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(Interactive  Data Manipulation <l _shall — Joladll al e
sl e 350,01 bl lal lu,_,b ixig : DML Language)
3 wlaagas Joandy iy BLEY bl $920y <Ll pirg SO

aolibali 5asld

i § il Tusns ooy :Embedded Bl wlball g Joludl X o
Ja1es C 8wl (PLA Jh Lol Gw il
@ﬂHLHMSQLéal__.MIJ_MwL_s,ﬂ el Cigyas @
yUsie

Gai> spundl wladas SQL 3 bl Ciogyad LA (5959 tobaladl @
_yeblilly GBI Jf Jyoy!
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. SQL w
N PR

Ja S .l:_?::: 20 bl SQL é DDL 9> chelsalt e

tals 2>y SQL j :Transaction Control o5BLAll § pSilf @
pSonall baball Lid s iyl axgs LS Lgialedy ABLL Loy ool
.oalyall Jaoall g

- kil Lebhing pesty 31 Gjlall Jyo @l 52508 pasiuis Ll sl g

Branch-Schema = (branch-name, branch-city, assets)
Customer = (customer-name, customer-street, city)
Loan = (branch-name, loan—-number, amount)
Borrower = (customer-name, loan-number)

Account = (branch-name, account-number, balance)

Depositor = (customer-name, account-number)
r)l.-.“;..dl dal =2

SQL 2 3 pdasieoM drguslerf Lol —1-2

: Select, From, s si32i ¥ oo SQL i § P Ll ¥ Tt il
Where

From « al pasi; (P padt § Bl Tles g6 Select eadl el
20 G (LSl claadl LGy LAYl Lles § Lol BB ayund
liolgll Ldios of g Lidhie iged ¢yoiid Where st Lol . SLESWI

From sy g Laagass G VB gl
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cgb!l Jadll

) wldnai’ sl

e S SQL 30§ it i o

select 4,, 4,, ...... A
from r, r,..... r,

where P

. l_dl:Jl bl gslé)bdl J_a-‘.b«” é '-dJlSJ gl‘q

T 4 tm (O'p (rixr2x...x rm))
: SQL iy pdait § AU 32 ¥ S L Al
liolyl 150 ayasd) r.\'a.'i...-f : (Select clause) Select \lu>Visas e
P TS 3 L) gl
D Aagladll pasid (p2gyl Bike § £Y paan and alang¥ 1

select branch-name

From loan;
(branch-name) laxly Tj—alj (5355 Be oa Langilly

Sl L3y ¢ pdil LB 3 o T § wlisgandl 5,85 SQL A puns

_Select axs distinct LS Cipds

Select distinct branch-name

From loan;
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SQL w
() il st Q

aslagasdl § LSl Baa ail all ZalS paiiady
: Jl

select all branch-name

from loan;

LT o lholyll gpar Sl e DYl 77 S 1 padii
: Jls

select *

From loan;
/J* ¢ - ‘+awlrwlgmﬂwselectiﬁg}ﬂoi¢,&ﬁ
cJl

select branch-name, loan-number, amount * 100

from loan;

olaagasdl Wi of g il byl syl pasini :Where 5,5 o
o8 Ay g'..II, “perryridge” g4 4 pa, rLEJI' KIEYY Nead B ,lisd|
D oSS 1200

select loan-number
from loan

where branch-name = "perryridge"” and amount >1200;
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& Jaitl

(1) aiigmadl ast

> BJLE.“ s:.vL:l_-Lw‘g where (B¥L é not g or and Labkill <Yl ¢ .. -

(S>=
.not between 9 between 37< (4= <=

s JBa
Where amount between 90000 and 100000 ;

it ol Il o Sl elaxdl From 5,2 iy : From syi o
sl Ly )50 el U5y gl Lk 2515 Uy Lgie lpaga
] podl Lles 5o SQL Ly juwill LiSey 6 blivly

1 ciomer—name Joan-mumber (POFrOWEr >< loan)

s sl

select distinct customer-name, borrower. loan-number
From borrower, loan

where borrower.loan-number = loan.loan-number;

5,45 . relation-name.attribute-name Lol Lol galdt JUSH 3 Sy

LN a3y B o ST 3 Ciolgll pul (s gy ey Select
E._..e..dl Sdlﬁl -2-2

: as 5l rl.:.’-n.'iml._v liolyly BNl Luadll Sole] (5,29

old-name as new-name
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Iy Sbbadl ae143 SQL v
& 0 0553 (o Iploo ol L paer 0398 6,5 lood otayd : JUo
<SS loan-id pole loan-number . ganf pl 08 pagguill & ¢ Perryridge

salect distinct customer-name, borrower.loan-number as
loan-id

from borrower, loan
where borrower.loan-number = loan. loan-number and

branch-name= “Perryridge”

H L_J)..\:J’ -;:13.&10

old Lilad) Ly g LaSy oo ol o gais Ly e g Baake “as” 5l
: JUI DB 25 By biys SQL 3 (509amdl Jgaill
P50y GBI elawly b yeall e 13,38 ot lobaz Gl GSLI maar alay : Jle
(P29,

Select distinct customer-name, T.loan-number

From borrower as T, loan as S

Where T.loan-number = S.loan-number

&0 Ol e Y Zpagan I 55 T ogandl dyol ol Goludl JULT g0 s,

@Yl Lilisns wlpaus sLhisf | Onan SR LN | JY-PY Jy .borrower B3|
: 4&!dﬂﬂ¢ﬂ3cg9¢h6.iﬁgaa

d o 1 Lall i § s 0 a1 e Ty ) glios Lol ot

e T Lty S Jy¥l pudgoae a2 pais ¥l lia S Perryridge p it
.Branch-Schema 5! Jj Ladts
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& Jeilt {1y wihhall a5l

