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ABSTRACT

At present, Distributed Database System provide access to local databases via gateway
protocols. Users have to be aware of product-specific features of local database management
systems. Query optimization in Distributed Database System are normally based on statistics
collected at local sites. This paper describes a Distributed Database System that supports global
schemas, fragmentation schemas and allocation schemas together with the semantic query
optimization capability. The system also supports data manipulations on global databases with
mixed fragmentation. The semantic query optimization feature proved to be very useful and helps

reduce response time of global queries.
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2.1 m3fSuyamdanas

Query Optimization ifumsidenIsiazimsauiumsiufmidaldilsz@nsam lay
Y

18l Mu10v09M 39 Query Optimization ABMIKADAITNTHINS 1gMINeNsTBENgR TR

" " ¥
i o o o o

o o = ¥ o = ar a &
nannsna ldudrveznororunezaanarnlglumsaniunsnuAIaIAITUUY B Query

¥
=1

»
Optimization YWutiaeeniiurlszinn1adail

2.1.1 flszanananuudang (Rule-Based Optimizer)
g = = @ o o o A = A A -3 1:J
FnlszunanauuudangezimsiadiduveangmedaisssnmlszanEnm dieliide

L= o '

a £ LY o ° Y £
17 ﬁl’lll‘]ﬂ']llizll'i'ﬁNﬁﬂila‘:‘n'lﬂ'ﬁﬂ']ﬂNﬂﬂ11ﬂllﬂﬂ$lﬁﬂﬂ’l\lﬂf)\1ﬂ17ﬂ533J']f1NﬁTﬂU1‘l’ﬂ1i

[
[ 9 =

' ¥ ¥ "
adgwuvesnguazezidsnidunaiiinnioviiqa ngaodiiiusgiudnyaznsiounnd
¥93 SQL

Y 1 " = o o 13 Yt o = d
uNFIDIIATY A9ITUIAITY VUAIII PropertyForRent tazfimualvlidwanguund

ar . a d a o 4 a [
W&n(Primary Key) Aona@und propertyNo, BHIANFULABAIN rooms LazBuAnFUUADANT

city

SELECT propertyNo
FROM PropertForRent

WHERE rooms > 7 and city = ‘London’;

E 3
Tunsai falszuranauuudIngezisuudunamstszuianadil

Y Y o & ya da v & A
lﬁuﬂ1§ﬂ15l'\nﬂ§ll'ﬂu’ﬂﬂﬂlJUlﬂU'ﬂTf]ulﬂﬂ‘]i')QUNﬂﬂaﬂu city i]'lﬂNEluul‘ﬂ WHERE

¥ d’d - - = =
(city = ‘London’) tAumMatiimdwun 14 = 9 minmisdsziiumanyvdang



(r=1 Ya o w o A
msfunmuyhifiveua Taoldduanduunedini  rooms nReuly  WHERE
¥ ]
(rooms > 7) tAuMiNA&WUN 14 = 11 inmsdsziiunauuudang
o ] @ o o o w o
msaunuuuuiamsn Faldldfunadidaves SQL TAudunnddui 15
= EON) aa s w o (K ar d’q’ 'y [l A
Sunisiiswanduunedmi properyNo uaimedmiii hildsngegluieuly
v ¥
WHERE #niusahigniinisanlaodnlszuanaunudang momail dnlszuianauyues

=S A ya L4 o d & a v = o " o ar
ﬂgmmaﬂ"l‘mumnmuuﬂanuu city asmmueawqﬂ’lumiﬂmuﬂmmnmﬂu

2.1.2 salszanananuudIana (Cost-Based Optimizer)

o a aa ¥ g Yt ) w = - ]

fnlszurananvudiadagnadninilianidanlszuanaunuoing Umsiny
asaaran menidunamlszuaraiiangadmiuudazfdades Alszuiananuuse

aa aad d M 3
adalddoyannadaninuilugiudoya 1 YUIAYEINI N, IIUIUVBNND (row), M3

L4
as o

o o d A & b - ' ¥ o o g 9
NIYUARY (RCY), LUAZDUS FIADUVNIITANT ﬂTi1‘ﬂﬂ§]U~lﬂUIﬂUﬂﬁm’Uﬂ’61‘l’a‘n'Nﬁi.‘lﬂu'u

aad

prvsziumiiveadld uat A1 i 8 deyanaaddld dnlszunarauuudadanse

T 1Fuuvdsngunu

2.1.3 f1)szuaf 191305 3n WY (Semantic Query Optimizer)

Frlszanamonndinnumine ManuiiFnnumneniieg dwumlasdid

[ " ¢ ™

o a ¥ " aa Y = = a o d?’ Y o
nsuAuleglugduuuaieg finasnimilouAuuailsz@ninmunntu  uardnlszuia

Y ]
o dAdda

fomisnnumnessidengluuumdaangai lilszuana

2.2 MIAUMTOYATIN NN

Semantic Query Optimization ﬁ'lumﬂ%’mmi"’lmﬁiammwmu INDNINS
o a Y ' & a a - oo '
uasmdadas MWeglugiiuuaieg dedivszdniamlumsiszuiana (execute) NANNU LA
say ¥ P | @ o & a adAn 1Yo a z
nadnii gt natinaansimitousy mdeda3a i ldihmsulas anuiludnnumneiv
Yo yq 3 9/ A Yo =
o199z 185umnndlFauvesszuuTandudquaszuy w3e'lasuuninszuulaviinig
UszurarauIngudoya
Tunszuaumaninisuasgifidafia3 (Query Reformulation) viu uilud
Y 3 ¥a o & ¥ & < 4 Y o o Ay
FoaldanuiluFennumue Falszneudongiugiu dufSouiiounguorinunggua
° b
szuufimualy
BNAIBYII 1FU

Department (dcode, dname, project, manager)



4
AWMU :
1) dcode = ‘ACCT’ -> dname = ‘Accounting’
2) dname = ‘Accounting’ -> dcode = ‘ACCT’

3) dcode = ‘PRSN’ -> 1 <= project <=3

22.1 nszumshmsuasgfdaiad dog 3 guvumdng fe
2.2.1.1 ﬂmﬁung (Constraint Addition)
Sunstuenniss Atribute Misuduandmuinlumsas ondredia sy
Mdudy: SELECT *
FROM student
WHERE entry = 94;
Ng : entry = 94 -> regno >= 940000
54 regno 11uiiuuenn3tafifuduand
fadalmi : SELECT *
FROM student
WHERE entry = 94 and regno >= 940000,
2.2.1.2 auriewly (Constraint Deletion)
Humsineniouluii lisuiueenninfai ondaeds sy
fdufn:  SELECT*
FROM student
WHERE advisor = 100 and status = ‘A’
g : status = ‘A’-> advisor = 100
fadalmi:  SELECT*
FROM student
WHERE status = ‘A’
2.2.1.3 (3ouludiauds (Query Refutation)

' ¥
@ o 4

Sumsleniumdaii  Taohidesdedndsiasish luszuuiamsquagudoya
Yszwana ieddamihiudaudeiung sndaenia
fdad: SELECT *
FROM student

WHERE advisor = 105 and status = ‘A’



ng : status = ‘A’-> advisor = 100

'
o e

fdalv SELECT Null

222 daneinuvesnszuIumsmlasjduuumdanig  (Query Reformulation
Algorithm)
. i 4 e baa X A 44 d
Widuaoud : 1 894 naq Qeuly Ci veamaaRTaume doulvininmuau
IUNTZI NN NYATINADY
2.2.2.1 msdugiteu'ly Ci fudneuniii(antecedent) A Y0UIAAZ rule A -
> B (A fleAnounY U B AvAanamu)
o Ll : Ll o : o A 4
2222 lumsdugiu  asavaeug@mamn B aaﬂﬂé’ammmuhﬁuq
ludrdeiainie T & hineandos Wudsiauduas Saeandes iiuneud 3 aely
2223 Yamsmudonludh U udenlvuesdds (Query Condition) 1o
Wuidaias Gou'ly cn Ina
o s s (cl’.; [ - - - d'l ] :
2.2.2.4 MimsadeanuduRuinyuaenu (Cn,Ci) Nduioulylny (Cn) 1
J 1o A o ” é of L] o
Juegiuoulvilagliu Ci Fadugmunziung
2225 e 1¥910veenniia (Atribute Cost) dmiuuaaziou'ly
(1% ¥11A(Type) ,AM81I(length), M50 A% (index))
2226 vauideulyianua : w1 (cost) ig qangavoou luChigh
naandisy veadou'lv
Y a ﬂ: " A E Yo o = q' o o o o’c{d’ 1
f15M5VUABNUYDA (Chigh,Ci) 1WA19A Chigh Ha HAaZUNUANNANUTUNUTNVUAD

Auiilu(Cx,Chigh) 20 (Cx,Ci) 19U A20819m5 1935138 TAo1991319 Department azng

14

Aail
ng :
1) dcode = ‘ACCT’-> dname = ‘Accounting’
2) dname = ‘Accounting’-> dcode = ‘ACCT’
3) dcode = ‘PRSN’ -> 1 <= project <=3
Mdadn: SELECT *

FROM department

WHERE dname = ‘Accounting’ and manager = *‘A01”

Hﬁiﬂ'lﬂ'ﬂ'!ﬂ'lﬁuﬂuﬂ'liﬂ"l"li'l 1an %w'lﬂﬂWé’da’] Qﬁv
SELECT *

from department



FROM dname = ‘Accounting’ and manager = ‘A01’

WHERE dcode = ‘ACCT”

¥ "
g )

& o & P

Fang 1 uaz 2 910 3 nggminn1Flunszuumsulasgluuuiduaoui 6 Feulvi

S99 10gaga Aoidoulvvod dname = ‘Accounting’ IN51ZUBNNTTY dname 1iuliilydu
o = - — A =1 =1 as aa a n‘r’ o YV a

wng wazil Awe1finfga wenlsoudsuny 3 uennsialasi ng 1 Wuilniia

YY) AJ " e ' 4 [ d o u’ a
ANYFURUENVUADAUTENI13(dname,dcode) 921AU(hold) 1 nazitou ludounianiuuas

o 1

A o 9t 1 A . 4 o d o " 3/ a
Andouluiiia 193 10gagadou An deode = ‘ACCT’ Fadanagniny ims1zaiu hiaoandeany
¥

ar PR | 1 U - = ¥
AnuANIT ATuRefuauquaz A 1991094509a917 A0 manager = *A01" vzgmiiuly

¥ "
- Qs @ o o

° a o 3
milouiu saiusidenis g 1dnly

SELECT *
FROM department

WHERE manager = ‘A01’ and dcode = ‘ACCT”

¥ ' v
=1 ] ' =] & A 9/ [y

Fmsudasgduvuiionnezdisaensvenegluuuvesmidinig  FuneIvesnuns

b
@ s ' A

» ¥ J 1
iWeunaroa1ine lunsdififidafaiezgniniseeniiu fiddes Fwdazfidadenq fivg

'
o o a a4 A

AszfUAIE #73 lsannuduiusvesns R udazmdsdevszgnulasTaniludase

" ¥ .
o a 1 =

Ao nazmideesg naniingaulaudlezgnsmnduunilumdanasiay daududay
9 E; Yo [ " =l a 9 o A A o A ]
Foyai1&5unduninudazaisneziinnmierdosdu ieaninnisiven Toafudi T

a 9 ¥ - 3’: < L] o 9 o d’ Ao o o’:
annsolasuld uanarlfiunasasedrunulada vennintilumsimdsdoniugn

v
a a o o

¥ "
Uiers duasuveamsudaimidafiag wuhvedan IanldaNULL)  aduu Tagda Tulia

A ] u'l nﬂ' a o’; =" d' o A P '
mmmnmmmnﬂgmﬁuu'luwuauamsmuuau'l'lmﬂanm
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= 3 " |u'a o & J é =) d' o 3/ 0’:
SMegztuuulmiftilszdniamunnau Fennuiludnnumneiinnlniverseznen

g/ A o 3/ & o .; o Vv
AlFuUeIs2UY M390199X1INTZUVIDI IAUMSINUVBYANINIZUY Famannaiigniunly

