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Object-Relational Databases Systems

Object-Relational Databases 0 g 19 pyafigna$19A13L11 YD Object-relational
data models éa Object-relational data models Lﬂuﬁ'mnnﬁlﬁnm‘mmmm'um relational data
Tnuns W type system ﬁt‘ﬁuﬁui’m‘lﬁﬁ object-oriented WY MININUA attribute YO tup
complex type 18 miquuawaﬁﬂgﬁﬁ'qmﬁzﬂu,uu'luﬁﬂumwm (ables Sezaandmindld

relationa! databases fidpan13 19 object-oriented features

10.1 Nested Relations

o
14 relational database {114 first normal form {INF) flo attributes ﬁﬂ‘nuﬂa 84l

domain. Domain #1349 21w atomic &1 element Y83 domain Euq definraud g
utiendiumiaotes1d drodeveamsly INF Fo195714 9 Wuszausunis edelsfia
Saenwnetned annsadiuidfu INF winfldunsh yrudoya AB set of objects wan
supah grudeaya Av set of records 2 susay object 019ABIN3 records WINAT 1 record Tu
AR ans S enasTiyuue LY oneto-one Fit1eu 18521314 user’s intuitive notion
of an object 1ag database system’s notion of a data item
Nested relational model fBN15v818 relational model uduuo9 domains éﬂt‘ﬂ 'lﬁ"f? 4
atomic N30 relation valued A fo U value 491 tuple YU attribute ¥ fjﬁﬁ'} ‘El‘li}l.ﬁ‘u relation (0%
relations Ap19g A1 13n1014 relations Complex object nite Seamsonaaslflap single
tuple W84 nested relation & U nANLI 11D tuple VB4 nested relation vt data item 1ufBL3 18]
amndfuidsenang data items Uag objects hapuueswesdld yudoya uda
@20819U84 nested relations daiﬂﬁmmn office information systems IATRIIIRININ
document-retrieval system Fasuiudoyavesusag document &t
® Document title
®  Author list

@ Data acquired

® Keyword list
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MIMIINTMUA relation T Tudoyadendiney

= ., ® <
‘ hu 1) domains $ 71U UM 9@ ufly
nonatomic dornains A1

title Author

U set H3® structured 15U MyDate 14 fa ‘!f U composite attributes 0¥ multivalued attributes
910 E-R diagrams 92 gNLTA4 1ABATA
sransed ez adie rble 18 Taoasa Taslsiwanmsadis intermediate type A3y
table 194 table doc ansodmualddemelid
create table doc
{name MySiring,
author-list setof(MyString),
date MyDate,
keyword-list setof(MyString))
Complex type systems unaLd ﬁ"uﬁuu collection types éuq \FY arrays W02 multisets
(fufle unordered collections &4 clement 195l 18 naen i) #r901amsAmMuA attribute
ao Ui uanaien131% collection types Aand1 :
author-array MyString[10] |
print-runs multiset(integer)
author-array ABUNIR ARV author names 1 array fannsafiszuenidilasfe
AUAIAULTN "lmﬁaé’mimuﬁﬁam?ammmzéuq FaduSuyiia set vz himwisonld
sz ima i3 S e gy attribute AABY print-runs 7D multiset vouav§ AN 1§ MY
uﬁms‘hu'auﬁumluﬂwﬁnﬁmiazﬂ%:ammmﬂmi eannmaRuRapanie1eil iR
g S mutiset Sapasgrldinnndifiendiu set
10.2.2 Inheritance
tnheritance 11130513z YD types wiefseiIves tables AN s miIndiuns
#9795 inheritance V04 type duyATus WM slsemin type dmTu people :
create type Person
(name MyString,
social-security integer)
seedeemstiiudeyafimideaiy people iy students uaz people Iy teachers
{oa9nmT5e students Ha teachers AR people k51e 10 1 inheritance e mun student

} 4
1Y teacher types ARl :



create type Studenr
(degree MyString,
department MyString
under Person
create type Teacher
(salary integer,
department MyString)
under Person
1"{1 Student UaY Teacher inherit attributes 499 Person AR17AD name Lo social-security
Student 402 Teacher §M38NI U1 subtypes Y89 Person 1A% Person AB supertype Y04 Student
9V Teacher §28
miniusdesmsifiudeyaues eaching assistants Gt students g teachers &4
019014 department fif19fui 14 S minszunve s 10101 @Y W multiple inheritance
st Aun type 611131 teaching assistant il -
create type TeachingAssisteant
under Student, Teacher

] »
Teachingdssistant 773792 dUN oA attributes 15 INUAYDY Student WOY Teacher 1] Yni

.

=

4 < 4 , '
wiiaiiadinne {11970 attribute social-security, name Wag department 1801310 Student

e

WALNS Teacher A0

Attributes social-security LLA% name @ inherit 47917 common source, Person @ Qlfuﬁd
Tuifennudaudeiuduitonnninms inherit 7 Student uag Teacher 0614 5% attribute
department QN IMUALEAAY #1104 Student tns Teacher ¥4 1un1ufiu e sudn teaching
assistant B19471U student Tu department ‘H‘dd uaoruu teacher 10N department nif\a

Wendndosnnudaudatusznia occurrences Y84 department (51173 00 Bonde
Treld as clause Aauerasludaogiansfmun ype TeachingAssistant a0 T4/ -

create type TeachingAssstean
under Sudent with (deparment as student-deps),

Teacher with (department as teacher-dept)
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Inheritance Y84 types A3 7 9z gn1¥od1esziaszTa prudeyavesuniinody
WH U d 9819 3ivaie subtype Y04 Person \¥U Student, Teacher, FootbalPlayer, ForeignCitizen
uae EJI"N 7 Student 19 v subtypes VB3 #2119 9194 UndergraduateStudent, FraduateStudent HO S
PartTimeStudent 402 person Wit muﬁﬁmu:mrhif‘lﬁu’mﬂ'imﬁqﬁmuz'lunmtﬁmf'fu
S miuuAng entity 15718038in15 91 ua type Fnmizinzee srenvesiinsaing
subtype @11 UY)N% combination #1180 ¢ suprtype dmTuA 20619009131 1310194
subtypes 1% ForeignUndergraduate, ForeignGraduateStudentFootballPlay 1102 duq Tenldd
519251811491 subtypes B4 type Person 86 HNMIMND
BRI s an i luan 1z uIngeuvea database systems An 1H object witsdl
multiple types (1uf® 13iABa3) specific type §1421377) Object-relational systems A3 aard i
348 Tapn13 1% inheritance 1132 #11 U4 table UNUTEAUVB types woz 1 entity witeq Hlu
table WNAT M table T REIRU @ IIDUAAIAD fravesiii Iasldeedisves
students LI teachers SABULSN 151RMUR peaple table saft -
create table people
(name MyString,
soial-security intger)
TUFTMUR students DY teachers tables :
create table sfudent
(degree MyString,
department MyString)
under people
create table teacher
{salary integer,
department MyString)
under people
subtables students WY feachers inherit attributes ﬁgﬁﬂi}ﬂﬁlﬂﬁ table people CENRY ﬁnﬂu‘ﬁ

1 ¥
¢ &0971314 subtables (19U teaching-assistants) ¥ inherit N students QY teachers HONIN
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® uADY tuple YBY supertable people 4113 0ATINY U tuple (FUAB values
fifuAeIfudmMTuYNe inherited attributes) 0 619310 7 qaif sam 9 tuple
dmivuAag tables students L2 teachers
® udAnz tuple T students A2 teachers W2 ADITRBAN T U AT tuple 1u
people (ﬁuﬁaﬁunﬁwmﬁauﬁuﬁm%’u inherited attributes Yi4Hf)
w1nUs1n9190% 1visn 819925 wples T students (30 teachers) finssfuynna
A By dmnlillidoulviies oesiinil tuple wilalu student (3o teachers) 344
#3301 tuple lﬂmuﬁﬁadiu people ¥390 199 A5 3MUNEW tuples 11 people Feaomemani
higndesfunnuiusiadusafiduihidoranan
Multiple inheritance 114RD1AATURY tables Ruderfusufidady types (¥U
teachering-assistant entity (U304 table students ¥ table teachers 88123 ARIIMINEG T
Aoan133 101150519 table #1135 teaching-assistant entity 151U 1v0 ¢ table students A
table teachers 88139 13AA M I IR BIN ST 11508319 table d 1131 teaching-assistant
entities ﬁ@ff:
create table teaching-assistens
under students with (department as student-dept),
teachers with (department as teacher-dept)
dodmuanraenndeadmiy subtables Aoefusosit Srimits entity goueasly
teaching-assistants table Tufioy ﬁ’mqnuﬁmlu teachers UAZ students tables A2y
Inheritance %1113 5 1110uA schema fln210f UB53u R INTY 1101505 inheritance
VO tables §OBNLYY schema 93ABA link tables 33MT14 subtables TasiAUFA Tay subtables o2
ARABIIY supertables ATUNT4 primary keys UAZIZABIRMUATEL 1Y TEH10 tables (O TUTBY
19 referential a2 cardinality constraints 711314 inheritance ¥1 ¥ e 13014 functions 714 Qn
Amual3udaueq supertypes 1114 objects ¥ subtypes 1 oz 1691 ve10189 database

systems 3UuUYHa ny1d
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16.2.3 Reference Type

Object-oriented languages IWawauiselunisdndatatag 14 atribute 4049 type
widsemnsedtelylis object voeriiafiszy 1} Aretramuns 10841184 people V04 type
ref(Person) %& author-list field Y494 type Document & mnaﬁmm“lﬂﬁfﬂu

author-list setoff(ref{Person))

Failumavoanisdnadalilils Person objects

Tuples 484 table nitsansngnd 1t 1dRuuiu n381909 11183 mples ¥04 table
people 5 type U reflpeople) 131011158 implement 117819841184 tuples ¥4 table niteld
Taun13 14 primary key YD1 table TuBnStniludaz tple ¥o4 table wite 8193 tuple identifier
W implicit attribute (attribute ﬁqnuﬁau"l%) warn1381eBe 118 ple nila swnse

° . . 2 [ ar . A i
sz 18 Tnems 14 uple identifier Berifuigu@enfiy attributes DU NN1910 super tables

