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Database Management System
(DBMS)
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DBP ¢ DBA

Data Base Administrator (DBA) =
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Data Base Programmer (DBP) =
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Drawbacks of using file systems to store data:

Data redundancy and inconsistency
m Multiple file formats, duplication of information in different files
Difficulty in accessing data
m Need to write a new program to carry out each new task
Data isolation — multiple files and formats
Integrity problems
m Integrity constraints (e.g. account balance > 0) become part of program code
m Hard to add new constraints or change existing ones
Atomicity of updates
m TFailures may leave database in an inconsistent state with partial updates carried out

m E.go. transfer of funds from one account to another should either complete or not
happen at all

Concurrent access by multiple users
m Concurrent accessed needed for performance

m Uncontrolled concurrent accesses can lead to inconsistencies
m E.g two people reading a balance and updating it at the same time

Security problems
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View of Data
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account-number | branch-name | balance
A-101 Downtown 500
A-102 Perryridge 400
A-201 Brighton 900
A-215 Mianus 700
A-217 Brighton 750
A-222 Redwood 700
A-305 Round Hill 350
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(Domain) awls =
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(Relation) akul, =
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Sl b sblols

m Example: if
customer-name = {Jones, Smith, Curry, Lindsay}
customer-street = {Main, North, Park}
customer-city = {Harrison, Rye, Pittsfield }

Then r= { (Jones, Main, Harrison),
(Smith, North, Rye),
(Curry, North, Rye),
(Lindsay, Park, Pittsfield)}

1s a relation over customer-name X customer-street X customer-city
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Attribute Types
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Relation Schema

m A,.A, ..., A, are attributes
m R=(A,A, ..., A)) 1s a relation schema
E.g.  Customer-schema =
(customer-name, customer-street, customer-city)
m /(R) 1s a relation on the relation schema K

E.g. customer (Customer-schema)

22

22



3/17/2021

992 pplio g Slaluly padlio o LBLS

99 P geio S 395 2 gehe
Jsd dail
S Jb
O i S
O p3lis 42 yazs Olde
PRI a5
s o 3l lsls

23

23



3/17/2021

Dl oo gatdo Jode S den p dal) G5l s polie B

4 god dlil

L;‘Jjbjbj.ﬁwgiio%@cﬁbdauéb"&f)\tj@&& [ |

Al

attributes
M(or columns)

customer-name | customer-street | customer-city
Jones Main Harrison ~.
Smith North Rye tuples
Curry North Rye (or rows)
Lindsay Park Pittsfield

customer
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account-number | branch-name | balance
A-101 Downtown 500
A-215 Mianus 700
A-102 Perryridge 400
A-305 Round Hill 350
A-201 Brighton 900
A-222 Redwood 700
A-217 Brighton 750
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account :  stores information about accounts
depositor : stores information about which customer
owns which account
customer : stores information about customers

Lole 4\.124‘) &.: L’ C)Lﬁ«w‘ (ﬁLoj LEJL"“ aj.>.3
bank(account-number, balance, customer-name, ..)

(Clam 95 L g rin S wils) Oledbl 51 S m

Gl Clas &8 (g i Juled dile) null pslis o 5L ®
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(customer) (g g Al

customer-name

customer-street

customer-city

Adams
Brooks
Curry
Glenn
Green
Hayes
Johnson
Jones
Lindsay
Smith
Turner
Williams

Spring
Senator
North
Sand Hill
Walnut
Main
Alma
Main
Park
North
Putnam
Nassau

Pittsfield
Brooklyn
Rye
Woodside
Stamford
Harrison
Palo Alto
Harrison
Pittsfield
Rye
Stamford
Princeton
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(depositor) 105 08 pw abasl

customer-name

account-number

Hayes
Johnson
Johnson
Jones
Lindsay

Smith
Turner

A-102
A-101
A-201
A-217
A-222
A-215
A-305
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Super Key) o5 ol =
(Candidate Key) wwsilS ols =
(Primary Key) Lol ol =
(Alternate Key) ;50 oS m
Foreign Key) >, oS =
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(Super Key) oS 5l =
Al asla LSy Jlade U g0 g jo oS dlayl, Glas olul 5l oS5 0 W
m Example: {customer-name, customer-street} and
{customer-name}
are both superkeys of Customer, it no two customers can possibly have the

same name.
(Candidate Key) s sil5 oS =
alosly WS odS sl aslo |y p5 ool g0 aS dalaly lgic dcgozmo jldcqomo ) 0 W
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odile Sl dcgomme pj S B> | dcgorme 3l yolie | SO ST s pdil LtalS ®
sl aaln ke oSy ool Koo

el dlayl) b SK. degazs 55 CK. 1o Lol cans CK. Logy) SK. jo :asSs m

30

30



3/17/2021

FXW L)

*

(Primary Key) Jlol oS =

S

Syl b (o) [0 als Lol

Aol asls alisS Job m
(Alternate Key) S50 oS’ =
RVILI BV RVRVLBNWLIEST Y

(Foreign Key) =, oS =

Slasgaze n5 2 mnS o0 50 ], (ulote Leg ) Ry 5 Ry alay, 5o m
Pl Ry wails oS 5l Jlade SO L Lioglee jlade 2 a5 R, alal) Slaw
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B project
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m sct difference
m Cartesian product
B rename
aaly 54 S (35,5 g el Ao L G s See ®
LS e M8 e Ol g | (s

32

32



3/17/2021

Select hos
Up(’”) (NS e

.J_}A:: -~ eJ:AU db{b‘ a)(_}gp
1) g Co] 0l «._a.ljz.?
o,(H = {7 | 7 € rand p())}
N (and),v (01’),—| (I’lOt) LZaJ\..Z J..a:.a L;Lh A.ij.n J.ALZ L§\ U\jf ;.)L...rjb L;;jﬁjﬁp LY 0_7\?
AL
3K s adlse s
<attribute> or <constant> op <attribute>
where gp is one of: =, #,>, > <. <
Select 31 gl & 5o5

O branch-name= ‘Pg@ﬁdge»(dﬂ' oU lfll‘)
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Select Operation — Example

bias pbs o o dan oo 5l 5 ok Jlesl dsdr gl o (655 20 Ko @

.MV\A\)}oJJJ‘@)PJJJ}.—)J MLM\J I o.)\,f.uu,a}ui,o

m Relationr
A|B|C|D

117
517
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23|10

=™ ™ R R
™™™ ™ R

B Gp=grp>5(M)

>
W

C|D

117

K
K
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Project y&hos

[l A1,A2,...,Ak(r)

LS)‘J"? L:«GW u

slose Sl LS il pogpa kbl gldal, s>
Al e s it ol ] &S

gl o R LS)‘JQ Lgbbjla.w I abily > H
account 3\ branch-name &io 3i> s W

demﬂﬁf_ﬂ%/%bei”, balance (6%‘6‘0% 7 f)
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Project Operation — Example

S siw sy 2 1T Sles

A B |C J\J\ywﬁ.}j.wvﬁdl-o&‘djb

et Sl g g i o
DA s sl ol el

m Relation r;

10
20

Q

N = 2

¢ Aad
£ |30
£ |40
HA’C (¥) A |C A |C

a |1 a |1

a |1 = |p |1

B |1 B |2

g |2
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Union Operation — Example

m Relations7 s: | A | B A | B
a | 1 a
a| 2 p
B |1 S
r
A | B
mrus:

™™ ™ ] R
W = N =

38

38



3/17/2021

Set Difference yShos

r—5 g liue m
2 x5 W
r—s ={t|terandt ¢ s}

S g Jls! LG5l gla abal, b J.:LJ.<L».9 .
(same arity) b ails SLsS slgiaw sl Lbs 57 m

sl (compatible) 850 LU aaly 55 51 blas slgio ®
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Set Difference Operation — Example

m Relationsr, &0 | 4 | g A|B
a (04 2
a| 2 B |3
B s

r

B r-s:

A | B
a | 1
g1
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Cartesian-Product $Shos

rx s 8 Cude m
2 B
rxs={tq | terandgqg e s}
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Cartesian-Product Operation-
Example

B Relationsr, s:

B rxs:

C

D

m

<X ™K
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N NN NS QA
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(Rename) ob 59 Shos
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N T S RSP IR FRTBINtIF s Jls Ol pns W

branch (branch-name, branch-city, assets)

doed (tnd plbidrds 4ol ¢ yloyun)

customer (customer-name, customer-street, customer-city)
o (5o plUaspiieo GULS (5000 443)

account (account-number, branch-name, balance)
ol (ol o)las cdnis pbi i j1,5)

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

Pl (Pl olods ctend ol iply 5 /5e)

depositor (customer-name, account-number)
S 00 s (6 pidico pli sl o, las)

borrower (customer-name, loan-number)

03 x5 el (5 7tie pleply o lod)
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w5 B

brch (BN, bcity, assets)

derd (dnd ol cderds jgl ¢ loyu)

cust (CN, cstreet, ccity)

Spieo (5o plUagpideo GULS (5000 443)
accu (AN, BN, balance)

clox (Clax o)lad e U j15)

loan (LN, BN, amount)

Pl (ol ojlod cand ol iply o)

dep (CN, AN)

)/«ifad);.w (L;)“M"" ,A[J “._JLM} o)[o.d})

borr (CN, LN)

03525 ply (5 i ol cply 0,Le)

46

46



3/17/2021

4909 b 92 9 v y

1S gy SV e (VL leals plos m
G amount > 1200 (l0@n)
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11 n (Samount > 1200 (f0@n))

47

47



3/17/2021

Ngod b 92> 9 v
sl adsls SSL
[Ty (borr) U Tl (dep)

[y (borr) N 11y (dep)
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4909 b 92 9 v y

Perryridge axd 311, goly a5 A4S Ty |, SL 2l <=Lo.§ fLS m
.J.;‘)\.J

en (GBN=“Perryridge”(Gborr.LN = Joan.LN(POIT X loany)))

L ,ls Perryridge axds 5115 ol a8 aos lag 1y 5L i rb’ u
L L b and 3 1) ol e

len (OBN = “Perryridge” (Cborr. LN = loan.Ln(POIT X 10an))) —T1cp(dep)
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4909 b 92 9 v y

Perryridge axd 311, goly a5 A4S Ty |, SL 2l <=Lo.§ fLS m
.J.;‘)\.J

e Query 1
[en(opn = “Perryridge” ( Oborr.LN = loan.LN(POrT X l0an)))

e Query?2

[1en(Si0an LN = borr.LN((OBN = “Perryridge’(0@n)) x borr))
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Vg0 S 92 9 v 3
NRLRN W PRUI WS SV o

S U Ssd Uy accu e, m

[parance(@ccl) - Taceu.patance (Saccu.balance < d.palance (8CCU X py (accu)))
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Lol sy hos

m Set intersection
m Natural join
m Division

m Assignment
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(Set-Intersection) 51 ! Shos

rOV s e |
e 2 B
rOs={t|terandze s}
LS 2.
Lols SLSS slgiw sluas s g7
der 85l s 57 glgio

FrONS=r-(r-8) 4=y 0
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Set-Intersection Operation -
Example
m Relation 7 s Al B N
o 1 o | 2
o | 2
B | 1 b |3
r S
m/rNys A B
o | 2
54
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(Natural-Join) (b wign Shos

s el |
ML&S}R&W}JQ}M@L&@\)J}T u
il ool s 3 ok 5l S Al s RUS led s gl alal, rixis oK1 m
PR P ATY TP ARSI
Blol ams aly 7 JU il ashb RN S Clio 5l S s JLS oliaf, 52 51
Aol ails 7 s £ Olge 1y Sy Jlie £ ®
MLM‘JJ‘\)JZ}Q‘)&M‘)J%\)\J—&AZ-.
m Example:
R= (A4 B, C D)
§=(E, B, D)
m Result schema = (A, B, C, D, E)

m 7 )X sis defined as:

Hr.A, rB, n.C, rD, s.E (Gr.B =sBNrD =3sD (r %)
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N~ - QN

A |B |C |D|E

© © O .0
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I N Q Q)

- AN Y~

A |B |C |D

T Q I

Natural Join Operation — Example

m Relations r, s:

m rXs
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(Division) pawd yShos

r+s )8kl .
MLM\J\)“M”MSSW\ch&LAFjwﬂLS\f |
dsu_ib-ML&S}R&WJJ%&SM@LA@bJJ?I

" R=(4y,.., A4, B, ..., B)
mS=(By,...,B)

.JujJL.’LSAR_S: <Al> ’Aw) Sl gladal,r+s 4 m

res={t | tellgADAVYuecs(mer)}
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Division Operation — Example

B Relations s, s:

A | B B
a | T+ |
o o }1V
g o
7 | 1 s
o | 1
o | 3
o | 4
v €| 6
e| 1
gl 2
511
WS A T
>
p
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Example

1vision

Another D

B Relations s, s:

~ T 0M -

T OO oo ©CLOo o

~

~

S U NN

©C © © © © © © ©

~

A|B|C|D]|E

I TV QR a0 a

r—+S.
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g=7r +s5da> lin

LS poaysl gl gxsCraS codl @l daly g S5 q e B
Sl adaly jr gl ol gl Shas o3> 5o iy 5

das 138 TR 5 oladal, 15s@0) sr(R) m

r+s=1lpg () ~Ilpg (ps @) x9) = rgs0)
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(assighment) @bl JSlos

V—“‘f"-"ﬁ‘:—iLSL“j"_ﬁu-“f,UJJSOQJLS‘JJ\)WL“J)«_)UM‘JQ“ |

iols s o gl el iler ) 2 5 ey W
bl 5l (5, ®

A o3l 3 ge (gl ddaly gla e sl 6l L Ol

m Example: Write 7+ sas
templ < Tl g ()
temp2 < g (templ x 9) — g5 (1)
result = templ — temp2

gl okl gdo Olle 3 ek el (SKee B
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W09 b 92 g vy

M‘J&b)b‘)&bﬁ¢‘j6@‘%b&lﬂﬂh¢w.
A

[Tcy (borr) N 11y (dep)
t‘j Q‘ﬂbo‘ﬁfb .\.3‘)‘.) &JL)‘)‘ \‘) L;o‘jASLS:LiJLZ.A <=L; [

H CN, LN, amount (bO]"]" X laa]’l)
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4909 b 92 9 v y

and y Ol K Bl a5 LS iy 1) Gl s den ®

Lls “Uptown” 5 “Downtown’ gla

eQuery 1

1_[CN(GBN:“Downtown"(dep X accu)) N 1_[CN(GBN:“Uptown"(depo X accu))

e Query 2

HCN, g (dep ) accu) + Ptemp(BN) ({(“Downtown”), (“Uptown”)})

63
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4909 b 92 9 v y

A S glaaxdaa p S LSyl SL i m
Lols |y ples Kadls “Brooklyn

[1cn, gy (dep i accu) + Tgn (Opeity = “Brookiyn” (breh))
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3L v g Sl Aty > Sl oz