3 9/ =l s & = v cuy ¥ . .. .
ﬁimﬂmmﬂuwmunsmﬁmnu qsﬂunimmmmﬂumﬂm semantic query optimization UH

ag
srpugudoyauuuIzUUINgUina1a uaz Tuunsdinlduussuug mdoyauuunsE o
- & A .. “ 3 ¥ o o a a 9 A
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1. Site Constraints
dc: ' o s 3 =l e dl.
nsdif Tuudaz ledvesszuumsiamsgudeyauvunseaeiiguaniauinlsensh
LANANAY 151eMNTNIND1 AuAlAM AU Wi MuATY Integrity Constraint IRWIEE NI
' A ° 3. . aa a °
unas e o iiiuass Tonilunsii Query Optimization 18 wemm3taignimualiilu
n’;’ : = o o & oA A A ° v o ad
Site Constraint Wuanoihy Idieyiia Yeyadisnys Famimiulu1Adelin 19 daRa3n
A ' o o 3 aa - oo v oA 9 oA " o'
Ao nquuesdasnusuazdmnuenmitaduriiadiay il 14 ARent geganazdiga
Tugrevesnuamia luudas loa
2. Functional Dependencies

o o (d’d’ "o A . a0 d? A } 4 = = o o
ANMUTUNUTNUVUADNYU 11D constraint NNTHUAVUINDT T WNHNUTAINIANUAUNUT

susofu 'Iﬂuﬁumngﬁ'lﬁ“lﬂ"l%ﬁunﬁnﬁzﬂn?auﬂmﬁﬁ'aﬁﬁﬁ"lé"ﬁwﬁqﬁﬁmﬁ'waﬁwﬁ
ponuuniouiy ualdnanlszulanaioond wiolideadamdanaiullszuranaia
wiovnansdie1nsy 18ngit 1811910M3 derive ngaeang [4], (5, [10], [11]

3. Join Constraint

1.) Join Elimination

-nuuldeafuiuuers unag (using foreign key constraints)

Formssmuadeitunuuneuiad stniamsiFeuiureadeanisne szuuez
Susy Ay dmuuAazid (ow) TuAI319QN(child table) Asinedmnifidiunesuiad

= v

: — ] v o o : [ LY ¢
Fauai lisianduaNULL) 2iun21ua151am8n (parent table) Azifiasaiulunoduiin
ad o o 3 3 4 A = = A o J ' .4
SuAduan sofudgadszasdvoimaion Tosms i uiufivanodai s lures uing
Y 4 ' [ s d  a : [ 4 ,A:
aodunl wfidnngedluneduififuddndndaoiu samnsada maivouToatine 14
[ ' | o o ° o oo @ 3 ' o o oo '
(fpdufe dmsuunmdiiineideaniumayonloasening A0S NAURUINURIUNN
Y o W gt o
dorafunuunBITUNAY
H A ' L - - .
= u‘lJ‘!JﬂiQﬁlﬁE)'UU,‘U'u‘ﬁlﬂunﬁnﬁmﬂﬁﬂlm‘l}’]mﬂEn(detectlon of empty join )
u’a as o t.i : 1l 7 9/ o d :l"
Tuunswaansveamaoras1atiu lulin lugudeya U INUNAANTUVUY 157
" ¥ 1
sransoiimsliulidsdadan 18 Tasmssidansgonlosmsnuuyinla
2.) Join Introduction
" . ' ' ¥ Ed
Hhu3Emsi19de 185 suveanmaiyen ToaarsiuIum M iuiinam
ar ar o o - Qddﬂ 1] 4?’ 3 = a d‘ o A u,; = o
SuiuisumuauGitvnihalnnniuduenniiinnyey Teniuilusuand)
3.) Predicate Elimination
anngdereiy  mawnseagl1dih mansadinaiuiiuriuaiodmiumsison
s n’: s - 4;: 9 J A a a a 9/ 4: 9 = :
whusannsadamsaananandeunsld memulsednsnmliunuu Mlumsadinaiv

lifiduandog



10

4) Predicate Introduction
ya ¢ i ; . Y a v
_ uuyldBuand (using index introduction) dumsadnalminldninmsagy minng
o o a A o & o ad aa ' a o °
Joriauiaznnuamsaanaidegudi ludmdsiaidaisuandog Tumsaanaiu wins
o = dy a ° o P ° a [~ =Y
dansaanaiummdunuds query o Iimuamsweamslsziiuna
- nun14ang29MIfum (scan reduction) AdefutuL1EFBwAnd Tuuensusnihiun
= ' o @ a o & = d’l o v ) o 4
msaamalndaslumdsins  Funsadmativavihmsaagalumsdumdmivuveya
s z = a -ooa
auiuaumsimulszdnsam
5.) Detecting the Empty Answer Set

¥
Y

¥ "
Sunsaamnaiuiianudaudatungdotiy nadnivesfidanaiee hilliinou Ay

=4}

Fusiiimsasnaouidonluiiney  isezaunsonanideansisziium frdanasnlu

fmou'ld [31, [5), 6], [71, (8], [9]

23 ﬂ’3131?l11'lﬂ1133§1“’{|’ﬁ)yﬂlwﬂﬂ§3'ﬂ1ﬂ

o o @ o v
sruugUdeYaLUUNIZAIY AiD mshususmdoyanianuduius lunasinz
lly ﬂ = a ] 3 o P = " A " e '
APUITUUIRDINU llﬂﬂ:ﬂix%’]ﬂﬂlﬂ‘gﬁlﬂ'ﬂﬂ’]uaﬂ’lu‘ﬂ (site) #1939 wauﬂﬂnuaguui:‘uu
- ] =) o J — U a - ©
ATV IUNDUNIAUADT uﬂa:fm'mwmmmﬂ'szmaﬁa'lﬁ'aumﬁutmi: Lm:ilﬂ'ﬁ"ﬂ’lillillﬂiu
s y 4 o o o = s e 44
UszgnALUUNDIDU(Local Application) wenvIMiuduudeaimsiinusmnuaaIunou

pg1atios 1 T1sunsuszgnAiuusIy (Global Application)

ﬂﬁ'ﬂ"lumiﬁmim'a’nﬂus:uugmuuunsmwn?a'lﬁﬁﬁqﬂy

I. Autonomous site 70 UAAzAD AT INIUATAMITIUTEA AT IBAIID Faf
71 Autonomous  site 9=@p91sznov11d28 Autonomous Computer, Autonomous DBMS,
Autonomous Database

2. Interconnected via communication networks flo usaia:ﬁmuﬁe’faaﬁnm%"amia
FUMAA3 DU 10ABUNIADS

3. Local application uwiazﬁmuﬁé’fmﬁT'ﬂiunisz:qﬂﬁﬁt‘%‘un‘l%’%gammamuﬁ
ﬁiﬂmﬂsnﬁnmaémnfu

4. Global application iRazaa g TsunsulszgnantinsBonddoyaiiiy

Taaounnu
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Sesuddgildsaduitunia  umsianiiuszungndeyauuunszae
wiohszugndeyauus iy FuegiuyFinams e Tusunsulszgnduuy
FoamusasmumsFmunnbuninzdmivszuugmdeyauuunsyay

Tﬂtmz?Tnmwms:‘mJgmi’fngmmunszmu“luuuuawmé"l%’nmfu AlFamlinag
sens sy oegifuszuugudoyauuunszais &1 CJ. Dae Tafmuaiung 12
Joseneluil

1. Local autonomy

fonsii un'a:ﬁmuﬁvmgmi’fagmfummiﬂauaﬁﬂms"lé’\”lﬂuﬁﬂntmmiﬁ:ﬁﬂWﬁ;ﬂ@
'Iiiﬁ'aqflfjuﬁﬂmamsmUﬂwf{aﬁﬂﬁ’g’{ﬂuaLwiazLcnus"ﬂnaﬁfummsnmta Ysnlge udlel
awsolfauldedniilszansam

2. No reliance on a central site

»
o

Tufeludesdiguinannisaiuguauagiudeya  naniuiivesgrudoyariuil

)

o " e & o . . . . . - vt
ANNAIAYININUFINITNT Query optimization, Transaction management, Naming service i3
ad /9 Ao ¥ A 4 ad PO ' ad s
Fivneslanimihidlugudnan nnq@innesizdemiveaudansiniesie
3. Continuous operation
o o ' a o a0 A
msnimsnszaegiudoyalluvaies aounzsriomumsiinuiaeiioves
é = L] A 1] [ " tar o ' o
souu Famndidnladumits liaunsohen g szuudmngdainnude 118 msviald
o ' [ A n’l o ¥ a0 o 3 o . . A 3
sruuiiau1dednedeioariu annsai l4maedssuiuld wu n1391 Replication iWo 11
ay T ) ad - & o do ay a a
Hideyamnnimilsyaegluszuy mngivnesinudeyaganilaudonio ndviveyadnyan
= & ° : - " = o ] ¥
asoisong 14 ¥3015911971UV04 Replication 1zna1ddase U lumends msiiguveya
" & a4 4 ﬂ [ ¥ o a " é, =y 9/ -
wnndwmilad aflunsssIiauaunsaduiunsaeies]d TasiiTemadoouiniinng
¥ v ¥ ¥ o ¥ v 3 - o 4 o a
gudoya sx liannsaldammdouinldmua aenngudeyanuuiiguinaaiiosiidor &
A a =1 ! a
wipugsNnesilymenvzdenalidoanganis iuimsgudeyalldae
4. Location independence
fo msidldanuansaisongdeyandesns 1 Tashisududemswideyariugn
o - 4 n’: ] : "o P
w137 w gudeyaiila sansmsiwanuidudeymivdlFouhisuiludoaldounlas
msisonldaudiy

5. Fragmentation independence

a d

" ¥
Fragmentation independence Ao n131¢ 1411 lisududeanswidoyaiiiuiuly

“
[ ¥

o o o oo o = ' = =] as '
sedumonmudnin MiReasunieinsuiwendoyaluifu 13 lunarea i sauia i
o ¥ ' ' ) = ' o v Y ! o
fufudeansuiudazaiuvesnis i lautweminnuegilata dredraru deyaves

o - oo A o 'I‘ = o s
winauuiimdsdeyaveamizauiallgmidu hudimnesvesdninamlulszmalne
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]
4 o

' 3y a o ' ad o a o ‘et '
wluvaziwinaudsidumiaduduimsszgritvegludimneivesusimmiiieglu
aralsemet gy TavswaziBuavean1si Fragmentation 983 vioiuAse

6. Replication independence
R P ey & d ¥ - oM
Replication fonsiitoyamnnimilagagnidy1iluszuy s Tomine awnse
¥
nszoemsdivesdeya i Fuddadeyaldnaiems saisdauiumsinlszuy

° o1 A A ad s & a o oy a o - A o
'ﬂ'l{l'luvlﬁ’ﬂﬂ'lmmuﬂdﬂﬂ H?ﬂl‘lﬁﬂnﬂiﬂudnﬂiyﬂ‘lmili}:UQu‘UE)u"fuﬂﬂ’lﬂui}qﬂﬂ NHUI “11"

o Y 1 [] 5 % & : =1 9/ )
nsAutiuauYeeszuy liazqa d9u Replication  independence WM fomsnaldaula

suiludeadndoyailFauegiiugniaaen Ty 13ilathe msdsulge nldeunlas uf luriu
L
aunson ldadioundeyaiuiiogiisagaiRed luszuy
7. Distributed query processing
P a ¢ Y y 4 9 daa ¥
finsinszdnsaumuuaniams ldnaadeyanaiga Tasluguveyauvy
o ﬂ 4 ¥ o @ A 3 AWy w & ) A ¥y a
nsznoriusuiuiiesdesiilsdamstszunadeyan lanadnin1uAens 11pI9INABINNS
¥ ¥ 1 ] [
defeyaduszumaionns uazirdeyaidaniuiudeyaiiivinalngjniifiegifeiy vl
o . " . v Al Y A
mam i na lumsdananimsdadeyaiaiosninldszuranadailaniia

8. Distributed transaction management (update processing)

§iM33ANS Transaction ANMIMNMAGURBIFUTMTBYanaTaIURdDalinTg

]
o A A

° ' o ° [ '
ametauysalde Srannsamamldnniiiiinsuilvdes1dsunsudlvediegndes
e uadigudeyaiilalimuisoiamdedregndes suiludesiinis Roll Back ndy
A qy & Y ' a & o Y Y
welaiiouiimsudludeyalimaiiadu umsinuianugnasiveveya

9. Hardware independence

a,

e o ¥ "1 ' ¢ & P a P
Taounaud DBMS fasaniudeshituegiuglnsaieansauss msidenariauad