Branch-name Branch-city Assets
perryridge < S
Y < T

M -M-J-k-l-‘_ "lr-\M'" !'3
Select T.branch-name
From branch T,
Branch S

Where S.city = T.city and S.branch-name= "perryridge™:
Oyl s o cstidandl —3-2
pasimaly 4L Uia Cisig like oSyt 4lasll oo Lasial llantt 251
Wiz Byl e sl Jo BV ¢ Y
iy i e UYAl ; under score
il gt 0 pByo 5T 3 idge Syl ks (5325 I oyl oo il e
: daalasll prSess

Select branch-name From Branch

Where branch-name Like "%idge%” ;
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SQL w
1) lainadl asl,i

sl Uiyl B3 0o Wlpe Byl Al ot e UV "

ur-_ :!)

of o « Lagiinby r'.}a&.—ui P PR I bl gad o byl C“)“)
cisis  ESC oy Wy
customer-street like “abESC%cd%"

. “ab%cd” Uyl Uy Ty 53y 923 08w yLd pul 08 el 51

by ) U gad L83 agng pas olag) notlike sl plasind oSa

ol Jooy e Gy ALdd il aylgs plaiiwly SQL e
Wk Jgb olauly ¢ Adedt 0 032 ol 3auly (VI17) plasdly Concatenating
« ¢ ya80g B yuiall dﬁm Ox Jegadlly (.J_)p-:ﬂ

Aailll il gusdl s 5 —4-2

plasdnly dI3y (Aaolill L3I § wlasgasdl cuiys § Sy Ol yedianell ¢Say
omailly (B3l clandy Lol Ly 25, 136 1,508 Stab . Order by 54

1885 “Perryridge” g5l oo po )8 e yhao
select distinct customer-name
from borrower, loan
where borrower.loan-number = loan.loan-number
and branch-name = "perryridge"

order by customer-name;
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A Jaih

) i 2 §

Lyls ol asc Laslas ol yibl Zig_,b RYRE S JU- V1) vy 0955 LUl LSRN o)

coslioly Bas o oyl Gl of 0%y LS« (descending ascending )desc
dy 0l s e L5l Ui 5 Lo 0y 01 2006 a0 U o0 5 Jite
021 (3 1225 Lo i 1585 ¢ Gl s Ly oy e spmy s
1SS

select *

from loan

order by amount desc, loan-number asc

S 3.U3.|) il :l.JJSU-A wiliogaadl e S S0s U“" sl als o

Byl o BB ags i ol
wlegammall e lalaall -5-2

cbu:dlj tl._.::_-}U i1l except g intersect , union wlaeally SQL-92 o
ellanll in Lde b (I LI 0S5 of e FENI il § 6,41
(ol i Lgd) duilada

Dbkl IS g lalaall 0n pladdiod TS 0ud By

gyl —1-6-2

iS5 asIge ,T Oxd yiia tlgw b pall & Oaabill gSle3it S Lo garae ey |
(select customer-name

From depositor)

union
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i SQL
11 aiamall syl
-select customer-name

From borrower)
LNl § kY Tl e WT 5,80 @lisgaslt Lz Y Tes B30
sy 3,080 Silaagas Ll (59— «(union all) ws$i ) ,SILy Bl
errip LT U™ HS'Q Lo ogb

sl -2-5-2

1S B yall é ol rH_..\.!) vé P U'Lﬁ lshax Sl G5l Jm?
(select distinct customer-name
from depositor)
intersect
(select distinct customer-name

from borrower)
Lol g9 Lasiey (8,81 wlyagasdl ylebY intersect all 3 Ll pasindy

ASpall wlelagly gog,al saay oS3
il -3—-5-2

DS
{select distinct customer-name
from depositor)
except

(select customer-name

from borrower)

121



oM Juait
) =t ]

C"L"""'" HLlagg 05,811 Slaagasdl LY "except all” S lanll pladiot 5S4,

vl sae o J.-.Si Sl e oue f'H"J R IS PR S [ | s Jyast
Anys 81 S
agaﬁuﬁﬂlcgbi"-—s—z

Lo petsidl odm pal Sty 2o 203y maill 00 dosame lo Lonsazall el 3k

o
& &l ady
Ave Average bl
Min Minimum o3
Max Maximum ,,s%1
Sum Total gaeall
;Ui

D3 X7 gyl § bt Bas)l bgie SLBY

select avg (balance)
from account

where branch-name = "x" ;
. oS3 Perryridge g,b Lsia 038 dasf ST 5Lk

select Max (amount)
from loan

where branch-name= "perryridge"”

LSS X" gl § gl llasdl Bao i peaze JLebdy

122



SQL w

)y smal' el

select Sum({balance)

frcm account

where branch-name ="X";
s S L JS By by ¢33 2038 LYy

select branch-name, avg (balance)
frem account

group by branch-name ;
sl ol les L3 5590 S-S (o ol of giladt JULI g BB

.avg

Goglall yub pll Llas —7—2

\_j Slagla Py P ul‘ U Null Loglall jué doadll rl.:';a...l._. SQL i C.M."-
Lol
P L Gaym Y Ul g il rtsJi slagy ¢ Jl

select loan-number

from loan

where amount is null;
T VEN é r__'iJ| 03n Jgrg JaladS Luoy Loglall a2 r._m".ll danipadll @Ij'dl CJLRJ
piay cLajliel g50 Aol chaasy Lyngeadl] Lybanll Lole (5525 01 puoliall

Auglos 2 Lo (59209 3 @liagasdl sas yamy Count e
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£ Jaidt

By et i

ANl &5 305 ~8-2
byt 523 N ABMI hal ny le Lingans agls s S T,01 231
g S 3 B, by ol Sl Byl o Gl T el G
D odealad 2aiit) Shadios \ Bipludl T bt PR

Select Avg (balance)

from account

Where branch-name= "x";
ool 2l el 355 X o 5,0 S e a2 Sobuy il o one
DS ol b Biglow 5,50 Liga) 35 Y Losis Lolig azu jué Jodf 13n tah
g 3y LI 5525 Lol SQL A pais (US 5N 3a Jod gy il
LB wlisolgl o ST gl axly o pans Libis el 8 Gay bl
: iS5 138ey .Group by 3 bl aidy Tyxall (5,25 SH Sgandl o

select branch-name, avg(balance)
from account

group by branch-name;

