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Abstract

The development-of information system and database systems can be achieved in
many ways. The most popular approach is {he use of relational-database management systems and
relational database design methodogies. However,is recent years object - oriented database and
methodologies emerged as a new a}ternative.

Object oriented databases will let the programe and users see logical objects rather
than tables. This is more coneehience than tables for many applications. Object - oriented databases
are suitable for complex data and systems which reguire graphical presentations.

This thesis presents the development of information systetn using an object -
oriented database design methodology. The design is implement by using a conventional relational

database product and a more recent client/server object-relational system.
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Class name

Attribute:

Operation:
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NN 2.7

Employee Joe

CLASS Employee

Name = Joe
Address = 2line

Tel.no = 1234567
Salary = 1300
Internal refs

Data
Name
Address
Tel.no
Salary

Employee Lynn

Name = Lynn
Address = 8park
Tel.no = 2541110
Safary = 1500

Intemal refs

Methode, .4 |

Add_name
Add_address Employee Adam

Add_tel_no

Narne = Adam
Address = 4 street
Tel.no = 1245531
Salary = 1245
Internal refs

Modify_salary
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NN 2.8

CLASS COMPANY
{

private :
char code(6);
char name(30);
3 char provice(12);
public :

void show_data(void);
void update(void);

%

LAAINITHEINAAIE COMPANY
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NN 2.9

CLASS COMPANY
{
private :
char code(6);
char name(30);
char provice(12);
public :
void show_data(void);
void update(void);
friend int total_qty(const company
&d1, constt order
&d2);

CLASS ORDER
{
private :
char code(6);
char st_code(12);
char se_invoice(12);
int se_number;
int  se_price;
public :
) void show_data(void);
void update(void);
friend int total_gty(const company
&d1, constt order
&d2);
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LAASNISHOINAMN T BINAIEAB Company 1A Order
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Employee
Name
Add_salary
blanagac nherits from
Car_allowan
ce
Add_car_allo
Director ).
Bonus - Inherits from
Add Bonus
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Address
Employee add_number
add_sol
cus_name add_mad
cus_birth add_mouban
add_villege
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.| add_provice
add_telephone
User Sales Customer
user_position Salary Credit
user_facility Bonus

user_comment Position
Boss
’ Boss
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LL‘U’U‘?; 1 : void print(char, width)

WUUR 2 ¢ void print(int, width)
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SALES

i
! Empnum
I Name
Position
Sex
i Birthdate
address

| Display Posltion

SALES_SALARY SALES_WAGE

Empnum
Position
Salary

Empnum
Pay Rate

Calculate Salary Calculate Laborcost

LLﬁﬂQﬂ'lWLlU‘U‘ili’Nﬂ'liﬁﬂﬂ@ﬂﬂlﬂx‘lﬂa'lﬂ Sales

F1961391007% 2.11 Tuaana Sales Usznoudloswazidon sHanina1u( Empoum )
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71InA 3.3

Class name

Attribute: .
attribute-name1:data-type-1=defauit-value1
attribute-name2:data-type-1=defauit-valuel -

Operation:
operation-name-1{ argument-fist-1 ):resuit-type1
operation-name-2( argument-list-2 ):resuit-type2
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AuFURUSUUU1:]1 (One to One )
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Users
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3.7 mamlasesudnanmaliifumisia (Mapping Object Classes to Tables )[ 1]

Object -
Model .

Table
Model

D

AN 3.16

Person

person name

SQL
Code

address
Attribute name Nulls? Domain
Person-ID N 1D
person name N name
address Y address

Candidate key: (person-ID)

Primary key : (person-ID)
Frequently accessed : (person-ID) (person-
name)
CREATE TABLE Person
( person-1D ID not null ,
person-name char(30) not null,
address char(30) 3

PRIMARY KEY (person-ID)) ;

CREATE SECONDARY INDEX person-index-name
on Person(person-name);

’ o
waaemsitasann aarauuluaisag

aa ¢ o y
91NAAAVDY Person 3 LBNNTLIA 2 AN person name LA address Wendaswutium

aa a a o g ad o An
519019218 LenNITAMLBN 1 Aaf person-ID wastluRGNAN( Primary Key Yaouaziing

399f0 Person-name
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inv_date

39

inv_credit \ }
inv_comp
- inv_comment ——————
Detial
Objed r_date
Model tr_number
tr_sell
l Attribute name Nulis? Domain
Detail Table Invoice_id N ID
Stock_id N ID
Table tr_date N
Model
tr_number N
tr_sell N
1 CREATE TABLE Detail
(Invoice_id ID not null,
Stock_id ID not null,
. tr_date Date,
g’?d‘- tr_number int,
° ' tr_sell int

'PRIMARY KEY (Detail_id)
FORIENT KEY (Invoice_id)

FORIENT KEY (Stock_id)) ;

sanensilasnaiaiiuy Association mﬁ]umimmu Many To Many



AN 3.18

Company  [(O— Wo\rkjfo_r r Person

company name ) * person name
address address
job title

Attribute name Nulls? Domain

Works-for company-ID N ID
table person-ID N ID
job-title Y title

Candidate key: (person-iD)
Primary key: (person-ID)
Frequently accessed: (company-ID) (person)

uﬂmmmﬁmﬂmmmu Association mtflumimmn One To Many

CREATE TABLE Person (
Com id ~  int,
Person_id int,

Name char(40),
Address char(60) );

CREATE TABLE Work _for (

Com_id int,
Person_i'd int,
Job_title char(50));
CREATE TABLE Computer(
Com_id int,

Name char(30),

Address _ char(50));
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NWN 3.19

Team

Pitcher pitcher # 1 Year

Object
Model
wins
losses
Cadidate key: (pitcher-ID,team-ID,year-ID)
Person table Team table Year table
Table Attribute name Nulls? Domain
Model
Temal ry pitcher-1D N D
table team-ID N ID
year-iD N ID
wins Y games
losses Y games
Candidate key: (pitcher-iD,team- ID,year-ID)
Primary key: (pitcher-1D,team-ID,year-1D)
Frequently accessed: (pltcher-ID) (team-ID) (year-iD)
* CREATE TABLE  Person 3
( Person-ID ID notnull ,
sQL and other attribute ... , :
- PRIMARY KEY (person-ID));
Code also create table for Team and Year
CREATE TABLE Peson-Team-Year-ternary
( pitcher-1D 1D not null ,
team-1D 1D not null ,
year-ID ID not null ,
wins integer
losses integer

PRIMARY KEY (pitcher-ID, team-ID, year-iD),
FOREIGN KEY (pitcher-IlD) REFERENCES Person,
FOREIGN KEY (team-ID) REFERENCES Team,
FOREIGN KEY (year- D) REFERENCES Year),

also create indexes ...

uaaalasnaiduuy N3Temary Association SJWL‘]C.{]‘LJWISN.
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Employee

equipment name
cost

A equipment type

r

|

Customer

Sale

credit

position

werasnsidlasnaaiuy Generallization mﬁlumsn .

CREATE TABLE Employee (

Emp_id int,
Name char(40),
Cost int

)

CREATE TABLE Customer (
Emp_id int,
Name char(40), -
Cost nt,
Credit int

);

CREATE TABLE Sales (
Emp_id int,
Name char(40),
Cost int,
i’osition int

42



3.8 Fydnuainlilunsesnuun Object model

A 3.21

" Object Model Notation
Advancepts Concepts

Abstract Opertion: Association as Class:
Superclass
[~ operation | Operation is abstract Class-1 r 1282 *
abstract] in the superclass L
. .

Superclass-1 Superclass-2 fasses must : 'm q
provide concrete ¢ operation
implementations

operation operation . of operation. _

. Generalization Properties:

More Subclasses
Superclass-1 Supercluass-2 Y exist. p

2

Superclass ' : Superclass
T 4
lass-4 P

[ Superct 1J ,- perch l| Superclass
A A discriminator
ﬁ l [ Supomlass-‘j Fupemluussi’
Derived Attribute:
Class Name
Class Name
/attribute
$attribute
Sattribute Derived Class:

Propagation of Operations:

c|as§_1 Class-2 Derived Class:
o
operation operation  gperation .
Constraintsbon Objects: Constraint between Associations:
Class-1 ' At
o Class-1 ‘[ (subset Class-2
{attrib-1>0} A2

@ W o g o
LEAININTYDNY m‘Ua\iﬂ@‘UlﬂﬂﬁTulﬂﬂ
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1WA 3.21 (A0)

Link Attribute:

Aggregation: ( alternate Form ): Associaton N
M ssociaton Name

' HClass-1 : ! Class-2
Assmbly Class - . —
Q

finit attribute
Part-1-Class Part-2-Class Ternary Association:
‘____— Association Name - —— ——
Class-1 ———i Class-2
Object Lnstances: role-1 s o2 |
: : Class-1

s s

< ’ ) Instiation Relationship:
( Class Name ) attn'élil:_s:a';lna;n: 3a|ue P
(( Class Name ) Class Name
NS ALL P -

@ o o g
LlﬁﬂﬂﬂTWﬁﬂJﬁﬂHmﬂlﬂﬂﬂﬂUl‘ﬂﬂﬁiillﬂﬂ

3.9 utmaﬁ’mﬁ’nyaimﬂu State Diagram

] ot
NINN 3.22
State Generalization (Nesting): Concurrejnt Subdigrams :
: Superstat R
Superstate up?r il d
o Subslated) Substate-3
W Substate:2 )
S V
1 oventd | avent2 . Substate-2 } ( substate-4 ) /
v ‘\ e
_//
l event2
Splitting of control: Synchronization of control:

Substate-t }-2v%!
event0
Substate-2 }—2oM2

o o o
HEANN TN TYONYDIVDN State Diagram

Substate-3 eventd

Substate-4
eventd
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3.10 Feyanweifililuniseenuuy Dynamic Model
d
N 3.23

Dynamic Model Notation
Event causes Transition between States:

Event with attribute:
event (attribute )
state-1 event state-2 ) state-1 state-2
—
Initial and Final States: Action on transition:
VT
Initial Intermediate event /action
M) al State () state-1 :

state-2
S —
resut

Guarded Transition:

Output Event on a Transition:

state-1

event [ guard

Sending an event to another object:

event 1
( state-1 )} t:

event 2

State Name
entry / entry-sction
do : ectivity-A
event-1/ action-1

exit { axii-action

LA WA A NYEIYDe Dynamic Model
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3.10 deydnyaiilgluniseeniuy Function Model

AWN 3.24

Functional Model Notation

Process: Data Flow between Processes:

T

proceass data name
{ process-1 }————»( process-2 °
_ name (

~—

Data Store or FileObjects: Data Flow that Results in a Data Store:

Name of

Name of
e

—_—

Actor ObJects (as Source or Sink of Data): Control Flow:

Aoy,
L al a2 * boblean result "
Actor-1 process-1 Actor-2 ( process-1 ) ------------------ ( process-2 )
AR A\ o W —_—_awn
Access of Data Store Value: Update of Data Store Value:
Data store Data store

a1

(LS
(" process )

Access and Update of Data Store Value:

Data store

dt

,
@

Duplication of Data Value:

v
e

—! process )
A q1F W

Composition of Data Value:

composite

\
/
Decomposition of Data Value:
d1

composite -

@ e Us
UEAINNT YNV MUY Function Model

Key
i R

i T e
> CLERK ' cheek _in ~ P update )

' — L ~—.. — —

L e ‘

> Dwa o \D_ALLOCATOR MANIFEST

— ———————
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] = 3 a J 4 o
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oy o o 9 A o '

e TlaTleezunsuendumsiiassvesatvestoyailionu lnasussuy

' y ’
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ac =y o A v Y o o
vuga Smsuuveae/end szhmssauuan wssadifinndudouasldidudyleezunsy
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CREATE ROW TYPE Address_emp
( number char( 10 5,
sol char( 20),
road  char(20),
squad char(20),
.villege char(20),

aumpore char(20),
province char( 20 ),
zip integer,
telephone char(11));
CREATE TABLE Customer
( cus_id char(9) aovidn )
firstname char( 25),

lastname char(25),



picture . dpaque,
‘describe char( 30),
emp_addr address_emp,

emp_birdthday date );

CREATE ROW TYPE Official
( pposition char( 30 ),
bése_salary numeric( 12,2 ),
) UNDER address_emp;

CREATE ROWE TYPE Member (
credit numeric( 12,2),
debit  numeric(.12,2 ) CHECK (debit <= credit )

) UNDER address_emp;

CREATE TABLE Invoice

( invoice_id char( 10 )ﬁgﬁﬁﬂ,
cus_id char(9),
date date,
credit integer, ;
comment . char(5),

FOREIGN KEY (cus_id) REFERENCES.customer); .

CREATE TABLE Stock
( Stock_id integer PRIMARY KEY,
name char(30),
label chér( 15),
limit integer,
unit  char( 15),
comment char( 15),
invoice_id char( 10),

FOREIGN KEY (invoice_id )JREFERENCES invoice);



CREATE TABLE List_Stock
(list_id char( 10) PRIMARY KEY

number numeric( 12,2 ),
buy integer,

seli iﬁteger,

“date date,

comment char(5),
Stock_id integer ,

FOREIGN KEY (Stock_id )REFERENCES Stock );

CREATE TABLE Detail

( ir;v_id integer not null,
nu'mber numeric( 12,2),
buy integer,
sell integer,
date date,
inv._code char( 10 ),
'Stock_id ‘ integer ,

FOREIGN KEY (Stock_id )REFERENCES Stock,
invoice_id char{ 10 ),

FOREIGN KEY (invoice_id )REFERENCES invoice );
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5.3.7 nvinarsmesisus ( Type and References ) SQL3 WAUDAYUFUAVDI ADT
4 5 =2 a o 2 o ] :: o a
uaz 15 InH( ROWs : Row Type )Fartiavedls IMARMIBUNLATT 1S HAUNATINILUNLDY
v )
adwtuesuinauazsors Tuileytugnimualdidhuiuguvesmsidaniszuugmdeyah
ot o o | o = s 4‘ 3 2 @ a a A
figmsudulumseivayussuidna loGouia Famsariudyuyes SQL3 NUUINNINAAN
o o A ’
dfyho .
a 4 ! I P °
5.3.7.1 T33uiiafifive( ROWs : Named Row Types ilu ROWs #illmstinua
A 9 o 2 9 o 3 a A& da o a
Fol¥fy ROWs aeluszuugrdeyailegin ROWs vumsdludmisnuanudngan
& & A a ¥ & A o v A 4
yesopuSna delinmseenuuuszuugudeyalelinmaii Rows ilntlurugrugumseen
A o A
puunEiuusynIgIuae
a ¢ d Aldydl A o
1. MIINTITRIDUARNIMTOUNY
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@ g a a
auumswmmaaumnmiumqsmmzwaw’{'wmsaammu“l%’ROWs“lum
LY ' ' 3 = /g o . . .
THNAIDYIUYY TnvitagsiosI5us ( type and references:the big picture )
daa A a 4 @
Tl nssatrevedinwnimsvnomududuiiesaivayuns l4uveaniyn SQL3
szalsznoulUdae -
1. Named Row Types
2. Row Type
3. Reference Type
1 d’ 1] ¥ .
5.3.7.2 Ti')%ﬁﬂﬁ‘lﬂ‘ﬁ%@(UnNamed Row Types or Row Types )°lu5;1m’faga
o ) ) a { o o t:;o (]
Y93 SQL3 153 ROWs Yhumsadudsniianudidguin fifmualdegluglduuuves
=1 slé P=Y a [Y) ::’
ooURNe ladeiiswazidea lunisesniuuasil
~ r'd A o = :sdyc; o o o t& 1 @
1. 'ams1311i::*umm'n'm*n1Laummmu1zmmuam;-;mmmmuuﬁammwam'ﬂﬂuTﬂu
v v o o ] g =a o
Tdanuduniutsennusudnd lide
} 14
2 penuuuMstuaeu Taonis ¥ ER Tnozunsy
3. wlasugiluuves BR ldidu asn
P E P b P ' &
F99INNTNIIUUDY ROWSs ﬂ"l@’fmmmsfmﬁ)xuaﬂﬁag“lugﬂmwvmaam%nﬁ P45
o ’ P o ] o a . Y . ) o’:
SMMUALNLINLAENENYDY ROWSs $118 Taoms laneumsudiaznsninas 1 D ROWs 1u

" adad NG
navesnisoenuuy laeld ROWs Mnaduluaisisau

CREATE TABLE Customer (
SsSno INT,
name  VARCHAR(50),
address VARCHAR(200),
PRIMARY KEY ssno );

CREATE TABLE Account (
acctno  INT,
custno  INT,
type CHAR(1),
opened DATE,
rate DOUBLE PRECISION,
PRIMARY KEY acctno,
FOREIGN KEY ( custno ) REFERENCE Customer );
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3 98 [ 4" g o ~ o @ . 9/
%31'}11\1‘1@]3’] Rows lﬂuWNﬂTuﬂ]ﬂﬁﬂﬂumﬂﬂ lmgllﬂ'nllﬁ']ﬂﬂélll'lﬂcluﬂ'ﬁﬂﬂﬂll‘l.ll]ﬂ'lu‘llﬂga

o & q’;’ o Y 3 Yo a vy
Tuilegiiu ¥ Rows Wuannsafivzdanssawieldidees sQL3 18d

CREATE ROW TYPE Address_t (
street VARCHAR(120),
city VARCHAR(68), .
state CHAR(12),
zip CHAR(10), );

CREATE ROW TYPE Customer_t(
Customer_id REF  (Customer t),
ssno INT, _
name  VARCHAR(50),
address  address t);

CREATE TABLE Customer OF Customer._t(
PRIMARY KEY ssno,
VALUES FOR Customer_id ARE SYSTEM GENERATED );

CREATE ROW TYPE Account _t(
acctno  INT,
cust R.EF(Cus.tomer_t),
type CHAR(1),
opened DATE,
balanice DOUBLE PRECISTION );

CREATE TABLE Account OF Account_t (
PRIMARY KEY acctno,
SCOPE FOR cust IS Customer);
a A da o ' &
5.3.7.3 M309099Ud3ya (Reference Types yHudahiinnudfguinedaniisue
9} LY 9 =) Qr <t 9} a ar ) ay [ [
szuugmdeyaluilegdu TugrudoyauunSiaduszinmstrededoyalfunidadien Tavsu