- =8 ¥

o [Y a d o o o a 9/ ¥q 3/ o a a g
dmimnssudidneniuzmihidwimadoyauadldFaudundn mszdaidldaou

u
]

o =

¥ [ ﬂ o A ci(lw a £ = a a P [ \1)’
wlousuwdusumnnmissn Itusmsnszitlunazasaliszansnmganenszsodsuia
¥
Tigwinensztailamlunmsuimsla
10. Operating system independence
& = a wa = s :' Y a o o 9 0‘:
Aemsiudaszainszuulfians deluilegimivguaaseraulsguveyauy
L] ] as o £ 9/ P a wa o
dulngizimnesnsesiuldmusalgnuldlunaiog szuulguams waznisn
: ' 4 1 o _owa & 1 nl:
gudoyanvuniznniualsey hiduegiuszuudfianisuvulanuunianiiu ads
o A Ve ) a wa 2 a o s "
annsainsiweuasiv ldudinsiluauazszuulfianssaudaiissaundsiuanaiany

k4
213
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11. Network independence
N P "o 3 J " e A "
Network independence 1un1sfiszup isuiludesdusgivdnyuzveamsisouns
' o = [ ' £ a o o d a teo 3
sendnaiu verfosamnsodadeyaseningmdeyanegauazitu ldnmowe lusutiudes
= A oA & (Y Voo o - 4 ad o ar = A 3 ]
Smsdoudefimilouiu nastielsimasiszuutiaisanseafudiinamsigouso 1a bi
veuinu luetlearu luliiAailymlumsinu
12. DBMS independence
a o ¥ S M MY o 1 a . ¢ &
Aomsiigudoyanvunsznoiuhildsdasgiisamsiinszaouurenauls
pudeyaiindmnainduansiofoiiu mswmivayumsihimnsznudoyanuuy
L4 o 3 = @ (=) ¥ 4 o 3
vureans g1 0yaIReIRU (Homogeneous) w3 a1 uuuuldnarsqaenanasguveya

59UNY (Heterogeneous)

2.3.1 Y521anv04 Distributed Database System

sransouyseenldidy 2 Uszan Aiofiufe Homogeneous distributed database
system 112 Heterogeneous distributed database system

Homogeneous distributed database system nnamuﬁn:‘i%aﬂﬁuﬁ SLUUIANT
gudoya (DBMS) wilaReaiu Feo19ee i ldeguuszunljiansiferdunld

Heterogeneous distributed database system figaion 1 ﬁmu'?i ﬁi‘l’f"ﬂﬂﬂﬁln; TV
ian13§IuToya (DBMS) AN uion Fananlumsadis heterogeneous distributed
database system ﬁaqmﬁ’ummgmﬁﬁ'unﬁ gateway protocols 111171'5 gateway protocols 9%
Mu10H49 API (Application Programming Interface) Foimihiidoudesyniie DBMS ay

Tusun3ue1a 9 194 ODBCHay IDBC ludu

2.3.2 Distributed Database Architecture
3 P ' [ ' [ o
aoilaonssuveagudeyauvunszarvinduiluszAvaieg uaaadagli luns
a wa "o { ° ar < g "
Yiaugr hisuiuiiesdoai18feszAugegadanae Global schema udrienzdoduiluszuy
gudoyauuunszae 0199291 18Hea sz Allocation schema H3® Fragmentation schema
o 4 : >
314 uaziiina91n Data Model #1Fluszuugudoyauvunszarverniiuldna Relational
) .
Model 138 Object Model i1 180 ngtluansanilaonssuvesszyugmdoyauuunIz 9o 49

o =1 ' v ¥ " e H
1 3 sevvunaasliiviuiliduegiy Data Model 714
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¥
ao livzilunmsesvwanuaunsovesaoilasnssulundazseauy

USER

Global Schema

Fragmentation
Schema

Location

31 2.1 uamsaarilaonssuszAum1eg veagmToYALLUNIZIY

2.3.2.1 Global schema
1 = i ¥ = 9 ¥
iWudmieguugavesamiilaonssunisdnideyavesszuugudeyauvunszane
4 - P = . ' A @ vy i =
%3 Global schema D NOIVOYPANADIUN (site) A1) Lﬂlli)uﬂn’l’l'um,‘lﬁﬂaﬂﬂﬂhlim‘l‘i
& & ar = g ¥ W
nsEaY Fszimidounumsondiveyalugiudeyauuusiy (Centralize database) Loz
" ¥
relation Ngno 1t luaniilavnssuszAvill 921536n91 Global relation
2.3.2.2 Fragmentation schema
anmilasnssuluszauiliilunmsidifadoyalas 81389u13d2UV03 Global relation
1 1 L} 1] Al A Sy 1
anuseenitiudiug Tavezisonuaazdiudi fragment ¥3350154119 Global relation paniily
¥
fragment i e13715001 1AMI03B 19U HUIA IO Y (Horizontal Fragmentation) ADLEN
v
vihitla (tuples) ponmilungua M3BULIAMWILIAT (Vertical Fragmentation) ABHNLONNTL?
(Attributes) ®9AIUNQYA 1AL fragment NNLIOONWIT ansonaniinduusamduilu

ANuFuRUT a3 1dduAy #2005 UNION uag JOIN® audiay o013 1siaiunmsi



15

L ¥

” d’ P o : ad o P . ﬁ ] ¥
Fragmentation U @1N150NIEMIMIADIITATUNU (Mixed Fragmentation) 14 Natiszaed
annsmhndunsanduanuduius lassuldduay

2.3.2.3 Allocation schema
¥ [ ¥
amilaonssuluszAuiiarna1da Fragment 11119341910 Global relation WM 21990
° — " a g ¥ v & ' a - o
Smuaaoui (site) Nozinudoya fragment 137 vy F9lundaz fragment i 01998 UTDIUN
) o 9 ' 2 " 9 q’a Jd” (Y o - 9/ 9/
(site) Tufudoyauinnimilauma 1@ Mfivusgiumsdadulevesdeeniuuszyuguveya
¥
Jzoouinsdrdeuvesdeyammisoiivala uazaeandosiumslFaumsehi
2.3.2.4 Local mapping schema
Tyaonilaonssunia 3 szaudmuui ldnanTuudniu gdeyanvunszawluusas
[ ¥ [ ¥ i
a0 (site) 92 15iTuogiy Data Model 7114 ms1zaziiuudr luaoilaonssulussaviions
Sluseauiiiniinld DBMS luudazaniud i) @w15nidhle Data Model 141

[ ¥
amilaonssusziuiigenll1a

2.4 Distribution Transparency

nnasilasnssuvesszuugudeyauuunszaeluszauang mildannsodimua
¥
3%A1) Transparency FECRELYSI
% o & [ dy 9
1. Fragmentation transparency Wuszay transparency fI¢A Faluszavi :’1‘11\1111
A 4 = o . - ' ' ' a '
wie Tsunsumes sxiulused Global relation fin linswuuuiiuf fragment udne
< - o o .’ { ’
fragment @Ay 139 Tuu sauniaimahdin Tnuda
o 4 o o
2. Location transparency iiuszAud 1% nie Tsunsuwes sxuluszdy

3 ' " ' - o a d‘ .
fragment ¥ fragment 1Avz 11in3 1071 fragment ugminy Tinaa i Gsite) Tnu

]
@ oA

3. Local mapping transparency (iuszduiigl#an nielusunsumes s
5 fragment 7 1Fugait 1 3iaomd Gie) T fimsvdga Tnutha udes hinsw i
201U (site) 17 19 DBMS B0 Iy Data model iy la

4. No transparency 1iuszduiidldaunie Tusunsumes Suiludoansiwinlu

A0 (site) 171194 DBMS 110 111 Data model uula
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__________________ N
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A
rl \ rl
L}
N >__ Site 1
Al )
\ Al
A} \\ -
AR} rl
r r2 W r3
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""\ \ [P _/
Yo ]
r3 \‘ ‘»\'(’ \‘
4“’ ‘\ ‘\ v -\
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A
Global Fragments Ly .
- \)
relation \ iy Site 2
“ oy
\ A
v Al
\ A
Al
' r2
_
Allocated relation

JUA 2.2 namamisinsanseAvan1dasnssulagsEAY transparency

2.5 Distributed Data Storage

Tumsiafudeyaluszuugudeyanvunszaeiiognainitdroiude

1. Fragmentation (J1N15111)9 relation seniifunain 9 du uazdaiuudazan’ll
ey

2. Replication 151M3Mduu1904 relation inans o dwn uazudazdunszgniiy
PBaramoiinu

ueN9IMTY 151591509 Fragmentation 33111 Replication 18 e amsorhinms

' ' ¥ ' o & o o
111J4 Relation pOMITUMAIL 9 971 nazuAazaumziimstamdn13de

2.6 3Uuuulun5M Fragmentation

MSUUIAMUFUWUT 1A8393 (Global relation) 80N fragment 11 @1113011I000 1A
2 35Man9 A0 UAB LLIAIWILIUDY (Horizontal Fragmentation) fsuunnililla (tuples)

PN UNGU9 H3DIUIAWLUIAI (Vertical Fragmentation) ABUIALBNNTLI (Attributes)
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¥ A ’ o o - y
pomiunguq Falumsutiannuduius1aosau (Global relation) ooniilu fragment AD4

¥
o o

i launginaiaiaail

1. Completeness condition 71D YNUBYAYDIANUAUWUT 1AU5 I (Global relation)
Zoamu 18l fragment 718101380 19w vxdes liRans diidoyang luanuduiug
Tawsauua luoglu fragment 1aq

2. Reconstruction condition fD ABIAWITOAT1IANUTNWUT TSI (Global
relation) 3131 18910 fragment A R0} marzhluszuugmdeyanuunszaniu usas
A0 (site) 924RY fragment 7 18110113 dauAMWEURUS 1A (Global relation) 92 AD4
Qﬂﬁ%’uﬁﬂwﬂnﬂﬂﬁmwﬁnﬂumn fragment TunAaz a1 (site)

3. Disjointness condition 719 LIAAZ fragment ADAULLNDONIINAU dmsudoulvilne
Wunanmsdmsunsal NsuLeaIMEosAIMIUIUDY (Horizontal Fragmentation) yazfinsl
TN IUEDEAMIINIRQ (Vertical Fragmentation) szoonIiimsazdiadoulvludei 14

annsnetneaziduauAylunsuLIE G0y (Fragmentation) Usziananeq 14

3

dlf
AU

2.6.1 M3ULIAIUUIUOU (Horizontal Fragmentation)
] o Ll A ] L
MsuLamunuINeuae msuenilila (ples) saniilungu FwAaznquainiso
] 9 ar =Y o L] [] o o 9 é o
uialdaudnvuznigiimans  ed1ugu a1n Sande Uszima udu Falunisi
4 "
Fragmentation A1uuuIueuanson181aons 14 1d9u040181 Relation algebra Aol

select 1Y Global relation #298131%U ﬁmuﬁ”lﬁ' Global relation ﬁE)
SUPPLIER (SNUM, NAME, CITY)

7147150911015 Fragmentation At Iueu 14 1aun1s select Yoyalu SUPPLIER mwf1 110

¥
=

= oa = - 1 o @ ] a/ L 4
NNIVIVDI CITY cﬁdﬁﬂﬂﬂ’l “SF” #1151 SUPPLIERI tag “LA” @1131U SUPPLIER2 ‘15‘53\11!