;U S0l s oS 30

124



SQL i

thh Silgaalt sl
Account Results
. Brazn:ch-name | Account-nb | Balance Branch-name | Avg(balance)
Ferryridge X1 10000 Perryridge 25000
taticnal Xz 20000 National 20000
Parryradge x3 30000
erryridae 4 20000
Perryradge X5 40000

s Jle

1S e JS ol pid el aS il vas slayY W

select branch-name, count (distinct customer-name)

from depositor, account

where depositor.account-number =
account.account-number

group by branch-name ;
Bazir BBle Lalely puandll Bylas B e G b3 nady 05y
tJl,
e pasind 12008 pos oS Led 520, ¥l bayis | I ol eload olagy o
: JWS SQL. j having

select branch-name, avg (balance)

from account
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&I Jrailt
group by branch-name

R FRCTY <E'as

having avg (balance) > 1200;

Yyl Gosby where b, 231 oLb pf ks § where g having o s a3y 13
diby o3 GIOUP by Gubiy (groups) wlegamma § byall Timall wlysgasdl o5
4—0,.Ja3 ‘é FERES I || C‘dL.G}Aa.u.” :L.:gu_-.'ﬁ.“ Oﬁj l_s}w Js oJ; ha\'ing ﬂ'."':".
.)Luﬂ.u._ | ',.I.}u- 3 dﬂlj Select
: Jt
ol B BV Jo Slagy “X” Tinao § Ghams G325 JS Baay] bewgia sl
: ._GS..
select depositor, customer-name, avg (balance)
from depositor, account, customer
where depositor.account-number =
account.account-number
and depositor.customer-name =
customer.customer- name
and customer-city = “x”;

group by (depositor, customer-name)

ha&ing count (distinct depositor.account-number > = 3]
Laall b 320 &l Ll —9-2

et oS 38 53l Slial Lide D852 wlluiiol 3413 UGS SQL g8

IES R acie 45 Select -from -where Js3i
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oy 2laalt sty

de gozre JI loisVI

1 gl Uiy« hall § oplawmg 08 ) 0l GBLa3M e Sl
Lsgena g oyl LI Ao gera Oaisgane m pblEl Dlas plasiwly oglbll
all 3 oaeoplt posar SlalS T o pladidt 5Sa LS pae0gl! (3L
D yall o e yiall degaze J) Ogaiiy !
LSS
select distinct customer-name
from borrower

where customer-name in

{select customer-name from depositor)

il gomoll 5o

ST @lagas Logamy lagas Legars o Bylall plasul; SQL W s
Er8 Shisrge pob oo ST Lilagrge poi I £9)01 s slond ol ¢ Il
X7 igae G Bagagll gl 0o JBYI e sl

Pl JS Al iVl RLis Sy

select distinct T.branch-name

from branch as T, branch as §

where T.assets > S.assets and S.branch-city = “x”

e ds g:.ll "some" any §,)Le phioly cilise JS2, Bhually SQL o
t b Lo garall jolis JS Py ‘__s:dl all 5,Lully s paaall yolis pan
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ol Josht

(l).;.:.h...'.\‘a.l,i
select branch-name

from branch
where assets > some

(select assets
from branch
where branch-city = “+#)
[ T VES [ e Gyl e plasGul OSazy

>some, <some, >=some, < >Some, =some, <= some

>all, <all, >=all, < >all, =all , <=all 18is y
cdla
0t ST Lgad B W1 biwgin 5l abiel By Il i Lzl 1 9,00 ol

DS (gl Sl § B, Il wlbagis s

select branch-name

from account

group by branch-name

having avg (balance) >= all
(select avg (balance)
from account

group by branch-name)

! "eXists” s Byls pladduly Boke § (liagar) jolis gy Sla> O

yolindl 83n Dgry Ji- '~.3 “true” rout sl o5

iS5 Byl § oluy 0358 p 023 SR slowi olangy 1 Jt
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(1) Slghalt sl SQL i
select customer—name

from borrower
where exists (select *

from depositor

where depositor.customer-name =

borrower.customer-name)

lpagasdl 3 51,55 9gg pus LS

r)h:...,'il 3 gl 1] true Ll suny SUI "Unique” il rl.\.a-a...l._. UIRNTRE ¥
wolagasdt 3 LS S50

select T.customer-name
from depositor as T
where unique (select R.customer-name

frem account, depositor as R

where T.customer-name = R.customer-name and
R.account-number = account.account-number

and

Account.branch-name = "x")

Aial) @l -10-2

Ll 03n liooly Lpans Bals| oSayy Bogan e 3 ledtiosl Loty B> ¢Sy

:as yadl SN r..\'a&.ui.uj Bagasdl
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I
C')l il (1) Slghalt 3543

avg-balance 4 branch-name ¢siolyll S5 result Lyaul Bdke L85 ;U

LSS
(select branch-name, avg (balance)

from account
group by branch-name)

as -result (branch-name, avg-balance)

bl -3
: JSG SQL dahy jUailh 5a
create view as (query expression)
cJle
create view branch-total-loan
(branch~name, total-loan)
as select branch-name, sum (amount)

from loan

group by branch-name

:c_l.ls.l. i 'JU'a.'u J:\QJJ
drop view view-name
eolanll 5usl fuas —4

planialy e labnll 5a5L3 Lo Juandly 3oy BLEYH e o8 el o7
p Juit g5l SQL Al
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SQL w

basJl —1-4

(1) Slhall 35193

;30 B oo by B 1ﬁgidrble5JU|
delete From tablename where condition

o el

: i " Perryridge * g il 55l @llasdl gaar i -1

delete from account

”

where branch-name= * Perryridge
: 3 "Needham” Zpas 3 oyl @Jﬂl P 3 ol o Ao —2

delete from account
where branch-name in (select branch-name
from branch

where branch-city= " Needham “ )
"Needham" i, J C.EJ C,)_'a g ol lgadd Gl Oaeoall BLS (Baad -3
L

delete from depositor
where account-number in
(select account-number
from branch, account
where branch-city= " Needham “
and

branch.branch-name= account.branch-name

)
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S Jeaiht

A sk sl

éBMJ1| L_Sh"" b J.Si Lh.\._g.o) O Sl sdlaes P Al —:

P vl Lt ._;‘\.aa!.‘
delete from account

where balance <
(select avg ( balance) from account)
Ot i @CCOUNE B 0o Shsgas Bl of on JULN 1 § peis 3 Ly
D JUS IS 1aa Yoy SQL Ll pais Liny cdpall § 5o, ¥ Loy 1
of g (Il @lasgasll posan Slauly bas Y bgis by pais it §
NP
Bale] gl gl ol Bale] (99) bisls Sy pll wlsgasdl poar By pyis oS

NCUFRTRES I Y

LY -2-4

D JU plat JS3N @BYe JI Lagas BLY Llas b
insert into rel-name

values ( attribute values)
jl

insert into rel-name

(select ...From...Where )
LY e 1 Yl LYl Las 345 57 Ulall o3 Gy

iR
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1 - SQL W
11y pimal! s

s oS wblead! Be JI Bagan dpoga> aLsy -1

insert into account
values ( * Perryridge ” , A-9732, 1200)

L o SSL S g

insert into account
{ branch-name, balance, account-number)

values
{ ¥ Perryridge “ , 1200, A-9732)
g _9i J}.‘.au V| QRPN | Qi & Shlusdl BXe J] Bogas L_Jj..\) :BLo'j -2
: !—-I-IS-!_ 355 lo}bu

insert into account

values ( “ Perryridge ” , A-777, null)

"Perryridge" Erill om B sl o o2 i e Jl drae Slus BlaY -3
i ol plund) Ly a0 135 auing taggg $200 Lay

insert into account
select branch-name, loan-number, 200
from loan

where branch-name= “ Perryridge 7

insert into depositor

select customer-name, loan-number
from 1loan, borrower

where branch-name= “ Perryridge ”

and loan.account-number= borrower.account-number
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&L il

(S labalt o

el —3-4

:Jhggxdllghﬂrbdldﬁﬂl
update rel-name
set attribute= new-values

where condition

Lossoy agi G wlluadl J) 6% Blol 1 pall @bluadl 5asyl ol : Jtis

S Ll JI 5% BLafy 10,0008 e oo
update account
set balance = balance * 1.06

where lbalance> 10000

update account
set balance = balance* 1.05

where balance <= 10000
0in o Cyndl Ul e Joanll Bhulsy cobibhall 5366 Lo Jrandl elya oSay
o Jalaslly Bilaill JSLALT iy 5485 (&S Jusil) Lo LA3U LS oSy aslall
Aaglall b ol
gub ¢ G yall cilghns 51508 e 3,ali branch-loan jlilt Usd) oS4 © Ji
L0S9,0t 03a Taaly Tilall lphall slis] as pSg Al paaxr Slbe Y

create view branch-loan as
select branch-name, loan—-number

from loan

U ) Bagan dpagas- whadd
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(B bt aslad SQL w

insert into branch-loan

values ( ™ Perryridge ” , L-307 )

L_Jj.\JJJ —ULo! i.g'.lw XY :.SLaj' Llee M
("Perryridge ”, “ L-307”, null)
Joan @I J|

Jurind ol paons dy ains AST bl I o clohndt o Jpaadl
Al S e gl gl o panill 3 pal diez 5
M o —5

d3n rJ;:...ﬁ S ke d.h..., JaS Huohe 33U 4503 dylas B o

budio W as From 5, 3 Sy jluiio! yurlaiS PRIy (AP

" R e . . - 4
B 3 yeb g.dl Sliolgly Bl g 8,1 wbagasdt sasy Go.x.ll.b_,.:‘.

o
LI s LB S omr lsigandl s pocs gl poas Ty 225 ¢ gl £y
eS|
ol by 3 ol glail
b Tl o
<LsB> Gy . ol oyl e
(ALA2,...,An) plasiuly I E Ay
e
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c_ul)l Jadll

(LR PR

b oL U Ll oS3 : Ji

loan Ly
Branch-name Loan-number Amount
Downtown L-170 3000 |
Redwood L-230 1000 |
Perryridge L 260 1700

Loan inner join

borrower 433!

Customer-name Loan-number
Yones L-170
Smith L-230 |
Hayes L 155%

s G el 505801 s ug&Jchfdllgas S5

loan.loan-number =

borrower on

borrower.loan—number

R E ¥ IR P LT
Branch- Loan- Amount Customer- | Loan-
name number name number
Downtown | L-170 3000 Jones L-170
Redwood L-230 4000 Smith L-230

g bl gyl gl Bass

loan left outer join borrower on
loan. loan-number = borrower.loan~number
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SQL

1 hall sl

Branch- Loan- Amount Customer- | Loan-
name number name number
Downtown | L-170 3000 Jones L-170
Redwood L-230 4000 Smith L-230
Perryridge | L 260 1700 null null

: g-._.._da.ll C"\'" Loy

loan natural inner join borrower on

loan.loan-number = borrower.loan-number

Branch-name Loan-number | Amount Customer-name
Downtown L-170 3000 Jones
Redwood L-230 4000 Smith

bl el 2 )51 sl sy

loan natural right outer join borrower
Branch-name | Loan-number | Amount Customer-name
Downtown L-170 3000 Jones
Redwood L-230 4000 Smith
null L-155 null Hayes

: Jolsdl L-’a,-JLE-JI Gc.\]l dplasy

Loan full outer join borrower using ( loan—number)
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& Jaitt

th wlgealt wntd
Branch-name | Loan-number | Amount Customer- ﬁ
name ;
Downtown | L-170 3000 Jones
Redwood L-230 4000 Smith i
Null L-155 null Hayes |
Perryridge L-260 1700 null l

ol g8 yiday Jobonill 0o 321y pi Brall me glaliiz B2 L sl ¢ Jt

TSl Gusgill Y (Oasaee
select customer-name

from ( depositor natural full outer join borrower)
where account-number is null

or loan-number is null

DDL lshall iy ya3 44) —6
whiglas 243y sbiball 5255 Lia sS55I B g priy SQL 23} s
Doy by BN JS 0