10.3 Querying with Complex Types
Tudquveaiadeid Wun1sinauodauvod SQL query language Wedantifiu
complex types Bududretune : fumdsunzillunRuivsudasonms &4 query aolulil
Fmthiigana
select name, date year
from doc
doduna field year 484 composite attribute date Qﬂé’NgﬂﬂUﬂﬁ % dot notation
10.3.1 Relation-Valued Attributes
extended SOL Iiiwnviniteq erunsodlszuanalylél relation Tdynuvs iloiiveves
relation ifuq ﬂﬂngﬁu w10 from clause #2835 19 subexpression aapasei Iiannse
ddofvnalnzaadng nested relations asintheso i
auyAI 31 1A IR relation pdoc Sefimaerdae schema feft
create table pdoc
(name MyString,
author-list setof(ref(people)),
dat MyDate,

164 CT 316 (S)



keyword-list setof{MyString))

5‘]L‘i1ﬁ'ﬂmiﬁ’uHu‘i)ﬂﬁ‘l‘iﬁﬁﬂnﬂéﬂﬁﬁ”l’j"l “database” 1 udunileues keywords (3761175 0
1‘?!’ query ﬁiﬂ"lﬂﬁ :
select name
from pdoc
where “database” in keyword-list
Fodana 1371814 relation-valued attribute keyword-list A mnianita18 1 nested relations
Tideaiints 14 select-from-where subexpresson on
AoUTINING1R0INS relation niledfafigFudylugal “document-name, author-name” d 1131y
udnzenmsuozLAz fudsveena 1S53 14 query do i -
select B.name, Y.name
from pdoc as B, B.author-list as Y
W19 author-list attribute pdoc WU set-valued field 350131301914 from clause 59
gamaduiiu relation nite
Aggregate functions (A296191%U min,max 422 count) 1¥n1552usmyByaduiu
argument unz danduAuyomi@endunodng §3 functions mariiannsaszgnd 148y
relation-valued expression 18 134 query AUM¥ouas §1149u vouQuasd mivudazonas
amsaifon Igs il
select name, count(author-list)
from pdoc ,
iWeson author-list A9 set-valued attribute Q"qm‘: mw ile tuple 1M S VUADE author ?‘fﬂfu
mativrasa i S uefuds
10.3.2 Path Expression
dot notation #115UN 15819841183 composite attributes Aol lunisdredald

=t ol A ] o ’ A o e ﬂ-’
auyAIUI N table people 4 it 13 uradonouunsil table phd-student Fefmunsail
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create table phd-students

(advisor ref(people))
under peaple

st anse s query ao 1t U Pouns advisors #MT1 doctoral students Wavua

select phd-students.advisor.name.

form phd-students
(0990 phd-students advisor o318 1118 tuple T people table, attribute name 14 query
18 name attribute 484 tuple 91 people table m3daBaaso1¥iNesou join operations 1u
Sotasanarain Wi 19ms 81999 advisor field 184 phd-students 9211 foreign key 909
table people Tun1s AU B¥B S advisor Y83 doctoral student 15192 A1) explicit joint Y03 phd-
students 8 people relation Vg 4OYAYDY foreign key M31Fn13819Baer 0 ldng
1oy query Nesnn
finnrifeglugyl “snudents.advisor.name” RITONT path expression MNAILEUANS atribute
1u path expression 92 i single value (L‘ﬂ U reference ¥ ﬁ aluns &l vo 9 advisor) Ia tl‘l?'h\lﬂ
attributes ‘ﬁ in‘mu path expression @413 atilu collection 14 199 set 499 multi set 11NL37
Foamsiieg "lé’%aumﬁudﬁ’mumm documents T pdoc relation s niisuiily query
184si

select Y.name

from pdoc. @rhor—list as ¥
daunls v indeasounquitudnzfusaveudazionais i pdoc relation

10.3.3 Nesting and Unnesting
N5t 04 nested relation 1'1]’(]: INF (30121 unnesting ,doc relation 104 attributes A®

author-list WaE keyword-list 11 nested refations a2 @04 attributes, name UAY date éﬂﬁtﬂu
nested relations 3@ 1151804717011/04 relation Aand12 111U flat retation 4" nested
relations M3® structured types 11U attributes 131arw130 14 query Aellfoiangand

select name, A as author, date.day, date.month, date.year, K as keyword

from doc as B, B.author-list as A, B.keyword-list as K
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au1ls 81 from clause gnisemafiidonsounqy doc §auls 4 grismiindeasoungu
authors 1 author-list 1M1 document Wy 1nz K grilamiinFunsouaqu keywords 1u
keyword-list 48 3 document 317 10.1 Tu¥ 2407 1 wara 4 instance Y89 doc relation 4a g
70 102 Uy INF refation Faiihumaues query fand
N3EUIUNITIUAITUA DY INF relation 11§ nested relation 50031 nesting nesting

awoi lfTaoms Idruveovse grouping Tu sQL lums1¥lastnives grouping 1y
SQL vz iinily temporary multiset relation 9% (logically) gner$19d 1M uuaas group uas
aggregate function Wil 229052y 1luu temporary relation Tnsmse9fiu multiset unuf
msdszygndifisiannsnadh nested relation ey is7) INF relation flar-doc Sauaasl3
luzﬂ‘ﬁ 10.2 query ﬁﬂiﬂfr%au refation 1111 attribute keyword :

select title, author, (day, month, vear) as date, set(keyword) as keyword-list

from flat-doc

group by title, author, date

title Author date keyword-list

(day, month, vear)

salesplan Smith (1, April, 89) {profit, strategy}
salesplan Jones (1, April, 89) {profit, strategy}
status report | Jones (17, June, 94) {profit, personnel }
status report | Frick (17, June, 94) {profit, personnel}

Figure 10.4 : A partiatly nested version of the flat-doc relation
WABWED4 query 11U doc relation 110317 10.2 gruamalugilil 10.4 s r@esntsden author
attribute §2015uAU #26355 1371921009 INF table lat-doc Wit 102 14 nested table doc
Fuanugiii 101 sremnsedtidlag query fasielai]
select title, set(author) as author-list, (day, month, year) as date, settkeyword)
as keyword-list
from flat-doc

group by title, date
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10.3.4 Function
Object-relational systems 1 él%ﬁ 14150 AU A functions 141ns programming
language 154 C w30 C++ 191U data manipulation language 19U SQL 151929 ISA M UA
function U extended SQL dludiduuin
o1 A A A 1 T
auyAd1s1d 8413 function ¥ ¢1ii8 1 document nilsszdefnnI§iuIuye
1 4
Audaencs iemsafmua function TARIE
create function author-count(one-doc Document)
returns integer as
select connt(author-list)
from one-doc
- 4 .
INAIBE19RBYU Document HUF0UD4 type 1A8 function 92 QniTuniaY single document object
4 , _ 4
#913u argument 489 function UAY select statement ¥¥1] 3z NIONHD f11) relation one-doc il
. 1 o’: o ¢ 25 . - ] 9 A ﬂ
single tuple 1M 11U HANN TYDJ select statement AD single value 139 YADUIIPNABIARDILU
< . . & 4
tuple #91ls52NOUAIW single attribute 34 type gruloaiu value nila
. o M 4 v oA 4 n,ll & v
Function 8308114130 14911 query HIa3AUFOVYDI documents NINUAY AUALNIN
AN 1Au:
select name
from doc
where guthor-count(doc)>1
- I . A 1 @
FoFdunnlu SQL expression ‘i’l'”lduuﬁmfl‘ﬂ doc #1384 relation nitalu from clause umio
»
qniaTaeiodiulv tuple variable T where clause Frumgiiiuteennin iy argument T
£ author-count function 18
T2 11ud? select statement 91413 ae9AY collection Y04 values 14 &1 retumn type
o
494 function 78 collection type HOBNE Y94 function fifio collection NIM LA 81 return type
T . [T Y v ] . W t:.!y R & a o
113119 collection type AaA1BE1NDUN U collection Fagnad 190 select statement 92 TINY4
& & . A & - v 4 w o
wite tuple Heagdefudtusinen Srindiunaimiis tple unadNEv03 select statement
a o A ' 7ot a 4 A
sryneziiniuden 2 tuanise szyhdounssiibiiumarawatanseiten wple 1190

v
U84 collection waz iy tuple Wndludweoy
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suugmdeyauszuneygalhisdimun function 18 Tas enm Tnunsy wy o

M58 C++ function ﬁﬁmuﬁluﬁ'nmuzfrﬂsﬁﬂ'ssﬁ"ﬂﬁmwmnnfh function it mua Tauld

SQL msdmnaf sirwsayiily SQL e nsnfieensevin 18 1ne function anis fa0ta
U MR INMNNAdamaniTudoy Taulddoyatu wuple nitaq

fanction figndmunTaems a1 Tsunsuuas compile MeusnIz UV Udoy:

ﬁaagn load U0 execute #2¢ database system code éanizmumsﬁt?;‘uadamnﬁﬂ bug u

program Ua @150 database internal structure a3 on1e1d uas wihlioguen

TTUUMIAIUAUYSY database system

10.4 Creation of Complex Values and Objects
Ao i ud N33 UA complex type LA g query 7 1971 complex types
mmzﬁmﬂzﬁﬁqmm?‘n uazFurls tuples u relations if complex types
swemnsoadianils tuple gy type ﬁqﬂﬁmun 19 doe relation 1841 -
(“salesplan”, set(“Srmith”, “Jones™), (1, “April”, 80), set(“profit”, “strategy™))
tuple AuLULARIIN AR UYE complex types §114 UM (3187319 value d ¥y
composite attribute date TAYN M I1NUYD S day, month, year ﬁa;j‘lu'mﬁ' U 1310579 set-valued
attributes author-ist Wag keyword-list Tnomssyyfamndantoturaududsaudas keyword
set 1570010130 14 complex values constructed Fafuana 18 unnusnyne Susideanisfiog
1¢f tuple fand 1909 relation doc (51050 FUTR14%1 statement sip /5
insert into doc
values
(“salesplan™, set(*"Smith”, “Jones™), (1, “April”, 89), set(“profit”, “strategy™))
13189710750 19 complex values 14 quires #2061915 ifie 158007 query ) set iRARY
srwsaszyn I8fadetede Wil
select name, date
from doc

where rame in set(“salesplan”, “opportiunities”, “risks™)
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query apuninthadun A onazTufinudunae a1 anuatasi ey “salesplan”,
“opportunityes” %50 “risks”

1518015 06319 multiset values TAMUAHINLY set values TasmsnlAoudin set dlu
Cultiset list M50 array values srnsagaerdieIdludnuaziuaiiu tuple values