SUPPLIER! = SL,,.,. ... SUPPIER
iWudioyaves SUPPLIER w1z Tuiiied San Francisco

SUPPLIER2 = SL .- SUPPIER

CITY= -

Wudoyavos SUPPLIER w1z Tuiiioa Los Angeles

75112
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n38i Completeness condition 3ziiluaialddrAmennidaves CITY iiud “SF” uae
v
“LA” 1MUY
v
A58 Reconstruction condition 14A15e319 SUPPLIER Global relation ¥uu v

aw150i 18 1aoms 19 UNION operation A4l
SUPPLIER = SUPPLIER1 UN SUPPLIER2

a = = o ' 5
n38 Disjointness condition 92431 114y avzgnuunAIN CITY 7D San Francisco
» ' ¥
1a¢ Los Angeles 17y A4 1sifilidla (tuple) Truiian CITY iilunia San Francisco uaz Los

Angeles

-
2.6.2 MINUVIMUNMTAUNDANUIUBY (Derived Horizontal Fragmentation)
flU19n3 8 RMsHLALNIYOM (Horizontal Fragmentation) Tuauisafiaziianiy

aa [ o A as ' 1 oA ar d’
wennsiveednedld sududesduneau19n Relation DU NAIDE1AUFUY Relation AU
SUPPLY (SNUM, PNUM, DEPTNUM, QUAN)

Relation $19z4panI3ia fragment @141 CITY Y83 SUPPLIER relation po1lsn
a1y CITY 11 uuenn3 17984 SUPPLY relation taiuilonn312vee SUPPLIER relation
Suhus13uiludes1d SEMI-JOIN operation Tunisueniwithia (ple) Tnulu SUPPLY i
@311 SUPPLIER 18111977 CITY 929111% Derived fragmentation 489 SUPPLY @11130

v
fvualdeail

SUPPLY1 = SUPPLY SJ g suum SUPPLIER]

SUPPLY2 = SUPPLY SJ (- sxum SUPPLIER?2

A " L ] '
1 SNUM 1flumwes supplier number gnl#iiluailunisfin SEMIFJOIN 58M319 SUPPLY

relation A1) SUPPLIER relation

A58 Completeness condition IS TuNFDahiTiA1 SNUM A laniioglu SUPPLY

relation 1@ 1314011 SUPPLIER relation 399zas anuiiou vl
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= . _ 2 :
n5%l Reconstruction condition 153719 Global relation SUPPLY ainTmiaunsaly
UNION operation 1AM U519 10114 IUBUYDI SUPPLIER relation

A58l Disjointness condition An 9@ lifisiillalalu SUPPLY relation #inseny 2

fragment AR1anNu

2.6.3 mmu'amuumé‘;’a (Vertical Fragmentation)

AoM3ULONNGTY (Attributes) ¥4 Global relation soniiunguq afu1e1die
Aomsutannnedunituies neziuediu Application 1dpsnislduennitmiensdu
“lyurihe uAas fragment 9¥1191AN5 19 Projection operation iAononedminaeens wia

Ny #0613 WI50NI1501910 Global relation A4l
EMP (EMPNUM, NAME, SAL, TAX, MGRNUM, DEPTNUM)
N5LAI fragment AMLUIAIVDA relation T 7O

EMP1 = PJ o\ ipnim, NAME. MGRNUM, DEPTNUM EMP

EMP2 = PJ ¢\ ionum, NAME. SAL TAX EMP

A58l Completeness condition ADAIYBIENNITINTOABANIVDA Global  relation
wzdeaiiogocnaioslu 1 fragment i lAuvaen 13
A38] Reconstruction condition N334 Global relation EMP #uunlmisz 19013 JOIN

r 4 L] & o " Cl’ Ll
5214 fragment 7 180 w0113 Fadedraiing 14 EMPNUM i1y key Tums JOIN

EMP = EMP1 JN g\ ium - empaum PJ EMPNUM, SAL, TAX EMP2

] ¥ A o [9 Y aa A o A : o & da
‘I]SLHuvlﬂ’J’llllﬂﬂ'lﬂ'lﬁ JOIN NULLAY UAWMONNTUINIDNADAUUNEINULINAD EMPNUM

v ¥
L]

Az NAME annsamianinaieonlylaold Projection operation i‘fﬂntjmmmmthﬁ
Foamsiniu

N8l Disjointness condition szt luduiluiidead key ‘ﬁag:'lunnq fragment 1Mo 19
Tun 5319 Global relation -ﬁ’um"lmi WS wnzt‘fu“lu N135N1 Vertical Fragmentation Jauou Wil

= 9 d, 9
msaziiang ludeil1a



20

2.6.4 MINVAVUNEN (Mixed Fragmentation)

¥ o °

UBNIINNIINI Fragmentation  HUVAIT N 1ANA1ININAD T3 101501HINITH

v

- ' ar Y o ’ | . @
Fragmentation LUUA139 Hauniu 1@ A2961319U31 Global relation A4t

EMP (EMPNUM, NAME, SAL, TAX, MGRNUM, DEPTNUM)

o = 4 ' : ¥ 5
NIWITONI Fragmentation uUUHmﬂﬂTﬂU MIUUIAINILUIAYL (Vertical fragmentation) muﬁ’w

LU9ATLIUIBY (Horizontal Fragmentation) 1At 191 DEPTNUM lusuia vz14

EMPI = SL DEPTNUM 10 PJ EMPNUM, NAME, MGRNUM, DEPTNUM EMP

EMP2 = SL 10 < DEPTNUM 20 PJ EMPNUM, NAME, MGRNUM, DEPTNUM EMP

EMP3 = SL PJ EMP

DEPTNUM > 20 EMPNUM, NAME, MGRNUM, DEPTNUM

EMP4 =PJ EMP

EMPNUM, NAME, SAL, TAX
N8 Completeness condition  1¥A1SNIITUIAIUNANVDINITUUIAIWUUINBY
(Horizontal fragmentation) HAZUUATULUIAY (Vertical fragmentation) Usznounu
=) o o i J L) o
1581 Reconstruction condition A115UN58314 Global relation Y1 Inyasani1d 1ae

¥ t 4 ]
#oundvuyuTin1 Global relation #296131192%11115 UNION fragment 1A IMIUIUOUNDY

¥
=1

1&959%1M15 JOIN fragment MMt auunIRg naautudduiidalaq
EMP = UN (EMP1, EMP2, EMP3) IN o ins - v PY v sar. 1ax EMP4

o . .. g a o [
N3l Disjointness  condition NWTTUIATNHANNITUDIVDINITHUIATULUUIUDU
¥
(Horizontal fragmentation) HAZLUIAINLIUIAY (Vertical fragmentation) Usznounu mMsm

. ¥ & = ' <
Fragmentation upurauasouaad 1Al Tree FIVEQNLTIUNI Fragmentation tree 1N

v
=t

AID61AAY Tree 1894
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EMP

EMP; EMP; EMP;

51 2.3 A3 tree NARIINMIIN fragmentation LUUHEY

2.7 Data Replication

; : . 3 B o g 4'1
A15792 VBN relation r W30 fragment U®4 relation r 1M 3N replication NABLIDINSG

o

o . Ed a4 v ’ ' v o
P01 relation r M3 fragment 1 1AV 3nwaauiiang Taoh hisuiuszdeuny1ilu

o -]

nn9 doui uadmsunssintimsiduninnnaa1ui sziSondt full replication

q

Yy ¥
Ao o 9 A

& o i i 9 a Yar dy
&3m13911 Replication Himatoauazdoido ansnesuielddde 1t

-

Y
VDA

v
@ o

Availability $1801UNR189119140¢1Y relation r IAANYANITHINUAY STVVAWNTO

“

] '
=

fazrause 118 Tae I Asdoyafiaamiou Taghidestriladean i ingaial

]

Increased parallelism luns@ifimssuiiunsfudoyadinlngjvea relation r 1ums

' L oy . ' d o i 0
ﬂ'lui,l'ﬂiil'aﬂ’lﬂ relation Lﬁﬂﬁ’mﬁmu‘ﬁﬂﬂﬂ relation r Bgiu'ﬂa‘lﬂ o ZTEYIuﬁ ls]ﬂﬂ1n150ﬁﬂ3ﬂ—l

[

=2 ¥ ¥ ya o da o : ' ~ P
msasdeyaumeuiu’ld Bnvianinnisiiidunives relation oguats q aawd Temaiioz

3 a4y o . o v [ e Y Ao dv v
wudoyaluaaiuil fidean159z1h tansaction Niilamauinnd1 AniuAILITNITHIZIILAA
USinadoyanazderimszninadaiuila

Y
VDL Y

¥
Increased overhead on update A2075N3 replication i ﬁnuﬁ’fay_amm relation r 14
[ [ ¥
uaazanuNIzdeuniouiunn q anmi luwuiuudinsyszuianany relation r 91992
a a 4 Y o S A o = : Vv o 9/ 8
Rannuiawaiaiu1d aiuilelsin1ud relation r gauAly szuvazdosiinisudlvdeya

- a A . v a L ] & o o
relation r IATUNNADILUN ATl relation r 8 sndredrury luszyusunsdaiimsidun
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=1 [ o

3/ o A 4 A a o L) o o aq 3
vosdoyatind1imats q anmd dWelimsivlysveatinyd Azdeainisdivoon w31
mrulunn q aoun

Taovia lludrnmsidundeyavzromumlszdninmlunmssmdoya uazgromu
anuazaInTumsAuAudeyavos wansaction HUVBMBEIAYY 86131371A M transaction

o o 3 ¥y o o A o a 4 4 o ¥
wuitimsUfudsadeyaszdeaiimsduiiumsiitiunniu gamsainqumsdiviaveya

wiouq fulunats q anmideudeesgaonniszuugmdeyauuysiy

2.7.1 ¥HAYDIN159 Replication

: 3 )
2.7.1.1 Synchronous Replication Avm3sfideyaiiiinsAnasn inaoyauaz

1

v ¥ 1
nszanellegauaniisnaniu sziludeyaiiimsudlunionlounlamiouiuaue fie
b d 4 - i
defimsudluaoumlasdoya o filaq doainsud ludeyagaduq Ao Tasdiideyaye
é ' ' L] o o
laganiteliaisoudle 14 fezdedinisudlyliauiseir1d n13ii Synchronous

L. s A ﬂ o . . & o q WY 1t =2 v Y
Replication HUINBILUUANTTINY] Integrity Constraints “liﬂi]xﬂﬂﬂvh\l’]’llﬂﬂi'llBﬂgﬂﬂ'ﬁﬂﬂ‘l}ﬂﬁgﬁ

yalaq 12 18deyafimiousunazdoyain mifiqaiaue udesa1snaImnsi Replication
{ v

nunihiu $ufuftezdestiszuunievionouiunesiigete 1Rt 10 sz mshmui
dinfinasiiiy n?ﬂuﬁ'lm%u“aﬁnﬂu1‘7';fuzﬁmuﬁ'l\l%y_anm;mﬁﬁﬁaﬂ Fufumsiiy
MsruTRveImiiuuAazaunazi lins comMiT  $aslildndae Tavnisii
Synchronous Replication 1?ui‘i1si'f|u°?is::¢’1’ﬂ&ﬁm'i“l%’ﬂu 2-Phrase Commit Protocols (2PC) Whan

L] a 2 = A 3 3/ k1 é as o
$261UA3 792 Commit Transaction el asaud ludeyannaiindoudu uaznisi

¥
=4 Ul

. . q’; a ad i d v °
Synchronous Replication 1uminiiiFsnneslafiiudeyagatiogan Tansamam1ld

¥

L
Y o o

:: :: L ° A o/ o
siu nasudludeyariu liawsori ldmedernsnduilym 18 daiulsdessziaszialun

TUHUNTINT Replication

L
2.7.1.2 Asynchronous Replication Wunsm Replication ﬁﬂi’faga‘rgﬂnﬁ'ﬂﬁuu
¥
3/ ar

=1 = 1 9/ a o a’,‘ o A a ] 3y =2 9
IWBIYALAYT mummgawmaan‘lﬂuu NUNDLNUTDINWNITUINIUDYD Iﬂﬂ'ﬂﬂﬂﬂﬂdﬁﬂﬁg’ﬂ

: 1 = o 4 Aad W F 4 o . -
uuam'lumuauﬂuﬂaaﬂnm mmmrmmunmnwaga'hmmmmms commit Tﬂtlf]ff'it

o % " dy o - g v 9 = ' o ] o Y
N1301 Replication LL‘U'U'NL'HN'Wﬂﬂﬂiﬂl'llﬂil"fluh.lﬂaﬂnjﬂUullﬂﬁQUﬂUUﬂ l.l'Ui'lﬁ'lllﬂ'lTﬂ'N’lullﬂ

o £ o A
3 anHUSAINU ND

I. PUSH #®o @0 ufMan (primary site) 92@4 transaction 1@

v

a ¥ ; — o ¥ vy & o . 3 pa g
1NEIUDI (remote site) IﬂU'Ylﬁinunﬂlﬂﬂ?“ﬂﬂ@nlllﬂﬂﬂﬂ'fﬂ‘ﬁ56\?‘“9 ﬂ‘]%ﬂ%ﬁﬁ%ﬂuﬂ]ﬂuﬁﬂuﬂqﬁ

wasumlawdanlé
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2 PULL #®o qo ufiniioIteq (remote site) 9zADININITF09UBNIS

