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class employee {

/* Variables */
string name;
string address;
date start-date;
int salary;

/* Messages */
int annual-salary();
string get-name();
string get-address();
int set-address(string new-address);
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int employment-lengthQ);
};
A nflenuaesnand employee azilsenavlidaasiauils name waz address %aﬁmﬁm%gmﬂu
string start-date Riladayaiilu date was salary Hatiadayaiily integer wsavdatldnaznauanes

419813 5 119813 A annual-salary get-name get-address set-address LAz employment-length 119

ansusiazduinisinuusatindayalisund munsdrtisaesnisneuauasdayandulidinngn iy

3. Inheritance

Tuszungudeyadeingatlsznevlftanraiasuinnnn etwlsimupaanats 7 Aaaas
HAnwozAde 7 U ATl WiINIULedEI AT AziAnEEAdeiugnAT Wi Te et Tnadnid
s

auans LN HIENAd e uIRIAANE 9aziand E-R Taazunsuludnsnizaesandudu

284 specialization (AMMNANAUSULIL ISA) ﬁqgﬂﬁ 1

person

VA

| ernplo_vce| | customcr|

v

| ofﬁcer| | teller | |secretary|

917 1 uamsaAUTUIRIAANALLL Specialization

WANNNITRIAALTUIBIARI AR IMEELTU specialization 1w E-R Tma U7 2 wanadnduduaesnang

wdeu ER lnazunanlugili 1

person

empmomcr

officer teller seCretary

917 2 uapsanfuduIRIAaaTNHauAY E-R Tuglh 1

Sdo

avuduaspaaaNnsnnuauAdiaaeslafegln 3 lunfidsldaanaafisisnispeus

ATANA



4 SUUTUGOYAIGa300 394

=
unn 1 . :
Object-Oriented Dotabase

class person {
string name;
string address;
I
class customer isa person {
int credit-rating;
X
class employee isa person {
date start-date;
int salary;
I8
class officer isa employee {
int office-number;
int expense-account-number;
X
class teller isa employee {
int hours-per-week;
int station-number;
I8
class secretary isa employee {
int hours-per-week;
string manager;
I
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A isa Mddwiuuenineanadulianeuzdunaatuiuanaaanils  lnasFanaanadn
specialization 91 subclasses ~ A288NITU  employee iflu subclass 184 person LAY teller lu

subclass 1ademployee Tunnenduniu employee My superclass 184 teller
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6. Object Containment
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2. Persistent Programming Languages
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o 1422  alladeyandudaunasuuaniadiaing

o

BoeN 1423  nisduAudeyasiinidudeus

o

Bosn 1424  neainadeyanduteunaznisaiedng

a

159N 14.2.1 ANMNANNUSLTINGN

Nested Relations

o G o ‘:; :I/ 1 U 1 aa sﬁl a £ a =
AnmuzredTadun INF T Arvesdeyavesusiazienvsios iy dlasesidmgsainis
WLIWaRY3taril  waslawuaaswamvistosiulianunsouacieslsan  IaelupanaN NS

1 agll 3| ] a o o rd‘ 912’/ . A o o & v o 2’/
mgumﬂumwnmwmimmmm‘wuﬁ EI]QI@LNHQW@@?/L{"L&VL@VN atomic mmﬂuumunim fatiunna i

a < aa o = Ay ' @ A o v ' a v a =
yilanile Adayaresuanvisdouisanadlldvaiae uaranasilifiadutouatTuydlald Aatsoun Tia
1 R(a, b) HAndayanes b fluSadu(x, y, z) degd 71

a b
X ly [z
Xy [z
X ly [z

917 1 uansAnNEUzIR AN NN LS TN g
ansiatANdNRLsITInguaasdayaninau Tnadnaiudeyadsil
employee no THANTINI1L
employee name Tawinau
. = o ey
child name  Teyasvasniineu(@ lduaunw)

. . an Ay 4
training list ﬂimmm?@mm(ﬂwmmm)
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dunivualisaduiiasiadunaafiudeyasinanndiediu - aznudndeya  chidren  uas
. o = e = = o Ao
training AzddnHUzadlAWUA nonatomic AagUR 2 uazgUil 3 uandsiadu employee NHANL LD

Touui atomic TeilAaNITR TNF

empno name childname training(tno, tdate)

105 John (Jane, Eric) (125, 02/05/80)
(168, 07/06/81)

(198, 03/04/83)