Tunisadieia q%um'l‘nms 15019 constructor functions constructor fanction
g1 object THo 70; L‘SJE]‘iJuQﬂ!,‘i Uﬂ%ull"lllu 92 @419 new initialized object ﬁmsu type T
udadefu object (ﬂﬂumﬂm“nmsmn oid (object identifier) filed newu) mrmu fields R34
484 object W QNAMUAR D 1

(3197915 © update complex relations 181a0ld SQL update clause AUl nA mm 210

M7 update A1 Sanya MU UNINALNTT updates 409 INF relations

10.5 Comparison of Object-Oriented and Object-Relational Databases

151 1AfN #1849 object-oriented database Usznsudufuan1azuIndon persistent
programming languages WUIRYIA U A D object-relational database ﬁéﬁ 3 object-oriented database
qnﬁ%’wwuuuaﬂqmm relational modet ﬁ]wuuswugnﬁ’fﬁmaﬁwmﬂﬁzm‘nﬁﬂ;}flu
Aoanatn & database designer mlﬂu‘n11"ﬂmmaﬂwmmi“uuﬂmmvﬁuﬂmmnﬁ'mmi
494 application

Persistent extension Y89 programming languages W03 object-relational systems faan
Dhmnefiaeiu mimﬂﬁmaemsﬁmummzﬁwﬁ'&ﬁﬁﬁﬂ aieisufuninTysunss) ves
SQL language Wnafleafiudoyn mﬂmmﬁﬂwmﬂ’lumiL?wulﬂsuﬂw'lﬁﬁuazﬁﬂﬁtﬁﬂ
optimization 1441t 1usERVGI 1FU A130R 1O 1 Object-refational databases 1 @Y
mﬂqﬂazgmmwmiwﬂu query #1185 w81 Tasn 319 complex data types application #2 Ui 1S
§rudeyase su1a IAuANINTAADINTT storage LATABINTS query YB3 complex data PR
multimedia data A

declarative languagc U SQL fidodunlFruiuGorvonanszny $uruniligens
114714984 application ﬂ run U4 main memory cmm'lﬂﬁamms acoeesses $rvauann s
database persistent programming language damuals application u 2‘1] nyufanaiIaIl

- \ P ; :
Jlse ansnmiuntsinaugs $ai overhead dlun 581l persistent data uAzaAATINABINS
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Iunmﬂéauﬁﬁm’fﬂagnw 1ﬂ%ﬁyalwﬁ11fu QRIANTS 1A8 programming language 861413 fin 1y
A hlums@emevesdoyaguilesninmis@ou lusunsuiawaauasinee Winy
musamediu query 1M1 application AFFUg1FeyaLszMT 18U CAD databases
JolnSouvosszuugmdeymiszimieg ansaagl1dded
® Relational systems : LULYAYYABE19418 query languages #linmannse
q9, msﬂﬂﬁmﬂagaﬁﬁ
® Persistent programming language based OODBs : HUUFHA ﬁmgﬂ 139 ﬂi’f'au,
1338 U programming language, 1lss@nFnmga
®  Object-relation systems : LuudoyaiSedou, query language AW NI0
| q9, miﬂmﬁui’:’agaﬁﬁ
Sgamarfifugniteslunsdfaluuddoetilefanuod daabase systems U9
ITULBISITIINBLIAM T Ao 1asy object-oriented database systems %4349 174
AN1ILUIAAOUYE persistent programming language Qﬂﬁﬂﬁlﬁﬂﬂﬁ‘ﬁuﬁizﬁ‘lJ‘]Juﬂﬂ‘llEN
relational database system i:‘]J‘lJ‘U”Nﬁ‘x'lnlﬁﬂ‘?“l\mu storage system mv’lﬁ'ﬂizﬁwimwﬁ
&1 object-oriented database systems uder9l¥mstesdudeyafiudaus i relational

=i
systems 1)

10.6 Summary

Complex types 191 nested relations 111/ 52 Towid M Funi55519 complex data 1u
applications $1% 21U N & 11§11 relational model ﬁgnwwﬂ #4910 INF l‘ﬁf)ﬁﬁﬂﬂqu
nonatomic types Object-relational systems 18523001 complex data éﬂﬁ‘ﬁ"ug maﬂnu extended
relational model fi U object-oriented ocnicepts 4% W object identity i1 @ ¢ inheritance SQL-data
definition UAZ query languages 1A gRYE LMD §AN3I AU complex type taz My g fy
object 1311417 U9 features #194) YD 4 extended data definition language 191 1A 63 71 query
language wa s 42U RiA u $uTnoimniz setvalued attributes, inheritance, object 1A% tuple

references.
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a L A L3 =, y
&29673904 object-Relational Database Systems 71 1WTunwtonuvaziiie ORACLE 8.05
A L= or z T
for MICROSOFT WINDOWS NT WQNﬂHﬂﬂl“ﬁ‘UﬂQ ORACLE 'm‘flu ORDBSs @31t/ version 8
o 4 4 : .
Wuduly #9115y commercial DBMSs du<4 &3 4 object-relational support 14un Informix

Universal Server, IBM DB/2 C2 V2 tiag UniSOL
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Case Study

1. fM9819YeY object-relational systems (Motivating example)
luuwurﬂuﬂqamwm‘szungmmﬂunwnmmmmms‘lw object-relation systems 49
widuilyMwes new business data processing Tavaziviuludauuna intangible products 151
adA . . .
NAd video WD video LG audio

4

13192 WITT BTN AT AU Dinky Entertainment Company w.i’lumuwuwmﬁﬁ'm
ofq Hollywood 1atninddudrulng 1du1enn1sd irmuwmwuumuawmﬁmmm
mmwmmwTﬂﬂmmwﬂvm'nu.i'lummmmmﬂumu‘lmy #® Herbert the Word %4 Dinky 1)
film YB4NEATEOS Herbert the Worm e maumntalan Dinky udu I 91nn7s
§mireRudnive Herbert's image, voice LA FIUNTIIYD4 video ma‘h’f"lumﬂrmﬁﬁhm
{%U action figures, video games, A5 IANS mﬂuwnﬁnmmunxauq Jutoya vos Dmky Qnl¥
ma‘luﬁawmmwwuﬂwﬂrgtmmm e anAnstaaiifeIve i Herbert 39394 video uag
andio data Hiardraluidudos Herbert
L1 nuudeyasiialmi (New Data Types)
%]qgmﬂ Dinky’s databasc designers wuﬂﬂmmmﬁ‘luiumsﬁuumgumnmmauﬁw
1nnfeglu relation DBMS thife -
®  User-defined abstract data types (ADTs) : 1510 A2 T WA O9IAS special
functions (e $An13 Fude ¥ 9ININ image, voice, video footage #2DE191EY
151971919 5 functions éﬁ‘ﬁ msadie compressed version Y84 image EL)
lower-resolution image
® Constructed types : 14#28614 159889113 new types Aa¥19911 atomic types
Tagld constructors M3 unsad sets, tuples, arrays, sequences uazéuq
® Inheritance : 104 11AYD data types (AN MBI NHUL VB types
a1 Sedludeduiiudmiuns types B4 §ethagy compressed

. - . @ 3 L ot o n’:
tmages LAY lower-resolution images (‘lumﬁzﬂu) mqmaﬂﬁa;ﬂmw PIUY
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-~ , . . da v o o
VARG inherit features YD nage objects 1N%N$ﬂﬂﬂ1‘iﬂ1ﬂuﬂ (Hio 9SA

115 14NBNAY) compressed image objects WA lower-resolution image objects

sieT1l{luans SQL3 DDL statements fmiudiusnen ¥4 Dinky’s ORDBMS

schema

1.

CREATE TABLE Frames

(frameno integer, image jpeg_image, category integer);

CREATE TABLE Catcgories

(cid integer, name text, lease price float, comments text);

CREATE ROW TYPE theater_t

(tno integer, name text, address text, phone text);

CREATE TABLE Theaters OF TYPE theater_t WITH IDENTITY;
CREATE TABLE Nowshowing

(film integer, theater ref(theater_t), start date, end date);

CREATE TABLE Films

(filmno integer, title text, stars setof(text), director text, budget float);
CREATE TABLE Countries

(name text, boundary polygon, population integeter, language text);
Figure 1 : DDL Statement for Dinky Schema

1.2 nsvamsfuupudoyaviialvu (Manipulating the New Kinds of Data)

A28 014115 NVB I 1341970 Clog breakfast cereal company (W’Jﬂk'lmﬁ‘lﬂ'mﬁﬁtuwmﬂ

- o
S o031 Delirios) #7214 A 3A151% 131 N 1NV Herbert the Worm Tuvmziinszofinddu

ﬂuqzﬂma'ﬂuna‘umn‘umsﬂammnﬂmwm Delirios Query d ¥ Sunananils collection

494 images 1AL lease prices il mmmwﬂu'luaﬂumwm SQL i

174

SELECT F.frameno, thumbnaail(F.imag), C.lease price

FROM Framxs F, Categorics C

WHERE F category = C.cid AND is_sunrise(F.image) AND is_herberrt(F.image)

. 4 3 _ . . A ez
Dinky 833 methods $1u2uniiaggnidionlu imperative languages (134 C) o lefu
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database system TAE methods @513 01111101910 queries 148Ny mz @ fufuidy
built-in methods Taon13 ¥ mAmilousiy SQL 14 relational language 1AH2061¢ thumbnail
method 11 Select clause 198 1% ¥ e §14 small version ¥® 9 full-size input image & 11 '
is_sunrise method 1B boolean function #4183 image §nnnmiudugiwszoifiad
Fuszdafi true nEUIN B2 is herbert AiguRuIfiuae 2 true nfudrgifuiiugves
Herbert ﬁﬁ‘: query ‘liﬂz'lﬁ frame code number, image thumbnail 118 price amM %’mqn frames ‘ﬁft
31lu0s Herbert tnzwazoiinday
Feduficennnen Dinky's executives W25 M 51171 Delirios Lﬂuﬁﬁuulu%'mﬁﬂq
& Andorra FfumaniwrSafeenisunilatnees Herbert films QAmwegii lssnmouad
1n& Andorra oM iTenma WeasaraenaammsailudegiiudusmaSidasnsde
veslsanmouniianunfifidenio Herbert films 0104 100 AlawAs Y04 Andorra A3 0
Wouludnuuzye SQL Wit
SELECT N theater - name, N.theater -> address, F.title
FROM Nowshowing N, Films F,Countries C
WHERE N film — F.fiimno AND
Overlas(C.boundary, radius(N.theater -> address, 100)) AND
C.name = ‘Andorra’ AND ‘Herbert the Worm’ € F.staris