= a4 W ] 1 o o "o " e
Wasulaimnanuingn (primary site) 81 lifimsfesveanuiindni lihimsdadoyaiil
msulasunas

=) — o . . ' - [
3. SNAPSHOT #i® @0 wfindn (primary site) vszdanisnasuilaslyé

A0 MUNTINEIT 0 (remote site) AT 1At MUAT

2.8 Distributed Transaction

11un15¥11911 991 application maas:uugmﬂﬁ'ay‘mmm’m%zﬁms‘ﬁ*i transaction 11U
l A L ] o & o
muﬁmagﬁ’hmﬁua wuﬂu‘Iui:unjmﬂ’fagmmnﬂszma HBIINUNITHIIUVDY
L e et ) 3 a y ¥ Vo ¥ =
application ANHUIIY transaction LU UNYIVOIAIUIFTUNU 11&5:1]‘1@11!iJE]lJﬁL!.‘]JUﬂ'S::‘iHEJIH]:

$in391 transaction g 2 szIANAIWAY AD

¥
Local transaction waniumsiudeyalugudoyavesduounniu
Global transaction wwhnsdhtsdoyauazlSudgdeyalunatn q gudeya
ANWADIUNATIE

dm5ulunsdives global  transaction N13§NYIRUANYA ACID  (Atomicity,

Consistency, Isolation, Durability) ¥84113%1 transaction HUVNTEIOLANMTAUHUNTN

ar ¥ 4 v P [ [ o . & H
FudounInty (Hiennuaaz rauieiauswIun159 transaction A¥4AIWAVIMAIN

= J q' 1 q’ & 9 A s v P o 9/ o
mmu“luammqmmu HIDANUAMHAININNITADFITNUISHINADIUN ﬂ'limﬂﬂﬂﬁ‘lﬂ'l

. A ¥
transaction Nﬂ‘wmﬂvlﬂ

2.8.1 Insaa 1990352 UY

' { o oo ” . =&
Tyudas a0 1R ifI9An13 transaction (local transaction manager) 1UYBIAUIBI ¥

o 4 ) o % =1 e - e o R v Y- |
Mnnaiuau1¥nsii transaction1linmauiid ACIDIAsNAI19ANTS transaction UAATAIN

:
=) o

92320Au1UN1591 global  transaction  1AgMANA1THAT 1HBMINISITUANMIINNUYDI

1 & o 3/

transaction &1 A01UT'1HY FIFANTT transaction YpsEn UMMz MR uANs s

transaction (transaction coordinator) ﬁauﬂmuﬁﬁm:;ﬁuﬁsﬁm%’m (participant) 251U19N1S

Y

3
Y o =

Ay 18 et

2.8.1.1 MIVANIS transaction (transaction manager) 1ABYAIUANAUANIT

AUTUNI3VD transaction #1949 ALMSIH1DIT0LA THADIUNVDIAUIDI ADY transaction

ﬂ \1913 B A ﬂ ' & . dvly a Y o
11114 1ANY local transaction HIDIUUAIUHUIVD global transaction A LA 8FUIWHUIMATTNINU

¥
Yo A

wanan 1daad
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28.1.1.1  nsIANISAY log w‘%afqus:ﬁqff“lunﬁﬂ,uﬁuﬁnm%gn
(recovery)

28.1.1.2  Hausm1un15%1 concurrency control ﬁuamuﬁﬁ'uq e
59U concurrent execution YD4 transaction "luﬁmw?iammumq

2.8.1.2 #21)92@ 1191 transaction (transaction coordinator) szaovlseau

115911974 Y01 transaction A1 | ‘Yi‘l local transaction Ll@¢ global transaction a%’mwﬁ'ﬁm‘s
Fhanuiudy 18wt

28123  BuAUMINIIUVEA transaction TiHBITEA

28123 U114 transaction DBNIYMU transaction Y wardafaniud #
MUz aw

28123  Usza@IuUNISANTUNITVDY transaction 31 HAVDINITN)
transaction 114 Yd e lumn q aowi wioon@nlunn 9 aniinie’li Ao guanisi Two-

phase commit

2.8.2 Commit Protocols

149191591 transaction  VUITULFIMTBYAUUUNSEIBTAVANIR Atomicity D
transaction T 404 commit 1uyn q a0 #300MANNIIMN transaction  Tunn 9 aoud
transaction coordinator Y94 transaction T #943N15%1 commit protocol "l’éﬁ commit protocol ﬁfl
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protocol(3PC) F1rgronandeeteidovss 2pC uaMIANTUMTIEIANUFUSOULINAT

¥ ¥
dmfuluauiisznatuamizlunsdives two-phase commit protocol(2PC) MY

Two-Phase Commit (2PC)
1% T 131 transaction Sudufido1uf s uaz ¥ @Jsza1ua1 ransaction Hanuh S,

¥
i e ansoesuiemsinaiiu 2 e dail

Phase 1: Obtaining a decision

#14 Transaction coordinator

#21)5 @119 transaction Ci 9201 participants 59U 3IM3BUNAL commit 351 TAY
= G MM sNLITADIA <prepare T> aallu log W8 v stable storage

vimiu C, srdadygnu prepare T TldAUNN 9 aomi fszudawna

transaction T
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#4 Participant
4 A 9 o o o W . 1 [ ar
dogauiiau 4 185udy . #29An13 transaction  1xApIABUNAY TUIMIAN
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2.9 11fSeuNBUIZriI19 Distributed Database System iy Centralized Database

System

TumsifTouifioyszrinssuugudoyauuunssnuiussuugMToyaUUUIIN 93
Saprnnuansavesguteyauuysiundn udmnsanhgmdeyaununsz el
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Integrity, Recovery, Concurrency control, Privacy a2 Security
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S A a
Complex physical structure and efficient access 1ug1u1’1’aummunsmwuu oy
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asoiniiouly Taouennsinfiilu index 18 Wy X > 5and Y > 50
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3.3 malSuilyeddanaslaemsliveyamaadn

331 m3fudgaRa3laely wanms Driving Table

driving table 9ziums1a5Tign1d 91miu rows veamseiiaeavzgsmd iy
ANHAGHS (result sef) YBIAIINUIN 34 driving table TisuTuiivzdoudumsaiifimon
rows iosiigaeue’y Taofisidoaiinsge rows rewm TasnfSouidiounindeoulyly
WHERE clause 820 11310121091 driving table A25171a1319 retum rows Wouiiqaiilog

= A -] o 0 .
(MBUIN WHERE clause #28 33 %:mmmnuﬂiﬁ’gﬂu driving table 14 FROM

332 MINHUASIGTUMS join M3191A81Y ORDERED Hint

¥ "
0 cost-based optimizer 114 ORDERED hint 9218151390 join Awdduiiszy 131y
&
from clause A4A13191150 1Y from clause i):qn%’ﬁﬂu driving table
A oo ' i & i
iefims join AT 1uEu7 msnnIeunniniuiuly daldarlumsds sQL
A v 9/ o o @ - éﬂ n’: ] A A G B
WA 119991071 32ABIRMIUMAIFUVEIMST join MiluTiTAWanua 19uilielinis join
Y] o o _ o = ] n’: & o
A1519 9 MId0M U query 1dI91MIMERDYINS join Miilu i) 1A anuadande
{ & i o o - e
91 n30 362880 maniiiu T 1dFziumsidonamnlunisiezumanums join NANgA
aa i S ﬂ 3y & Yo o .. daa v oy Y
1n3smsnanuaiiduly1é daminisiiar1duueants join NANgABGUAD 15181150 1%

i 4
ORDERED hint t¥ewusiy 1111 query iioaanaiasly1a

333 M3l USE_CONCAT Hint 18 1%1in13911 Union All

n38f USE_CONCAT  hint 9zgnueadu’ll fensdifi 13id  OR condition na109
condition 1uwhere clause 3111151937970 187315113715%1 OR condition 110 condition
oylszTon WHERE 12 uagyn condition 1115090 access 1M index 14 1910113014
USE_CONCAT hint tite 1#iimsvumunisiszuiana union all 14

33.4 01319974 Driving SITE Hint

Slumstmuald query Uszuoanai laainmun Fac130 191 4FUR rule-based

L1a% cost-based optimization
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4.1 amﬂﬂﬂnsm%ummumxmﬂ (Distributed Data Architecture)

Global

........ .
‘\
A
\
\
A
rl s rl
W T— >. Site 1
\‘\ “
\ \] “ s
[ v .
12 LR r3
\ rd
! “'V" \‘
“n‘ |‘ \"' -/
v 'A\
3 \ 1 ‘4’ \
T VLT \
I" ‘\ “ ‘I -\
P v \
A \ \
\‘ 0 \‘
v “ \
Fragments Vo
[y “ \
\ \ "
Yy rl >_ Site 2
v N
v A
[y A
\ \
S
\
A
v r2
o ./
Allocated relation

31% 4.1 A79614 fragmentation 11a¥ allocation
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Jaquszaadnanvesszuufednansanuauysaivesgudeyaiagounsuondoya

NamenIn Msuendeyanisasinuazauaualmmizyeszyuianmsgiudeyaliom
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9 a oA " o s d o : o a o
Tnaveaszapsansouunalsudlradesn ldunsnunas lad dniunainouivyens
[ o J 1d LY
Muszaulnaveanvzaariovas iuly1871 udsnoun luntidlunswaunauiuvoaunsn
[ ar A = A ar

WUMHAES Y UUADIA IS TANS MIBMANGIezimsnaouiiodoyaluszaunionn
—“ [ o : o 0 Y
Taviegaa leanu uaziifelsznudigyesnuil

o ] o L} A L]

TuszRuurs nuuiansogad i Tuda ladaeg 18 Faluudas ladernesiissuy
o~ ¥ - " e Y v 3 a - Y I3
famsgrudoyanuandraiu dminmsdmandeya imsudsundasdeyaluursnaun
dunluladaang fezdeadimswaouuamnlude nsmusndulumsdalas Tud dosdl
n1314 715 Tanea Two — phase commit 9137 4.1 uaalfituveandnnisveslnavea
= u'; a G.J =) ﬂ'l 4 A v
25y usnuuviazesalawmdy WuSavu r Wy uWsnuunuuiueu #alu udazusn

muvigaiy Bl ladnaraiy

4.2 M5SMIIHUY MIXED FRAGMENTATION

a) STUDENT

| 1D# | NAME [ ADDR | DEPT | MAJOR | THESIS |

b) STUDENT 1 STUDENT 2
VAN VAN

IID#lNAMElADDR' [m#]nmlmuoﬂmmsj
¢) STUDENT 3 STUDENT 4

L\ AR

[ 1D# [ NAME | DEPT | MAJOR | [ 1D# | NAME | ADDR | THESIS |

zﬂﬁ 4.2 Mixed Fragmentation.

s a a s a o A A a o a _ w v =

AAgNMsdUNAUNYBITZVUTNFUNS MU Allelimsswansatuluszauln
3/ - o s o [ 9 v as

aveadlsiingudsnuuiimdu maswiandoyadiogluszdulnaveasivezgnudanilu
WA MFa 15U AIAA select , insert 1Ay delete Tunanuaiolad Tugili 4.2a uaaaliinu

v w o o v ¥ 4 o et v o
anuduinsluszauInavea Tnseadateyaves STUDENT Faiimua liianuduiuslu
" L o é 1 - r: ' " ‘1‘.
uUIYeY 2 au aduusnlsEneuAIsTeyminAny FaeglunindnAud 1 83 10 tazaIun

¥ E o <2 & U = n’: " =
04 Usznounie ‘IJBI.J‘ﬂ'Nﬂﬂ'ﬂH'}”b’iE)Qaluﬂ'lﬂ']‘li'Wﬂdllﬁ 1194920
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Tugdii 426 namaliiiunsuisdulunuaven ua:qnuﬂqi’n’aua"luuu':ﬁgqﬁw
Tnsea¥1adoyans STUDENT 1uaz STUDENT2 Famsuisdeyauvviluandraeinnisuns
SoyaluuuadsdaoTnsaadredoyads STUDENT3 uaz STUDENT4 lugilit 42¢ wazms
swandeyadwn lusyduTnavoaiosniduds Tumsie STUDENT pnnelfifafididon
nawe AFUTY select update 18 delete Sz SQL Wtugadegadeand lao

s

fmualinfnynilsvia ID#12345 apamisnazdnoninninivy 2 Tudamaden 11 Tuszau

"
ar

] ¥
yoadaunaee 19mdandion Al

UPDATE STUDENT
SET DEPT=11
WHERE ID#=12345;