. . ] a o v o o = .
14 Foreign key 110% Primary key unlunsdivesssuugdoyaideingduiug seisanly
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[ ) v
LD 31953713089 Row Lag Object 1unsdives Row 151981 Reference Types (iludsf
afvayulunsdeds Row aeelaoez’lild Foreign key witoulunpuSady  Hildns

o =] ' Y '
senuuu laazainsiaduaziinnuganniies d20613984 Reference type A9

SELECT a.cust->name
FROM account a
WHILE a.cust->address..city = “Hollywood”
AND a.balance > 100000;

CREATE FUNCTION debit (REF(account_t), DOUBLE PRECISION )
RETURN DOUBLE PRECISION ,,, ;

5.3.8. uedlaunsnad1Inyi( ADTs and References JADTs fiduiiddgunfim1is
mivoudulunacuiiives SQL3 %1 ADTs FuRugnveimatannlusiavesnediniai
nyl Guiludeyaviialvi 1 TEXT , IMAGE, SPATIAL TYPE wazbuq Fedimaiann iy
s 8saaTide ( Mulimedia ) luszuugudeya taz ADTs ifludeit 1d5unsiann T huwn

Y
mail f29819909 ADTs A9

CREATE OBJECT TYPE Person_type
(name VARCHAR NOTNULL,
sex CONSTANT CHAR(1),
age UPDATETABLE VIRTUAL
GET WITH age ' SET WITH SET_age,
PRIVATE
biethdate DATE CHECK ( birthdate <> DATE ‘1992-01-01"),
PUBLIC
EQUALS DEFUALT,
LESS THAN NONE,
ACTOR FUNCTION age ( : P person_type )JRETURNS REAL,
RETURN < code to calculate the age >
END FUNCTION,
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ACTOR FUNCTION set_age ( :P person_type ) RETURNS person: type
< code to update the biethdate>
RETURN :P
END FUNCTION,
DESTRUCTOR FUNCTION remove_person ( : P person_type )
RETURNS person_type
< various .cleanup action >
DESTROY :P;
RETURN :P;
END FUNCTION;
)3
28619999 ROW TYPE fideit
CREATE DOMAIN us_address ROW
. ( street CHAR(30),
" city CHAR(20), .
zip ROW (original CHAR(20),plus4é CHAR(4)) );
CREATE TABLE employees
(last_name CHAR(20),
first name CHAR(20),
age INTE.'GER,
address us_address );

.&‘ @ A o 1 g o A ‘i‘_l A o Y . P
Womdemaiudnludmvossouing  WufsdlumsmudyIassadivesInivign
° & ° d - dy o
smualas sQL3 Fefldamnsaiunlg Inisiationzgminnllulaseadrovedlnd
TudnvazmuIfy §28010%U Columns lumswediadueiszdmuamilgIdmieuriy

Y99 User Defined Types
AMUUVYBA User Defined Types Tu SQL3 Wlugiuuuiidre

CREATE DISTINCT TYPE us_dolla as decimal(9,2)
CREATE DISTINCT TYPE cannadian_dolla as decimal(9,2)
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5.3.9 maudeyaviualng ( Large BLOBs and CLOBs) winviariiavesdoyanld
< 9 () ~ o & t & a oA
Tunmsfiudoynvinalng u am , idee, mie 404 Funiseenitu 2 viia Ao
. . o @ < a ~
BLOB( Binary Large Object ) wlfdmiumafuaiavesdoyadiuuunluuinsede
yauuunsWHn
: . ) LY < a
CLOB( Character Large Object ) %:“l‘i’f’mmumsmwummi’fey,m{lmmmmusﬂmai’

A 9 da 1
v5odoyaniuunalug

NN 5.12

picture for employee

LO handle __——

sbspace 1

g 9 o ¥
uﬁmmsmwagauuu BLOB m‘i‘lumwaﬂugmmaga

Fred19v04msFdoya BLOB 1oz CLOB A9
CREATE TABLE EMPLOYEE (

ID INTEGER,

NAME VARCHAR(30),

SALARY US_DALLAR,

RESUME CLOB(75K),
SIGNATURE BLOB(1M),
PICTURE BLOB(I12M));

Tumsdsanisdeyaviia LOBs silumsenildlumsiamsdeyadio
Greate Than and Less Than operation
Primary, unique, and foreign keys
GROUP BY and ORDER BY
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UNION operator
uazTwnsealumsmivayudeyasiia LOBs fi

Retrive value ( or Partial value )

Replace value

LIKE predicate

Concatenation

SUBSTRING, POSITION, and LENGTH function

UNION ALL operator

5.3.10 maumuﬂwm*y( Distinct Types) ﬂasﬂxmuwuﬁmﬂjmN‘lﬂmmmmmnuﬂ

mumawaua( User Defined Types )Wuﬂﬂnn"lﬂmnmmﬂmms
CREATE DISTINCT TYPE US_DOLLAR AS DECIMAIL(9,2)

CREATE DISTINCT TYPE CDN _DOLLAR AS DECIMAL (9,2)
CREATE DISTINCT TYPE US_DOLLAR AS DECIMAL (9,2)

SELECT CUSTNO, CONTRACT NO
FROM CDN_SALES CDN, US_SALES USA
WHERE CDN.CONTRACT_NO =USA.CONTACT_NO
and CDN.TOTAL > USA.TOTAL FAILS!!! cannot compare CND apd UsS

SELECT CUSTNO, CONTRACT_NO
FROM CDN_SALES CDN, US_SALES USA
WHERE CDN.CONTRACT_NO = USA.CONTACT_NO
and CDN.TOTAL > CDN_DOLLAR (USA.TOTAL)

CREATE TABLE CDN_SALES _
(CUSTNO INTEGER,
CONTRACT NO INTEGER,
TOTAL CDN_DOLLAR)
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CREATE TABLE USA_SALES
(CUSTNO INTEGER,
CONTRACT_NO INTEGER,
TOTAL USA_DOLLAR)

=i 9

1 4
53.11 Abstract Data Types Muwdesiiavesdeyanigldamisadmuaiumny

£y
o

u’: o e P o o ’ dyv
ANUHUITTY W%JSNVNﬂ']'ﬂuﬂﬂﬂlﬁuu@ﬂ’]uﬂﬁﬂ\'iﬂ'ﬁlmglﬂulﬂullﬂﬂ%la‘ﬁuuﬂﬂ%‘lﬂuﬂq

LY 8 A o 9
A UTyUYIYATUATLTOU

CREATE TYPE note
(sender CHAR (20),
receiver CHAR (20),
s date DATE,
conten'ts_BLOB (M),
FUNCTION subjec_t (note) RETURNS VARCHAR (256))

CREATE TYPE Address
( street char (30),
city char (20),
state char (2),

zip integer);
CREATE DISTINCT TYPE bitmap AS BLOB;

CREATE TYPE Real_estate
(rooms INTEGER,
size DECIMAL(38,2),
location address,
text_description VARCHAR(1024),
front_view_image bitmap,

document doc);
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CREATE TPYE note (
sender CHAR (20),
receive CHAR (20),
s_date DATE,
contents BLOB (IM) ‘
FUNCTION subject (note) RETURNS VARCHAR(25§) );

t4
wenanii ADTs Saarfuayulassadudeyauvudeyasiadudou

CREATE TYPE Address (
street CHAR (30),

city CHAR (20),
state CHAR (2),
zip integer );

CREATE DISTINCT TYPE bitmap AS BLOB;
CREATE TYPE real_estate (
roomINTEGER,
size DECIMAL(8,2),
location address,
\ text_description VARCHAR (1024),
'front_viewﬁimage bitmap,

document  doc);

& Y] pry [ ac
(ag ADTs %zLi‘luL’auLmﬂqgmwmz“lﬁ'f;maﬂymmmﬂUazmﬁumm%u«auamﬁn1s
g da o A
YpI0RURNANTUYIUTUAD
) J o
ADTs g1n5ai10914 TnoHengu
¥ ] (] o o
ADTs 92iFouse Inorufenyu
Y 9 Q’I‘ ° 9 ] do e o [
mssamsvoyalu ADTs Suansonszii 18 Tasrmumeileansundinssinuacy lu

ADTs 1%

INSERT INTO real_estate_info
VALUES ( US_DALLAR (300000),
‘John Doe’,



113

real_estate (4, 2000, address ( ‘2225 Coral Drive’,
‘San Jose’,
‘CA’,
95125)) );

UPDATE real_estate_info
SET price = US_DALLAR (0.9 x amount (price))

WHERE property..location..city = ‘San Jose’;

SELECT D_mark (price), owner, property..address
FROM real_estate_info
WHERE size (property) > 2000
AND size (property)..room > 5
AND contains (property..text_description, ‘excellent school distinct’)

AND contains (property..front_view_image, ‘tree’);

3 g 1 A : P
ADTs cu1509za31e Subtype lAdaudnilanionnnd1 ADTs Ferzdunoalnse

¥y
ﬁ%’mmzﬂmﬁuﬁﬂmmn Supertypes UBNIINUUIITUUAYU Multiple Inheritance 1¥U

CREATE TYPE real_estate...

CREATE TYPE condo UNDER real_estate...

CREATE TYPE house UNDER real_estate...

CREATE TYPE villa UNDER house .

CREATE TYPE vacation_property UNDER real_estate...