(Generalized Projection) 4l V..uo.x.; project J.<'Lo.9 u
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Generalized Projection

o3zl (gl Slewle sl Sas & 0315 o3I L |, project Shes
A5 s 4sw g projection cod 3

[rory s 7 (E)

Al el el e oole A E
Ll Sl el an 3 IS5 Slul=e Sle FL B, o F) 51K a
Lol o B gl oles
A S s LS B s |y aredit-info(CN, limit, credit-balance) o)
LSz Ll oo phir el

HCJ\T, limit — credit-balance (W edit-i 7//f0)
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Aggregate Functions and Operations

ot G 5 a S (635,55 Olge |y (g olis (Aggregation function) e C\}? ]
S e p o Olse

avg: average value

min: minimum value
max: maximum value
sum: sum of values
count: number of values

6‘4.2.")].9-)3&0.?-}{]\».9 |

G,.G,.....G, ‘9F1(A1 ) Fy (Ay).e.nF, (A,) (E)

L2l e gl s e ol S E

&)ﬂs°>w‘6w°ﬁj§6‘fﬁ'h‘)}@6wb&&W“'M"’;Gl’GZ’Gn u
(L I il

.mp@wfuu@;\&“ﬁ [
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Aggregate Operation — Example

m Relation r:

>
vy
O

=™ ™® R R
™™™ ™ R
w

u gsum(c) (r) sum-C

27
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Aggregate Operation — Example

m Relation acen grouped by BIN:

| BN | AN | balance |
Perryridge A-102 400
Perryridge A-201 900
Brighton A-217 750
Brighton A-215 750
Redwood A-222 700
BN Y sum (balance) (accu)
\ BN balance |
Perryridge 1300
Brighton 1500
Redwood 700
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> Qg

3,18 (:L} e @U a> W
3,8 eslinal O 4y o 03ls gl (oU S5 Shae 51 015 o @
aggregate operation I oisw Olge 4l Wb sl gy gl o W
RS o 3>

BN Y9 sum(balance) as sum-balance (accu)

70
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Null Values

null b oS (Asl anisls g polae s Glgio &l b el (S m
Sy gRF
S sy 45 S e Ol |y (e b S e Ol 1y el Slkie 7/ W
AU o ntll g s 0 Sy null S Ly ole a i W
.md»wiﬁrigdjﬂsuﬁj\;:bgw@\jj |
Badokils S s 2w Ol o mtl] Al 5 o AL 0 L reas W
.V.:'.Sdet;”@SQL¢M;\W//J£>L£A\{;U>LJ“>L» u
3597 polas ple ks null b o sus o5, s duplicate elimination gl . =
Kl g aS Lad o o pnull 55 5
il e osline Sdesbnull 2 s 55 nlgli, =
=S o a0 2 SQL U Sole w b ol s il o g)la el 55 a0 W
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Null Values

Kls S o |y unknown oy gwys Ndis null 3\is b avslic ®
A>=5 155 dal g ol pnot (A<E) s o3 58 el unknown s\ false S| m
S o e\l unRnown g ys Ndie 3 G55, 4w G @

m OR: (unknown ot true) = true,
(unknown ot false) = unknown
(unknown ot unknown) = unknown
m AND: (#rue and unknown) = unknown,
(false and unknown) = false,

(unknown and unknown) = unknown

m NOT: mot unknown) = unknown
unknown < P o)l i§ 505 o oLl true « “Pis unknown” & ,Le SQL ;> =
TS RPUSS)

XS Ul unknown  O1 SV s4s e A false O ya select o)) S anz ®
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0010 olL s

'S Lgszﬂo.o)'\ oalatal b sl 1Sae 03l oLf.iLi L giee W

m Deletion
m [nsertion

m Updating

b 2
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(Deletion) o>

S ol LAl e s 5 e SG ad OBl Sl o B
N N P (S g B V] B PR VS W S U PP
LS
;\\,ﬁsuﬂg\j:@jcs;gb\, LU el Ol o m
35 o Ol ) Do ga Gl adaly ey - m
r<—r—E

sl G s g S E s, S ras ol
sl
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S>> s Jlo

LS Gl | Perryridge axs slplo= @ b las, 55,40 =
accu < accu— G gN = “Perryridge” (accu)

Sl 1y il e 00 Bl WGl e & Sleels ples 4 by e slas, S, m
loan < loan — G gmount >0 and amount < 50 (loan)

LS Gl |y Needham e s CBU sl axd 3 s Sloles fLoj u

r1 <= O peity = “Needham” (accu X brch)
ro < TgN, AN, balance (1)

I3 < H CN, AN (f2 X dep)

accu < accu —r,

dep <— dep —r;

75
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Insertion

e adaly &y enls 03 5 55l sl 5
A 3yl Ll aS AL e LU Ol 4 4 s b a5 o B
s o Ols 3 O s insertion gl alaly > s

r<— r U E

Al e gldal) po cole KBl S o

oslitsl LU &G ol (constant relation ) <ol akaly G 5IE sl
S

-
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Insertion glgfbw

3,051, $1Y e (Perryridge «xi 55 A-937 Cl> s Smith S s asis S 1, Sledlbl
S 55l esls aliil.l BE

accu < accu v {(“Perryridge”, A-973, 1200)}
dep < dep U {(“Smith”, A-973)}

S 53 enlr Olge 4 1 Y0 o5 Ol S Perryridge aad s ols 0L e pls sl
ﬂijk.')J ..\J“J\? g_)Lw} b)lAmi Q\j&‘bl} r‘j b)wﬂi.'
ry < (GBN= “Perryridge” (bOI’TN Ioan))
accu <« accu U Ilgy n,200 (1)
dep <« dep U [y 1y (1)
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Updating

3ph oo oslinal slite pl (gl 4Bl e project Shes

r<— HFI,FZ,...,F,. (7)
DS e B oa

chWoMupdatC f\Zwa\ci"J\ (:‘Zw
5Ll b oS il o oole SOF, Wil sas update s S|
Aoy o Cido Gl gl i iS5, o 8 4l il Olis
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Update slgdbo

s ol 10 Oin 4 W3l pled (il eolil L1 55 Sty W

accu < 11 an sn, patance * 1.05 (@CCU)

a1 5o sm Aoy VB e (VLIS L sl ples sl W
.JV:ZSJ)‘) Jj..w M)JOL@.fLwﬁ-

accu < 11 an B, patance * 1.06 (O patance > 10000 (ACCU))
% HAN, BN, balance *1.05 (Obalance < 10000 (@CCU))
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Domain Types in SQL

char(n). Fixed length character string, with user-specified length 7.

varchar(n). Variable length character strings, with user-specified maximum
length 7.

int. Integer (a finite subset of the integers that is machine-dependent).
smallint. Small integer (a machine-dependent subset of the integer domain
type).

numeric(p,d). Fixed point number, with user-specified precision of p digits,
with 7 digits to the right of decimal point.

real, double precision. Floating point and double-precision floating point
numbers, with machine-dependent precision.

float(n). Floating point number, with user-specified precision of at least #

digits.

Null values are allowed in all the domain types. Declaring an attribute to be
not null prohibits null values for that attribute.

