trigger ' EXAMPLE. SLI M TMAJORS'

mutating table
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ORA-4091
PL/SQL
. PL/SQL
. StudentsData.v_NumEntries
UPDATE
. SLimitMajors
v_CurrentStudents
LimitMajor v_CurrentStudents+1 v_CurrentStudents
. PL/SQL
UPDATE Oracle8i
PL/SQL
6.4
PL SQL Oracle
Oracle8i
PL/SQL 13 PL/SQL

PL/SQL
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