CREATE TYPE summer_lodge UNDER vacation_property, house...
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real_estate
condo house vacation_property
villa _ summer_lodge

foyauss ADTs azduveauenn3iag 11910 Sypertypes famun saansod
szepnuuUENTS Tadas i@t in1g
CREATE TYPE Real_estate (
room INTEGER,
size DECIMAL(8,2),
location  address,
text__'description VARCHAR (1024),
front_:view_image bitmap, '

document doc );

CREATE TYPE House UNDER Real estate
(stories INTEGER,
total_area DECIMAL(10,2));

A v =) aa ¢ . .
HIUDYAUDY House ISU  UBNNIUIN Y94 room, size, location, address,
text_description, front_view_image, document, stories QY total data
. o v o = ¥ v
Functions Uy uedausisn médlni aunsafezadldanaenmuuy
[ . ot A P v WY o 1A .
A0 39 function ‘V]ll‘lfﬂlﬂllﬂ‘Nﬂu‘lﬂ AIDUNAB
features (real_estate) — VARCHAR(512)
features (real_estate,VARCHAR(512)) = VARCHAR(512)

features (house) 9 VARCHAR(384)

S
=
b(!

Iﬂﬂli1ﬂ1u1iﬂﬁ%$ﬂ§’w Function 48% Procedures U1 ADTs wazNvua ADTs Vl

melunazameuen
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15219 Function Mol ADTs ansainlafe

CREATE TYPE t_employee (
PUBLIC name char (20),
B_address t address,
manager t_employee,
hiredate DATE, "
PUBLIC base_salary decimal(7,2),
PUBLIC commission decimal(7,2),
PUBLIC FUNCTION salary (p t employee) RETURNS DECIMAL

<code to decimal salary> );
9 - . o YA
159518 Function 116UBN ADTs ’d'lil'liﬂ'ﬂ'l‘lﬂﬂﬂ

CREATE TYPE t_employee(

PUBLIC  name char (20),
b_address : t address,
manager t_employee,
hiredate DATE,

PUBLIC base_salary decimal(7,2),
PUBLIC commission decimal(7,2) );

CREATE FUNCTION salary (p t employee) RETURNS DECIMAL

<code to decimal .salary> )
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Query

Relational DBMS
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No Query

File System
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Simple Data
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Complex
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Complex Applications

Otject—Oriented
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Simple Applications
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Function,CREATE Type,Create Operators Wudu

- 6.6.1 mﬂwagmmﬂ%m(SLo SLO)

°1umimwuﬂﬂﬂauu( Column)iummmamsmﬂummwmmﬂiu Opaque Type

‘1‘nwumﬂu BLOB ‘Hi't'! CLOB uuww"ﬂmums%mtua‘nmmmnmeuammumwﬂm
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sbspace 41115 1991493967 Lo_handle agd sbspace i u SQL Statement Yiausod
9214 BLOB uaz CLOB 1u
- Arithmetic #3811 Boolean expression
- GROUP BY %350 ORDER BY clause
- UNIQUE test
- Indéx fduuuy B-tree (@61915A0 MU DataBlade annsafiszadi index VU
CLOB Column 1#) '
lu SELECT Statement 151613130719¢
- 321} Null Values dlu befault aouadumselaold Default Null Clause
- oyanaldifiu Null Tavld NOT Null constraint ApUa31971319
- 1% 1S [NOT] Null
AuyANA313A1979 Inmate 1A fbi_list el
CREATE TABLE Inmate
(
id num INT,
picture. BLOB,
felony CLOB
% ‘
CREATE TABLE fbi_list
(
id INTEGER,
mugshot BLOB
) PUT mugshot IN (sbspacel);

v
o @ 1

3
rdadelufiumams INSERT doyalauld FileToBLOBO waz FileToCLOB(

. A o 9 .
function eI LNInYoYalUAITY Inmate

INSERT INTO Inmate
VALUES (437,FILETOBLOB('Datafile’ ,client), FILETOCLOB(‘tmpl/text’,’server’))

Argument LUINYDI FileToBLOB() 1402 FileToCLOB() G‘Jums 521) path U89 source file
#92919m13 copy 17t BLOB 38 CLOB @U argument Hooutunsssyd source file BYH

Server Y150 Client
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ardaseliunisuentns UPDATE lauld LOCOPY() function 11115 copy BLOB

97 column mugshot Tumss fbi list 179 column picture Y8471379 Inmate

UPDATE Inmate(picture)
SET picture=LOCOPY(mugshot,’fbi_list’,’mugshot’)
WHERE Inmate.id_num = 437 and fbi_list.id = 669;

Argument LTNUBY function LOCOPY() 53‘1_,!3\1 Column ﬁ%:‘,ﬁ’lmi. Export SLO T
Argument ﬁﬁmszuﬁamsmmz Argument 'ﬁﬁ‘lllizu Column ﬁ%zi‘l’f’ Storage Characteristics
Tumser$1e Large Object Tnal

dauﬁwf?ar;ia"lﬂawamﬁg Select statement ‘T"lcl‘lsf' function LOTOFILE ﬁﬁ’lﬂ‘li copy )

32910 Column felony 11184 fenol_322.txt ﬁﬂgj‘ﬁﬂﬁ Client

SELECT id_num,LOTOFILE(felony,’fenol_322.txt’,’client)

FROM Inrﬁate :

WHERE id=322

6.6.2 13819849 SLO

lumséieas sto Wiediuly Colum Aifimstmussiadeyailuuyy BLOB
n¥e cLOB nSeaziluniidielu Attribute ’v’iagj Opagque Data Type Sounzdna Taorudaud
Zunh LO-Handle Fuiludoyauuy Opaque Type yilanilefiozgrinlu Column n3elu
Attribute Aifiaiiasiu SLO Tauii LO-Handle 223 11l Sbspace Fedludufivanissaifiu BLOB

%38 CLOB 93499

NN 6.5

picture for employee

L]

LO handle c0a

[
saasmsifiunmaslugiudeya

"0 -0

sbspace 1
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S| . &£ . '
sbspace 1§11 logical storage Fanwluszilsznoudn 2 dau

g 1 ad 9 £ £ 'Y
- mctaData area Lﬂumumﬂwegamm SLO WQﬂiZﬂf’)‘Uﬂ’JU

internal information 71485y SLO optimizer Tlumsdamsiud aya

storage characteristic Y94 SLO

status information 484 SLO

- user Data area Hhidaufifudoyaves sSLO
Foyaifeaiy SLO
o131 1D metaData area Fetlszneudan
- storage characteristic
- status information

storage characteristic

zilsznpudedeyn

4
a o

[ o o [ . ] .
. Disk-storage information iiudeyafidmiudansiudeyauu disk 13U allocation
extent information,sizing information,location information .
_ Attribute information (umsAmuathAvams Wl option vz lathemsidhadeya
2 — » L
%‘1‘1]_5 LNBUAY loggig indicator;last-access-time
& s ey b4 . [ . o
&al1n135%1 storage characteristic 'ldnatvszaulasaninsanssin ldnou
- g sbspace Tauld onspace utility
-y 1am3e Taeld keyword PUT clause 11 CREATE TABLE statement
- @59 SLO Tavlds DataBlade API function
status information
9/ ad 'Y 1 Ao 8 o
Hudoyaiiferfuaniugaegves SLO fvafyu13ludauues meta Data area U499
sbspace
6.6.3 MITF19azNI5191949 SLO WIUN1 DataBlade API
1y Suvlediin 185 Interface 197 71970 SLO Tavlsznoudiy Data Structure nld

< 3 = o o dy
fudoyanien My SLO Ash

SLO Data sturcture _Data Type Description

L O MI_LO;SPEC iy storage characteristics
specitication
LO handle MI LO HAND  ldszyfadumis
LE
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LO file descriptor MI LO_FD bl Z‘lgaﬂmi open SLO
LO status MI_LO STAT 1 status A199] 484 SLO

. o ‘
Wa0e ; fanction A Data Structure 92841 milo.h Falums1Fauszded include 138
Operation N3y SLO 1szneuday

- Create; Access, Obtain status,  Delete

6.6.4 uanasFa SOL Tums register >
begin work;
create opaque type Mo _point(

internallength = §,

alignmént =4);

grant usage on type Mo_point to public;

create function Mo_pointln (lvarchar)

returns Mo_point

external name "$InformixDIR/extend/I\4yObj ect.1.0/MyObject.bld(Mo_pointInput)"

language c; '
grant execute on function Mo_pointIn (Ivarehar) to public;

create implicit cast (
lvarchar as Mo_point

with Mo_pointIn );

create function Mo_pointOut (Mo_point)
returns lvarchar

external name "$InformixDIR/extend/MyObject.1.0/MyObject.bld(Mo _pointOutput)”

language ¢;

grant execute on function Mo_pointOut (Mo _point) to public;



create cast (
Mo_point as lvarchar

with Mo_pointOut );

create function Mo_pointSend (Mo_point)
returns sendrecv

external name "$InformixDIR/extend/MyObject.1.0/MyObject.bld(Mo_pointSend)"

language c;

grant execute on function Mo_pointSend (Mo_point) to public; *
create cast (
Mo_point as sendrecv

with Mo_pointSend );

create function Mo_pointRecv (sendrecv)
returns Mo_point
external name "$InformixDIR /extend/MyObject.1.0/MyObject.bld(Mo_pointReceive)"

language c;
grant execute on function Mo_pointRecv (sendrecv) to public;

create implicit cast (
sendrecv as Mo_point

with Mo_pointRecv );