81
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Domain Types in SQL

date: Dates, containing a (4 digit) year, month and date

Example: date 2005-7-27

time: Time of day, in hours, minutes and seconds.
Example: time ‘09:00:30°
timestamp: date plus time of day

time ‘09:00:30.75

Example: timestamp 2005-7-27 09:00:30.75

interval: period of time

Example: interval ‘1’ day

Subtracting a date/time/timestamp value from another gives an interval value
Interval values can be added to date/time/timestamp values
Can extract values of individual fields from date/time/timestamp

Example: extract (year from r.starttime)

Can cast string types to date/time/timestamp

Example: cast <string-valued-expression> as date
Example: cast <string-valued-expression> as time

82
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oo W& 3 5 giwd

S o eslaial Create Domain | g 3l awls <o 25 ¢l o W
Create Domain domain_name datatype

[default-definition]
[domain-constraint-definition-list]

e Ll 05 S asiie gl il s ol Of oz oS Default m
S g o el anls (58
1 Cydgdos Jlasl ) shie 4 ol (g lastl OF i 5 oS 5 constraints ®
‘e
Create Domain Degree Char(3) Default '??7?'

Constraints Valid_Degrees
Check Value in ('bs','ms','doc','??7?")

83
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oo BA> §gawd
Drop Domain domain-name option

‘)j.:.wb C)’.’.\JJ .JJS &_9.)\9- b oLl L‘Q'.’.j*’.’. Ll d‘jsdc‘)j:;wJ U'.’.‘L’ |
. LaL Restrictl 5 Cascadecl,ls 5| S £lg  option
m CASCADE

m Automatically drop objects that depend on the domain (such
as table columns).

m RESTRICT

m Refuse to drop the domain if there are any dependent
objects. This is the default.

84
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Create Table ygawd

D3gd oo onlial gt cpl 51 (i) aaly 03 S sl 1 o SQL 5w

Craete Table table_name
{ (ColumnName DataType[Not Null][Unique]
[Default defayltOption][Check (search condition)][,...]) }
[Primary Key (list of Columns),]
{[Unique (listOfColumns)][,...J}
{[Foreign Key (listOfForeignKeyColumns)
Refrences ParentTableName [(ListOfCondidateColumns)],
[match {partial | full}]
[on update RefrentialAction]
[on delete RefrentialAction]][,...]}
{[Check (SearchCondition)][,...]}

85
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Create Table yguwd Jlo

create table customer

(customer-name char(20),
customer-street char(30),
customer-city char(30),

primary key (customer-name))

create table branch
(branch-name char(15),
branch-city char(30),
assets integer,
primary key (branch-name),

check (assets >=0))

86
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Create Table yguwd Jlo

create table account
(account-number  char(10),
branch-name char(15),
balance integer,
primary key (account-number),
foreign key (branch-name) references branch,

check (balance >=0))

create table depositor
(customer-name char(20),
account-number char(10),
primary key (customer-name, account-number),
foreign key (account-number) references account,
foreign key (customer-name) references customer)

87
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Jgu> i g S>>

drop table m
oAl yasiie Jydx Sl plos drop table | z.om
Y ° b= o3ls 0L<.1L3: )‘ b

m DROP TABLE table name

88
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Jgu> i g S>>

alter table =
sl ol o5
Jsdr ol o5 gl alter table Js' (S m

m ALTER TABLE table_name
RENAME TO new_table_name;

Jls Ol se 4 B
m ALTER TABLE customer
RENAME TO tbl_cust;
ol 4 O 0255 W
Jodr 4 O gie & 035381 Jsl - m
m ALTER TABLE table_name
ADD column_name column-definition;
Jls ol se 4 B
m ALTER TABLE customer
ADD bdate date;

89
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Jgu> i g S>>

alter table =
SERC RVICP-SRETSLIN )
Jodor @ Ot i 03558 pgs - W
m ALTER TABLE table name

m ADD ( column_1 column-definition,
[ column_2 column-definition,
[
m column_n column_definition );
Jle Ol e 4 B
m ALTER TABLE customer
m ADD ( bdate date,
] description varchar(60));
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Jgu> i g S>>

alter table =

O o= W
m ALTER TABLE table_name
MODIFY column_name column_type;
L m
m ALTER TABLE table_name
s MODIFY (  column_1 column_type,
] column_2 column_type,
]
] column_n column_type );
Ji. =

m ALTER TABLE customer

m MODIFY ( customer_name varchar(30) not null,
[ customer_city  varchar(25) );
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Jgu> i g S>>

ALTER TABLE table_name
DROP COLUMN column_name;

ALTER TABLE customer
DROP COLUMN customer_city;

ALTER TABLE table_name
RENAME COLUMN old_name to new_name;

ALTER TABLE customer
RENAME COLUMN customer_name to CN;

alter table =
O g i~ N

Jbe m

oj:*ﬂ?ljﬂ.;g [ ]

Jbe m
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Jgu> i g S>>

ALTER TABLE TableNamel

ADD | ALTER [COLUMN] FieldNamel -Or—
FieldType [(nFieldWidth [, nPrecision])] ALTER TABLE TableNamel
[NULL | NOT NULL] [DROP [COLUMN] FieldName3|
[CHECK IExpression] [ERROR cMessageText1]] [SET CHECK IExpression3 [ERROR cMessageText3]]
[DEFAULT eExpression1] [DROP CHECK]
[PRIMARY KEY | UNIQUE] [ADD PRIMARY KEY eExpression3 TAG TagName2]
[REFERENCES TableName2 [TAG TagNamel]] [DROP PRIMARY KEY]

o [NOCPTRANS] [ADD UNIQUE eExpression4 [TAG TagName3]]

-Or—

[DROP UNIQUE TAG TagName4|
[ADD FOREIGN KEY [eExpression5] TAG TagName4
REFERENCES TableName?2 [TAG TagName5]]

ALTER TABLE TableNamel
ALTER [COLUMN] FieldName2
[NULL | NOT NULL]

[SET DEFAULT eExpression2] [DROP FOREIGN KEY TAG TagName6 [SAVE]]
[SET CHECK IExpression2 [ERROR cMessageText2]] ~[RENAME COLUMN FieldName4 TO FieldName5]
[DROP DEFAULT] [NOVALIDATE]

[DROP CHECK]
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Select )gi’wé )L"Olw

Llsly 5 e AOQL dses Glagr 5 oy W
select 4,, A,, ..., A,

from r, 7, ..., 7,
where P

Slis okas Olis L Ay =
by aalyedas QLS bar, =
Lol o b iSSP
AL e gl el e cole G dslas g5 e opl B
Al el Sl s e s s e A B
HAI,AZ,...,A”(O-P(FIXr2x"°xrm))
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Select s

el dalgst g 5 e ol s &S Bl e Slis s iS asiie select iy
&l daly o project Ses dilen

select BN

from /loan

[T ;5 (loan)
Jas qu (aL: BE b ¢ J&S\)S o)'Le-‘ SQL R

branch-name < Le s> « branch_name < le 5l g5l osly plKn Jls Ol e 4 ®
.L;.S odlaiul

A e S S S S D 4 el SQL lesl e

95
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(sotot) Select R

.x.:a:@ﬁjuﬂﬁ.@UJJJ\)LSJ\JKJJ.:JU.»”'L?-\SQL

dx distinet 0SS aadS 51 0l 5 o SO Gl w0 03 S s <l 5
5,5 eslawl Select

LS Gl 1 L 1SS 5 S g Joan a3 1 s ad plas ol

select distinct BN
from loan

Kpid Gl bl S aS uS o asein Al aJS auls

select all BN
from /loan

96
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(sotot) Select R

M@W\)chselectﬁp)mﬁ
select *
from /oan
sleldas 5l as wial Sl Olile fola Wlyg o select iy
T JLQ.O‘ J:’.U LSL@:M\J“CAUJ.:JL&G LS))J{‘\S‘M[{/)‘* —
& g
S
o2 Vs &S amount L)« loan JSlea | gl adal
D g
select LN, BN, amount * 100
from loan
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where