Aowdindnmswa 12345 szqnéne Yeyagniiu ¥ hunadadiuusn nazidedeya
Lﬂgaunxﬂmzﬁaqgﬂt’hu‘lﬂtﬁnﬁ“lui’fﬂgatluuu'w{qﬁmﬁﬁmua:Li'lu'lﬂ‘lﬁ’thmima;jﬁiw
Tadiu doviu Sasuduiiezdealdsrds SELECT lumisdadoya tinfnuisiia 12345 90
@137 STUDENTI uaz STUDENT2 wadnsi I&esdoaimuiund 11/ lua1s1a STUDENT3
1oz STUDENT4 Taol9da INSERT 11nvul9ds DELETE audeyaifulu STUDENTI
1Az STUDENT2 ﬁ’uqﬂnszmumﬂus:ﬁu fragmentation #1939 SQL A1 1F41uuAAIA

s ] 3 " q’
AIDYNVNONUY

SELECT ID#, NAME, ADDR INTO VARI, VAR2, VAR3

FROM STUDENTI

WHERE ID#=12345;

SELECT DEPT, MAJOR, THESIS INTO VAR4, VAR5, VARG
FROM STUDENT?2

WHERE ID#=12345;

INSERT INTO STUDENT3 VALUE (VARI1, VAR2, VAR4, VARS);
INSERT INTO STUDENT4 VALUE (VAR1, VAR2, VAR3, VARG);
DELETE FROM STUDENTI

WHERE ID#=12345;

DELETE FROM STUDENT2

WHERE ID#=12345;
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- [Y ¥ A 1; u‘ ' fC: o
lunsdiveeseaumonmasiuedluFosvesnssvanunvesluuaas loanveiinms

&4 P P a ! 4
replicate Falunn ladnnmsnlaouinlassdoadradalids Tu STUDENTI voanun 13y
SERVER 3 14 STUDENT2 v0afu#'131u SERVER4 1w STUDENT3 aeanun1ilu
SERVERI 11az SERVER2 uaz1u SERVER4 11 STUDENT3 90awui 1311 SERVER] Hag

» 0 ¥
SERVER?2 19U #3111 985insnszaons musnsuoaniiudail

SELECT ID#, NAME, ADDR INTO VARI, VAR2, VAR3

FROM STUDENT!1 AT SERVER3

WHERE ID#=12345;

SELECT DEPT, MAJOR, THESIS INTO VAR4, VARS, VAR6

FROM STUDENT2 AT SERVER4

WHERE [D#=12345;

INSERT INTO STUDENT3 AT SERVER1 VALUE (VARI1, VAR2, VAR4, VARS);
INSERT INTO STUDENT4 AT SERVER1 VALUE (VARI1, VAR2, VAR3, VARG),
INSERT INTO STUDENT3 AT SERVER2 VALUE (VARI1, VAR2, VAR4, VARS),
INSERT INTO STUDENT4 AT SERVER2 VALUE (VAR1, VAR2, VAR3, VARG);
DELETE FROM STUDENT1 AT SERVER3

WHERE ID#=12345;

DELETE FROM STUDENT2 AT SERVER4

WHERE ID#=12345;

o & v oa o o o o & ' - o
fMdasoL  mariisufuiunsuuanduRediu Faezlidunyioianiiniiu
o v ' Y o [ " a
urndumaril lagegmuoldaniizunadouvesszuuianmsgudeyauvunszate  litioa
¥ v [
mwzua msswanlusgduvesdmnaramniuimh lganudodoulusedunainii ua
» . ' 3
vanfamds SELECT Tuszavdiunanernszuenldilumds SQL vawq smdaluszéu

¥
fragmentation 1182311 UTUTEAY allocation

Tuded1ail mmualidumdeymindny Taodumdeyanin sWainfnwn
SELECT *
FROM STUDENT

WHERE ID#=12345;
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521 fragmentation HONATa Rishudait
SELECT T1.ID#, NAME, ADDR, DEPT, MAJOR, THESIS
FROM STUDENT! T1, STUDENT2 T2
WHERE T1.ID#=T2.ID# AND T1.ID#=12345;
If not found then
SELECT T1.ID#, TI.NAME, ADDR, DEPT, MAJOR, THESIS
FROM STUDENT3 T3, STUDENT4 T4
WHERE T3.ID#=T4.ID# AND T3.ID#=12345;
Tusz Allocation A3 ngnas Tldaudas 1a@ Tunsdiveans replicate duszgnaa’yl
§aldfedIndiia Afansuiidoansey Tuiigaudn f1da SQL Tuszdy fragmentation 929N

v
wilasoonunldnail

SELECT T1.ID#, NAME, ADDR, DEPT, MAJOR, THESIS

FROM STUDENTI1 AT SERVER3 T1, STUDENT2 AT SERVER4 T2
WHERE T1.ID#=T2.ID# AND T1.ID#=12345;

If not found then

SELECT T1.ID#, TI.NAME, ADDR, DEPT, MAJOR, THESIS
FROM STUDENTS3 AT SERVERI T3, STUDENT4 AT SERVER1 T4

WHERE T3.ID#=T4.ID# AND T3.ID#=12345;

4.3 aqul

Tuunanuihinauen1soond lus Tas19mann15uea semantic 1$husmdy msld
aa A L e = ' o A <
asaegolunagadule uaz $romsians lugdoyauvunszaie dielinsison nio

o 3 as
dansvoyaluszaulnaven
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nszae nazihmsSouioudszdniamlumsdumdeyaFinnummouugudeyauuy
ret '

A o o & a _a A o b4 ¥ - =
nszatodie luldv0lsuliamida A3 uazdelinmsaumdeyadinnuvine lasiinig

Yiulgamdanas TaolumsnfSoudiouas 1961 response time

5.1 MIM3ENVOYAAHTUNMINADDI

¥
msnaaosiivzldszuuiamsgudeya oracle 10g ad1uiluszuusanisgudoya
-~ . ” 4 o qw ¥ 4 v & ﬂ Y
uuunseawlavAandalunyy Enterprise Edition 1oy lvgudeyanainvuilugiudoya
a o J (I o A & = o
HUUNIE0 TATAARIAILMIATDANNISIUIU 4 1ATe tHe IHIHUMINMITIIIUYeS
gudonauvunszae Taslddeyansmansuiludoymindnuismamu 15,000 au
o d’ o o LY A '

Tuilegriuil oracle TamivayumsuunnuAagudeyanuunszawluszAuniug
faliunsoungquaudaluszduvesInaveadiuuazdalided1ialuns insert update 110 delete
= Y as ] . . : E .
331d81Aonszu9un3 TasluaIuuBe Location mapping transparency Wy 1@ 19 Database link

9 v s ' - i Y Y ' A o [TIRES
1$u19289A015 AIUNIE V04 location transparency 19 synonym 19 mnaoinend 14 ludes
VA Y a

nswnGonlddeyasninila

dm5uludIuues fragmentation transparency @1M130@319 view 11N INTOUTDYAN

=] ) {0 z o ' o °
gy luna1ag unums1dauaisiaTasass sz Tu Oracle Wudaliuseaiumsin
Fragmentation 1aga34 Taudaiidosiianaiosed1a 1w ives11A#I1 Integrity constraint 92 14]
a11150 19 foreign key 81489 primary key voams1afingaanniula
] [ 1 ¥ )
m3a¥a View imiisaudeyaniniiaieg i idefuiuim Tasnmsldfmdalu

£

3 Hq ¥ a Y . A a '
mssmdeyannn vl SQL HldSunadeya Tavez14ms Join vesmeamsIAiiBIMILAN
@ 4 . . ¥ . ¥ A a v
VDYAATULIUINDANY (Vertical Fragmentation) Llﬁﬂ‘h’mi Union maymuaummuwagaiu
o ' A 4 o c; .
ANYUZVDINITUUIDD (Horizontal Fragmentation) "If»!l,ﬁﬂ‘l’l'lﬂ‘li‘i'lﬂill’ﬂl.l_ﬁi]'lﬂﬂﬂ"lé"']Tﬂtlcl‘i’i’
. u’: a & . a W ; x ] ; Y Vv Il,: H
View Wuaziiailymiaumnie View #a31991u910015 Join M3 Union fuvesdoyaiin i
s ' s/
a11150 Insert Update 1az Delete vaya'ld Taoilaymidanar ensoudldTaonislaam

: o 2 :
Trigger f1119A 0 Instead of Trigger
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Instead of Trigger 151U Trigger Usztnnuila #2140 w1 PLSQL TumsiBousmidalu
M5 A5 Instead of trigger fozaaolasarins Insert, Update, delete H1U
view 71 1111115091015 Update Fo3'l4 0619191 view HAAIN Union 130 91AM3 Join Tu
vansd eSuemsmianléie sxiinsasivaeufisids nser, Update, delete H1U View

' ad o o o . & d o o &
n3e'lu Mindh liewddanidou131u Trigger body Ao 151@0aNIMTIMoURIF

Insert, Update, Delete 715 19NADINITAIOAND

Y o W cio
5.2 NHVBVIAUNMHUA

5.2.1 n'gau'l'uﬂszmnﬁmuﬂﬁiwauwmmuanﬂ?ﬁa (Attribute Constraint)
CAMPUS < 100

TOTAL_CREDIT <=88

500 <= CURR_BAL <= 600000

CREDIT > 77

LOWPRO < 1.5

1.5 < HIGHPRO < 2.0

CLASSSTATUS = (‘N",;’W’,’A’,’D",’X",’C’)

522 Gewluszamamnudniugssznhanenniin (Inter-Attribute Constraint)
RECIEVEAMOUNT < LIMITAMOUNT

BALANCE <= AMOUNT

ENROLLSEAT < TOTALSEAT

EXAMTIMEFROM < EXAMTIMETO

523 Gowlvszinmmudniusivudei (Functional Dependency Constraint)
INTAAIAR | — INTAALAR 2

CAMPUS =70 — ID# > 7000

FAC =03’ — LEVEL > 3

MAJOR = ‘IE’ — CAMPUS < 50

FAC =05’ — FID = 10

GRADESTATUS = ‘W’ > STUDENTSTATUS < 40

GPAX <2.0 — GRADEPRO =L
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MAIJOR = ‘BU’ = 200< PREGRAMID < 500
GRADEPRO = ‘L’ — CREDITATTEMP <9
GRADEPRO="H’ =¥ CREDITATTEMP < 12

5.2.4 13eulvi)sziananyaiziane Site Constraint
GROUP = ‘¥NgAd NIy’ —>  SITE='S2’

GROUP = “UTM13§3ny’ —  SITE=‘S4’

5.3 HamMInaaog

pamsnaand laduiiunsnaaoioonad lua 1aold semantic lawanisnaass Tasial

A1 umsiszaranaiinaii ldeonnamadsesnly Iaolildeond lus

v
°

dd'ez:aq.d Y o 9y e ywwd'w o [ w a
1. ﬂiﬂlﬂﬂ1ﬂﬂﬂ']‘5'ﬂ04é’1‘ﬂﬂlﬂuﬂ\1mJﬂE]'UmNﬂUﬂﬂﬂll‘ﬂi:ﬂﬂﬂ1ﬂuﬂ i)z'lummmm

Siulilszanana Tﬂuﬂl%ﬁﬁ'ﬂﬂ‘li Detection of unsatisfiable conditions

2007191 1
fdanasveedld : select *
From student
Where campus = 70 and ID# < 50000
nYerIny : campus = 70 -> ID# > 70000

[ ¥ e e

4; = ¥ LI 1 r:/ a oo n’:
Tunsdliifdaas daudarungdetiady v lidemdeainuluszunana

M319N 5.1 Response time INUANNT Detection of unsatisfiable conditions 1

¥
o

v [} v ] v [ ¥ [
ASMN 1(s) | ASIN2(s) | ASIN3(s) | ASaN4(s) | ATIN 5 (s)