create function Compare (Mo_point,Mo_point)
returns integer
with ( not variant )
external name "$InformixDIR/extend/MyObject.1.0/MyObject.bld(Mo_pointCompare)"

language c;

grant execute on function Compare (Mo_point,Mo _point) to public;
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create function Equ;al (Mo_point,Mo_point)
returns boolean
with ( not variant )
external name "$InformixDIR/extend/MyObject.1.0/MyObject.bld(Mo_pointEqual)”

language ¢; -
grant execute on function Equal (Mo_point,Mo_point) to public;

create function NotEqual (Mo_point,Mo_point)
returns boolean
with ( not variant )

external name "$InformixDIR/extend/MyObject.1.0/MyObject.bld(Mo_pointNotEqual)"

language c; .
graﬁt execute on function NotEqual (Mo_point,Mo_point) to public;
create opaque type Mo_circle(
internallength =12,
alignment = 4 );
grant usage on type Mo_circle to public;
create function Mo_circleln (Ivarchar)
returns Mo_circle

external name "$InformixDIR/extend/MyObject.1.0/MyObject.bld(Mo_circleInput)” '

language c;
grant execute on function Mo_circleln (lvarchar) to public;

create implicit cast (

lvarchar as Mo_circle

126



with Mo_circleln );

create function Mo_circleOut (Mo_circle)
returns lvarchar
external name "$InformixDIIUeXtend/l\/IyObject.1.0/I\/IyObject.bld(Mo_circleOutput)".
language c; ' ‘

grant execute on function Mo_circleOut (Mo_circle) to public;

create cast (
Mo _circle as lvarchar

with Mo_circleOut ); ‘

create function Mo_circleSend (Mo_circle)

returns sendrecv
external name "$InformixDIR/extend/MyObject.1.0/MyObject.bld(Mo_circleSend)"

language c;
grant execute on function Mo_circleSend (Mo_circle) to public;-

create cast (
Mo _circle as sendrecy

with Mo_circleSend );

create function Mo_circleRecv (sendrecv)
returns Mo_circle

external name "$InformixDIR/extend/MyObject.1.0/MyObject.bld(Mo_circleReceive)"
language c;

grant execute on.function Mo_circleRecv (sendrecv) to public;

create implicit cast (

sendrecv as Mo_circle

127
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with Mo_circleRecv );

create function Compare (Mo_circle,Mo_circle)
returns integer
with ( not variant ) _
external name "$InformixDIR/extend/MyObject.1.0/MyObject.bld(Mo_circleCompare)"

language c;
grant execute on function Compare (Mo_circle,Mo_circle) to public;

create function Equal (Mo_circle,Mo_circle)
returns boolean
with ( not variant ) .
external name "$InformixDIR/extend/I\/IyObject.1.0/MyObject.bld(Mo_circleEqual)"

language c;
grant execute on function Equal (Mo _circle,Mo_circle) to public;

create function NotEqual (Mo_circle,Mo_circle)
returns boolean
with ( not‘ variant ) e
external name "$InformixDIR/extend/MyObject.1 .0/MyObjeet.bld(Mo_circleNotEqual)"

language c;
grant execute on function NotEqual (Mo_circle,Mo_circle) to public;

create function Mo_.radius (Mo_cifcle)
returns integer
with ( not variant )
external name "$InformixDIR/extend/MyObject.1.0/MyObj ect.bld(Mo_radius)”

language c;
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grant execute on function Mo_radius (Mo_circle) to public;

create function Mo_area (circle M<;_circle) :
returns double precision
DEFINE pi FLOAT;
LET pi=3.1415926;
RETURN (pi*POW(Mo_radius(circle),2));
end function;
grant execute on function Mo_area (Mo_circle) to public;

commit work;

6.7 ANNGNABIVRITBYA(Data Integrity with Constrains)
g v Y aday o ay ke
mafudeyaaddussyugudeya lunsdiniideyasnauunneivsiiveyarisnn
o o <2 o & Yy o A = Y S Y o ow
wazidiss mafpdoyaTeduiuszdesdiiiiens ATWENABIYBIYEYATINITNGUBLNAUAN
& ' ~
&0 Feazuseomily 3 uuu fe -
® Semantic Integrety
® Entity
® Referential
. s ° o 4
6.7.1 yiiavesdeya( Data Type ) milmiazgasmualunmiuuvesnoduiiiod
Y A w ] o 1 [ o oA . 9/ 9
myadvserSudsaludiuuemisne dedary Aeau¥e Balance A1ININILYNATNAW
“ 1 ) I~ v o
oyavila Small Integer H3® float IN3 1271 ANYBQ Balance IIUAIVOIAUY dimsud lunse
o H 1] d' LY é
SmsUivysedeynTaomsiinowweeld doyaiidu character 714 AodUI balance Fez

° Ya Y a & 9 ﬂ s £ a £ AQ A o dy
ﬂWiﬁlﬂﬂﬂl@WﬂWﬁ’]ﬂ HBINNYBYALUAUASTUANY “ﬁ@%uﬂi}ﬂqvauﬂaVﬂ‘]ﬂuﬁ’]i’lﬁuﬂﬁu

Data type Data value

BYTE . Byte Data

CHAR or CHARACTER Determine Size String

DATE . Configurable Date layouts

DATETIME Configurable Date Time layouts
DEC,DECMALNUMERIC Number configurated to a specific precision
FLOAT or DOUBLE PRECISION Number preset to double-precision
INT,INTEGER . Number from - 2,147,483,647 to 2,147,483,647

INTERVAL Configuarable time span layout
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MONEY Configurable currency layout

NCHAR Mixed mode( Letters, numbers,and symbols),determine
size string

NVARCHAR Mixed mc;de( Letters, numbers,and symbols),varying size string

REAL or SMALLFIOAT Single precision numbers

SERIAL Sequential integers
SMALLINT Whole numbers from -32767 to 32767
TEXT Varying size text streams

VARCHARor CHARACTER VARYING Varying size string

v . .
‘nummi’faga%sgnf‘imuﬂ‘m%ﬂawmmsﬁ%’nmﬂﬂﬂui‘%’ﬁﬁwm SQL fi®

4
=

4 i o a 'Y
CREATE TABLE Ssamnsafiszimuasiiavesdoynlada

CREATE TABLE Customer (
Customer_name CHAR(20),
Customer_id SERIAL .
street . VARCHAR(30,20)
city CHAR(20)
state . CHAR( '5)
zip CHAR(10)
last_update : DATE
balance MONEY(5,2)

total orders INT )

msanuasiavesdeyaaunsaiflasmsldmds sQu i ALTER TABLE
senre mslFfds ALTER faszuuvesgudeyasinmi COPY i’fauﬁaaaamamsmﬁﬁe
s aounlassiinvesdoya Lﬁmﬂﬁwuﬂawﬁmm%y‘aué’a’aﬁaszunmu«ﬁ’agaﬁw
unushd copy sonundlilumseanay nsldmds ALTER Lﬁaﬂ%'uﬂqwﬁmm%ga
- o a [T 20 v o0
sraunsenszaliun/aou ldnasnats aeauiru
'ALTER TABLE Customer MODIFY
city VARCHAR(20,10);

ALTER TABLE Customer MODIFY
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( city VARCHAR(ZO,IO),
total_orders SMALLINT );

¥ » 1
ysnnntusEeansaldide ALTER lumsinaedunilntluaiseld
ALTER TABLE Customer ADD

phone CHAR(10) BEFORE last_update;

'ALTER TABLE Customer ADD
( area_code CHAR(3),
line CHAR(7) ); '
6.7.2 msﬁmuﬂﬂ'uéuﬁ'ﬁmefualt Value)“lumsﬁmuﬂﬁ1s§u¢’fusﬁa"lﬁnﬁu‘lﬂmung
&luseniems INSERT deyadliimslddeyalunodinl Avesdoyaluneduizgn
Sualassifismualudedy

Data type defualt literals

Data Type literal Examples
INT,SMALLINT,DEC,MONEY Integer 1,258,999 .
FLOAT,SMALLFLOAT,DEC,MONEY Decimal 1.1,2.58,0.9
FLOAT,SMALLFLOAT,DEC,MONEY Character “y” ?Joe”,”1-1-90")
NVCHAR,VARCHAR,DATE ~

INTERVAL : Interval ) ll)i)AY TO DAY
DATETIME Date and time 96-04-19 11:30

6.7.3 Data type defualt fucntions

Data Type . Function Purpose

CHAR,NCHAR DESERVERNAME  Provide Database server name

NVARCHAR,VARCHAR or SITENAME

CHAR,VARCHAR USER Provides the user ID

DATE TODAY Providesthe current calenda date in
mm-dd-yy format

DATETIME CURRENT Provides the current calenda date
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and current timein mm-dd-yy
hh:mm::ss format
4 - VoA H o )
Smuasiasaidmuanusuduer 3 luduasuvesnislddmdagu

CREATE TABLE #5011 ALTER TABLE Taemsimuasuraninidluusazaoduiou

CREATE TABLE Customer (
Customer_name - CHAR(20) NOT NULL,.
Customer_id SERIAL,
street VARCHAR(30,20),
city CHAR(20),
state CHAR( 5) DEFUALT “AT”,
zip CHAR(10)
last_update DATE DEFUALT TODAY,
balance MONEY(5,2) DEFUALT0,

total orders ' INT DEFUALTO );