J{QL:MASML:&L;EJAL omdbuloWhefeui&g-
&l el > sselect Sae dilea (sl anils

Perryridge axi 5l &S olgals o la pled 03 S 1y gl » @
Al s VY Sl i Wl Ol 5 ol 0ds s

select LN

from /oan
where BN = Perryridge’ and amount > 1200

9 O1r cand dﬁa..,n LSLG'SL‘*QJ\ ‘)‘ rim L: Ju‘js ~° s G{L’b |
Aigd S 5 Sdes Lot
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'™y)) where

AU e between ) anslis Slas oo pizees SQL m
Lol Olse 45 S 1y 1y olgels plad osled e Olgoe oo
.Ml{w$\hhhhh j$q~~~~ WL‘

select LN

from /loan
where amount between 90000 and 100000
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from

'Miyﬁﬁgﬂﬁ,)JJJJT@A\j}bLﬁ.u@‘)w "ﬁ"O/ﬁ r,}ua'..
borrxloan :p 5,8 O palol> (ks =

select *
from borr, loan
45.)\.:..5‘% \) &lﬁf.«;ﬁ fl.qj r\j O\ﬂ"-ﬁ‘f‘j OJLQ.«::‘ ‘LSJ:'*:*" (ab JL’:.» [ |
Asb ansls Perryridge axs 3115 ol
select CN, borr.LN, amount
from borr, loan

where borr.LN =loan.LN and
BN = ‘Perryridge’
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(The Rename Operation) ol 350 Oldes

Sliw o s dal s°b Jf; o5l=1 as 03 3l esliil LSQL =
Aas ey
old-name as new-name
S g 15 0L it slad ply Olppe 5 pls esland 5 j2ie ol
s 4l 5 loan-number O g ¢l 5 | loan-1d ol
select CN, borr.LN as loan-id, amount

from borr, loan
where borr.LN = loan.LN

101
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(The Rename Operation) ol 350 Oldes

Suls =g as ud 3l eslel L from i s Jslie ol s

LS‘WJ\‘JLSAUASJ".‘.S‘“\'::’L;’tt’-wfwts‘fbf‘j°)wjfb |
Al asls

select CN, T.LN, S.amount

from borras T, loan as S
where T.LN =S.LN

C‘S\JLSL‘“WJ‘LSM a_iu,was%;s\v\ﬁ_\)&uwfwfu _
Ll asls Brooklen s

select distinct T.BN

from brchas T, brchas S
where T.assets > S.assets and S.bcity = Brooklyn’

and T.bcity<>'Brooklyn’

102
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=S5 like” Slas dil o 6 SLE sls andy aslis gl 5 gl iy sla Shae Juls SQL
Dl ol ools b g5 ol SIS Slesliial b aS uS e enlinal |
m percent (%). The % character matches any substring.
m underscore (_). The _ character matches any character.
AL asls 1 “Main” a5 olisbls el S S Iy 1 L 2l plad ol
select customer-name
from customer
where customer-street like ‘%Main%’
m Match the name “Main%"”
like ‘Main\%’ escape *V
dsle gl ezl gl Sles 5l o 52 3l SQL
m concatenation (using “| |”)
m  converting from upper to lower case (and vice versa)
m finding string length, extracting substrings, etc.
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bl lod 5 jlw i g0

 L,ls Perryridge and 5l ls 45 Sb pie ol b o o) ®
Ll By i 5
select distinct CN
from borr, loan
where borr.LN = loan.LN and
BN = ‘Perryridge’
order by CN
s g slplyascl Jsi syl lydesc o (Sen e @
5P e S (G g LS S c&MWﬁé‘ﬁébw
AL e

m Example: order by CN desc
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Sl 45 gozxo sl yShos

Sss - €xept s intersect UNIoON sl 4 yomms sla Shos ™
daly L= U, M, — b Shes sl 5 L 52 o sl sla adal
LSl sl
oS e LSS SGlesl o VL la Shes 1S 2 @
union all Jstee ;s 51 a1 S5 ples 0ils S (sl s
LS osleal except all 5 intersect all
L AL sl GBI S s LN sF s LM LLas 55w
m m +ntimesinrunionall s
m min(m,n) times in r intersect all s
m max(0, m—n) times in rexcept all s
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Sl 45 gozxo sl yShos

m Find all customers who have a loan, an account, or both:

(select CN from dep)
union
(select CN from borr)

m Find all customers who have both a loan and an account.

(select CN from dep)
intersect
(select CN from borr)

m Find all customers who have an account but no loan.
(select CN from dep)

except
(select CN from borr)
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> Qg

avg: average value

min: minimum value
max: maximum value
sum: sum of values
count: number of values
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> Qg

m Find the average account balance at the Perryridge branch.

select avg (balance)
from accu
where BN = ‘Perryridge’

® Find the number of tuples in the customer relation.

select count (*)
from cust

® Find the number of depositors in the bank.

select count (distinct CN)
from dep
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group by — (%> &g

S dles axd a5 1) WayldS e e sl B

select BN, count (distinct CN)
from dep, accu
where dep.AN = accu.AN
group by BN

select I 0 J.il..,ﬁu:;-group by u,';.>r_> Clas 243:;.:".
Juj.«:& ob‘)j‘
sl Ll bam sy o8 Sliv 5l 2 Cliv s m

Juj.«i& objjTLs.x,o.?-
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having e — x> &9

S ot Wl Glabes 515 0S0ke oS S g 1) als i ples ol m

select BN, avg (balance)
from accu
group by BN
having avg (balance) > 1200

3355 o Jlasl iy S as |G 5l us having i O jle 1K @
.Jﬁwd“\uo)ﬁ f:d@)\MWhefer)u
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null o o

Dl

.JJ‘LJﬁj)‘.ﬁASMJ&QWQcﬂb&WUJ‘J@oJ&JSWNUH

05 osliiul palie 03,8 S gl o Lly sisnull o)l

At amount ¢l null Slugs gllsloan aaly 55 a5 S a1 sl s o le plod s

select LN
from loan ]
where amount is null

m Example: 5+ null returns null

1M
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S aw dhio g null polio

33 85 o p s unknown s\ das null G aslis ®
w Example: 5 <null or null <> null or null = null
LS e eslazad unknown s (550 1 o855 aw Gl ®
m OR: (unknown or true) = true, (unknown ot false) = unknown
(unknown ot unknown) = unknown

m AND: (#rue and unknown) = unknown,  (false and unknown) = false,
(unknown and unknown) = unknown

m NOT: mot unknown) = unknown

m “Pis unknown” evaluates to true if predicate P evaluates to #nknown

sed gbilunknown a4 Slses e b false Ol ge 4 where iz 4z ®
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select sum (amount)
from Joan
AR :yjnuﬂﬁ)\w@ﬁ‘ >4 M‘j}nuuf‘f‘)\)\io.
AU
null ;sles b LU 51 count(¥) 5l & a4 e el m

113

113



3/17/2021

9 39 ¢ s Subquery

o pplh s subquery ;| eslaal ¢l » 1) 055K SQL
LS

S AsL s select-from-where &jle 4= oy L3 SO W
Sgs podld S35 (Sem g 093 2

s Osls K8 6l s subquery | s ses oslinl K W
cardinality s (s ac gomes duolin as gome S goioe
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Qg0d (59 9 UV