Extended SQL 1HeAUTN Herbert Films AnwIndnY Andorra

. . w P
theater attribute Y ® 9 Nowshowing table o reference 11/ &4 object Tu table D4 @ 4di
| 4

attrbute name, address W0 location M8 NBIUT IO A Tudnd e Tnons 14y dnyel
N.thearer -> name W2 N.theater -> address WAnzau8198904 attributes Y94 theater_t object

< . ) A4 .
#4gn81984¢ 11 Nowshowing rowN 1131 stars attribute 484 film table ADIFAYDIHOA1
dmiuudag film's stars $M3Y radius methods 92 #aAUIsnaNANLTAliogluH219994 second
argument) TAOAIUN 1 first argument A% overlaps method 82N AT O spatial overlap (N7

Y : 4‘ o [ ] z . . - L g b -

ﬁﬂunmamuvﬂmmaumﬂma} 1MUY Nowshowing iLae Films 92 join fulpy equijoin

clause Tuvmzh Nowshowing (102 Countries 39S join fiulny spatial overlap clause
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2 1NA28 819789 object-relational queries AA16HUAD SQL-92 queries WALANHMY
mwizansetfiseiufe
0 Operators for constructed types : dm5u constructed types %‘fl‘lu data model,
ORDBMSs 1 natural methods §141 511 types M §antaty setof type 1l
standard set methods 9 €.3,C,C,=,0,D\J,M uag - (51eazidunagiv
Wadef 3.1
0 Operators for reference types : Refernc types @10150Q0N deference 18 Tay
M54 arrow (=) notation (s wazBeaegluriadedl 4.2)
@ User-defined methods : User-defined abstract types §§)ita Taon151% methods

W LY i 1 = T a ¥ d'
HHIA N AIOUNIYU is_herbert (ETUﬁxlﬂUQBQIHH'J%B‘ﬂ 2)

- 9 - A‘ 9/ o

2. u¥HnTeyaBaunusINRleH 1 M1a (User-defined abstract data types)

- i v 3 4 a 4

F03w3UR 1 9102807 13 colunn image Y94 type jpeg_image H4171L compressed
. 4 4 4 . \ .4
image 4 19uaAwils frame 48Nl film Tao jpeg_image type Tu1Alludumilsuns DBMS

. . _— Y . ;
built-in types 402 18gnfi1mun Tag user §1m¥1 Dinky application (R817Y image data 1Q N
¥ _ s U & A 2 3 o ot

compress TaumsiFuiasgiu JPEG Bndeeamilsiie type polygon dagnimunluusiiah 7
&4 9 ] Sa e
Fatlsznpudienisuaasgtlitsuazsuiavealsemeaniiaguiumui Tan

a3 1A eansofimun data types wiialmiiq 1dfednymedifin/ues ORDBMSs
1nsaes1e DBMS WAl uinzfAuAu objects B3 type jpeg_image 1AMAIAN object

A Y] . t = T a1 .
494 type DU (F2961915U integer) 1Y atomic data types ¥4 A 111§ 03T type-specific
. & o 4 ar o [ ' o . N
operations Fafimualan user §Fard 19370 Arodragu HddBan134mMun operation VU image
& + o
data type ¥ 3 18un compress, rotate, shrink &% crop N1331UNUUYD I atomic data type LD
method ¥8937492QNITuNI1 abstract data (ADT) SQL 4111192 8mW 12 built-in ADTs #8061
. 4 v .y . .
19 integer (¥4390 01V arithmetic methods) M3 © string (B33} equality, comparison 1A%
A . . v ¥ [ o

LIKE methods) 3¢ Object-relationat systems 3 ADTs manilnagda i 1dannsofimun ADTs
LR INLRE

2. s & s a9 + d" ] to ﬂ a

8131 “abstract” g IR uLUVrEadoyama 1Tling 121 database system Tsi§ufluvie

#oan31191 ADT’s data Qifiued1e1snia ADT’s methods irened s DBMSs Apants
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NIWBARBIIT methods TruR 1918 ey input M38 output types Y09 methods N158 o
dmTuves ADT qnfﬁ‘ﬂni1 encapsulation (1119 ORDBMSs 879012 ADTs 11 opaque types IN312
Q1 encapsuiate ﬂauuN‘lunlﬂsnmmu‘iwﬂvmﬂﬂ) ﬂaﬁamqmamxm relation system, atomic
types DUI9IHY integers Al methods YIQﬂ encapsulate ﬂueglu ADTs aatlunsfiveq integers
il standard methods i ® arithmetic operators 17 comparators 14N15U 3242090 9 adding
operator LW integers, database system i§uiudoudledanguesmsuan sudfoeuddusiy
doefdaziiie12153e9250n code ¥84 addition operator 1RuAg type 484 data ficrafuifiy
Btels
u object-relational systems A TUFAIUVDY encapsulation ﬂaﬁaﬁwﬂmmﬂwwmau
ATmuAnA e uRe3952 1313 data types uazdald ORDBMS aunsagnadie1dInsludeusn
type LB methods 71 user FeamamuAuesna i ﬁ";aci'maiumimmmﬁm'am&'uun"mi
overlay images mmsnquﬁﬁﬁ'lé’luzﬂuumﬁmﬁwmi zuv Faildounnmrefifios code
wgmwm‘fumﬁmmﬁm operations 1 uazvnaiagfidiuesdefy
2.1 nafmuantsyiatud mIudeyanaus sy (Defining methods of an ADT)
edrleofiqa dmivusas new atomic type Al9vzdo 9l mun methods i 1 DBMS
TI50RINITOILAE output objects VB4 type uHu.a"m'smmmwuﬂlums'nmnmﬂmnu
object f1¥%a1419 new atomic type 9¢ABTTUTIN (register) methods A1 1AM DBMS -
Q  size : 93RS IMIUYD bytes 71T MR item vBS type 130 special value
variable 87 items Tvrn Ty
0 import : 7314 new iteras M3 type & 14970 textual inputs (A1901919U INSERT
statements)
Q  export : Maps items #1151 type i’hﬁ'a;ﬂu;ﬂnmuﬁmmzﬁm%’mmmnaﬂ‘s’o
dmsuldly application program (A186191%U ASCCII string w30 file handle) 1u -
M 3TN new method AM31 atomic type, nsers 92409156 code 1171 method
13980 database system 89711 method #1151 code ﬁﬁwi’fuaq’ﬁu DBMS
BT Operating system ﬁ'lﬁmmﬁnﬂqu A206191%U ORDBMS 1siidausanty
C code @MY Linux operating system Tun3diii method code wrdvadeunylugy
v84 C 4nrA04 compiled Tlq object file Fiduuu Linux file system 1Ny SQL-
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style method registration command 92 Qﬂﬁ' 11Yiun ORDBMS tﬁﬂlﬁﬁuuau §U new
method ﬁqﬁ"amiwﬁa'lﬂf: :
CREATE FUNCTION is_sunrise(jpeg_image) RETURNS boolean
AS EXTERNAL NAME “/a/b/c/dinky.o’ ;

Statement 51 9¢ M Al HLUIBNIZ VB method 1AUA : type fiyauandu ADT,
return type, location 493 code yaz e method qnﬁuﬁﬂuﬁ’q DBMS 9214 dynamic
linking ¥© 4 operating system {#® link method code sﬂ'ldszuug"m%ua‘i’jwz
mmmqnﬁunftumﬁwm'lﬁ sntuse lidludgdadmiutuiin methods
$1numitadhg Dinky database.
1. CREATE FUNCTION thumbnail(jpeg_image) RETURNS jpeg image

AS EXTERNAL NAME ‘fa/b/c/dinky.0’;
5. CREATE FUNCTION is_sunrise(jpeg_image) RETURNS boolean

AS EXTERNAL NAME *fafb/cidinky.o’;
3. CREATE FUNCTION is_herbert(jpeg_image) RETURNS boolean

AS EXTERNAL NAME “/a/bic/dinky.o’;
4. CREATE FUNCTION radius(polygon, flat) RETURNS polygon

AS EXTERNAL NAME *“/a/b/c/dinky.o’;
5. CREATE FUNCTION overlaps(polygon, polygon) RETURNS boolean

AS EXTERNAL NAME /a/b/c/dinky.o’;

Method Registration Commands for the Dinky Database

Type definition staternents #1951 user-defined atomic data types 11 Dinky schema LETf an

b J
Fodnae i

178

.. CREATE ABSTRACT DATA TYPE jpeg_image

(internallength = VARIABLE, input = jpeg_in, oufput = jpeg_out);
»  CREATE ABSTRACT DATA TYPE polygon

(internallength = VARIABLE, input = poly _in, output = poly_out);

Atomic Type Declaration Commands for Dinky Database
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3. vﬁﬂﬁqnﬂgn (Constructed types)

. o A o a £
Atomic types 0% user-defined types @150 U uRees1e Iassad nidudouiu
Taen1s 198 1a 1991l (type constructors) #8615 UTIHAN 6 ¥OINIIHIMUA schema Tu
L o P ] ] o of avd
#2997 1 In15HMMUA column stars 489 type setofitext); UAnzn151uANTU column TifB set
. . =8 o Y A e &
VB text string YoNHIRdAa U film §1MTY setof syntax ABA18613MT19994 type constructor
o 4
A3 common type constructors 819 ﬂ‘i&ﬂﬂl}ﬁ"m :
a 4 2 & 4
a row(nt, nt,,..nt): istiuaastaamiliue Fhfs tuple UUIDA) Y04 n fields B9
fields ,1,....0, 31 type 81 t,,t,,...t, A AW
a listof{base) : du type fiuarasdadduves base-type items
o] < .
O arrayOfibase) : i type NUTANNY array ¥4 base-type items
. 3 . 4 .
D setof(base) : 111 type HaRIDUBARVYDS base-type items B9 set WAW50AY elements
o o Wy
F10u 19
P2 =5 - . . 4
O bagofibase) : W type NULTAING bag HT0 multiser YO base-type items ¥4 bag W
»
unordered collection 5 WIABINY set uda oy deyasinls Sruiuvesdoya
fdduidiudadney
#7061915U {a, b, b} DT {b,a, b} LAAINT bag MM LD UNUUAA 1IN bag {a, 2, b} type
constructors 131130 191 szneufnlf 1881994 setoflarrayofiinteger)) Type fignfivua
Taen 1319 type constructors 93 §ni58n37 constructed types 19098 19 listof, arrayof, bagof,
4 o .
setof 11 type constructor uanqﬂmlunwﬂsmﬂrﬁ'nﬁui’l‘u collection types M50 bulk data
types
J.LLt m‘sﬁ'ﬂmif‘l’ﬂ%’ﬂgﬁﬂlﬂﬂﬁﬁﬁqnﬂ%’]d (Manipulating data of constructed types)
DBMS 1414 built-in methods §14 51 types fadva HU Tay type constructors Tay
r ' dv 1 . . \ Pooa @ ] . u
methods e 113A 1954 built-in operations FUIRBINUNITUIANTBAIYUVDI atomic type 19
wud iy huiadeilis1ezna1afie methods d11$1 type constructors LnE s pT18Te SQL

queries T3 0a5 194az IAN13 AU values ¥4 constructed types 14peals
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Built-in operators for constructed types