AL RGREIGH . 0.453 0.531 0.336 0.843 0.734

mdenrangnias 0 0 0 0 0

¥ o Y o P i

'luf‘iﬁ“;'aﬁﬁﬁuﬁf"lﬁ'ﬁ'ﬂumnmgmamnuﬂﬂ'h &1 campus TIRUMATY 70 ezl
ID# 11N 70000 winfu §rdeans D# Heurm 50000 ez lidieglugmdeya Taoludu
wsneziimssudeyamdudwndansnaouiuiliiduasisaeuvesiivouwanenniia
rou Tavlunsditiveiingfineidesdie campus < 100 vzHmsthe 100 waz 70 lFouion

@ A v 1 3w Yy o ¥ 3/ Y o o A
fu denyd ivaudadunguads fdrgnszuaunisulas Tasldngdersduveadenly
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¥
Qs

o i’c‘J [ A v w  d " aa ° a
Jsznanuduiunaudesu uazden ludsziananudniuiseniauenniin luddad
Suduniiinglimainnasivaoufio
—

CAMPUS =70 ID# > 7000

Tasduus MIURINITATIVADUIAIT

o

Asmdunfuiimsafinaficoandosiung
w3011} WHERE campus = 70 and ID# < 50000 dxWu1iingeg 1 ng fgminnld Favziu
AsIEEUTNGUIN D nQusnTiWsARIAALTN CAMPUS =70 AspUAgUINSARIAATIIN fiD
address = 70 uﬁ'ama:mﬁmsm“l%’ngmfu Tagrie1 INsARIAANAS ID# > 70000 THIITA
ﬁm15'mq1Jrﬁ‘aﬂs:1ﬂﬁanfiau"lqjﬁ’mnmmﬁﬁ’qﬁi“mi’hm AsTIUgNTIMsAANA THUl
Ao TRmfuRy msaRmandavesng manuiiinsasadenginiinians
18333 Scan Reduction 139 1 uadn hinufszinnisaniumsarnaiuiiuonn S
duANd (Index Key) wiohiguudesiims ldmsanmafiiiusuandid i sInfinAasari
NUINIARAAT ADARADITLINIARINANGIBING ID# > 70000 AD ID# < 50000 VW
sadnni lasadnhdmvesiounlvitdosmaiudaudimiols szwuhwauduiiosninng
von31d campus = 70 12 ID# AvaTIANINAI 70000 udafdafideants # < 50000 Hia lai

ldl o ar o o A ' -] L 0’} 3 l:l
asadmuasaaudailuensulsunsundn e hidesinnsdedrdail lszunawnai

szuudamsgudoya

select *

From classexam

Where examtimefrom =17.00 and
examtimeto = 13.00

examtimefrom < examtimeto

' ¥
o w a A o

v v luaemidanasiu llszuoana

A3 5.2 Response time 31NH ann13 Detection of unsatisfiable conditions 2

Adaf 1 (s) | afaf2(s) | ASaN3(s) | niafi4(s) | RTINS (s)
A1danIs AN 0.365 0.683 0.445 0.591 0.702
Maansngnas 0 0 0 0 0
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3200137 3
ﬁﬁ'\!ﬁﬁﬂmm% s select *

From student

Where total credit =100
nyYeIAY ; total_credit <= 88

¥ "
Ad o o a A a Y e W

Tunsdifimdanivaudanungderaiy se ludaiidefasiuhihlszulawna

M3 5.3 Response time INMANN1S Detection of unsatisfiable conditions 3

Ed " ¥ -4 " v ¥ ¥ ]
ASIN1(s) | ASaN2(s) | ASAN3(s) | RSN 4(s) | ATINS (5)

RTINS IAY 0.432 0.256 0.435 0.154 0.354

Mdanlsngnuas 0 0 0 0 0

qq" A (] Y 1 ¥ A o '
Tunsaidl we liwudeyasglugmudoya iosnianawninnglszianimuan
aa o vy [ & a{ ar 9
voulwaveaennitn e ludesdamdsasliszurananszuuianmsguveya
ﬂ;e = dc: 0‘: " d‘ d' s o
lunsdiiinufalunsdiiasaaeunoduanisasindeu lyidaudaiungszian
fMuaRIveUIIAYEENNT D) TABNYTBYI total_credit <= 88 uamdan ldidundesnsm
4 " J o A o o 1 - s o
Foyaiiiin total_credit 1i1AY 100 WorhmSsuiivuiuudrznuiudannudauda Jai

msda Tduendldanuimmdeya linyTash hidesdafmds lszunana

ywwal

o a a ¥q 99 1 ¥ o 3/ ° A
2. nsd@imdendivesdlFluvaudarungdeinuidquaszuuiimua Taodouly

. g 4 .
prafuAdquaszuuiiua ¥a9z19Moui Predicate

=3

o ¥ a _a 3q 9 o ¥
‘llfNﬂ'IfNﬂTi‘Ui’Nﬁjﬂl‘lf PIFOUNUN
A

s

.. A o - o & a a
Elimination mam*nmwu'lm‘n E)'NEJBﬂhJﬂ'lﬂﬂ‘lﬂiﬂ’ﬁ

2o
2e

1

0619 1
MrdaArTuoedld select *
From student
Where gradstatus = ‘W’ and studentstatus < 60
ﬂg%ﬂﬁdﬁu . gradestatus = ‘W’ — studentstatus < 40
Mrdanasigninlas : select *

From student

Where gradestatus = ‘W’
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MIN 5.4 Response time 9INUANNMIS Predicate Elimination 1

AN 1) | ASafi2(s) | ASaR 3 (s) | AFeR4(s) | ATAN 5 ()

AT 1AL 0.367 0.289 0.325 0.198 0.337

MdaaIngnias 0.211 0.163 0.249 0.132 0.170

o L] q.
AIDY1IN 2

AR ueadly : select *

From student

Where fac = 03" and level > 1
nnYean : fac="03" — level >3
frdanasgnulas : select *

From student

Where fac = ‘03’

A31aN 5.5 Response time INNUANMS Predicate Elimination 2

F Y 1] v ] v I 4 v v ]
AN 1(s) | AFIN2(s) | AN 3 (s) | ASaN4(s) | ATIN 5 (s)

v
ar o a

M5 1IAY 0.312 0.296 0314 0.298 0.308

"
s =

M ngnuas 0.125 0.212 0.302 0.128 0.149

=l

¥ T " v
Tunsaimfiunssamsaanans1dousnn uazimsiiumsannaninenmidaiu

¥
Swanad ez i 5wy

3 1] v 1
o v LY

Tastunsminiimsanehmdaisudumiuiimsafinaiceandesiungnie’l
1% Where fac = ‘03’ and level > 1 9sWuNUNOY 1 NG fgminnld

FAC =03’ — LEVEL > 3
193 UAs I ADUINIARIAAITN FAC = 03 ATBUAQUINIARIAATIEIN fio FAC = 03 uda
stzmﬁmmﬂ%nmfu Tau1ie) INSARAIAANAY LEVEL > 3 311N91500 ﬁmﬁmgﬂtﬁa
asrngeutoulunanuavesdideisudun astudagiidimsading luu Sawennitn
@orfufumsaaaarasueang manuiziinisasiedeugtesiinmiaaynlagizsms
Scan Reduction %30hiuad hinyfszinfinsaniumsamamiviuonnsiauiusuand

] o ° v - a = 4 - ' a
(Index Key) w30l duilufiszsiims ldmsadnaiiiuduangidr T mninsanii msadinn
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¥
& a a v o de

. [ 1] v
Talusidafisuidun HoIveafU level NIENY level >1 ¥YBIAIFIAIT AIUUNUIAINIANDAN

asavaaufiuaudaniely sxnun AU ORANI ARIAATDIRIF AT level > 1 pON1A

A ' = i ' dﬂ; ' o
ifienindilungiimsszy13udad1 LEVEL azannndt 3 Tunsdiil FAC mny *03°

ade (Y Y o 9 @ o S ¥V o A .ﬁ'{
3. NSENMAIAITAIY 1UTANEINUNYVOTINY NHAUATZUUNIHUA Taonudou 1y

'
¥ ¥

] [ ¥
Tmifinnnngdetisiy Wl luddsfaivesd 1y Taoidou lulmiiuszdeativenniinilu

a ¢
suandogaio Taoldmqug index introduction

106197 1
MdaRsvodld - select *
From student
Where fac = ‘05’
ADAGNALITE fac =05’ — fid=10
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mdafsngnilos: select *
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M319N 5.8 Response time 21AMANNIS Scan reduction 1

v ]
ASIN 1 (s)

59N 2 (s)

ATIN 3 (s)

4 v
53N 4 (s)

ASIN 5 (s)

AGERRIGH 0.296 0.297 0.313 0.297 0.298
MaaaIangnulas 0.241 0.288 0.281 0.282 0.281
A0819N 2
fMdansuodly select *
From student
Where major ="BU’ and programid > 300
ng{l’oﬁaﬂ“’v : major = ‘BU’ — 200< programid < 500
Adg Q'J ﬁ nuﬂm select *

From student
Where major ="BU’ and programid >300

and programid < 500

M3 5.9 Response time INUANMS Scan reduction 2

A 1) | nn2(s) | AfaR3 () | afRace) | afas (o)
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nyYpvaniy : group = ‘“FNRATIMATIN’ —>  site ="S2’
STUDENT 1 at Server 1 STUDENT? at Server 2
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|ID# ]NAME ]ADDRJ rID# lDEPT |MAJOR|GROUI’J
STUDENT 3 at Server 3 STUDENT4 at Server4
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View S2
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View S4
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and
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ABSTRACT

At present, multidatabase systems provide access to local
databases via gateway protocols. Users have to be aware of
product-specific features of local databasc management sysiems.
Query optimization in multidatabase systems are normally based
on statistics collected at local sites. This paper describes a
multidatabase system that supports global schemas, fragmentation
schemas and allocation schemas together with the semantic query
optimization capability. The system also supports data
manipulations on global databases with mixed fragmentation The
semantic querv optimization feature proved to be very useful and
helps reduce response time of global queries.

Keywords: multidatabase. semantic query optimization. global
schema. fragimentation. allocation,

1. INTRODUCTION

Semantic query oplimization is a research topic that applies
application-specific rules to the query opumization process for
more cfficient searches of quenies result. The rules can be related
1o both physical and logical database structures. Physical-level
rules are about access mechanisms which are available on certain
anributes of a relation. Quenes on attributes without such access
mechanisms can be transtormed into ones that refer o attributes
with the mechanisms using data dependencies between attributes.
Logical-level rules are integrity constramts which are commonly
used as validation rules Data manipulation activities are validated
against these rules and the ones which fail to pass the validation
will be rejected thus guarantee the integrity of the database. The
semantic query optimizer takes advantage of the fact that the
Jatabase must follows integrity rules by checking incoming
queries agamnst the rules and rejects queries that are out of bound
Ihe semantic guen opuimizalion 10pic 1S even more intercsting
when the database sysiems are distributed multidatabase systems
site-specilic integrity rules must be known 1o other sites so that
subqueries of a global query need not be sent to some sites whose
integrity rules are outside of the scope of the query [1].

This work presents the design and implementation of a
zlobal semantic query optimizer in a muludatabase system The
peraning - environment is 2 multi-campus  universily - svstem
_ompnses  eight umiversities and  thiny nine  campuses. The
_ampuses have their own specialties and expertise and thus ofTer
Sifferent vancty of degrees. Each campus has a Jocal computer
_enter  for processing  of local apphcations.  The central
.Jmimistraton of this university sysicm issucs global-level quenes

the global semanutic opumizer which in . decides the

.npropniate sites that subqueries should be sent to. This global

rumuzer utilizes ntegrity  rules and databasc  statistics

~erindically collected from each site. The subquenes sent 1o the

res will further be locally optimized by the local DBMS a1 each

- t¢ The test result shows significant improvement of the response
es | 12]
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The system architecture comprises the global schema
which 1s the top most level logical structure of the system. Uscrs
see the enure muludatabase system as a centralized system with
complete transparency. Global-level requests are translated to
fragment-level requests and finally to the local-level requests.
Semantic query optimization 1s done at the global level. Howevcr,
il permitied by the DBA. users who wish to access the databasc at
fragment and location levels may choose 0 do so. Local
applications run undjsturbed on local servers.

2. SEMANTIC QUERY OPTIMIZATION

Semantic query optimization is the application of semantic
knowledge for the transformation of simple queries to higher
performance ones. The semantic knowledge may be from the
user's application knowledge or from the system’s own
information. Our system employs several following techniques for
the optimization of global queries.