ALTER TABLE Customer MODIFY
(' city DEFAULT “Sterling”,
zip DE’FAULT “20640” );
INSERT INTO Customer ( Customer_name ) VALUES (“Joes Pizza™);

QU

ndanni1aing INSERT Jeyaudadoyadildnnmsiidlddeyadhlluazdeyat

¥
143in15 DEFAULT lunsutifie

Customer_name Joes Pizza
Customer_id | 1

street NULL
city . Sterling
state . VA
zip 20640
last_update 4-19-96

balance 0.00

total orders 0
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6.7.4 Mm31¥AAINGNRBY ( Check Contraints ) iiodpsmsegladoyaluzunyi

Y

Smun Wy fmuaveuwavesdeya 2 - 15 niemsimusdeyaruliladoyaus v, F”
] ¥ ) '
o INSERT FeyadunlumaesziimsassaeudeyamaniunouduihullamSenlyi
(-3 ! |A °
fimsfmua Basunde lidws lmsnsnldidiulaudesmuavesdeya msnsivaouil

¥

A
HAD

2t

®Coloumn-level Check Constraints
®Table-level Check Constraints
6.74.1 mm‘?ﬂmmgn?’fmszﬁ’maé’uﬁ( Coloﬁmn-level Check Constraints )
msasemenluszaunsdinieeiinsldfds CHECK Ausdaues SQL Fade CHECK fine

EY 1 A v
Fosogluamunuvesion lusy

"~

CREATE TABLE Customer (
' Customer_name CHAR(20) NOT NULL,
Customer_id SERIAL, '
street VARCHAR(30,20),
city CHAR(20),
state CHAR( 5) DEFUALT “VA”,

‘CHECK (state IN ( “VA”,;’MD”,”DC”)),

zip CHAR(10)
last update DATE DEFUALT TODAY,
balance : MONEY(52) DEFUALTO,

CHECK ( balance BETWEEN 0 and 999 ),
total_orders INT DEFUALTO .

CHECK ( total_orders>=0) );

1 o A o o’n:” 9 =
aArlac) fign INSERT n30 UPDATE molunsauilil ( state JIzABINAISATA
' L4 v

L%ﬂﬂmngﬂé’awm%y‘amﬁﬁ’lﬂﬂw1ﬂ?mNmﬂueﬂ%mmmﬁﬂ‘i’fﬂmwmﬂ foz'liaunsod
9% INSERT %38 UPDATE 4

N ' ~ A A a A ¥ & o dd 9

3 wmndusiiims uvsenfdouuasiteuly feyaiieglu nedminezaes
ulauienlvlnidae

ALTER TABLE Customer MODIFY

total_orders CHECK ( toatl_orders >=1);
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6.7.4.2.ﬂ‘liﬁﬂﬂ’amgﬂﬁlmizﬁvmﬂ\‘i(Table-level Check Constraints)l,ﬂu

a3 Y o A ada o ' v Y A
msgaasnaeuluszduvesnnainfe lunsainlimsgaasnoouluudosneduniual We
g A v & 1a A < o 99 S a - '
Slulmuidenlvvesmnedutiusanitou lvyssnisiiesihlddeyatifiamsianmanuaz i

ausaiezlddoyaneudludeyanie Usudyedoyald wu

CREATE TABLE Customer (
Customer_name : CHAR(20) NOT NULL,
Customer id SERIAL,
street ' VARCHAR(30,20),
city CHAR(20),
state CHAR( 5) DEFUALT “VA”,

CHECK ( state IN ( “VA”,”"MD”,”DC”)),

zip CHAR(10)
last_update DATE DEFUALT TODAY,
cur_balance MONEY(5,2) DEFUALTO,

CHECK ( cur_balance BETWEEN 0 and 999 ),

prev_balance MONEY(5,2) DEFUALTO,
‘CHECK ( prev_balance BETWEEN 0 and 999 )

: last.balance MONEY(52) DEFUALT 0,

CHECK ( last_balance BETWEEi\I 0and 999), -

total_c;rders ? INT DEFUALT O
CHECK ( total Jorders >=0),
CHECK ( prev__balar‘lce - last_payment = cur_balance ) );

£ < ' &

AINTLFANT ’Jilﬁf)‘lj‘i’ljﬂya CHECK ( prev_balance - last_payment = cur_balance ) UL
o A ¥ @ e o o A Y a Vo o
Tl'WI'lllL\‘liluul‘lHJSQ‘UﬂHﬁﬂﬁﬁ‘i]']ﬂ‘VIiJﬂ’]iﬂi?%iﬁfﬂﬁ&’ﬂﬁﬂﬂauuuﬁ') le’,ﬂ'lﬁ']ﬂilﬂ'licl‘lfﬂ']fﬁ

A (o &4 a1y v > & o &
ALTER TABLE moiuigetveuluniediliemee wisnntiufegiinisasivaeuifouly
Y .
Y
ALTER TABLE Customer ADD CONSTRAINT

CHECK ( prev_balance - last_balance = cur_balance );

. . ] QC‘I’ | a a & o o A A
6.7.5 Entity Integrity 1oUaf M1UUNY ﬁfﬂﬂlﬂﬂﬁﬁiﬂﬁ\‘m‘u\‘i D1UANYINY AU HOIUN A

o & [ ] &4 A o 1 @ d
voe Asnszindsdosmsiadudeyals delavdndudreziufisesneduinazazgnld
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LY

Yy a & & o v dd aa v I
Gluﬂ’ﬁ@’mﬂﬂﬂﬁﬂﬂauuﬁu"] cluﬂ’]ﬁﬁ‘]ﬂﬂﬁiluﬂ'd’]ﬂﬂmguw'iniﬂﬂﬂ’liW’l%@u"a%’]ﬂﬂﬂau‘ﬁﬂlﬁu

o

d A

. . Yy v aa 2 a . ' o &
primary key (lQ% primary key ADIUDNANY A ADUNIINUUAYY ( Unique ) Tunsazaeduyl

luasraru
CREATE TABLE Advisors (
ssn CHAR (9 ) UNIQUE,
name CHAR (20));

ALTER TABLE Advisors MODIFY
ssn UNIQUE;

Tunsdiishnmsysudzemsielaeld UNIQUE éllfineduintins 14 UNIQUE
auuﬁ'an‘tsﬂsuﬁsaumﬂ%"’lu"{ﬂ
wennnims e Primary Key 1un15mmwanamumﬁmmms"lﬂ 31519 Primary
Key $1uihudoeldfunoduniiiiu Unique gy
CREATE TABLE Advisors (
ssn CHAR (9 ) UNIQUE,
name CHAR (20),
PRIMARY KEY (ssn) );

ALTER TABLE Advisors ADD CONSTRAINT
PRIMARY KEY ( name );

CREATE TABLE Classes (
course_number INT (5 ),
daytaught DATETIME ( HOUR)),

teacher CHAR (9), .
PRIMARY KEY ( course_number ,daytaught,timetaught ) );

ALTER TABLE Classes ADD CONSTRAINT
PRIMARY KEY ( course_number ,daytaught );
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6.7.6 MN391989TOYA( Referential Constraints)xﬂumsé’w50%’aga%1ﬂmﬂwﬁﬂﬂﬁa
SRAs1anile
CREATE TABLE Mutual_funds
( “fund_id INT,
fund_name CHAR(12),
numofowners INT,
value INT,
PRIMARY KEY (fund_id) );

CREATE TABLE Mutual_funds

( fund id INT  PRIMARY KEY,
fund_name CHAR(12),
numofowners INT,

value INT );

ALTER TABLE Mutual funds
fond_id PRIMARY KEY;

CREATE TABLE Fund_owners
(owner_id INT,
owner_name CHAR(15),
fund_id INT,
numoshares  INT,
FORIENT KEY (fund_id)
REFERENT mutual_funds );

CREATE TABLE Fund owners
(owner_id . INT ,
" owner name CHAR(15),
fund_id INT FORIENT KEY
REFERENT mutual_funds,

numoshares  INT );
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ALTER TABLE Fund_owners MODIFY
(fund id INT  FORIENT KEY
REFERENT mutual_funds );

CREATE TABLE Mutual_funds

( fynd_id INT PRIMARY KEY,
CONSTAINTS pk_fund_id
fund_name CHAR(12),
numofowners INT,

value INT,

CREATE TABLE Fund_owners
(
owner_id INT,
owner name CHA R(15),
fund id INT,
. numoshares  INT
FORIENT KEY ( fund id)
" REFERENT mutual_funds,
CONSTAINTS fk_fund_id );

Self-Referencing Constraints

CREATE TABLE Advising
( advisee CHARO),
. Advisor CHAR(9),
PRIMARY KEY ( advisee )

CONTRAINTS pk_advisee,
FOREIGN KEY (Advisor)

REFERENCES advising ( student )

CONTRAINTS pk_advisee );



138

Cyclic- Referential Constraints

CREATE TABLE Advisor
( Advisor CHAR(9),
PRIMARY KEY ( Advisor )

" CONTRAINTS pk_Advisor );

CREATE TABLE Advising
( advisee CHAR(9),
Advisor CHAR(9),
FOREIGN KEY (Advisor)

REFERENCES advising ( student )
CONTRAINTS fk_advisee, |

)

6.7.7 mig‘lx‘lad‘ﬁ’ﬂyaw%’auqﬁ’u(Multiple-Path Referential Constraints)
CREATE TABLE Staff
( staff member CHAR(9),