¥
) . . & ] ]
Vg TiiT 19z RIS built-in operators WM TLUARE constructed types HaAuaasiu

o 4 4 aw d
Viden 3 aslinail :

4 g
® Rows : 3119nil4 item i 404 type row(n,t,n,t,,....t,), field extraction method 11 1131

annsodhdeluudaz field n, 18 Taefe dot notation i n, $1fiae4 constructors gndiou
. o A o U ]
oyl type definition 1316113014 dot i1 field 14 nested row 18 Ar8d119U
A . ; 4 .
in.m S i3 15inTia collection 484 rows, dot notation w2 1¥iniis coltection v
o & o ' H R & . . L S .
Haduiunis Aretramu &1 7 ifumila tist ¥99 rows, in, 931N List Y84 items 91N

& < .
type t,, 5‘! I ﬁawmwmm TOWS, i1, ﬂzﬂlﬁnuewmm itemns 9N type t,

Dot Aidouiulingnifunii path expression 513U Mk 12863 nested structure

® Sets 118z multisets : Sct objects N IIaITuuHELAU 1A TAold set methods LuLAL

fe C,C.=D Wit4 item 489 type setof(foo) mmmqmﬂ‘s’umﬁuuﬁuﬂda item
484 type foo 1At 14 method Aaf10613403 query favstuiade 12898013
i3 ouifi ey *Herbert the Worm® F.stars A0 44# objects (1131 elements type IRB2U)
mmannmmmﬁmﬁaﬁw object Iui1ATaeld waz - operators

uABE methods §15U sets tnsagnAmualvify multisets I8, Tasmsfuiniuya

a a - Y . a2 e P P
elements T11iuud 1iiutiy® Fadmiy operation sztfin§uiidugavoanils element

1] L 0‘: =i A 1 . .
U WHUNUIUATINHUH U clement 9{}1“?78@&“1!%118\1 input multisets 4% — sZAAIIUIU

2 4 - . 2 4
ATIUBINITNUNIS element 11 multisct N9 9910 M2UATIvRINITHUN IS element 11

multiset AV 19 #2061 U \UJ ({1,222}, {223} = {1,2222235: 0 (§12,2,2), {2,221 =
{2.2}; wor -{{1,2,2,2}, {223 = {1,2}

180

. . . & & @ .
® List ; Traditional list operations #4132 nBUAW head HIcl$AU element AIULTN ; tail 93

' A o & ' o
dafu tist Tnen13810 first element; cons, #9111M14 element WA 1d Insdaldilu

A S IR
first element TUWTIA List; 4R append Favzisvila tist a8 list Buq

{ v & o
®  Others : operators fnaas 3dmdludidraniia mdal aggregate operators count,

- | ar o .
sum, avg, max #8¢ min Feeu13a (Inendnny) galdludsinglag ves collection

& ol . do o a Y 1
type Mi1ee) 18 Operators 1131 type conversion A¥au wuyumligde A0d1a
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Wy mmmm'lﬁ’ operators Tun151&84 multiset object 11U set object Taunisan
A S doun
HENA : collection types QN5 Iu 13U drafts Y09 SOL3 standard daumivayuAuels:
wuludnasgudesyes SQL4

4. g, Feszyinguasnuusiing9e (Object, object identity, and reference
types)
1u object-database systems, data objects 1170 14 object identifier (oid) ‘H' % 33
ﬁnymzﬂmi‘luﬂm‘lnmnu lat DBMS mnum‘lumm%’w oid uazdoeTuRnreu oid
¥BaNTls object Foalufisndiutuves object D) AABATN life time vouiu Arottaru ty
SQL3 tuple T relation 7115081 U oid 14 TR 151323 WITH IDENTITY 11 1unns
Amua able 191 Tuussvad 4 voansdmua table Tuwadedi 1
oid ¥e4mils object ansagndnds (o) Sk 'lﬁ’mnﬂau“lmmm wqmséﬁam
mtuuamznwm type (ﬂﬁ"lﬂﬂuﬂ‘lj type Y94 pointer Tu programming language) "Nﬁll‘uﬂﬂll
type constructor ;
ref{base) : a type representing a reference to an object of type base,
AauguLs VA 5 mmmimnuﬂ relation ¥8T2407 1 M13 A MU column theater of type
ref(theater_t) 10 ¢ items Tu column &} 93 1984 objects YBY type theater t, # 45U rows 11
Theaters table, S3gnimunlunssiail 4
ref{type constructor mmannmﬁm‘l’ﬂu type constructors 1 1H 1! constructed types
#1081 setof{reflarrayof{integer))
4.1 1IRAYLINNIMTUBAIA (Notions of equality)
mmunﬂﬁwﬁmiw reference types U0 reference-free constructed types ¥i11¥iRaLu2
Anduq fudemilemvosamuavenia @03 objects 1 type milpufuuaz szgamunly
Ty deep equal §mn :
Q  Objects (1u atomic type (Ao ais) subobject) uoedl value WL HSe
U  Objects k‘ﬂ U Y 8 reference type LD ¥ deep equals operator | Htie A1 Tuasy

referenced objects 11?0
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a  Objects 151 1 constructed type @ & deep equals operator Wu ued vy d2u
ﬂszﬂaus‘mUﬁmsaﬁuﬁmnﬂmmﬁm objects

793 objects “Aﬁﬂﬁ reference type M Houfiuey Qﬂf‘h‘}‘i waliu shallow equal 51‘%‘1?{8\1
@198 1989 object HBIU (luflomsdradeld oid Lﬁmﬁu)

S1ehau R915041910 complex objects row(538, t89, 6- 3097, 8-7-97) 1ag row(538,
£33, 6-3-97, 8-7-97) “N type fin type YDA rows 14U table Nowshowing /93 object u'ln'lﬁ&\u
shallow cqual IN31ZARAUATY attribute value feros oorelafaw wanfieradiu deep equal 14
A1 95164 objects 81989 instance YD objects (@41} id 89 aZ 33) YD type theater t dafl
values WA #I061319U tuple(54, “Majestic’, ‘115 King’, 2556698”)

4.2 Pifferencing reference types

W14 item YDA reference type refifoo) Timioudunii foo tem Tudiuviayeaiu

Tun13WD4 foo item ‘ﬁgﬂé’ﬂﬁq B buiit-in deref0) method 32 gnfinua 1A ref type

constructor 10U19TU ﬁﬂ‘ﬂﬂ 114 tuple 910 Nowshowing table 13718111713 A8 ¢ name field
194 referenced theater _t object dau syntax Nowshowing. deref(theater) name “lNL‘ﬂuﬂTi AL
tuple ﬁtﬂu common type “Aﬁ 3590 postfix versio YD dereference operator UR& tuple-type dot
operator Auerzuyldn1s 81989820 C-style arrow operator) &114 arrow notation, name 30

Y = .
reference theater TN adde 1A Tl syntax Nowshowing.theater -> name

5. mﬁﬁumﬂ (Inheritance)

Sununfefihlse + Toatia61984114n1308AULY classes 989 objects Fiidnuazade
e way Boaunadua et $alu object-database systems, inheritance aunsogaldld
Tu 2 dnpMEAD f‘h'ﬁ%’umsﬁmﬁnm‘lﬁmjtm:msn%uﬂimamumﬁﬂ sazdmiumIad
ﬁ']ﬁ‘ll%uﬂ]ﬂﬁﬂdil (collections) ¥DY objects Fadenu alils object MERAW)

5.1 msfinvasiiadian1idunea (Defining types with inheritance)

14 Dinky database 13 121579 movie theaters fy type theater_t 0 Dinky Apams ﬂ“l‘u‘i’l'ﬂ
3o VIR IHAVEUNAIAN S nmmmn‘lﬂnﬁluﬁsmmwvum tudle theater-cafe” st
3 pizza waves uvas iaunmeuas i Theater-cafes ﬁmmwauﬂmnmn'lunmmm

l’

walu gudoya Tunsdiil theater-cafe’ Andefy theater oauALl attribute fuaaeds 310
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o

M5OI B4 Inheritance 11150 14F 5189 “specialization” A¥auIu 13
eonuyy g1udeyn 18§16 DDL statement Ao 15

CREATE TYPE theatercafc_t UNDER theater_t(menu text);
statement ‘ffﬂ%:ﬁ $19 new type Ao theatercafe t ﬁaﬁ%‘ﬁ attributes LAY methods WAL INY theater t
Wioauail attribute menu B33 type 15111 text ¥4 methods 7t 19414 theater_t 1150 1970 type
theater_t 18 anuaud Wilslumaendufu wiemns oW 18731 theatercafe_t fumen atwribute
ung methods U943 theater t

fodunafio nalnued inheritance Tilsiflunits MACRO 14 CREATE statements 14l
sz a§ra relationship 1 grudfoyn 12M319 subtype (theatercafe t) Wa2 supetype(theater t) :
Taawile object 48149 subtype vz gane 1z uiumily object Y83 supertype #20 M13N3ETIE
ERITERR operations 19 Ao 7.,'] 4y supertype (method §1¢ ﬁ’:s‘l query operations 1%
projection 138 join) Aaansnldify subtype 14 Fudhundailalgsdt -

The Substitution Principle : Given a supertype A, and a subtype B, it is always
possible to substitute an object of type B into a legal expression written for objects of type A,
without producing type errors.