B S SN b 0

oty JSg Tl pdll Cigps dlra @

oSl by s @

e JS; Wl ol dll degena O

Jyopl ol bl oal ¢
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() Slball sslyd SQL w

(Sl ol Ay e

SQL 4y ¥l Liy i —1-6
: Leie SQL il w¥lal) Likises blasi iy pos oSy

030y eyl Job 0 G culS Jgb o) byai s iyyadd : char(n)

kil

S emabisl Jghll Nty . puiis Jgb wld Lyl A Cigyed) 1 varchar(n)
il ] 0302y

s 22 Int

A AL e () number(p,d)

Aaslay 18 o sl Woolally fas g real, double precision

Al UL 4 (595 3,1 : Date

Al s (dsluc podl § Byl :Time

O -E5

Lholy 0951 pupailly o ¥lonadt BT manz § Taglall a8 ol plasialy —
Aol o3g) Raglall yud il plasiul oo daglee jué Lad b5 ¥

JWI JBI 3 LS SQL i plasiuly 45 Lols w¥lawe Chyay of jaliaal] oSy —

create domain person-name char {20) not null

139



I Sl (1) <l 35193

SQL daly SN bhasll Uiy ya5 —2-6

TN Lagladll plasisly SQL Ay ks bbia B
create table r ( A1 D1 ,A2 D2, ..., An Dn ,
integrity-constraint 1 i ,

!

integrity-constraint k i )
Tk
Foy )| r....l r
r )l b (1 ri_, Lolgll f"'" Ai
Jgamdl e L3inh JalSs byys 1, ... kd

s Jis

create table branch
{ branch-name char(15) not null ,
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create table branch

{
branch~-name char(15) not null,

branch-city char(30),

assets integer,
primary key { branch-name), check ( assets>=0)

)
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END EXEC
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EXEC SQL
declare ¢ cursor for
select customer-name, account-number
from.depositor, account
where depositor.account-number= account.account-number
and account.balance> : amount
END-EXEC
R Fon waglnsll Pt s SQL fLgas yb4e € Gy OpENC doglas s =
EXEC SQL
open c¢
END-EXEC
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EXEC SQL

close c

END-EXEC
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Bl 1 plitall SN olicolghl s ganms 23 Primary key
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. A3l

create table customer

( customer-name char(20) not null,

customer-street char (30),
customer-city char (30),
primary-key (customer-name) )

create table account

( account—-number char (10) not null,

branch-name char (15),

balance integer,

primary-key (account—number),
foreign~-key (branch-name)

references branch (branch-name),

check (balance >=0))
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creszte table depositor

{ customer-name char (20) not null,

account-number char (10) not null,
primary-key (customer-name, account-number),

foreign-key (customer-name)
references customer (customer—name),

foreirgn-key {(account—number)
references account (account-number)
on delete cascade

on update cascade)
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create assertion <assertion-name> check <predicate>
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"gl § Bagagll Bao, Y1 pyana
create assertion sum_constraint check
( not exists { select *
from branch
where ( select sum(amount)
from loan

where .oan.branch-name=

branch.branch-name

153



e e (1) ldenll sstys

)
>=

( select sum(balance)

from account
where account.branch-name= .

branch.branch-name

)
9L wlball 5206 5 ylof Ui pi wliball 8158 3 wush Ciyps any ¢ i
8 e Sl plBI s (5 ay ¢ LS Bas s Bl lball o e

S Guiss 3 JUs Sogas g1 Saj Saslall

Trigger C.Jl.'ﬂl —4
Jrpian g (5 labaalf 2sig8 plis LT Ladi, S Sladadll o Legarna o1
¢ omlool 0 petiny Bl 2323 SasWl (e sane
Uhad 31 S5 Sy I Bgy 21 @
o iy ) By e
: Jhe

o Oly Al Lo Gron s v 350 0 4 yemdll 8 00 41 02550

. - “i . 2 df
J23 (il Ld ] oyl Jgas Gluodl (e o Liles el ] 235 Guasinal

ApasSH salws Lagiy 3y-all BN er iy 4 vdyd slhefy jaall Ji Sao
; Jul JSab o8 iyt Jandl 13a 3 L oluadl ga LBl

il dnoyll e cilar olasdl Lo (o Jeans Jyas g 7ol 3635 by

154



Jolsll by s

D o W el lded

(1) Slball ss1g

Qﬁédmpqloan‘yabﬂlENU.QE;EHJe Loga Adlsf @
s [branch-name]= t [branch~name]
s [loan-number]= t [account-number]

s [amount] = -t [balance]}
sy borrower pol g8l BMe Jl u Lagas dbls] @
u[customer-name] = t [customer-name]

u[loan-number]= t [account-number]

t[balance] = 0 o

gl S SQL Ll 7olall Cigpod (5524

define trigger overdraft on update of account T
{(if new T.balance<0 then
(insert into loan values
(T.branch-name, T.account-number,
- new T.balance)
insert into borrower
{select customer-name, account-number
from depositor
where T.account-number =
depositor.account-number)
update account s
set s.balance =0

where s.account-number= T.account.number))
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Loan-info-schema = ( branch—-name,
loan~-number,
customer—-name,
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result := X;

while (changes to result) do

for (each DF a2>B in F) do
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begin
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end
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e Ta(r) X Tg (1)
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RInR2—=R2

: Dependency perservation Lol bl VI e Wbl 45325
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Slblg ¥ e Abilne 55l o] Jgib Lpdias Jl> 3y LW B s
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PRODUCTS

