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Motivation

Relational(Model(hasmany(goodies:
Efficientlqueryloptimizationlandexecution

Well-definedfransactionisemanticsiand(’
support

Excellentimulti-userperformanceland(
robustness

Views/forldatalindependence,authorization

Constraints,(triggers,and(storedprocedures(]
forl(shared)business-rule(capture/enforcement

"The"[success!story(foriparallellcomputing



But...

Worldlisbecomingmorelcomplex
New(data(types(arelappearing

Real-world(dataldoesn'tifitineatlylintotables
Entities(and(relationshipsi(vs.[tables)
Variancelamongentities((vs.[homogeneity)
Set-valuedattributes((vs.normalization)

Advanced(applicationsbringicomplex/data
E.q.,[CAD/CAM, webldata, (GIS,[..



Thenewemployee

Beyondiname,rank,and(serialinumber
New attributetypesi((Location((2-D(point))
withtheirimethods/((distance(point, point))
Employees|with(flavors

Emp,[RSM, [Programmer,[Manager, [ Temp,L..
‘andlrelationships
Manager,department, [projects, ...
Employeeshave(behavior
age(Emp), [qualified(Emp,Job),hire(Emp),L.L.

Thelemployee

f

sbusiness

bject



Where(tol(go....

Solmaybelobjectslarethelanswer...?

Yes,!|

..., IflwecankeepallithelrelationalMgoodies”




Need someladdions

Abstractidataltype
e.g.video,text,[shape
Describes(complex(facts

Rowl(iype
Template(to(createfables
Inheritance
Methods(on(rows
Navigationbetween(tables

SQL99:[Mergedlinto[Structured(Type
Oneltypeforicolumnsiandirows




OR[extensions upto(V7.2

structured(iypes
inheritance
methods
nesting

typediiables
userldefined(objectlid
inheritance
methods
triggers, [Rl[@nd[check(constraints
referenceltypes(



OR[extensionuptoV7.2(cont'd

typedlviews((a.k.a.0bjectviews)

inheritance

methods

referenceltypes
onimultiplellegacy(tables
onimultipletypediablehierarchies



Let'sgetimoving!



Address Datatype

Address(typelwith(subclasses

address(/

(numberI(INT, [StreetVARCHAR(20),City WVARCHAR(20))[ ]
MODEDB2SQL

CREATETYPE us_address!l address(AS[]
(postalcodelINT, [State[CHAR(2)) MODEDB2SQL

CREATETYPE ger_addressUNDER address[AS(]
(plz[INT)[IMODEDB2SQL



Constructorforl/Addresses

CREATEFUNCTION[address
(NUMIINT, [Street VARCHAR(20), |
City[VARCHAR(20),[State VARCHAR(2), [
postallINT,[country VARCHAR(20))[ |
RETURNS address RETURNL

ICASE country WHENIUSA''THEN

s address()..state(state)
..postalcode(postal)
HEN'GERMANY'THEN

der address()..plz(postal)[END
lL.number(num)..street(street)..city(city)




Method onAddress

ALTERITYPE address/ADDII print()LC
RETURNSVARCHAR(80) LANGUAGESQL

Method(prototype(separatefrom!(
implementation

Canlalsobelwrittenlinlexternalllanguage
Needs(toluse"transform(function”tomap.

ImplementationusesSELF (forlitslownlinstance

ISIOFIDYNAMICITYPE [fortypelinfolonSELF

TREATIAS[tolaccessdynamic(typelspecific]
attributes



Method implementation

CREATEMETHOD [print(FOR[@ddress
RETURNICASE

WHENISELFIS OF DYNAMIC TYPE(us address)THENLI
ICHAR(SELF..number){jrry|[SELF..street(]j
TSELF..city(]|r;m|[TREAT(SELFAS us_address)..state ||
1T CHAR(TREAT(SELFIAS us _address)..postalcode)
T e CUS AL

ELSEC

[SELF..street ||'1j|ilCHAR(SELF..number) |
ICHAR(TREAT(SELFIAS ger_address)..plz)qm

fSELF..city[]| (| 'TGERMANY'
END




Usageof print(Method

VALUESL
F 18,'Neustr.','Emden’, ",

12345, EGERIVIANY'

58,'BernalRd.’ ESanDose [T'CA',
5535,"USA").

Neustr.(18;[12345[Emden;(GERMANY
58 BernalRd.;[SanlJose,[CA,55535;[USA




TypeHierarchyfor(Tables

Person
Person Type(Hierarchy Employee(Table Hierarchy
Department <— Employee
* Sub-table
References Manager




Type(Hierarchy Definition

CREATEITYPE person/ASL

(sin[DEC(9,0), Mame[VARCHAR(20), ]
firstname VARCHAR(20),[addressADDRESS)! |
REFUSINGINTMODEDB2SQL

CREATETYPE emplUNDER personASL]
(salary[INT, [office[INT) [MODEDB2SQL

CREATETYPEIINgriUNDER emplASL]
(boNUSIINT)[MODE DB2SQL

CREATETYPE@eptlAST
(deptnameYARCHAR(20), budget(INT, ]

mgriREF(MGR)IREFIUSINGINTIMODEDB2SQL
ALTERTYPE emp/ADDATTRIBUTE dept/REF(DEPT)
CycliclReference!