123 Anna (Maria) (132, 10/04/80)

(145, 06/10/81)

a o

917 2 uanssiadu Employee Nlddanianti® 1NF

empno name childname | tno tdate

105 John Jane 125 | 02/05/80
105 John Jane 168 | 07/06/81
105 John Jane 198 | 03/04/83
105 John Eric 125 | 02/05/80
105 John Eric 168 | 07/06/81
105 John Eric 198 | 03/04/83
123 Anna Maria 132 | 10/04/80
123 Anna Maria 145 | 06/10/81

'
o

717 3 uandFiadu Employee NHANIANLTR 1NF

a o

AenudBedu  employee lugill 3 HAdnmauzaesieridunisiuseiudingsu(Multivalued

o

dependencies) Gﬁ
empno —* name
empno —#* childname
empno —## tno, tdate

sadanausnuensaduliielu 4NF Al

(empno, name)
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(empno, childname)

(empno, tno, tdate)

'
=

N o Ay N o
gﬂ‘ﬂ 4 LL@m\ﬁ\l’@qﬁu'ﬂiﬂ@’]ﬂﬂ’]ﬁ'LLmﬂiL@ﬁ]u employee

empno Name

105 John

123 Anna

empno childname

105 Jane
105 Eric
123 Maria

empno tno Tdate

105 125 | 02/05/80
105 168 | 07/06/81
105 198 | 03/04/83
123 132 | 10/04/80
123 145 | 06/10/81

917 4 uanssiadun 4 NF

o

Finduniamant® 1 NF Tugln 3 awnsousasliediuiednsoizaesdeyaniinisdnivly

¥ [ Y = o dl U dl o U v P2 1 d‘
goudaya wi SrRansTiaduluglf 2 aznudiaunsafiazinanudnlaludeyalfiiandt fiesann
nsdurudayalaeiiall azlills  auladideyansesazsesatlugilaas 1 NF(AdeyaiiesAmen)
wiszaulanudeyaiiunguuinnds Gsasnudiniadundanani® 4 NF lugld 4 azfinainlinnsdudu

Y ~ o v LA Y . oA e \
"ﬂ'ﬂ;ﬂ@uﬂmwﬂuﬁﬂuu’mmﬂLu@ﬂmnﬁlﬂ\‘mﬂﬁJom TEUINWTIATUNINNAN
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32991 14.2.2  lavayandudauuazuuInIegeIng

'
k7

Tuidatlaznanniedouasnsaedads SQL Nuanlviiatiatenandudan F9NDaN1TTatwT

al

' ' '
&KX o o

ngu uargluundedng InegtuuuvesAndeavenstaningiu SQL-3 meAdeazetflugtluuuAdenes

=

lllustra database system Inel llustra Wilwnesdunnanis@naes Postgres database system fnng
W anendeuisunanaditle 7 Berkley Fafluszuudnnisgudeyanaansrnainnsaideing

Wl lwlna i aduiug

Structured and collection Types

fansaundndsaeliil Wunnssmuesiadu employee AdeLaANIHAITITAY
create type mystring char varying
create type mytraining
(tno integer,
tdate date)
create type emp
(empno as integer,
name as mystring,
childname setof(mystring),
training setof(mytraining))
create table employee of type emp
r-ﬁ’"uz‘ql”qLLa‘mﬂumiﬁmumﬁm%’@H@ mystring #aflurflnamiauny variable length character A1

' '
o

dnaauilunsiouusaiindays mytraining dvilsznavlildog tho uay tdate  uazArdananuiiunig
Avuntdndaya emp T9lsznavlilag empno name ngupe children WAy NANY training  UAY

Adegaineilunisa¥19mnsg employee  T9AINANAIAINA1IAENUAIRAMNLANGNAIN N1TAFI96N

[

k3 a o o & d‘ £% aa el o 3| k2 k2 aaal
sluszuugudeyadedniug  lesannneenliivenvisdoiidneunduanld  uazdanmuaniimi
azaanliignainisnnvuariinsesdeyailuuenvstofuuunas(composite attribute) UAZWOAYTLE

wULVANsIAN(multivalued attribute) loiaging
v [ % a ¥ dg{ U < v
LIRINTNATINAITIN employee 1mmﬂ[§1§'\‘l Tmﬂummmwwmmmﬂmm emp ‘?.I‘L!N’]ﬂ‘ﬂuﬂiﬂ
create table employee
(empno as integer,
name as mystring,

childname setof(mystring),
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training setof(mytraining))

A

Tnaminliludn dnwourrtadeyadieiouil azatiuayuatindayauuunaaiaadiycollection : Aa
doyanliiandy uazanunsoideyaldvans o Ardeya) Wuezisdi(array) uaziiasims(multiset) Fiaaeing

LU ANNRI AN LeRYiTH telephone THALTRTY employee TeniineauumazAug1nnsai nsdnsils

a
[

PALNNIELAT LT1RLNNLBAVFTNG telephone A9Tl
telephone mystring[3]