() lehalt 4ot
Factory Products '
Fl {p2,p4,p5}
F2 {p1, p2,p3}

Js 3§ Jdy¥i ot LB IS e ey oW bl gSal 4, Gteu) B! 010

PRODUCTS

t JUILS Walgims oS
Factory Product
Fl1 p2
F1 p4
Fl pS
F2 pl
F2 p2
F2 P3

Second Normal Form 2NF QJL'}-" goll Jsadi —2-2

Dty ylad

: .JL'U'.L»)J‘J' 3> 3] Y.,X&Hgn._rtibLﬁJl Rt TYRE] J}L : quﬂlng:ﬂi

X oY= (VL 2er [ X]=12[X]=> 1[¥]=12[Y])
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(Boyce-Codd Normal Form) BCNF oUull jsid) — 3-2

Lamlill bbb, ¥ age 2ilS 13 BONF lball JS801 oe R B3 of Jois
D AN el anl g8 Y 9o X g oalill BlsyYI oSy P B33E o Tl
sl S 1)) i 4.-! Y 525 X o U Blayl e Jaiiy ot U bla,l e
X é Bl yio Y
RN sy nlitn 035 X @
panas § s § g8l Lalbidl JIS3Y1 anf oa BONF  oollill J<2il of
foar <sLs 13 BCNF EP o 3» wliball sl paas o] Joby .liball 3256
BCNF sl ¢ » Baelill d23l) 45601 cllabsndd
: Jle
: AR e Byl Tumlill bl Vig R=(A, B, C) oSy

A->B
B>C

A o B ke S
o S gl L3, Y1 sy g) BONF (il JS801 o0 o R T3 )
s L golesll L R1 =(A, B) ,R2 =(B, C) ¢uidi JI Leiias

BCNF (ol S8l R1,R2

obball Jo ibilee D323l @

Tl bl Y e dblow Bjadll @
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(1) Slball 251y Gldle ilybs 5pl5 ppaa

5 20l o3yl g5 ~1-3-2

JI BCNF L!nLE\SH JE3N g ot @Li}\.ﬁhbu $yd) Luyyles &Lo._.s O
.BCNF LfaLE.'JI JSAI e =dide degane

result:= { R} ;
done:= false;
compute F + ;
while (not done) deo
if (there is a schema Ri in result
that is not in BCNF) then
begin

et XY be a nontrivial functional
dependency that holds on Ri such that
X2?Ri is not in F + ,

and XU Y=20
result := (result-Ri) U (Ri-Y) U (X,Y);
end

else done:= true;

: dbadls
coliball Lo Uil 59,80 cady BONF J8 0 o» 20Ul 832301 of
- JBs

: JUI Sl Bl G oS

[R=(branch-name, branch-city, assets, customer-name,
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wealadl Jadlt

[2 JCRT ' yp
loan—number, amount)

D Bbadl e @ )all 60 L3 olbls, Y i

F = {(branch- name > assets branch- cit-;

loan- number > amount branch- name

Key = { loan- number, customer- name } D an Pl

DU SN lhlasedl S Jas Tyaall Lay5le> Jaabi,
Rl =(branch-name, branch-city, assets)

R2 =(branch-namne, customer-name, loan-number, amount)
py-i Uiy BCNF L_,..Lia:.n JS=3t o e R2 g BCNF Q.Lh;u JSA ce R

D oS GBIl 4y,
R3 =(branch-name, loan-number, amount)

R4 =(customer-name, loan-number)

o RSB bhaull LUl Biaall 555,
R1l, R3, R4

: abado
Lbilms 0955 BONF  olbill JS 301 ¢ B325 Jo Jgandt Logo plSaPl
so Ul SN bl s B yall nplill wilblis )V (e
: JGo
cagle 10 yall Lyl @ibls )Yy R =(J, K, L) L_;-G)L-.Il.hh.&dl Ul oS

F= { JK > L, L >K ]}
(L) 9 (JK) : Las gl e ololais B3Y
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JK D L alill bLs Y1 Je abdlmall,

(Third Normal Form) &JUll  gellidl js2di — 4-2

b)Y g SIS 3] &JW g.w.'dt JSah g 6l R @G}Lﬁhh&.o 0oL Jogis
e Dl Lt s, DA Legaral! ) Laiill XDY JS8 0 Lanpldl
;LI JISEY ani L bl faa

(X b 5 Y) oo om byl 9o XDV il bl VI

R § gy liis g0 X

O iyl 5 YX cliolgl legame J il A wlielgll JS
S bsnall

: 4B

of &193 ) 3NF Bl JS2l s 8 BONF  oolsill JSll e 180 JS
Tl L3 IS o sVl 201 asl L) Lale 6l Dl bl Yl
(S gollill JSII Ciyya5 § Byl

: JUs

e Byl Ganlidl lbls ¥ pe JUI S5 bl Ui S0

R =(J, K, L)
F={JdK2>L LK)

(L) 9 (LK) L D) gl i ol iad
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S S oA JSEH e o R a8

ot e § g K LK

a5 3aall dgo ) yles —1-4-2

1q§51ﬂ|¢ﬂﬂﬁ4|04lﬂ»anJ!R‘fﬁﬂﬁkhhau&aihﬁwbb(ggugCHﬁ
3y>allg 3NF S8t s on Ri L_;.'L_E)Ls.b.h‘» J=5 @y {R1R2, ... Rn}
Al @lbls Y e dbilow Dyadlyeolball e bl
buaill Ao A8 pall F il wlbls V1 is el (5 jaall Lubiahl Fe Lo oS
.R SO

i:=0;

for each functional dependency XY do

if none of the schemas Rj , 1<=j<=i contains XY

then begin
i:=1 +1;
Ri := (X,Y) ;
end

if none of the schemas Rj , 1<=j<=i contains
a candidate key for R then

begin

i:= 1 +1;

Ri := any candidate key for R;

end

return ( R1 ,R2 , ..., Ri)
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s Jle

D JU1 CBlalty laall SO bl Ll Sl

Banker-info-schema = (branch-name, customer—-name,
banker-name, office-number)