n¥nMIEA ¥ code N s o g iremane queries 2 methods 71
QniIsUd ML supertype ansagnir 1M subtype 18Tasbidoaimsudly
M U8 g : inheritance 13130111 1980 atomic types 1914 row types 18 1lun13 1
supertype image_t U0¥ method title(), number_of color() WDY display() 15181150 1M UA
subtype thumbanil_image _t §115° ‘!J‘;‘ﬂlﬁ %) ﬁ inherits methods 9710 image t

5.2 Binding of methods

Tunsfmuanite subtype uwﬂ%’:qmmﬂﬁmmsm%‘uu method 71 14910 supertype A2t
new version 71719111/ subtype #1400 1)) H915041 image _t type UnT subtype jpeg_image t
910 Dinky database 19120 4R # displayg method 11 §U standard images ldau1in
#1419 18711 JPEG images (tn 313 QN compressed i uun vy §adu luns g type
jpeg_image_t 13 W U special display() method &1 §1) JPEG images a1 ufiniunelu
database system 19t1% CREATE FUNCTION command :
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CREATE FUNCTION display{jpeg_image) RETURN jpeg_image
AS EXTERNAL NAME */a/b/c/ipeg.o”;

AN new method 5’30%01?\0'3511 old method {3011 overloading %E)‘UEN method
{69970 overtoading 53119z Ap a1 1041 method Inufigniintsailus expression dr0dhaiTu
oz UDE0an1350n display) 91014 object Y94 type jpeg_image t 19214 speciatized
display() 910W 119 object Y84 type jpeg_image_t 11U 8¢ 14 specializec display method LAY e
SuUABIN15I50n display U1 object YO type image_t (@411 1% subtype) fuvzSun standard
display method Fanszurumslumisaadulelunisdon metbod 56N binding method 403
object

Tuan1ziniueu binding a3ansefin 18 Iuveis i expression g parse (early
binding) 1A 111ATAIVEI most specific type 494 wita object 92 Tigunsnndr leundiezds
runtime 411 method Tannsansivvevia ifaunie: g99mil (late binding)

53 fiduduveangu, veuvausaxtiauazAi3 (Collection hierarchies, type extents

and queries)

Database system 3 query languages @ M FUSAN13U tabular datasets Fanalnaves
programming languages nzgnﬁmuﬁn’luﬁ’mum object database odani1sfiy table unz
queries 1889 alunsfivea object-relational systems I RNIAAMUANT table AT objects
#iin@199 18 @29 6731%U Theaters table 1% Dinky schema Tu 115 14 new subtype 1%

4 A P4 o
theater_cafe’ 151483013 0131981 table Mil4A® Theater_cafes inaifiudoyafifeafiu theater

cafes LA 1310131981 query VU Theater table @avranieailu query fimifousiuues Theater
cafes table) 1319199¢ project column 40 Theater_cafes tables 0| ’Ju‘l‘fitm amﬁmm FANT query
489 Theater_cafes table 18 (i 899171370 17170304 instance YD Theater_cafes table F1uilu
instance Y84 Theaters table 153 )

unudiey W42y query 8T uusas tble (11T150UBNTZULI new table Y81
subtype 'lﬁqnﬁ'mi'luﬁ'mﬂﬁwm table AT supertype 18 A1 nfloailoasz it queries vos
table nAanRIBEVBUT 1L AT ;

CREATE TABLE theater_cafes OF TYPE theater_cafe’_t UNDER Theaters;

» . ° J )
Statement ez usn ez 1191 queries Ain33iFL theaters table #3792 run over 11 union
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¥
YD theaters 1102 Theater cafes tables Tunsdiii §1m3dmua subtype §i method overloading,
. A o 3 [ 14
late-bined v2gn 1o fseiufamsBon methods Amwizaudmiuudas tuple
Y 4 ¥ o .
Tnevia i UNDER clause aransnldimoardadu1idndule arbitrary tree) vo4 tables
' 3 v owed a . 24 . .
A9 14 Faru 1979z 14 Sunin collection hicrarchy #9 Queries 484 table T 1 hierarchy fi®
1 4 ¥
151 run over ¥94M13 union T LAz AR (descendants) DI UNIVIHA syntax INUBUE MUY
AIBt1AD keyword ONLY @113 141 FROM clause 04 query 14
F=1 o . o Y ] Y wa A -3
VNITUVUUNITHINUA special tables T TUUAAL type Tasde Tua Feo 148y
a q’; Al e ] o & ¥ ::l.y F= ]
references 1184 instance NIMUAVE type ‘mm;ﬂu JTUUDYD Y tables IMATUYNITENI type
o ¥ . . ng [ o & Ay Yo v . (R
extents 1A 63 1H queries 11U objects NanundmFumila type 71 1051 1291 objects srogau
=4 . . o
Tvulu grudoya fa 1w 1as type extents 92 3191139 collection hierarchy T 115U type

hierarchy Nifiennyifu

' b o . .
6. MIdaNIIUY ‘m*tli:)yamﬁ%'u ORDBMS (Database design for an ORDBMS)
Data types #1199 #ilio 17 OrRDBMS 1 Temaundeonuuugiudoyamuise
. [} J a af i

sonuuugudoynldodaitusssumauasiivsz@niamundu etz nd it
AULANAIN3E M T RDBMS 1oy ORDBMS database design 1008206146199

6.1 fvtaviianaz Yoy BanunIsu (Constructed types and ADTS)

@ r ¥ <5 ' -] & . '

AIBINUINYBN3 1T NOVA MDY space probes Hauda Sutiufnnils video oo
. 4 R v d 3
ABIIBIAUM LY single video stream 1z gnInnd1fuiAng probe(ttaz Wuvnizd stream Tignsau
' 1 & a oy dy B 2 . 4 &4 o
A hlanamila sm@daeudl video Aipnile object NoruysaiFagn3 i probe Tl
A ol A' » r A r L4
3 video gniiufinluamzfigrsnarin e doyadien swnsalilfiudiuliznouneudy

& . 5 ' o o . . e '
YDINTLS video stream FaTfuinsg e MPEG 1) Ka1u information Hifiegluusaz probe

. .4 o 4 A 1 3w . 4

wiamdufn (1) a probe id Borimhfiszymila probe Tneo'li®11 (2) video steam (3) Milg
location sequence Y9I EURUUDA (time, location) 151925981 1¥ database schema 7T

anyuzeneals?
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An RDBMS database design
11/ RDBMS 1319209 LADE video steam 1§11 blob uozudazdwudmmisaziihi wple
Tumils table 31 RDBMS database design qnuﬁm'ﬁ'ﬁaﬂndwﬁ :
Probes(pid: integer, time : timestamp, Jat : real, long : real, camera : string, viedeo
:bleb)
i single table &40 Probes, nastiull rows A1 AMTUUADE prode Faudnznilives
rows WA pid.camera Uag video values TRULAR TR time, Tar A fong values (151
14 1atitude 10 longitude INBUARAT Tocation) key M3 table uw‘nmn'rmuﬁm‘lﬁ'lﬂu
functional dependency : PTEN > €V (N fl u #2808 & 1 Ty longitude) un e Snwila
dependency D P > CV vl89970 retation 51 1119 BCNF 1o 3NF 1513 decompose Probes
1o 14714 BCNF schema
Probes_Loc(pid : integer, time : timestamp, af : real, long : real)
Probes_Video(pid : integer, camera : integer, camera : string, video : bleb)
daemssonuuuiifevafigadiannsoi 18l RoBMs s lsiawddidedmae
pe19fD

Lousnlunisuaas videos 14 biobs w168 913192 A0 1oy application code 1u

4 , _ - y
external language 1B 313111 video object 11 grudoya Ainrsn11fe10 quest 31 “For probe

la, display the video recorded between 1:10 pm. and 1:15 p.m. on May 10 19967 15192 foedu

4 I 4 v : A
AU video object @33 1 probe 10 NINUA @s1¥narlunisuiinnoesa lug) tessuans

o A : 1) =)
Muadniufinniludng Atlnabidu 5 1M

o/ h [ 3. T : L a @V . . A
Jodalildousny probe vxiidwuvosnsgud ligalu uazdnLYed information 1

11 1 probe 9zognIzdanszoieta ples A9 wmnﬂﬂmuﬂamﬁml%ﬂfnuwuwm

110 TUnI51LLI9 video information 31N 1ALYO information manua probe ‘ﬁﬂﬂﬂﬂIMﬁ‘mQﬂ

A9 LA queries F&oen13 15 1R 9130194 information wwsmﬂuﬂq’lmmaz probe

BNARIDHTUTU “For each probe, print the earliest time at which it recorded, and the camera type”

o 'Y .o ' .
83 query 1140471015 join fuszMI19 Probes_Loc o Proes_Video U pid field
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An ORDBMS database design
[ ' » . ‘k .
ORDBMS hinmivayumasufifni dwsn mamnsoiy video Wunila ADT object
4 T i o (] H
18 uazifion methods Hemrugqumstfuljafiruag fAsidesmenszieiefiasasuiiy
1 . ar o & o ' o & &
contructed types 19U lists 14 sseunsadaduddudmmdsdmiunils probe lumile
» E 4
sigle tuple 1A 32UMY video information #38 AMIBBAULLIIFILAAATINADINIVD
X ) 4 > g w . p )
M3 join W queries NABININIWLUAzYEYA video 1 ORDBMS design
b a L) A
gmTualetaveasiifioeanil single relation fio Probes_AllInfo :
Probes_Alllnfo{pid : integer, locseq : location_seq, camera : string, video :
mpeg_stream)
o
o <4
A1sfinuailiand new types fin location_seq L@ & mpeg stream % ¥ mpeg_stream type
ar 4 [ + . a a [
gndmuaiiu ADT A method display( ¥l mTvReduved video Agniindinlusag
] 3
YB3 parameters NTY (start time Uag end time) method Hesnad e 1dedefisenaw
dase o o . A 4 a4
Tasmsussmnai ldiuiinianuauazaue1ve4 video tazunsmd llmerhdufign
o R L] .-.i
HUNNYOIB I MY W query
- 1 d. =
A13d0d1ausns 19z uaadly extended SQL syntax A8n13 19 display method Tu
¥ . 4 4 v o
aouflisszAunifissdunilandesnts i video minnissiiuvanuaves video
SELECT display(P.video, 1:10 p.m. May 10 1996, 1:15 p.m. May 10 1996)
FROM Probes_AllInfo P
WHERE P.pid= 10
= . 4’ o LY . 4 P
#9130 location _seq type Juvmzil inranansadmuasudiu list type Aailsznaudaonils
list 484 row type objects 9
CREATE TYPE location seq listof
(row (fime : timestamp, lat :real, long : real))
a > 4o 'S &
91597 locseq field Tunide wi'l w3y probe Admualdds ficd fusynoudronils list
Y64 rows WA AT AT fields 61 ORDBMS 1314 collection types Tugtuundu iwiamnso
Yo v A 4
4 time column 91 st 1 iWea$1anilarave timestamp values oz 14 MIN aggregate
v A A < Y 4 ™
operator 1184 list TadunaauTud v probe Hiuiinile 1s nsaiuayuyes