FINNNL DD URIUNNELAL N T ANTURINTNINULFAAL ALY TIELIHBINNTNTILINUNNE
o o PR = Yo o = v =R - \
walnsdwivunaaanunilspanunenaesls famnsauanlaiul wsziinedadedayauuvazisd  us
dusnvuadayaTnsdwiilidu  setof(mystring)  azllasnsavanlfiasdvunaaalnsdniilau

N
ansLwinle
Inheritance

nsdunanfanisnadunisiuriaresdayalfiduiu fastadu auyfdnalsnivusaiia
o o X
1RHANUIILAANANY
create type person
( name mystring,
social-security integer)
:l/ ¥ < ¥ dl v o a dl Z’, o ] < @ ¥
AMNUULIIANNITINULDYANEINUUNLTEU WATAY TIYNUNLTLULATAY Gl’]\?ﬂLﬂu‘quﬂﬁ@WJﬂ UM
A AsdwsawnsnldauaniinisduneaunnivussiiadayainFou uazagldnad
create type student
( degree mystring,
department mystring )
under person
create type teacher
( salary integer,
department mystring )

under person

MnFeuLazAIANALNenRAIANLTRI8Y person A8 name AT social-security NANYLHTN

student waz teacher (o1 subtype 284 person LAY person Si) supertype 184 student Wag teacher
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unn 1

anyAd sesnaiudeyaresddanuteacher assistant) daifluiarinFauuazag e

a

Wi UATANIRATaLFINLNUNGY  LWaAATEENIY multiple inherit  tssUUATUAYY multiple inherit

IdNNInMUATHAdeya teaching assistant THasil
create type teachingassistant

under student, teacher

£
o g

teachingassistant AzAUNAAAMANITANIMNATEY student WAz teacher ATWLANUARAYIZLAS

social-security name way department 13 ngegluri student way teacher  Tawanvislas social-

security uay name lgnaunenuian person wilauny AiAskiiiaaudaudisainnisdunen

a1N student WAz teacher Wa Lamvi3ta6 department anainANNdausldiiiesann teaching assistant

| o A dl 1 s a dl o Z’/ = a o v 24’ ¥

anaazifuinFauluiEunuil uienanstazaganununuile Asiulunisuaniaesanudnudll 131azld
ax 44 X
AEN9ILRLWTe Al

create type teachingassistant

under student with (department as student-department) ,

teacher with (department as teacher-department)

Reference Type

N Eingatiuayunisgnsdedelidn Tnenanvisasfuiia | 194 mﬁm%mﬂﬂmmm‘ﬁ%ﬁw
ali/ansetinuileld fetnatunisinsdaliimiadi person T89UeAYETAR childname &1xn30Tey
Iuallasail

childname setof(ref(person))

=< aa & & v a ==l|e» 3 o o ¥ a dl
nunefauanyiztafidumnaenisensaelungai&n person aNNIaANTTiuNIEeae LN

a) = o v & o a o G k7 . di 3 3 dl
mﬂmm‘umu person InaneldatnanaasTiadu person mmumﬂy‘@‘l‘u childname WANIULUN

foreign key ~vFnan3auieAe 14 tuple identifer aavusiazyTlailusagnsdunuy
152991 1423  nsAUARTayaTiaNdUdal

' '
v v a A o

Tudetiazuansliviudenaldands  saL  iedududeyaniatiadayandudeuludnmme

al

AN
Relation-Valued Attributes

a o v v % ‘ﬂl o ‘ﬂld éﬂl = 3| ° y
1N employee OIANNITARNTAABINUNINUNNLATTD Jane ta@unmasuiluangs

¥ o

X
select TRt

select name
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from employee
where “Jane” in childname

\1Fenuenyi3tos childname 91 relation-valued attribute @9azt/sngegludiauaes where lu

ANAY Select 1178 AUAANTATBINUNIN UASTATBIYAT WINIULAAZAL A1NNI0ITEUAIAY select

select E.name, C.childname
from employee as E, E.childname as C

Wesannuenyisias childname 2847894 employee (uiadlszinn set-valued  AatiiRg

anun30 1 ludanuea fromle

¥ v

an9nld aggregate WeridwiNeanfiunisiungudayald  uasuaasTawineu uay

al
£

AUIUATIBINTINLEATAY Annsndisuiluaids select laail
select name, count(childname)

from employee

Path Expression

«

w1 lddtyanuniqn () ienisgnsdanenvisiosnlsenaufuiuwesavtosuanls iy auyFie

alal o =3 v

A u‘?{mwmﬂ@ phd-student WazTadu person TntinuuaTienuTedsatusl
create table phd-students
(‘advisor ref(person))
under person