Cagde T all Rl bl Vs

banker-name 2 branch-name office-number

customer—-name branch-name —>banker-name
:,ALL&AJCQAIZFHI

{customer-name, branch-name }

D A Slbbadl axs Byl Lu)yles Fabisg

Banker-office-schema =(banker-name, branch-name,
office—-number)
Banker-schema = (customer-name, branch-name,

- banker—-name)

: Ao
0355 umg 3NF JSA oo cldle Togama Jf Tl 25325 Logo oMl 4 waw
oL Vb Gl LS Lpmglill bl I 18 Wdloeg wliball Je Lblme 153231
Uil 0355 &y BONF JLall g Bl Logame J] LB L5320 Lago
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3NF (Sl e LB wibball o
whball Jo iyl o

Tl bl Y e il

(Fourth Normal Form) s 3 celbsall Js2di — 52

L= 9oy BCNF JStdf g culshiall 5asld) 1gdle clbbing 00555 of oSa
:H;Bmdhuﬁdlgyﬂ‘mghdJ&mﬁiﬂsgb‘ﬂh_;jSJﬁglpwschg

classes ( course, teacher, book)

oyl LS ol © Baldl pugpaid Jaga t plall of (Citb) pgasndl i g

.bjpciahﬂ
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(1) Shhall a1y WG wlahay 3020 paec
Cogazag woledl s 5ol JS oimtyad) Galadll fanjally 256 o liball 30515 ]

SN 03n g sy Ml s gl g V) 5ol JSI Loy Zguy yail| S

(g ya3ll

Course Teacher book
Database Avi Korth
Database Avi Ullman
Database Hank Korth
Database Sudarshan Ullman
Database Sudarshan Korth
Operating systems | Avi Silberschatz
Operating systems | Avi Shaw
Operating systems | Jim Silberschatz
Operating systems | Jim Shaw

classes

72 MG bLS ) oy, Yy {course, teacher, book} 98 C.:Qll cL?..%.ll ol
. BCNF (841 40 48 SO bhad B oo A gad guay

8obs gyl Jade Sara wuan gujas Jyoy dagles s of 5 Loaie GF Lads
DLy BN § ouagas Bla| Ji U3 database

(database, Sara, Korth)

(database, Sara, Ullman)

dl 5325 Jsill gag BCNF JS20f g ga bl Of g US2e syorgy Lyudy Ling
I PY R N
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ool Jalll

N PRSI
Course Teacher
Database Avi
Database Hank
Database Sudarshan
Operating systems Avi

LQperating systems Jim

Teaches
Course Book
Database Korth
Database Ullman
Operating systems Silberschatz
Operating systems Shaw

Text

I U JSBI G Laa gpaganndl pbbinll O Sy

Multivalued Dependencies psill vasill bl 31 -1-5-2

SLEW bl § Slgime lioly dogame X, Y g RSB Lhsudt Lo o548
Jorl oo JLI byl G 3] XD DY il aaaie byl aamgy O] Iy ¢ R

a(R) USEJJR. L;LG aa,all Ay AL o

13, oligogas ooy LB t1[X] = 2[X] wusa T oo 1,12 @liaga> Soaxy ol

tl[X] = t2[X] = £3[X] = t4[X]
£3{Yl= tl[Y]

Dogke b GRSy s T oo 4
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(1) Sl a5l ke oy 51505 paae
t3{R-Y]= t2[R-~Y]

t4[Y]= t2[Y]

t4[R-Y]= t1[R-Y]

D dgandl 5 ks oSy

X Y R-X-Y

T1 alal........ ai ait+l....... aj at+l...... an
T2 ala2........ ai bi+l....... bj bj+l....... bn
T3 ala2........ ai ait+l....... aj bjt+l....... bn
T4 ala2........ ai bi+l....... bj ajtl....... an
JGe

D La gl (oania Guanls Gubls )l 392y B3l classes wlibhes 5ael Wl e
course>-? teacher

course -»->book
st sl 2200 a5 L) a2gs G XDY 5y ol bl aag 13] S B2
X=>2Y

pa0) ol lblis Y1 &y s —2-5-2
D+ ‘é"-u cr._.!.i.” doaxill ::LLLGJW_, il QILBL.IJJYI Lﬁ}m D Ly o5
O-Say k_f'.'lb D e Lighiy il Lol bl & D J Gl e gaall
DU olludly aslell Gabiy Ll
O X s Blytioa Y g wlialyll o iegars X, Y Luad oS 1) ¢ ulSasYI

G X2 Y
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Gia XD IR-X-Y oo s XDY oIS 13 @ plasi

¢ R s wliolgll g0 degers Z g Wios XD DY oIS 13] ¢ padll Baaaill Ayaylyill

i ZXDD> MY b (Z \_3 Blgizs lioly 4o ga0 Mg
Gime X22Y gl Wise XY ols 13 ¢ dlall

34 gl M intersect Y 3 Y d8lsdou Z 3 XY o5 1] ¢ ploall
. - Giw XDZ b M>Z

XDIYZ s XD Z y X>DY pls 3] - pe) Baaaal) Laaalhsalt

i X2DY? Z b XD Z 4 X2DY 5l 13l clali:dl

XD ZY y 3ira XDDV- Z b XD Z 4 XDDY o5 13 ¢ a0l
s Jle

D e 18,all Luaylll wlbls¥ly R(AB, CAHD)  SES1 bhinlt Lad oSS

D+ wlus walblty D= { A>>B, B>>HI, CG>H)
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(1) alball selyi Ll ol 522l ppas

Gl gollidl JSa -3-5-2

QLLL_Q)?' (e wsls L] c__:b.“ GJL.E.UI Ja_ e Ll ‘f"ﬁ)\ﬁhhm O J)L
U e s XDDY Y4 g @ 1 e Byall ol Basailf Luay )
D ol b 301 s

.‘ﬂgalqﬂlaaxutf4bbh5133}09~)\’ .
: dba e

BCNF bl JS20 6o 3o qall albill JS3U1 g0 53k babina S

L 2 o) lgs ~4-5-2
LB JSA r lblaing Bogame J] S0 bbdu D300 L) ly> ol Lo
¢!