[ 1 4
collection types M 1¥ls @115 0UARAS query Naroa 1Adad
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SELECT P.pid, MIM(P.locseqg.time)
FROM Probes_Alilnfo P
Frotnede luliaeisesdeamsi specialized operations VLRSS
Tao standard aggregate operators #2946 1919U 151919499015 SIMUANITS method AT i sF
namdaud s sz i Taelusena1dind 1 ¥4 code §135U method fiszdoq
19895 10021BeAMTIAUN 19D probe LAZITUILATENBANA AIUHARDH f_i’lf':ﬁﬁuﬁaﬂﬁ
A IMUA Tocation_seq 3 type 11 ADT
6.2 ?}sszﬁﬂq (Object identity)
1uﬁ'ﬁﬂf‘:ﬁlznﬁnﬁammé’mﬁfﬂumﬂ% reference types W3 oids #4vzditlse Temiidie
yurmvnIiaglauialv t;jc“ﬁuﬁmu'nnﬂ’iﬂqufﬂu constructed data type M3 9 big object 131
image
& 9831 reference types 1a2 constructed types A19AAA 07 Y uAe3 9 1AW UANAY
#2067199 U N384 constructed type my_theater tuple(fno integer, name text, address text,
phone text) g reference type theater(ref(theater_t)) 403075 152019 schema 1uviadl Eﬁ‘i 1.1
'ﬁmmLmndw“?'lﬁﬁfgéﬁdwmiaiumiﬁw database updates ABTBY types fiae
O Deletion : Objects #451n1381984 019 145UNANTENVINAITAY objects ANy
'é’a'wé’mg}’imlmsﬁ reference-free constructed objects 1ﬁgﬂﬁﬁﬂ3 TNUNNANTTAU objects
81 #e6n193U &1 Theaters table 9 drop 910 §11TBYA wile object Y09 type theater
p19gniReu value i1y mal 31231 theater_t object Augeds 1dgany Tuuds u
vauz# similar object Y04 type my theater ﬁlz"lajgmﬂ?;augﬁfh
0 Update ;: Objects Y949 reference types %zLﬂéﬁui‘Jﬁ“ﬁ'ﬁH referenced object ) update Tu
mmxﬁ objects 484 reference-type constructed fypes ﬂztﬂ’ﬁlfm value dmﬁﬂﬁ’uqﬂ update
JUILEE!
@ Sharing versus Copying : ¥i ﬁa identified object €183 09N referenced 1@ multiple
reference-type items Fariulunis update LA azaieves objects 12 damaluvaiey
Smmis 818oan s T E R TY roferonce-froe types 15ABY update YRR IVDS

» ¥
object WU N9NUA
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Object identity versus foreign keys
3 1¥mile oid e e Sanids object AR GAURLNS W i3 forcign key iB 819

T84 tuple 11 repeation 8uq ud imitousufidoninms 1z ns 14 oid awred ldamils
object Y84 theater t f‘ﬂagﬂsﬁuﬁﬁiﬂﬁﬂuﬁﬂu grdoyn lruzfinsdudivonits foreign
fifoulufeResd ludmils object Tu refation fignszy

6.3 BIUVENBYBIFINIY ER (Extending the ER model)

IuRLAY ER Model w‘?aIfﬁm%’nmiaammnmu%y,a‘ha ORDBMS 2 A siirin
NG U constructed attributes (13U set, list, arrays (iU ateribute vaiues) ung s Iz 1amnso
®BALY entities 9 attribute i} methods 59eg 14 Froa195u 1514 Extend ER diagram 1o

¥ e i el 4 ¢ e . &
85110 space probe data (dydnuain I luniliReusnsfotasingy

e ——

.,
camera )
(omen
_.-—-—~—*-—"‘“‘-‘““"““-—-—“-—-—\\ e T —
@Qjﬁ, lat, long)) ( displavisiart,cod) )
e

" ""--\\- Ma-"’" ™

< pid /k ,/f ,.—w*( video N)
e

Probes

Space Probe Entity Set

all

A184019015 A1 UAYD Probes Tugiuunaasfed sl 2 Snyms sgieusnios
constructed-type attribute listof{row(time, lat, long)) HAQE YA 11 QnAMUATS attribute 18D
M1l list Y04 tuples & 95 3 fields 08197 8 Probes SN attribute 3438077 video B353i8
abstract data type object & 4T u1du 10 11I&4 Probes §n1He atiribute & S ilq attribute 1571

v 4
YONNUDIFINAS method Y89 ADT
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dufuAu 19y ves E-R model Aeiudnaminayun1300nuuuves nested
collections ATDEIFY Smitsdmudnmisgnennuunili entity wazsdeanfmuanile
attribute 31 Probes Baifiumilaaves entities 4149 Fuftomezegluindeialy

6.4 N131¥ nested collections (Using nested collections)

Nested collections lﬁmmmmuﬁﬁﬁu uadiitiRamsgadulefisinlunseenuuy
Fradagu ATl unN1IB0NIL location sequences de'luil @eyadun fiftendy
probes gnae MitenmuFaiulunseiing

Probesi(pid : integer, locseq : location_seq)
faomafonfint queries ﬁf‘i'lﬁ'm'lmmfhuiﬂnjﬁ'mmﬂﬁ'mumw1ﬁ1ﬁ'ﬁﬁmnﬂaﬁm%’n
" u 4 probe #198141% U “For each probe, print the carliest time at which it recorded, and the
camera type.” tudanianitsfiosun query fdvamsiisdun mmuﬁummmﬂuﬂ “Find
the earliest time at which a recording exists for lat = 5, long = %0 °1i 4 query uﬂ 1wisoasy 14
athaiilszanEn 19 schema ao'lali

Probes2(pid : integer, fime : timestamp, lat : real, long : real)
&athu n151@en schema 92 AB IR 1301971 expected workload LU B 3 sdeiiiuaasi
7213 L1 VB nested collections FlFsunidiaien uAuan el afornil19eis

fewaa 1dde ﬁ"@ﬁ'umﬂ% nested collections A2311BU19I2

7. M9l 3a§13 ORDBMS (New challenges in implementingt an ORDBMS)
tuade ez nudanguondndaesirl¥nisadia ORDBMS ithilrlednil
JseAna vufe ORDBMS il fully functional
1.1 ﬂﬁ‘!ﬂi’ﬂlﬁmmﬁinﬁl{ﬁd (Sterage and access methods)
{89910 object-relational databases T1n131A1 new types ¥4 data fei319 ORDBMS ¢
ﬁ'mqnﬁ'n11Jﬁ~mNdwumnﬁfwﬁmﬁmtas nstanssvihine Idszunansoifiy ADT

¥
objects W constructed objects saurtamstiae 1dedniidszdniam
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Storing large ADT and constructed type objects
ADT objects ¥u1a Ingjuin constructed objects M ldidamuduauvespluuudoyauu disk
%aﬂtymffsﬂuﬁm’fﬂaﬁuﬂz Tagaudtudlu ORDBMSs uaz 0ODBMSs I519zuansieilgm
nénfiil

User-defined ADTs @105 00199 U IR U Adainasiiunmil single disk page
iag ADTs vl gjiru blobs Tnudsanismizoimfunmm Bslasnddedumisie
VU disk 910 tuples Feus3 ININTU Tunsdiil Disk-based pointers 92 QATNY 191N tuples
i objects ﬁ"‘uq V3IY0Y

Constructed objects 9195 1AMN 1K IFHRLIAY AAI19910 ADT objects ATIfvUIA
184 objects ¥iniinezdnman/douinlas 18 g e tifetime vos ymdoya Ared 195U stars
attribute Y04 films table iiorad Ty Auanalsznevinsnulunmeuading eniiseides
g Dinky 81940413 lawaninsuansvemmannufidudous diismdamsld starts
attribute ¥9Uging tuple T4 films W32 bulk attributes AR Aoy IaA S as2 Sekeal
Aalnavoq flexible disk layout

?iﬂi]f,ymwﬁaﬁaﬂtumﬁsﬁﬂﬁu array type 49313 SAIFUILLY row-by-row (A arrays
2 arrays) 131418 subarrays 7114 Wgniftuedadeilosiu disk sxiIMife 10 cost g
nsufilgyn i 18 Taonsuan amays W chunks ideiitesfundafyedadiud oy disk
Fa Tl uTudoafunuy row-by-row 130 column-by-columm
N3RS TSR (Indexing new types)

Tu RDBMS Inseardavesnssyil sz anluasuiiine equality conditions (B+rees 1oy
hash indexes) 49 range conditions (B+ tree) #ailayn i diigves ORDBMSs Aans Wasswil

-

ﬁﬁﬂsmwﬁmwﬁm%’n ADT methods U8 operators 111 constructed objects
fimailnmsiinssaiininuiefiguin ORDBMSs Aefafuiy uddedielsfam
m'lﬂﬁn?ﬁw‘lﬂﬁmmﬂﬁﬂﬁwuﬂﬁﬁa;iuﬂt’im‘luwﬁnﬁmﬁmmﬂumdﬁ fafuunafanils
dmiuniadunsiriife ¥ ldmunsafmualdios dedasu gdmnglumsduend
Tifivaudri ADT @efApgSusuuna (fatitude, longitude) 10 1 Funmutminiy udds

IR MUR index structure Aiefuayu map queries 14
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auaanieluns g1 mis o mua index structure 19414 floSaRum access
method interface BAWFIHT314 index structure 11818 DBMS 4 index ung data g3
LU file system 4DY DBMS 92 o4 open, next Wag close iterator request 11)83 external index
code 484 user ROV NS ANAD ot lsiansiiitnfidodofe data 1u extenal index 92 i
aniinilesdab concurrency Ua¥ recover finctions Y89 DBMS f"ﬂn%'umu%’mﬂﬁnumnﬁaﬁqn
Antufteudtloniiife a3 “tanplate” index stractures ¥4 index structures Fomeruigld
pwadiaduld fufu Iﬂsm%wa‘zmwﬁ%qqnﬁ%’uﬁumulu DBMS uSsaiuayu
concurrency WA recovery Mizﬁuﬁqa AI001UTU GeneralizedSearchTree(GiST) ADAIDYTY
484 template index structure é\aﬁﬁgugmuu B+ trees gﬂﬁ tree index structures éqqﬂﬁﬂﬁmﬁa
aannnniiows 1y user-defined ADT code e hiRns s