2.1) Site Constraints

In the case that some local database sites have their own special
characteristics, we can exploit these charactenistics by creating
integrity constraints describing the characteristics. For example. a
search for students that belong to the college of engincering
should not go to all database servers but should be directed lo the
server that has the tables for engineering students instead.

2.2) Functional Dependencies

Functional depcndencies can help reduce complex quenes into
simple ones. Unnecessary conditions can make a query too
complex and requires much optimization effort by the underlying
cost-based optimizer. Functional dependency is also used 1o find a
better access path from conditions that refer 1o nom-indexed
conditions which determine other conditions which are indexed In
this casc. the indexed condinons arc used instead of the non
indexed ones [4]. [S].[10). [11]

2.3) Join Constraints

Join constramts include both join ehminauon and join
introduction. Join elimination 1s for tabies that have rcferential
integrity enforcement. In the case that there is a condition which
checks the existence of the corresponding pnmany key value on
the main parent tablc and the foreign key attribute 1s not null. its
alway s true that a corresponding primany key exists and the checks
can be ¢hminaicd On the other hands. juin introduction could be
an advantage if the joined attributes are indexed and also refer to
other indexed aunbutes [2]. (3]. 16] .[7). [8]. (9]

2.4) Global Statistics

Statistics on database tables include the size of the tables. number
of distinct values for cach antribute. blocking factors and mdexcs,
Thesc traditional stausnies are for cost-based optimizauon It helps
the svstem makc decision ai the global level and break a global
query o several smaller quenies for each fragment Uhese



fragment-level guerics will further be optimized locally by the
local DBMS at each site.

3. MULTIDATABASE DATA ARCHITECTURE

The main purpose of the system is (o have a complete global
database that hides all fragmentation, allocation and specific
DBMS implementation details from the users. The syslem must
have the semantic optimization capability so that a global query
can be decomposed into fragment and site dependent queries in an
intelligent manner thus improve the global query rcsponse time. It
is also possible that the fragmentation is a mixed fragmentation
and the system must bc able to handle he updates that require
physical movement of the data over the sites. In this case
distributed transaction processing 15 the 1ssue.

USER
1

Global Schema !

A

Fragmentation
Schema

Location

Local Local
Database Database

Figurc. | The Muludatabase Architccture.

Figure. | shows the simple but challenging multidatabase
data architecture. The global schema describes the entire logical
data structures of the database. The relational database modcl &5
emploved here. This global schema can be logically decomposed
into fragments In pracuce. database tables can be fragmented by
rows according 10 some classifications such as peographical areas.
departments or some kinds of categories. This s technically called
horizontal [ragmentation. Database tables can also be fragmented
by columns. This is normally the case of applicalion rcquirements
Different applications may require different attributcs. This kind
af fragmentation 15 called vertical frapmentation. It is possiblc that
the table is first fragmented horizontally and then further
fragmented vertically. This 1s the case of the mixed fragmentation.
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Figure.2 A sample fragmentation and allocation.

Fragments can be physically replicated lo diffcrent sites
Each site may use different DBMS. If an update takes place on a
fragment, all its replicated copies must be updated in a
synchronous manner. This synchronous distributed transaction
requires at least the two-phase commit protocol. Figure.2 shows
the concepts of global relation. fragments and allocations. The
relation r is horizontally fragmented in to three fragments two of
which are allocated at each site.

a) STUDENT

A
[ m# | NamE | ADDR | DEPT [ MaJoR | THESTS |

b) STUDENT ! STUDENT 2

ﬁ] NAME | ADDR |

i%:[ DEPT | MAJOR | THESIS |

¢)STUDENT 3 STUDENT 4

.

’Fm_y_] NAME | DEPT | MAJOR. | LﬁET] NAME | ADDR | THESIS |

Figure.3 A Mixed Fragmentation.

4. OPERATIONS ON MIXED FRAGMENTATION

A challenging lask in the impicmentation of mixed fragmentation
is the update of a global rclation with mixed tragmentation.
simple update statement at the global lcvel could be translated inte
scveral select. insert and delele stalements al multiple siies
Figure.3a shows a global relational schema STUDENT which 1s
assumed 1o have two horizontal relation (ragments The firsi
fragment contains student records lor students whose department
number 1s between | and 10 The second one contains student
records whose department number is between 11 and 20



Figure. 3b shows the first horizontal fragment with
further vertical fragments STUDENTI and STUDENT2. These
fragmentations are different from the vertical frapmentations
STUDENT?3 and STUDENT4 shown in Figure 3c. Simple updates
made to the global relation STUDENT may become a collection
of select. insert and delete operations an illusirated example in
SQL. is shown below. Suppose a student whose 1D#=12345 would
like 1o move from DEPT 2 to DEPT 11 The global update request
1s a very simple SQL statement as follow

UPDATE STUDENT
SET DEPT=11
WHERE 1D#=12345:

Since the student is in DEPT 2 before the updatc. his
database record is in the first horizontal fragment. This record has
1o he moved to the second fragment and possibly a different
database server. So. a SELECT 1s required to retrieve the student’s
record from the relations of STUDENT] and STUDENT2. The
result will then be mserted nto the relations of STUDENT3 and
STUDENT4. Delete operations on the relations of STUDENTI
and STUDENT2 will complete the fragment-level transaction. The
SQL statements of the transaction are shown as follow:

SELECT ID#, NAML, ADDR INTO VARI, VAR2, VAR3
FROM STUDENT]I
WHERE 1D#=12345;

SELECT DEPT. MAJOR. THESIS INTO VAR4, VARS. VARG
FROM STUDENT2
WHERE ID#=12345;

INSERT INTO STUDENT3 VALUE (VARI. VAR2. VAR4,
VARS);

INSERT INTO STUDENT4 VALUE (VARIL. VAR2. VAR3.
VARG,

DELETE FROM STUDENTI
WHERI: ID#=12345;

DELETE FROM STUDENT2
WHERE ID#=12345:

In the more physical case of the transaction thal sees the
actual allocation on each location which could be replicated, each
and every sitc involved must be referred to. The fragment
STUDENT] is allocated at SERVER3. The fragment STUDENT2
is allocated at SERVER4. The fragment STUDENTS s allocated
at SFRVER! and SERVER2 The fragment STUDENTS 15 also
allocated at SFRVER | and SERVER2 The distnibuted transaction
15 as detail as follow

SCLECT ID%. NAME. ADDR INTO VARL. VAR2. VARS
FROM STUDENTI AT SERVER3

WHERFE 1D#=12345:

SELECT DEPT. MAJOR, THESIS INTO VAR4. VARS VARG

FROM STUDENT2 AT SERVER4
WHERE 11DR=12345.

INSERT INTO STUDENT3 AT SERVERD VALK (VARI
VAR2. VAR VARSL

INSERT INTO STUDENT4 AT SERVERIT VAL UE (VARIL
VAR2. VAR3. VARG

INSERT INTO STUDENT3 AT SERVER2 VAILLIL (VARI
VAR2. VAR4. VARS):
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INSERT INTO STUDENT4 AT SERVER2 VALUE (VARI
VAR2. VAR3. VARS),

DELCTE FROM STUDENT! AT SERVER3
WHERE I1D#=12343,

DELETE FROM STUDENT2 AT SERVER4
WHERE ID#=12345.

Since all thesc SQL statements belong o the same
transaction. a distributed transaction manager is required
maintain transaction atomicity in the multidatabase environment.

Not only the global update statements that could lead to
more complex operations at lower levels, a simple SQL SELECT
statement al the global level may lead to several SQL stalements
al the fragmentation level and even more at the allocation level.

For example. consider a simplc search for a student record by the
prnimary key |D#

SELECT *
FROM STUDENT
WHERE 1D#=12345:

At the fragment level this could lead Lo

SELECT T1.1D4. NAME, ADDR. DEPT. MAJOR. THESIS
FROM STUDENT 1 T1.STUDENT2 T2

WHERE T1.1D#=T2.1D¥ AND T 1.I1D#=12345:

If not found then

SELECT TI1.ID#, TI. NAME. ADDR. DEPT, MAJOR, THESIS
FROM STUDENT3 T3, STUDENT4 T4

WHERE T3.1D#=T4 ID¥ AND T3.1D#=12345,

At the allocation level. the query refers to sites. In the case of
replications. it will refer to the nearest site that has the require
table. The above query is finally translated to the following one.

SELECT TI.1D#. NAME. ADDR. DEPT. MAJOR, THESIS
FROM STUDENT! AT SERVER3 TIi. STUDENT2 AT
SERVER4 T2

WHERE T1.1D#=T2.1D¥ AND T1.1D#=12345.

If not found then

SELECT T1.ID#. TI NAME. ADDR. DEPT. MAIOR. THESIS
FROM STUDENT3 AT SERVERI T3. STUDENT4 AT
SERVERI T4

WIIERLE T3 ID#=T4.1D¥ AND T3 ID#=12345:

5. SOME SEMANTIC QUERY OPTIMIZATION EXPERIMENTAL
RESULTS

Some expeniments have been conducted to test the performance off
the global queries. A query 1s tested with and without the semantic
optimizer on a multidatabase system. The test results show
significant improvement of response imes

5.1) Detection of 1.nsatisfiable Conditions

This 1s the case where the input queny 1s against an
integrity rule In this case. the global opumizer will not send the
request o any database servers
For example. the quen 15
SELECT *

FROM STUDLENT
WHLRE CAMPLIS =70 AND 1D# < 30000



The integrity rulc: If CAMPUS =70 THEN ID# > 7000

In this case the query is against the integrity rulc and there will be
no rows returned.

1 3 3 a 5
(s) () (s) (s) (s)

Original 0as3 | 0531 | 0.336 | 0843 | 0734

Query

Modified 0 0 0 0 0

Query

3.2) Predicate Elimination

“This the case where there are too many predicates in the
scarch condition of a query. Some extra predicates can be
eliminated.

For example. the query 15

SELECT*

FROM STUDENT

WHERE FAC="03" AND LEVEL > 1.

The integrity rule: IF FAC="03' THEN LEVEL >3

‘The query is transformed into

SELECT™*
FROM STUDENT
WHERFE FAC ="03":

The predicate LEVEL > | is eliminated becausc the fact that
FAC="03" implies that LEVEL must be > 3. Test results show the
improvement of the response ume.
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1 2 3 4 5
(s) (s) (s) (s) (s)
Original . .
ey 0343 | 0321 | 0315 | 0344 | 0356
Modified
0.141 0.14 0.145 0.1 162
iy 1 0 53 | 0.16

5.4) Scan Reduction

reduce the scan intervals.

For example. the query is

SELECT *

FROM STUDENT
WHERE MAJOR ="1E" AND CAMPLS > 30:

This is the case where integrity rules can be used 1o

Integrity Rule' IF MAJOR ="1E° THFEN CAMPUS < 50

The query 1s transformed mio

SELECT *

FROM STUDENT
WHERE MAJOR ='1E" AND CAMPUS > 30
AND CAMPUS < 50.

The result show slight improvement of the response time. This is

due to the fact that the scan range is reduced.

] 2 3 2 3
(s) (s) (s) (s) (s)
Onginal 2 2 4 2
b 0312 | 0296 | 0314 | 0298 | 0.308
Modificd 0125 | 0212 | 0302 | 0128 | 0.149
Query

5.3) Index Introduction

This case is the casc where a new condition 1s
introduced because the condition involves a predicate which 15
indexcd. The query optimizer can exploit the index on the new
scarch condition and improve the response ime.

[‘or cxamplc. the gueny 1S

SELECT *

FROM STUDENT

WHLERFE FAC = 05",

FAC="05"

The imegnty rule IF THEN FID=10 and FID s

indexced.
The query 15 transformed into

SELECT *
FROM STUDFNT
WHERE FAC="05" AND FID =10.

This query takes advantage of the mdex on FID 0 wmprove the
query  response  lime The test result shows a significant
improvement

1 2 3 a 5
(s) (s) (s) (s) (s)
Original 0296 | 0207 | 0313 | 0297 | 0298
Query
Modified
Query 0.241 | 0288 | 0281 | 0282 | 0.281
6. CONCLUSIONS

This paper presents a multidatabase system that supports semantic
query optimization at the global level. Data architecwre of the
system and illustrated examples of query requests on global.
fragment and allocation are given. \Update operation that leads (o
distributed transaction that requires at least the 2-phase commit
protocol is also illustrated.
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