result:= { R } ;
done:= false;

compute F + ;

while ( not done) do

if (there is a schema Ri in result that is not in 4NF)
then

begin
(b 8 il 3 s B XD DY Ligd
La ol BN Ao pan chais ey XPRi G Ri o dhaa
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bl Jadll

(h o it g

« Y?X = @9 F+

’

result:= (result- Ri) U ( Ri- vy U (x,v:
end |

else done:= true;

. Abod
lball o Lilone M lbill S0 oo Taclil T30

: Jle

e B pall Lyngl @lbl,¥ly RAB, C,AHT) | 365kl bl Ul o
JSA oo 45320 oLyl s dblls D= { AD>B, B>->HI, CGH}
A el

Uolitn i A g ADDB oY o)l ol JS81 Gor o R o] bt —

e Jea Byl daylyn Gty —

a) Rl =(A, B) (R1 is in 4NF)
b) R2 =(A, C, G, H, I) (R2 is not in 4NF)
: JI R2 ©3a5 Jo Jams giow CG>>H oy
c) R3 ={(C, ?, H) (R3 is in 4NF)
d) R4 =(an, C, 7, I) (R4 is not in 4NF)

. JI R4 Tiady ADSHL A1 o A>>B, B>HI o5 Uy -

e) R5 =(A, I) (R5 is in 4NF)
£) R6 =(A, C, ?) {R6 is in 4NF)
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&LILy R1 7 R2>> R2 pell saaill bl 1 o30S, *(R1, R2) el bl )Y

g___-g-.o.xﬂ bl 5, W o<, X=22Y r__gﬂl NS {{ 5 Y W J | R -
FXUR-Y),XUY)

PJNF (Project-Join Normal Form) .l jsadl -1-3

D pall Boanilly Tl b,V Logaas 4uls Syall R SN LT of Jois
D+ § Lozl bl pan ilS 13 PINF (S350 0 iz wilblsyly
R= Rl U R2 3R oo s3> Ri ¢ *(R1, R2,...,R0) JS81 o 2 Sy
s oaal by s J5Y1 e giss Ul URm

e g_wLL,a_,u *R1,R2, ...,Rn)

R J sy glihe o Ri Ble JS

ot FUINe bbby S 0L ¢ g2us Byl ga il aakia (o2 B3 JS ol LS,
. 4NF ¢5ll o ga PINF gyl

: JBs

D FBM hadl Ly oS

Loan-info-schema ={branch—-name, customer-name,

loan-number, amount).

£b 00 SiST Gllas b Bty comh o0 Y 0852 of oS 038 of 0y 2>
Lisal O g U5 < pamy 0 Lty Jiime lbls ) d1 03a o] ¢ digne LaeS 4y
L BN Gy 20 bLS)
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*((loan-number,branch-name),(loan-number,customer-name),
( loan-number, amount))

& PINF g.LB:JI JS4I s et s Loan-info-schema ';‘U)bdl INEEN Y
PINF  oalbil JS_ 53l ansgly . Galud! o2adl bLS,O Logladl Lugladl ol
;I B Lol wlbbandl Jf 45525 cany

( loan-number, branch-name)
( loan-number, customer-name)
( loan-number, amount)

zhall Jiaed goLBJJI JSadl —4

Domain Key Normal Form (DKNF)
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PERAS t{account-number] ca Jg¥! Mol BT : 98 pledl b yadl
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: 98 DKNF g9l o bbll pouds
Regular-acct-schema=(branch-name, account-number, balance)
Special-acct-schema=(branch-name, account-number, balance)

. ya Special-acct-schema hbiull Jxall byd
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S i)l (1) olbalt a5lyd

Log recovery iismollisn ®
. shadow-paging JiJl iane ®
Sy gl Bl Jeduie JS8 305 @MBLI i Dulad! e o2 5354
Liysuall s
O i B 3355 by e Bule L Bl g godes Lile b dipaall
(gmrtb Ui bagyd Boley wlabuall 51518 (g 9am S ol 0oyl Loy
D wbball 3asB Lo faadl @Yld sass wdlias Bole digowall (5925
Aol Je <Ti start> Upaadll Juanad 2 Bl 3,405 Ll e @
< Ti X, V1 ,V2 > Yo bl s Sy cwrite(X) dodes 3235 J3 ®
g L;"‘JI il V2 (.:L_nUSJI‘_LﬁX).Aanl i V1 .;a._n:-wluls
X yoind! A3l
Wgﬁ(wmléwJ}iw)Ti LU Jas gl e @
Aigoall e <Ti commit > Uzl
e el ager Jaaed Bugb 02 eths Y1 Je 5 haudl o Ligyhll oda LS
ot el glany plall ey Lo Jf LUSH ltles pper Jerby dbsall
£Uins Johe igas s . s St LI 35 e 2535 LS 26U
< Ti p<Ti start> ouasbadll oo JS Jums Sy Jl § 345 Bals] J) LI
Aigomall e commit >

Jo8 Laiis 52 TO of pajiily ¢ pldl T1 5 TO oL Ll ST ¢ J
- Ti
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) wbdaall aslyd

<MLL

TO :read (A)
A=A-50
Write(A)

B =B+50
Write (B)

T1: read(c)

C:=C-100

Write(C)

MIWIQM@JUINI&}AMIG}NQ@,

<TO start>
<T0, A, 950>
<T0, B,2050>

@

<T0 start>
<T0, A, 950>
<T0, B,2050>
<T0 commit>
<T1 start>
<T1, C, 600>

(®)

<T0 start>

<T0, A, 950>
<T0, B,2050>
<T0 commit>
<T1 start>

<T1, C, 600>
<T1 commit>

©

ROy [ENTXEN N plll Jbs Sy 15k

Jhall ooy o] Y x> Y () VUi

d <TO commit> Jin o3 5y 5 TO LI 3 olay of e () VLI

Al

Jares 5z 0¥ Joddlly T1 § TO a5 yiis ol of caang (€) DI

Jkgmall § <T1 commit> y <T0 commit> ¢ysilyandl!
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