7.2 M3 3zanananin s (Query processing)

ADTs un¥ constractured types spnmiemuinia lunsdszuiane queries Tu
ORDBMSs éama'"rfiﬂﬁasﬂﬁimu,uJaﬁﬂgﬁﬁuﬁngﬂummszmsﬁﬁmﬂs:wnﬁﬂﬂs:f‘?‘nimﬂ
YO queries A2 Tanladoiis 10e R0 ISR IMIveseel functionaity issues (user-
defined agpregates WA security) Uasind efficiency issues(methed caching and pointer
swizzling)

User-defined aggregation functions

ORDBEMSs d2uyiney 141 unsniiudin aggregation functions Musruu1dSag1d
92809821 3 methods HUTITOUND imitialize, iteratie WAL terminate 8113V initialize method
s daday internal state 4113 aggregation 69U iterate method 951 3111{9nn7 tuple finuuas
terminate method $2 AU aggregation FIHATNE ﬁuaéﬁ'n final state 907U clean up
HRAIDA1UYY aggregation function #1911 15811420 second-highest value Tuv il4 field
imitialize call 17 989AUAYDY storage M TUYARIGITATD AR iterate call zifSvuifioy
current tuples’s value i top two L update top two MUAITY $130u Uy terminate call 920U

storage 7 W3 top two values uAeafue copy 494 second-highest value
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Method security
o 4 4 ¥
ADTs finda 114wy code 1184 DBMS 1 #ao19flunad w1881 ADT {1l bug
= & o a &
1130 code Ml uduAWH 10199117 database server fan udon1e'ld 3¢ DBMS 92 Ho il
nalalumsimiitioatu ApTs i IiAadlgn 14
4 > ¥ ) 1 d
wumniistunisfleafiuilyn iAo 19 user method g interpret wannd1fezgn
N 4 d Yy : ] 0‘: Qr 1 o
compile INON 92 ATIVT DY TUUARS YU DT method Hur oAt snoufisy execute 11 dUDA
4 . .
#UIN 1IN 197 8 19 user method R0 compile 911 general purpose programming language
* »
8619191 C++ 1duddo9 ron nwueniefves DBMS lunsdi il DBMS 92 o4 explicit
. . o 4, .
interprocess communications (IPCs) 1184 user method F19g 74 IPCs NAVNN
Method Caching |
2 A o
User-defined ADT methods duntaeannlunisdszuiana uaz luauiiuesuds
nadaulngindelylunisdszutana query Afte bulk Jafinu 18 lusenined query
a o o Ak o o a
gmlszuianon10dints cache Wadnivos method TunsdintimsSonmawnounss arguments
L 3 o A i ol y
mileusiu dmTuniolu scope ¥0a1ila single query 151070 1501369713 50R method B
& A o o A a 4 a
values 484114 column 1A Inoms Sosd i uaes columm TunSednuunianitdonisad
. . 4 2 :
cache ¥849 method inputs 182 matching outputs UM table U gm'ﬂﬂga VIAUUNMIYaR Ve
4 ; L o
1114 method 14910 inputs #117 ud 292 1117130 join input tuples M1 cache table 18 Tnauu Mg
v v
Maostiawseldswiuld
Pointer Swizzing
4119 applications, objects 92 QS und1g memory uazid1dsrios TnurNK oids
a &4
N7 dereference 92 #B4Qn{1vad19fis AT U145 TUUUANTS table ¥4 oids 910
.4 v 4 4 o ¥ s .
objects ﬂ(ﬂﬂqnu)aglu memory HBHUA object O Qﬂ‘unﬁ‘hq memory applications 92 check
1 . 1 * 4 . . - w -
uAag oid fitieglu 0 uazunwu oids ¥8 in-memory objects #38 in-memory pointers 1184
¥ 1 d
objects A 11U MATIATIQNITun pointer swizziing uayy 13814841184 in-memory objects
[] & A 4 . . o o 9 1= o o W
BUNITINGT I LUONUN object N page out, in-memory references ‘lﬂumuﬂ:naﬂwmmﬂnh

unEazAvIgmuUNAY oid vosiu
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7.3 Query optimization
Tun ’1‘;“7’{1 92 A NTIN1 new query processing functionality 14 ﬁgu optimizier 9% ) di'

{Rer# new functionality uag 19u Ided wgndes Judeiiszndniamsusasdoayaves
optimizer Tu 2 AnuBLAD (new indexes W ADT method estimation) sazdadunilafediu
ﬁfg‘ﬂazm #'l1 relational systems (expensive selection optimization)
Registering indexes with the optimizer

dhe new index structures gt 1183 system — 4192 Taem 9 extemal interfaces %30
buitt-in template tructure 1% GiSTs - optimizer A0 I4Fuudsnndsiiflogelaunzyadives
113 access Gli 38 Y119 v 'u 3§ 1nde*< structure A7 optimizer 2% doaniy An {a) WHERE-clause
conditions @4AT 91 index uuq B (b) YaA1WBANTs fetch niia tuple § M5 index Yuq Aae
ei’fmgamthﬁ optimizer 9391415019 index structure 1919 A1 o e LUHYBI query 39
ORDBMSs @149 923 syntax Faafudmiunstiudin new index structures TnsszuudIu
nejdoants 1A IFuandmanyes cost of acoess aoEivuuaynad i pBMs lumsia
Tnseadrfiorgnld) uazeeusinedatiun 13
Reduction factor and cost estimation for ADT methods

m31}5215u reduction factors @113 user-defined conditions Lﬂuﬂmmnﬁaﬁmmmz
fidefimsfnuifiued w1t 1S Tuas iae 1 user ifiudSanis Tao user fitufin
method @1UTI pafuin auxiliary function Tumsysediuds reduction factor ¥89 method fian
Y40 g it function & optimizer v s Wyasfiegetranizianszneldifivs 110
witiu

ADT methods 819U A nanazifiufad Wy optimizer azdo§fa cost Tu
15 execute ¥B9 methods i cﬁuﬂui‘]mmmﬂaﬁlmmvﬁ tuszuuiiiegluilogiiu users
rﬂli'lmﬂ methods mmm‘sw‘qm cost 494 methed Lﬂummumqluﬂuw units cost ‘IIENHXN
vo Tusz vy a3 Wszdfiuidudndeindmiu users lunee m‘lﬂqnﬁmummmm
aqulaniledmSy ORDBMS AinN1s run method YU objects Fvuiede Ausasnoen It
151152151 cost 403 methods Hu 11od198a Tl et wi g liimsdiselu

swaz@vanas Juflegiude lidmsiililadaly commercial ORDBMSs a9
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Expensive selection optimization

U relational systems n1si@onezgnszdiuilu zero-time operation vt ez
fin211uA0IN1T VO uag CPU cycles $11n MUNI1SNATOU emp.salary < 10 ognasftatu
fouluigu is_herbert(Frames.image) AOUS 379 Aunlfoamsizing fetch objects V11 disk
(ag process objects w15 main memory tudnyazfineudreadudou

ORDBMS optimizers #89R 9131 1% 50 unpui10eiind1e s lunsiBonidouly
#198191%u selection query TR IN1INATDY tuples 11 Frames table dvavaiiou 1y Ao
Frames.frameo < 100 " is_herbert(Frame.image) T A ndihmine e Jrameno
condition AOUNINIINAAOL is_herbert miziidoulvusnildFniuaziseaiifions
deftuauiiu faise Feszsrvondlgmussntsmaaeyludeulviiaeald Tasii lmstad sy
fidfigalumaidenfiold function B4 costs 1A reduction factors yosTu Femmdenasezgn
T RL TR Uﬂ‘iﬂﬂsui{u Y093 rank “AIN rank = (reduction factor — 1)/cost 1 selection &} rank
qammm:nﬁmi‘fu‘lu multitable query fue19fimsidonalunisi@ienoonlaunseia
NGNS joins R FewazBoanisag expensive selection BUNIMMIZANISHTNMS join

¥ ]
unaisneudgunauaziiun dudoufunsz UMy optimization Tu ORDBMS
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Summary

Comparing RDBMS with OODBMS and ORDBMS

vaz i1 18Any 18 andnve e abject-oriented DBMS extensions 4ag #4120 1Ma8
FIBNTULANA VDA R gy IT NI object-databases (#3fifie OODBMSs 110 ORDBMS)
Bodoudy RDBMSs i1 118 uaa B ananuns object-databases Ha1w081e uAndides
fMuAfUNLIGYBIR1I1 OODBMS 10z ORDBMS B

ORDEMS A ® relational DBMS a3} 11 48106199 &aftng177u87 (ORDBMS
systems ﬁ"'wuﬂﬁﬁaﬁ“luﬂwﬁumw: 64 1ﬁﬁﬁ’1umuﬁ"mmnu°luzﬂunn?‘fmmﬁ’ sindrn
uviiﬁaﬁmsm'lluﬁ'n’fafrumwWﬁﬂwﬁ'ﬂmmﬁumﬂniﬁfnzLﬁusmmimznuﬂda) I
QODBMS f® programming language &9 type system ﬁﬁﬁnﬁuuﬁ'ﬂumzﬁﬁmduq #ndn
fauaz19¥ data object (U persistent ﬁuﬁaﬁummmmmjﬁmﬁamaﬂmﬁaﬁnnﬁiﬂ‘su.ﬂsu
anq Mo Tasseuuee 1ui‘]wﬂ’uIﬂmnnﬁa‘lﬂﬂ%'uL-t'f'tﬁ'mrtﬁ'nmﬁ'li‘imj'lﬁ'adwﬂsuﬁfm

¥ - & A {
uase e W indRssfuddumnnfiqauaz annsousmiszinn 14 Tasass

® QODBMS : ODL and OQL

2411188 mun 1 OODBMS Aie programming language A% dauaTuayy
& M35 persistent objects #az lunw v54f111 00DBMSs i mseniumyu collection types 34
F I ug s o mun query language W31 collections #199) 1§'e'§m1mgmi‘f15gnﬁ'mm
Tnu Object Database Management Group (ODMG) Hag Q) 1380737 Object Query Language T EL
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