W‘J&pjbb dd‘jj ULA&AS%.S‘%‘) L;’L.’.j:":“ fl.dl
sl
select distinct CN
from borr

where CN in (select CN
from dep)

m select distinct CN
from borr

where CN not in (select CN
from dep)
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Qg0d (59 9 UV

WJJf‘jvﬁngﬁvﬁéw\%‘)gliW€w.
Ll acsls Perryridge

m select distinct CN
from borr, loan
where borr.LN = loan.LN and
BN = “Perryridge” and
(BN, CN) in
(select BN, CN
from dep, accu
where dep.AN = accu.AN)
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Qg0d (59 9 UV

7 &
LS B
select distinct CN
from borr, loan
where borr.LN = loan.LN and
BN = “Perryridge” and
CNin
(select CN
from dep, accu
where dep.AN = accu.AN and BN = “Perryridge” )
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some & jbs R y2

m F <comp>somer< 3ter st (F<comp>t)
Where <comp> can be: <, <,2,>, =, #

(5< some

(5< some

(5 = some

(5 #some

(= some) =in

0

5

6

) = true
(read: 5 < some tuple in the relation)

) = false

) = true

) =true (since 0 #5)

However, (= some) /é not in
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b 45 goox0 duilic

L;uwfﬁ;\\,éj,:ﬁquﬂswuﬁ_b&uwfu: |
sl ails Brooklyn s 2l
select distinct T7.BN
from branch as T, branch as S

where T.assets > S.assets and
S.bcity = Brooklyn’ and T.bcity<>'Brooklyn’

> some Q)b&)\abw},«\bdlﬂ&id}}jwﬂ |

select BN
from brch
where bcity <> ‘Brooklyn’ and

assets > some (select assets
from brch

where bcity = ‘Brooklyn’)
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All © )be & 2

m F<comp>allre Viter (F<comp>t)

Where <comp>can be: <, <, 2,>, =, #

0
(5<all | 5
6
6
(5< all 10
4
(5=all
(5 =all | 4

(#all) =notin
However, (= all) ]1! in

) = false

) =true

) = false

) = true (since 5 #4 and 5 #6)
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Qg0d (59 9 UV

S and ol S gl alo,w S LS U ) plaass ®

Ll ails Brooklyn s 2l

m select BN
from brch
where assets > all
(select assets
from brch
where bcity = ‘Brooklyn’)
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subquery 1 XLls S s | true liis exists &oyle ®
sl J of oS
m exists r<& r# 0

B notexists r< r=0
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Qg0d (59 9 UV

asl> Brooklen ,¢b (sla axi rL‘J B gl s as g, 5L e <=Ld n
Al

m select distinct S.CN
fromdep as S
where not exists (
(select BN
from brch
where bcity = ‘Brooklyn’)
except
(select R.BN
from dep as T, accu as R
where T.AN = R.AN and
S.CN =T.CN))

B Notethat X—-Y =0 & XCY

B Noze: Cannot write this query using = all and its variants
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SIS Slekili 092 g puas 19 9 5 Cund

= s &, 55 kG subquery Ll a5 us s S unique &l ®
a byl s

Perryridge awd ;3 Olu & ST oS S g ) 5L i clos ®
Al asls

select T.CN
fromdepas T
where unique (

select R.CN

from accu, dep as R

where T.CN = R.CN and
R.AN = accu.AN and
accu.BN = Perryridge’)
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Qg0d (59 9 UV

wﬁgw@j\u@sw\%\)@gﬁw¢w-
LSL asls Perryridge

select T.CN
fromdepas T
where not unique (

select R.CN

from accu, dep as R

where T.CN = R.CN and
R.AN = accu.AN and
accu.BN = “Perryridge’)
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insertion — 019 olL (5o 0310 ks

A4S wslslaccount 4 Lus LU S m
insert into accu
values (‘A-9732’, ‘Perryridge’,1200)
Joles I L
insert into accu (BN, balance, AN)
values (‘Perryridge’, 1200, ‘A-9732’)
A5 wlainull bl balance Laccount « ba LU G ®
insert into account

values (‘A-777,'Perryridge’, null)
126
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insertion — 019 olL (5o 0310 ks

o ml> Ol g 4 Perryridge a.as f\j Ol e rl.o.? sl $y.. o s Ol K W
oS s e 6,3 Ol osled Olsie o | el oolad S 5L
insert into accu
select LN, BN, 200
from /oan
where BN = ‘Perryridge’
insert into dep
select CN, loan.LN
from loan, borr
where BN = ‘Perryridge’
and /oan.LN = borr.LN

aasly 4 polas 038 3505 5l LB S &) seas select from where i m
et 2 5 ey Sosal] 2E 03) 350 b

m insert into Zablel select * from zablel
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update — 0315 olLL 5 0010 gk

sl s 570100008 VL 515 L gl plas (51, m

update accu
set balance = balance * 1.06
where balance > 10000

update accu
set balance = balance * 1.05
where balance < 10000

m The order 1s important

LS bl s en 70 Lplas
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Delete — 0818 ol s 0810 g

AS Gl | Perryridge axi slpla plos W

delete from accu
where BN = 'Perryridge’

b Ll o Cg\j Needham j'@'“'“' LSu w B aS LS{L@.:LM}- fL@S [ |
IS Gl

delete from accu

where BN in (select BN

from brch
where bcity = 'Needham')
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Entity-Relationship Model
(ER)




3/17/2021

S ybd o

sla osls glme 5 3505 5555 olae U.@.&.AMERUZJJJJI
4S 350 o 03> yioled psghe dw fpad SeS 4 o o
Dl A le
S p s
cio M
LL;J\C}',I
1) s 3 g Jde Ll g5 e 00l oliﬁti.&i-
(entities) lgus s> 30 31 (5l 45 saee W
L35 30 le sl W

131
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(entity) Cod9 g0

oS o T IS s Vet IS ke e
ol 3l sy 55 1y 54 bl 5 il M‘J”iw\“ S 5m 33 el
#}\Qsﬁytjﬁﬁ.ﬁl{aﬁib 83 L S s 4SS V.ohv.:.m

.sj\swmiﬁdtuj¢ljﬂ)l5

S s e sz ge e s 5 g aals 4w b

SRS 3 pleze (6505 S5 ) ol @ ge Vsmme o S 5l Cusgmsn £ S W
Sols

J)}AJJCJL@}M&‘)'\LQ‘ &MMJJJG)JJ\JW&)‘&X}W Cﬁ.isﬁjﬁ C}:& |
ol ol

3503 (S smie) (6 pdy S L (Ckeld) (6 K28 Il Ysons m
SSy Dlio S WL s g5 an sle entity Sl as sezee S entily sel S
.Jx.;)b

m Example: set of all persons, companies, trees, holidays
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Entity Sets customer and loan

customer _id customer_ customer_customer_

name

street

city

321-12-3123

Jones

Main

Harrison

019-28-3746

Smith

North

Rye

677-89-9011

Hayes

Main

Harrison

555-55-5555

Jackson

Dupont

Woodside

244-66-8800

Curry

North

Rye

963-96-3963

Williams

Nassau

Princeton

335-57-7991

Adams

Spring

Pittsfield

loan_

number

amount

L-17

1000

L-23

2000

L-15

1500

L-14

1500

L-19

500

L-11

900

L-16

1300
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(Relationship) bl !