PRIMARY KEY ( staff member ),
CONSTRAINTS pk_staff member );

CREATE TABLE Advising
( advisee CHAR(9),
Advisor CHAR(9),
FOREIGN KEY (Advisor)

REFERENCES advising ( student )
CONTRAINTS fk_advisee );

CREATE TABLE Classes
( course_number INT(9),
teacher CHAR(9),
FOREIGN KEY ( teacher )

REFERENCES staff (staff member )
CONTRAINTS fk_teacher);
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8.4 SeasEanveInman 1491nnseenIUveIsTULAUAIAIARY

~
NNN 8.2

‘Customer Vender

Attribute: Attribute:
firstname name
lastname describe
picture address
describe
emp_addr

birdthday
Operation? Operation:
insert, update, Delete, Add data insert, update, Delete, Add data
cal_credit cal_Debit, Pay check

uﬁmswaxnﬁummﬂmﬁ Customer 0% AQ1Y Vender

: =
NN 8.3
Order Invoice
Attribute: Attribute:
date date
debit debit
document document
Operation: Operation:
insert, update, Delete, Add data insert, update, Delete, Add data
cal_Debit, Pay check, cal_Debit, Pay check,

Llﬁﬂﬂi'lﬂam?)ﬂﬂilﬂ\‘lﬂﬁ'!ﬁ Order 1o AN Invoice



Stock

Attribute:
name
label

limit
. unit
comment

‘Operation:
Check stock, report, list stock
access update edit picture

A 8.4

Detail

Attribute:
number
buy
sell
date
comment

Operation:
Check stock, report, list stock

llﬁﬂ\?ﬂﬂﬁ&%ﬂﬂﬂ]ﬂﬂﬂﬁ’]ﬁ Detail liag AAE Stock
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Vender

name
describe
address

Invoice

date
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comment
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£ k3
8.5 M3DBNUULAIIGIEAIS TRANFER 31910 CLASS 12 14A4i]

8.5.1. DALY A5 19T Name row type ApNMItMuAFelHNY row type At

Ddadral Stock
Eriend Ref
number name
buy label
sell limit
date unit
comment commen
Member
credit
UEAUBIATIT N

CREATE ROW TYPE name_emp

( firstname char(25),
lastname char( 25),
picture BLOB,
describe char(30) );

CREATE ROWE TYPE address_emp

(-

number char( 10),
soi char( 20),
road  char(20),
squad cflar( 20),
villege char( 20),

aumpore char( 20),
province - char( 20),

zip integer,
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telephone char(11) );
CREATE TABLE customer
( cusid  integer UNIQUE PRIMARY KEY,
emp_name name_emp,
emp_addr address_emp,

emp _birdthday date default today,

emp_account  set( char(15) not null ));

) 2
111a1519994 Customer w3 ld complex data type ludruuDd emp_blood 9

1 type U1 collection type i@ set type

8.5.2. DPALYY A5 1EIUIUY inheritance Aetimsduneanumulidvesnmiaus iy

amegn
CREATE ROWE TYPE official
( position . char( 30),
base salary ~  numeric(12,2) DEFUAL 0,
) UNDER customer;
CREATE ROWE TYPE sale
( base_salary numeric( 12,2 ) DEFUAL 0.0,
bonus numeric( 12,2 ) DEFUAL 0.0
) UNDER customer;
CREATE ROWE TYPE member (

credit numeric( 12,2 ) DEFUAL 0,
debit  numeric( 12,2) DEFUAL 0
CHECK (debit <= credit)

) UNDER customer;



8.5.3. 9BNLUY A1319111UY unname row type Ao liifimsfmuade 191 row type

CREATE TABLE inventory
inv_id integer UNIQUE PRIMARY KEY,

(

CREATE ROWE TYPE detail

(

name char(30),

label  char(15),

limit float(9,2),

unit char( 15),

list_stock ROW

(

)s

comment

inv_id
number
buy
sell
date

inv_code

CREATE TABLE invoice

(

invoice_id
cus_id
date

credit

number numeric( 12,2 ),

buy float( 10,2 ),

sell float( 10,2 ),

date date,

inv_code char( 10 ) not null
char(15) );

integer not null,
m}meric( 12,2),
float( 10,2 ),
float( 10,2 ),
date,

char( 10 ) not null );

char( 10 ) not null,
integer,
datetime,

integer,
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comment char(5),

detail ~ detail );

. . ° a [ . ° Q’,‘
1A1519984 invoice 92iMs fmuasiiavesdoyauuuy datetime Aolimsfimuasis
awesufiuazinamiousiu
o’/’ d‘ 9/ s -
A1 anuAN IS uMseBALLLAD

CREATE ROW TYPE name_emp

- firstname char(25),
lastname char( 25 ),
picture BLOB, \
describe ' char(30));

CREATE ROWE TYPE address_emp
( " number char( 10),

soi char( 20),

road  char(20),

squad char(20),

villege char(20),

aumpore char(20),
province char( 20),
zZip integer,
telephone char(11));

CREATE TABLE customer

( cus_id integer UNIQUE PRIMARY KEY,

emp_name name_emp,
emp_addr address_emp,

emp_birdthday date default today,

emp_account  set( char(15) not null ));
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CREATE ROWE TYPE official
( position char( 30 ),
base_salary numeric( 12,2 ) DEFUAL 0,

) UNDER customer;
CREATE ROWE TYPE sale
( base_salary numeric( 12,2 ) DEFUAL 0.0,
bonus numeric( 12,2 ) DEFUAL 0.0
) UNDER customer;
CREATE ROWE TYPE member ( -

credit numeric( 12,2 ) DEFUAL 0,
debit  numeric( 12,2 ) DEFUAL 0
‘CHECK (debit <= credit )
) UNDER customer; .

CREATE TABLE inventory
( inv id integer UNIQUE PRIMARY KEY,
. name  char(30),
label  char(15),
limit  float(9,2),
unit char( 15),

list_stock ROW

(
number numeric( 12,2),
buy . float( 10,2 ),
sell- float( 10,2 ),
date date,
inv_code char( 10 ) not null



CREATE ROWE TYPE detail

(

comment

inv_id
number
buy
sell
date

inv_code:

CREATE TABLE invoice

(

invoice_id
cus_id
date

credit
comment

detail

char(15)); -

integer not null,
numeric( 12,2 ),
float( 10,2),
float( 10,2 ),
date,

char( 10 ) not null );

char( 10 ) not null,
integer,

datetime,

integer,

char( 5),

detail );
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MANHIN

WMANTIFIHUUBS SQL3

SQL3/Foundation and SQL3/Bindings Features

This section enumerates the features that make up SQL3/Foundation (3) and SQL3/Bindings (4),

over and above those of SQL-92 and SQL-92/PSM. There is no significance to the order in

whichthe features appear. A summary of these features appears first, followed by a more detailed

definition of the features.

SQL3/Foundation and SQL3/Bindings

8!

9.

Features

. Timestamps in information schema

for configuration management

. Extensions to Embedded SQL

exception declarations

BOOLEAN data type

. BLOB, CLOB, and NCLOB data types
. ROW data type

Collection data types

CASCADE option for DROP
COLLATION '
largeobjf;cts

Abstract data type (ADT)

Abstract data type (ADT) subtypes

10. Distinct data type

11. User-defined operators

12. Updatable joined tables

13. WITH in <query expression>

14. Recursive query

15. SIMILAR predicate

16. DISTINCT predicate

17. Boolean predicat

SQL3/Foundation and SQL3/Bindings
Features
25. SENSITIVE cursors
26. START TRANSACTION statement
27. LOCAL option for SET
TRANSACTION stater.nent
28. Chained transactions
29. Savepoints !
30. SELECT privilege with column granularity
31. Static and Dynamic execution rights
32. Functional Dependencies

33. OVERLAY function for characters and
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18. Optional interval qualifier

19. LIKE clause in table definition

20. Subtables

21. Referential action RESTRICT

22. Comparable data types for referential constraints
23.Triggers

24 WITH HOLD cursors PAGE 6

1. Timestamps in information schema for configuration management

This appears to only have been added to clause 19.3.36, “ROUTINES base table”, of
SQL3/Foundation. . This definition uses clause 19.2.48."TIME STAMP domain”, of
SQL3/Foundation. '
2. Extensions to.Embedded SQL exception declarations.

SQLSTATE,CONSTRAINT, SQLEXCEPTION, SQLWARNING have been added to clause
13.2,”<embedded exception declaration>", of SQL3/Bindings.

EXEC SQL WHENEVER SQLSTATE (02,001) CONTINUE;

o

3. BOOLEAN data type.
Boolean litera'ls'TRUE, FALSE, and UNKNOWN.CAST extension. Boolean value expressions

(IMPLIES, IFF, and IMPLIEDBY). Aggregate operators (EVERU. AMY, SOME).
4. BLOB, CLOB, and NCLOB data} types.

Large object locators (holdable and not ‘holdable). May be used in <like predicate>,<position
expression>,<comparison predicate> (With an <equals operator>or<not equals operator>),or
<quantified comparison predicate>(With the <equals operator>or<not equals operator>). Clause
13.12,” <hold 1ocatoi' statement>", and clause13.13,”<free locator statement>".

5. ROW data type.

ROW reference. Field reference.

Allow ROW to be specified in a <row value constructor> in clause 7.1,°<row value
constructor>", of SQL3/Foundation.