TableDefinitions

CREATETABLE emp[OF emp
(REFIS 0id[WSER'GENERATED)

CREATEITABLE mgriOF mgriUNDER empl.
INHERITISELECTIPRIVILEGES

CREATETABLE dept/OF dept(]
(REFIS old[WSERIGENERATED,
Id[WITH OPTIONSIPRIMARY KEY,
mgriWITHIOPTIONSISCOPE mgr)

ALTERITABLE emp[ALTERICOLUMN dept
ADD SCOPE dept




Constraints

ALTERITABLE empZ (dept)

REFERENCES dept(oid)
ONIDELETE/RESTRICTIONUPDATERESTRICT

Rllinheritstolsub-tablemgr
Usuallymatchesithelscopedireferences

ALTERITABLEIMQgr(
¢ck1[CHECKI(bonusx[salary)

Checklconstraintiinheritedtosub-tables
Canlncludemnativelandnon-nativeattributes



Triggers

CREATEITRIGGER emptrg1NOICASCADE!
BEFOREINSERTION (€ i
REFERENCINGINEWIAS Nl
FORIEACHIROWIMODEDB2SQL
WHEN((SELECTICOALESCE(SUM(salary), 0)]
+n.salary L
ROMempWHERE dept/=[n.dept)
> n.dept->budget)
SIGNALSQLSTATE '70001'(]

SETIMESSAGE TEXT ='Cannotlafford’




Triggers (rules)

INSERT fires(triggers(on(target/tableland
super-tables

UPDATE/DELETE alsolfiresstatementitriggers
on[sub-tableslandrowiriggersiif(affected.

UPDATE




View Hierarchies

Sub-table
Person > Depa_rtmentD
View
References T
Sourcedon ‘
Employee
Department
Sub-tabled

Manager




Type'hierarchyfor Views

CREATEITYPE personv/AS|

(name VARCHAR(20), [firsthname [VARCHAR(20),

‘address|(AppRrRess)[ |
REFIUSINGIINTMODEDB2SQL

CREATETYPE empVIUNDER personvIAS(]
(officeINT)MODEDB2SQL

CREATE(TYPE deptvIASL
(deptnameVARCHAR(20),[mgrREF(EMPV))[
REFIUSINGIINTIMODEDB2SQL

ALTERITYPE empVvIADDIATTRIBUTEL
dept/REF(DEPTV)




View!(HierarchyDefinition

CREATELVIEW personv[OF personvIMODE(]
DB2SQL (?EFE[S OId [USERIGENERATED (1]
WNCHECKE I))E\S@ELECTD
personVv(INTEGER(0Id)), Iname,firsthame,
address[FROMIODNLY(person)

CREATEIVIEW empVIOF empVMODE DB2SQL! |
UNDER personvINHERITSELECTPRIVILEGES[
ASISELECTL

MPV(INTEGER(0Id)), [name, [IIfirstname,
address, [office, deptv(integer(dept))
~FROMLemnon




View!(Hierarchy(Def.[(cont'd)

CREATEVIEW deptv[OF deptvIMODEDB2SQL
(REFIS oild[WSERIGENERATED, [ |
MgriWITHIOPTIONSIS empv)L
ASSELECTL
deptv(INTEGER(0Id)),[depthname,
empV(INTEGER(MQF))
~ROM dept

ALTERVIEW empV[ALTERICOLUMN dept
deptv




View Properties

Canlcombinemultiplehierarchiestolmakel
super-hierarchy

Canlincludenormalrelationalfables

Cancombine(differentisourceswithinial]
sub-view [Uusing[UNION(ALL[]

Supportsiscopedreferences
Allowsmethodslonviews




Methods onViews

ALTERITYPE empvIADDMETHOD mgrname()(]
RETURNSIVARCHAR(20)[LANGUAGE 'SQL

CREATEIMETHOD mgrname(FOR empv
RETURNI]

SELF..dept/ASREF(DEPTV)(S deptv)
' firstname]j ]

CAST(SELF..dept/ASIREF(DEPTV) SCOPE [deptVv)
->mgr->name




Let's’havesomefun

Createl[some[OID

CREATE
CREATE

VALUES(

generators

SEQUENCE personid(ASINT

SEQUENCE deptid[ASIH

Insertlaldepartment
INSERTINTO deptv(oid,deptname)(

,'DB2'),

(NEXTVALFOR deptid,"Compiler’)

UPDATE dept[SET budget/=[1000000

OID [TITITT]

EPTNAME MMM GR

V_ N

1[DB2
Compi

er m




Somemorefun

Need[amanager

INSERTINTOL

mgr(oid, (name, [firstname, [salary, (bonus, dept)(
VALUES(Mgr(NEXTVAL FOR personid),[]
Manager','Manfred’,[150000,

0000, dept(1))

UPDATE deptv(

SET mgr=empVv(PREVVAL FOR personid)
WHERE oid[=[deptv(2)




Cont'dfun...

and(somelemployeeltolrunithelshop

INSERTINTO emp

(oid,imame, [firstname, [Salary, dept)
VALUES([(emp(NEXTVALFOR personid),]
Employee’, 'Elton’,130000,
dept(2))

WholisElton'simanager?

SELECTIC ASIMGR!]
IFROM empVWHERE firstname [=[Elton’
MG R [T

ManfredManager




Not covered/inthis talk

Transform(functions
bindlin, [bind[outto@pplication
map(tolandfromlexternalfunctions

embedded[SQLI[Support(



Developers@Work

Dynamicldispatch(forimethods
method/constructors

Tightlintegrationiwith[Java(SQLJ[Part(2)
SQL typesibasedionlJavalclasses
No(transform(functionsineeded

Furtherlintegration(LOAD,l..)
Collections
...[youltelllusl...




Summary

DB2[V7.2[supports
Structuredcolumniandirowitypes
Inheritance,nesting/andmethods
advancedlintegration(intolRDBMS

vViews
triggers
Rl/check(¢constraints

Morelto/come
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