studesiasnisdumdayatioses advisor eatinFauEaoeniaunn aunsnday

select phd-students.advisor.name
from phd-students

dl . IS ¥ =< aa 3 dl ¥ a é‘

LUA9RN phd-students.advisor WN1TANONULARANTLIR name Tumn919 people TINITRNAIU

Hiedeunns join sendndiiadu anndaesinadnedu Sl isldisnnse1ede Wad advisor 2e93iadu
J

phd-student azfaadli foreign lUNTIadu person antiufaziinig join s2udngdiatu phd-student fiu

person fag foreign key Imengazizaniinasd phd-students.advisor.name 9 path expression
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Nesting and Unnesting

NM39 unnesting  AanTsutlasAnudniusiingneglugluuy 1 NF o Ransauisiadu
employee Huaavisting childname wag training AfluAuANAUSITNGN  anyAdssaInIsulads

o o M ome o s o
\adu employee Taglugluuunlaiizadudingy arnsanldiag
select empno, name, C as childname, T.tno as tno, T.tdate as tdate

from employee As E, E.childname As C, E.training As T

o

Inafsauds E Tudszlaa from unnssendresanaeddiadu employee  fautls C fuun

PALLARALAATIILAA childname WazALLST T AAgnUUATaLIIALAANZLAS training

Tunenaufudmiamsudasannsiadunieglugl 1 NF - lilidh@edudinguazGandiniin
. ° . Pynon o ' £ A o o ' o A o = Py . p
nesting 113911 nesting azld38n19d9anga Fallevinnisdnnguudn azmileutuinisaine multiset 3

@i uIRUAATNENTUNT  UAINNNIAY multiset NAUAUNIUNWNAY WY aggregate  Fatingitu

'
a o A

angiit 3 hisaduieglugt 1 NFeadesnisuladlieslugiaes avndiiusidangu awnmndan

(%
a

Wuanda Tamaeil
select empno, empname, set(childname) as childname-list, set(training) as training-list
from employee

group by empno, empname

¥ [ % [

FaW 1424 nsadeAtayandudauLazn1saseing

'
3

Mrnunflunisninuartadeyanduden  waznsdududeyaliFaduniniitvusatiadays

a

o v |

ndudeun lwirdetaviilunisaieuariliulpdeyaliziaduniisindeyandudey

A v = = N o PR
Lﬁ"]'&’]lmﬁ'mLWN%@H@MH\?HL‘]J@SLH?L@%H employee 1@@\1“

(105, “John”, set(*Jane”, “Eric”), set((125, “02/05/80"), (168, “07/06/81"), (198,
“03/04/83")))

AMNANFIFING1Y  AziuINIa Aty aresianyisiafinas(composite  attribute) IneinTg

v
o v o Y

AuuaLlusen1 i luady wazldauan set Wudauendn Wualadayandudan saiudnazdenls

al

[
v o a

ag/lugluesAnds saL amnsndsulsae
insert into employee values (
105, “John”, set(*Jane”, “Eric”),

set((125, “02/05/80"), (168, “07/06/81"), (198, “03/04/83")) )

v
o v ¥

a ‘dl 7573 t-dl A % ¥ val % o o 1 1
@ﬂ‘mLa‘ﬁmma‘ﬁmﬂ‘ﬁ*’u@u@musnﬂulummumum@g@"lmﬂmﬂ ANRIRNEILTY

a

select empno, name
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from employee
where name in set("John”,”Anna”,”Tom”)
o alx ¥ v 3| =) Y v o o dl' L% al o al'ddi 3|
mmmwmmﬂummmumm&a TURANUNINULAZTANUNEIIY ANNTLATL employee “I/]N‘]]’PJL']JLL
| =
“John” 178 “Anna” #iga “Tom”

wianmnsnafedayauuy multiset IneldAds multiset unu set 18 Ganadngaziflunisaiia

A s 2 a) d'
ﬁ"]ﬂﬂ’]ﬁ‘ﬁﬁ"ﬂ'ﬂ&iﬂ‘ﬂ’ﬂ\‘i"ﬂﬂNﬂ@ﬂ’mium I anidy ]

Tunisa¥edetiinaesdeys wiasldiaridu constructor  Gearidu constructor 1astHindnsya
= a N X [ v < ' I3 o o . Yo oy I
T A8 T() e constructor gnizenTuniadwdeiianludees T Aazinnisiiuus oid Wiiugethanuay
d4dalian naunn A ntiudeyausiaziresdeiidaniazgninvunsideya

a9 ldANde update Watlfuilgsdiayalisiadundudeuls wllauiuads update

dlugudeyadedniug
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