LU g5 asls 55y SbLSI e Cusgr go o b Vsene W
ale 5 (N>=V)C0spm 50 0 o b Leled 5 o sls
Al o b o e pl s e S o5
D 9 M‘?Lijw‘ 03 4 LSJL>' LSLA Cud g 90 C‘y\
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borrower HLJ

L-17

1000

L-23

2000

L-15

1500

L-14

1500

321-12-3123 | Jones Main Harrison
019-28-3746 | Smith North | Rye
677-89-9011 | Hayes Main Harrison
555-55-5555 | Jackson | Dupont | Woodside
244-66-8800 | Curry North | Rye
963-96-3963 | Williams | Nassau | Princeton
335-57-7991 | Adams | Spring | Pittsfield

L-19

500

L-11

900

customer

L-16

1300

loan
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(RK

b S b s cds el LI gl 0lg .o .
Joli &Llg e account 5 customer ol depositor bl Jie Olse 4 ®
AL access_date s

depositor(access_date)

account(account_number.

24 May 2005

‘ustomer(customer_name)

3 June 2005
21 June 2005
10 June 2005
Turner 17 June 2005 A-305
28 May 2005 A-201
28 May 2005
24 June 2005 — A-217 |

23 May 2005

136
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bliylax o

Aol o0 bLol s edis 05,0 Slgd s ge dad 8 a0 B

ijj\ Lol adls &S 5 Cud g g0 9 QTJJASL;EL;J\I
2y el (95 4 55) (6 b

Lol eogn a3l bl ST

137
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(Attribute) céo

J‘d‘“w%’ﬁf‘fjﬁﬁw‘cﬁ-’ﬁﬁtf&,;})ngbﬁw' m
ngaﬁ -~ &_M.” j\)d‘w“ jLiC,JL>- J_}‘JQW
@'L’yﬁ}&owwj45‘)).\»:@oJ\)duaCJLi@)\LSA&MJ‘eJLﬁL»\L’;,.:3‘59-}»& |
= Example:

n customer = (customer_id, customer_name, .
customer_street, customer_city )
loan = (loan_number, amount )

Al e Cdo a6l s polie 3l (lge gezes (dOmain) auls m
S t\y\ [

m Simple and composite attributes.

w  Single-valued and multi-valued attributes
m Example: multivalued attribute: phone_numbers
b <5

m  Derived attributes
m Can be computed from other attributes
m Example: age, given date_of_birth

e Bl

Soldie L Soldis SO
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IComposite nare address
Attributes

first_name middle_initial last_name street city state postal_code

Component
Attributes

street_number street_name apartment_number

139
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b3l Cardinality

oalainl b lgy poaS AL oo olgussm 9o slhad oS Ol W
Al bl s s Cusgm e L BLS |

il e dide o ub blol s TS m

252l 51 S Ll s cardinality s b L1l m
2
One to one =
One to many =
Many to one =

Many to many =

140
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Mapping Cardinalities

A B
4! \ bl
iy bz
a3 b3
Ay } b4
(a)
One to one One to many

141
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Mapping Cardinalities
A B
m
a» bl
as bz
iy b3
ds
(a) (b)
Many to one Many to many
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FXW L)

*

super key =
AL ansls alaly S e SIS oS alaly Slio Sl 4z sems 5 4 W
candidate key =
alaly IS LIS il axdls | 5 Sl 53 oS aal; Ol 45 sams Sl 48 same 15 2 B

1l
i G m
Skl el W
primary key =
LS o Sl 2k S dlaly LA slands 5l S
Sl ke Ol gls ol m

Ak S se g5 Jpems anlid )l 51 m
Al ails abSJ,b m

143
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customer loan

Al e (entity) s g odias LIS Lt ®
Al (relationship) bl sdas OLis 55 ®
LS oo Jrate s DL | s g ge 5 Wns g w0 L Olis Lok @
Al e (Attributes) bs Cis sz OLLS 20 @
Aol e ool L Cdo o kas UL 5085 2w B
Al e (derived) Grie Cis sdalilil b oo W
AL oo Lol adS eas 0L s L sy i B

144
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E-R Diagram With Composite,
Multivalued, and Derived Attributes

street_name

@ apartmz.’nt_numbcr

customer

\ w
S

145
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Relationship Sets with Attributes

access_date

@ balance

customer—id

customer depositor account

146
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(Roles) b &

sl Umn o 5l Loyl BLILE S 4 bss e slens g 5o

Cod g oo S AiS o yaseie Wl . pd el 2d “worker” 5 “managet” glg
VLY s LS)L WOl‘kS_fOl‘ 4.)94‘) BE) b wa's" o J.'».A)lS

L

.bywo:l.k’f.w‘ .Ial..ﬁ)‘ (aj.@,a.o u:\:cyjtg‘jjwb&é)g}‘wa

employee—city

employee_name

employee_id telephone_number

manager
employee [~ {works_ for

worker

\
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Cardinality Constraints

(=) Jls S b ey L cardinality .3 g ol m
aS (_) )‘JJ.@.>- J:Q L= L.’. “one” suS u.4>r_$~o S
Cud 9298 9 LLJ)‘ e J.JaLa s “many” LY U"é}"‘:""
R OLes

one-to-one L5, m

m A customer is associated with at most one loan via the relationship borrower
m  Aloan is associated with at most one customer via borrower

148
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One-To-Many Relationship

o P e L S el SO 4 S BLE) o
o Lol s borrower 5 b ol ke b i K il
AL

il adiiD <€ 45D
Caustomer-id >\, / CGustomer-city>

customer borrower loan

149
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Many-To0-One Relationships

Gl 3l G e ke Lply SO S ey BLS ST o

els SO L Sl (g e s il o BT ) borrower
J.J:La T LLSJ\ DL

customer

borrower

loan

150
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Many-To-Many Relationship

o Ll s borrower 5 b 5| (s i ki bely S m
A

s Ll s borrower & b ely pdir b g e S
AL

customer-name
customer-id

customer borrower loan

customer-street loan-number w

151
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bla,l 40 oo 90 <5 g

LU sy Cusgrge Sl 205 o esiie bt L) Llfles S o

AU e ol borrower 45 loan &S i Qs Ol gas @
AU e ol borrower s customer &S i s Ol gas W

customer_street

loan_number

customer @ loan

152
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Slesdguze puilod sl (2 > Sled
cardinality

Sleuasdos b Ll oo iomens s, 8 Glgus sie B
2 g ealy QLS &S L

0..* 1..1
customer loan

153

153



3/17/2021

dw 4> 30 LLI,ILE-R 410903

employee_street

job

employee_namé

telephone_number

employee_id

employee

level

branch_name ,

branch

154
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dw 4> 38 bld )l cardinality gl d guow

a= 35 L) 4w a3 LL;‘)\‘}\‘\SV.:AJJGO‘}L?'\ Lo S Sl L
D g C)L&- ‘_;:.:JL;.:;)lS Slems st Jold gl o (JSYb sla
2 aS das e Ol Job « work_on 31 O S Jls Ol g @
LS o S amd a3 j0b S S\a= s employee
OF lma iy a5 gl ol 33 bl csl 0l &K 5l i T s S m
Syls 34 g
s Lae Ll g
Lol bl 5 C 5B gl oty Cossrpe LA Cosgzrse o 1

A5kl o BLl 5o € oonmge 5 gidols sy e L (A, B) slemosz s 5l sy o 2
AL e BL 5o Bl gasls sz e LA, ©) 25
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¥ 4> ,0 4 Yol Ja

o Ve blisla bas B (Sotle oz pe sl LY s 8 Bl s JS b m
Ll
LS oSl bl aw sE cosgz e LI, C s BA LR =
m 1. R, relating E and A
m 2. Ry, relating £ and B
m 3. R, relating E and C
LSSl E gl o 1) et ls slgis ®
S ol R 3 (g, b5, 0) L)l a gl m
Rywly(g, a) oS Slal Y E cossm s sle dpar 50
Realy(g,6) oS alol e Ry iy (e, b) oS sl Yy

@) (b) 156
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kO oS 92 9o

Lol asll Jol udS oS o5

An entity set that does not have a primary key is referred to as a weak entity
set.