SELECT *
FROM employees
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WHERE ROW ( Iname , fname) = ROW ( ‘Cannan’, ‘Steve’ )
6. Collection data t);pes.

SET , LIST, and MULTISET. Comparison of collections. TABLE (x) as a synonym
for MULTISET (ROW (X)).  <collection derived table>in<tablereference>.<collection
reference>. Set operators (S_UNION,S_INTERSECT and S EXCEPT). Collection aggregate
operators (S_UNION, S-INTERSECT, and S_EXCEPT). CARDINALITY expression. ELEMENT
value function. LIST value functions (SUBLIST and CONCATENATE). EMPTY as cast
operand. EMPTY as a <row value construcfor>element and in clause 11.9,”< default clause>”, of
SQL3/Foundation. éET,MULTISET, and LIST constructors. -
Examples: . {

ALTER TABLE employees ADD COLUMN
hobbies SET (CHARACTER VARYING (20)) ;
ALTER TABLE employees ADD COLUMN
dependents TABLE (fname CHARACTER VARYING (20),
| Lname CHARACTER VARYING (20),

bodate DATE) ;
SELECT COUNT (*)
FORM TABLE (SELECT S_UNION (hobbies)
FROM employees

) hobbies _(hobby) :

SELECT e.lname , e.fname

FROM employees €
WHERE CARDINALITY (hobbies) >=3;

SET, MULTISET, and LIST constructors.
UPDATE employees
SET hobbies = SET (‘Fly fishing’, ‘Origami’ ) ;

A<query specification>may contain a <collection expression>.

SELECT *
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FROM  hobbies IN (SECLECT hobbies
FROM employees
WHERE  Iname =‘ Cannan ‘)
dependents IN ( SELECT  dependents
FROM employees
WHERE Iname = ‘ Kulkarni ¢ )
ITEM may be specifiedin a <quéry specification> or <select statement: single row>.
BEGIN |
DECLARE result_set MULTISET ( CHARACTER VARYING (30)) ;
SET result_set = ( SECLECT ITEM Ilname
FROM  employees
WHERE  hair color = “Black ‘) ;
END ; '
THE in <subquery> (needs to be expanded).
<collection value expression> may be specified in an IN predicate, an <exis predicate>, a
<unique predicate>, or a <match predicate>.
SELECT *
FROM  employees
WHERE  hobbies IN ( SELECT hobbies
FROM  employees
WHERE Iname =‘ Mattos *
S_INTERSECT
SELECT hobbies
FROM employees
WHERE Iname = ¢ Richie ¢
);
7. CASCADE option for DROP COLLATION.
<drop behavior> may be specified in clau;e 11.37, “<drop collat.ion statement>", of
SQL3/Foundation.
DROP COLLATION latinl_insensitive CASCADE ;
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8. Abstract data type (ADT).
Clause 11.45, ‘“<abstract data type body>”, of SQL3/Foundation, without the
specification of <subtype clause>. CREATE and DROP , ordering clause, operator name list,
CAST, encapsulation levels, constructors, attribute reference. ADT locators (holdable and not

holdable). Component reference

Clause 11.47, “<drop data type statement>", of SQL3/Foundation (also appears in DISTINCT
data type).
9. Abstract data type (ADT) subtypes.
UNDER privilege. TREAT subtype as supertype.
<genralized qxpression> in ciause 10.4, “>routine invocation>”", of SQL3/Foundation. -
TYPE predicate as specified in clause 8016, ‘“<type predicate>", of SQL3/Foundation.
RESULT may be specified for a <parameter declaration> in clause 12.5,
“<SQL-invokedroutine>”, of SQL3/Foundation.
10. Distinct data type.
Specified in clause 11.46, “<distinct type definition>”, of SQL3/Foundation.
CREATE DISTINCT TYPE weight Ibs AS DECIMAL (3) ;
ALTER TABLE employees ADD COLUMN weight weight: Ibs ;
Clause 11.47, “<drop data type statement>", of SQL3/Foundation (also appears in ADT data
type).
11. User-defined operators.
Clause 11.48, “<operators definition>”, of SQL3/Foundation. <add operators definition> iﬁ
clause 11.2, “<aiter schema statément>”, of SQL3/Foundation.
12. Updatable joined tables.
SR 12)d and 12)e of 7.9, “<query specification>”, of SQL-92 do not appear to have
corresponding rules in SQL3/Foundation.
d} if the <table expression> immediately contained in QS immediately contains a <where
clause> WC, then no leaf generally underlying table of QS shall be a generally

underlying of ant <query expression> contained in WC,
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) The <table expression> immediately contained in QS does not include a <group b);
clause> c.>r <having clau.se>.immediately contained in QS does not include a <group by
clause> or a <having clause>.

13. WITH in <query expression>
<with clause> when RECURSIVE has not been specified.
SELECT *
FROM ( WITH top_east_coast_sales AS
(SELECT * *

FORM  employees_east

WHERE ~ job="*SALES*

" AND  compensation > 250000 ),

top_west_coast_sales AS
('SELECT \)*
FROM  employees_west
WHERE job=‘SALES *
AND  compensation > 250000 )
top_east_coast_sales UNION top_west_coast_sales
) AS top_sales ;
14. Recursive query.
<with clause> or <view definition> when RECURSIVE has been specified. .
WITH RECURSIVE Reachable From (Source, Destin ) AS
( SELECT Source, Destin

FROM Flights

WHERE Source = * Paris

UNION

SELECT in.Source, out.Destin
FROM Reachable _From in, Flights out

WHERE in.Destin = out.Source

)
SELECT * FROM Reachable_From
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Functional Dependencies.

Keys in Descriptor Area.

33. OVERLAY function for characters and large objects.

<character overlay function>and<blob overlay function> in clause 6.10, * <string value
function>", of SQL3/Foundation.

SELECT “+1.°
OVERLAY ( phone number
PLACING °.’
FROM 4
FOR 1 )
PLACING ¢’
FROM 8
FOR 1
FROM employees ;
34. SQL-invoked routines.

SQL-paths. CURRENT_PATH value spectification. CURRENT_PATH in clause 11.9
<default clause>”, of SQL3/Foundation. Procedures and function. SQL routine and external
routine. Polymorphism. Subject-roytine determinatiion. Return statement. EXECUTE privilege.
Clause 11.49 <drop routine statement>. ‘

35. Roles.

Clause 11.51, “<role definition>”, of SQL3/Foundation,11.52, “<grant role statement>", of
SQL3/Foundation, 11.53, “<revoke role statement>", of SQL3/Foundation. Grant ;md revoke of
WITH ADMIN OPTION. Clause 17.3,”<set role statement>", of SQL3/Foundation.

CREATE ROLE payroll ;
GRANT PAYROLL To vickers WITH ADMIN OPTION ;
GRANT UPDATE (salary) ON TABLE employees To i)ayroll ;

SET ROLE payroll ;
36. Upper SQL Flagging.

37. Bracketed comments.
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<bracketed comment>in clause 5.2, “<token>and<separator>", of SQL3/Foundation.
/* This is a comment */
38. User-defined aggregate operators.
<routine name> may be specified for <set function type> in clause 6.8,”<set function
specification>”, of SQL3/Foundation. .
39. Quantified predicate. .
Existential and universal quantification may be specified in clause 8.13,”<quantified

predicate>”, of SQL3/Foundation.

SELECT =~ * .
FROM employees €
WHERE FOR SOME hobby IN e.hobbies (hobby LIKE ‘0%’) ;

40. ALL SCHEMA PRIVILEGES.
ALL SCHEMA PRIVILEGES may be specified for <privileges> in ;:louse 10.5.”
<privileges>”, in SQL3/Foundation.
41. Value expre;sion in order by clause.
Removal of the SQL-92 restriction that<sort key> must be a <column name> or an <unsigned
integer>.
SELECT .
FROM employeeé
ORDER BY CARDINALITY (dependents) ;
42. Table name not required in <d§1ete statement: positioned>or<update statement: positioned>.
Remove the SQL-92 requirément that “FROM<table reference>" be specified in clause 13.6,”
<delete statement: positioned>”, of SQL3/Foundation and clause 13.9,”<update statement:
positioned>", of SQL3/Foundation.
DECLARE curs! CURSOR FOR SELECT * FROM employees ;
OPEN cursl ;
FETCH cursl INTO ...;
UPDATE
SET status = “Sabbatical’

WHERE CURRENT OF cursl ;
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FETCH F:ursl INTO ... ;

DELETE WHERE CURRENT OF curs] ;

CLOSE cursl ;
43. INSERT into a cursor.

A cursor name may be specified instead of a table name in clause 13.8.”<insert statement>",

of SQL3/Foundation. '

DECLARE curs] CURSOR FOR SELECT * FROM employees ; .

OPEN curs] ;

FETCH cursi INTO ..;

INSERT INTO CURSOR curslVALUES (‘Darwen’,’Hugh’,...) ;

CLOSE cursl;
44, ROW may be specified in an update statement.

ROW may be; specified -fo;' an <update target> in clause 13.9,”<update statement:

positioned>", of SQL3/Foundation.

DECLARE curs] CURSOR FOR SELECT * FROM employees ;

OPEN cursl;

FETCH cursl INTO ..;

UPDATE employees

SET - ROW=(...)

WHERE CURRENT OF curs1:

CLOSE cursl ;
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