The existence of a weak entity set depends on the existence of a identifying
entity set

m it must relate to the identifying entity set via a total, one-to-many relationship set
from the identifying to the weak entity set

m Identifying relationship depicted using a double diamond
The discriminator (or partial key) of a weak entity set is the set of attributes

that distinguishes among all the entities of a weak entity set.

The primary key of a weak entity set is formed by the primary key of the
strong entity set on which the weak entity set is existence dependent, plus the
weak entity set’s discriminator.
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@
@

&

role—

<&
o

name
W

<

entity set

weak entity set

relationship set

identifying
relationship
set for weak
entity set

primary key

many_to_many

relationship

one—to
—one
relationship

role indicator

total
generalization

disjoint

attribute

multivalued
attribute

derived attribute

total
participation
of entity set

in relationship

discriminating
attribute of
weak entity set

many-to-one
relationship

cardinality
limits

ISA
(specialization o
generalization)

disjoint
generalization

oot 8 90 SO

ER )'é’d L
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PRET

La oals eK.iL; L>.>-\J.la u.wl.w\ J"‘J“’
dﬁ\jd%}bﬁ&?u‘jwb 1
Lol wdige rle;,\ 2

s osls slws gildue 3

la osls o\ga’\g: ‘;ih.w ‘?-‘Jb 4

la osls oK.i\g: ‘_5.<.3J¢.9 u.?-b.la 5
L@iﬁ\j&w@:sﬁu&&g@drb;}\ 6
$3,8 gl w7
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o l"“l‘-‘l“"“«‘ AL sl
&3Sles o "laesly e giulie
ok
Yo adaws 5 LSy 35 jascls ER be
T DBMS 4 azuylgt l
................................ s b
l DBMS 4, aiuy
¥ l
,’g.})ulf Sladaliy ,_,;v],h (ua“") ‘uﬂ)ai led
s ledaly g W ety
crmmmevmemmmemomafremsme o= S Pl
il (giloedly Wbl
o)l sladalip

T laaohs sl sl el Sl NIy

(40131) donio
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(40151) 4onito

)13 35y gy 95 e el ol_<.il.3 ke b gl m
(top-down design method) ol 4 YL iy, m
(Relational synthesis) ¢! dal, s iy, ®

S ;oo m
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- " R US| R KV TR W)

(b @ Y0 Gigy)

s el o ol L5 ol oS ol e 55
s osls glae gl m

ﬁf}f\kjsj\svﬁéﬁwa\}JG:aﬁ u
5505 35 b By 5 il b Ly ol IS pl s
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o o1 & 5 ldwe o
(0wl 430 y))
L aaly 4 BR lsgs s 25
d}\ o= m
N22 0 Cos g ge & sl |

J.S.’;w.o ZLAC,.:JJQ-}AC.@"}.
N: M AW PRTESy

Cel 50 LU INtT =

W%nyn)‘&{,ﬁd\f‘\bb&{.
el o BL Jules gl ddal, S m
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o (>1pb 4 g jldue S

(b oYU 4ig))

b adal; 4 ER Jlssed bas s,
J)\ | Jie m
Jle ol el alal, m

ofad

STT m
COTm
STCOT m
STT(STID, ............... )
COT(COD, ... )

STCOT(STID, COD, ..............)
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- " R US| R KV TR W)

(b @ Y0 Gigy)

bty « ER Jlsses s s,
£ 9> - =
jJ:g;.iJﬁjACj:’J‘M.
Joe s Cus sz se pos W
1:N S PPNE
LS o CuliS daly o
S Sk ussmse p iy pled Sl dal, S m
1N LUyl 55 5N b a5 Sialed Sl ey 5o
Sah poalolaaly pla o LIS Olge 4 Jgl daly Jol als e
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o 21 b @ g e Jbud

(b 4 Yb g))
L aaly 4 BR lsgs s 25
¢jb oI Jls m

1:N

e =
DEPT( DEID , DTITLE, ......... )
PROF( PRID , PRNAME, ........., DEID)
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il 21 b 4 g jldue b

(owb YU og))

b alaly & ER Jlbosed s s,
f‘}w CJL>— |
)J:QJR)AC}JU&? |
S :Lac;,_i:je-ycp') u
1:1 c bl g
sl ijc\.lm.bj.: |
q:;zyﬁyjsj\é&wé\ﬁ@\)gﬁ n
S grse g5 55 om BLLL 5 s Cusgr e Sl gl p dal, S m
g;_isje-jotj}j:ﬁ&deﬁjs\sow}g@\)&po\jj& _
B o.l.«.SC.LSJ.J: LSUA N <l J\.X.dj.l..il.j u‘"‘f” .19\.:3)\).3
Al sy LU
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o (>1pb 4 g jldue S

(cmb oY ug))
L aaly 4 BR lsgs s 25

=

BOOK( BKID , BKTITLE , ......... )
COT( COID, COTITLE, ......... , BKID)

OR
COBK( COID, COTITLE, ..., BKID, BKTITLE, ...... )

CK.
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- " R US| R KV TR W)
(owb YU og))
b aaly 4 BER Glsgs s 25
€)L@.>; CJL>— [
SO s g ge gols

J.S.’ZM ILAC_%J}?_-}ACZ‘).
N:M c bl g .

el J gl S e - =
Sl fﬂ aal,y s>
s g 30 595 ulad gl pdal, K W
(485 L 2 ) B Gl s a5,
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i 21 )b @ ke Jaow

(b @Y Higy)
L aaly 4 BR lsgs s 25

olad ) sowe el Il m
e
N el >
COT(COID, TITLE, ......... )

cK. 171

171



3/17/2021

o (21 b 4 (g jldue Jouws
(ol 4 YU i)
s adayly s ER jloges hos b,
poy S .
SCt Cudgrge o8 dlaw W

Jos 1 Coogz g0 pog
1:N 25@)‘6“—?.

Cwl pgo Cll> o> cll> =
WS oo olaS aoyl, SO =
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SAltio 21,1 & (5 e Jird

(b Yl Gigy)

L aaly 4 BR lsgs s 25

PRIMGR(PRID, ......, PRMGRID )

v.?ggc_ajbdlial
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- " R US| R KV TR W)
(0wl 430 y))
b aaly 4 BER Glsgs s 25
. cJ- m
SO s g ge gols

J.S.’ZM ILAC_%J}?_-}ACZ‘).
1:1 LL«SJ‘LS.L?:.

DL 53 o8 )l eyl b s kS e S akal, K,
Ll el

174
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il 21 b 4 g jldue b

(Ol @Y vgy)
b aaly 4 BER Glsgs s 25
s <~\;M . o= Jls m
[ e e
STUD( STID., STNAME , ......, PJSTID ) o), L~ b

F.K.

STPJST( STID, STNAME , ......, PJSTID , SSTNAME, ...... ) L,

STUD( STID, STNAME , ......) daly 3L b

F.K. F.K.
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o (>1b & g ildoe Jivd
IR L ITY))

L aaly 4 BR lsgs s 25
Wq.sﬁy&w:wdbl

2,05 0 jpan Lo Sy L BSG anlil Gl s Co s e W
S o bl S Cunr e p e ol mlel gl o

Sgu o Lol ol AUS Olge 4 (698 Cudgrge LU AS
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