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m  Drawbacks of using file systems to store data:

m 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 catry out each new task

m Data isolation — multiple files and formats

= Integrity problems
m Integrity constraints (e.g. account balance > 0) become part of progtam code
m Hard to add new constraints or change existing ones

m  Atomicity of updates

m Failures may leave database in an inconsistent state with partial updates carried out

m E.g. transfer of funds from one account to another should either complete or not

happen at all
m Concurrent access by multiple users
m Concutrent accessed needed for performance
= Uncontrolled concurrent accesses can lead to inconsistencies
m E.g two people reading a balance and updating it at the same time
m Security problems
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Relational Model

17

ol y S 3 (5 4ged

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

Slasgozme oL, Ll 5ol (attribute) Cho (Sae polie 5l glacgae W
&S oo slaie ol sl i SOl e LSS A polas el
(Relation) akl,
DxDyxDyx... cp3,5 oo 3l glacgome ) il cowl &yle R alayl, m
ol N az 0 IR dlaly 0065 (0 9 oxDy
D9 (o0 ol aelo b lae 9 Dy Dy Dy ISy o m

(Tuple) Jb

19

& 4 sl b

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

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

is a relation over customer-name X customer-street X customer-city

20
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Attribute Types
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21

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) is a relation on the relation schema R

E.g. customer (Customer-schema)

22
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AL

attributes

M(or columns)

‘Customer-name‘customer—street‘ customer-city ‘

tuples
(or rows)

Jones Main Harrison
Smith North Rye
Curry North Rye
Lindsay Park Pittsfield
customer

24
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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 ”

319 oSl
ool ool
il 0l S5 ey i ey eliile L om
25d oo s Sl D K el (gl oty Ly L pledsn 4 oolaml oKL G el
account :  stores information about accounts
depositor : stores information about which customer
owns which account
customer : stores information about customers
ile aaly KLl plad (g5l ets W
bank(account-number, balance, customer-nanme, ..)
aph el W
(Clam 55 L g S asle) Sledbl IS m
(ol Ol oS (g 2o iles Lilo) null jolie 4 515 ®

35 bl sl daly 015 e sk 85 das e 0L 3Ll 5555 W
26
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(customer) (g o k!

| customer-name | customer-street | customer-city |

Adams Spring Pittsfield
Brooks Senator Brooklyn
Curry North Rye
Glenn Sand Hill Woodside
Green Walnut Stamford
Hayes Main Harrison
Johnson Alma Palo Alto
Jones Main Harrison
Lindsay Park Pittsfield
Smith North Rye
Turner Putnam Stamford
Williams Nassau Princeton

27

(depOSitOI_‘) )‘Jf Déxy M'}

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

28
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Super Key) o s ./ m
(Candidate Key) wails ols m
(Primary Key) Lol oS =
(Alternate Key) S0 oS m
(Foreign Key) =>,> o5 m

29

(FXW iy

*

(Super Key) o, lS” ol =
sl 43 LSy ke U 50 g 50 a5 by Slio alal §l S5 2 W
m Example: {customer-name, customer-street} and
{customer-name}
are both superkeys of Customer, if no two customers can possibly have the

same name.

(Candidate Key) auils o lS” =
b, 2ilS 05 sl 4ils ) 5 Cools 50 4 alal, lsic dsgerme | dcsarme p) 0 W
Sade LS, =
odile (8L degazme ) S Bd> | acgasme | yolie 51 SO 51 S gl ol B
Al 4l ade LbS Cwols Ko
ol adaly slo SK. acgome 13 CK. 5o bl s CK Lgy SK. o :axG m
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il Cudsz g £5 Jyene anlit p)l5 L 5l m
Aol sl el Job m
(Alternate Key) 3555 oS =
Sl b (o) Ko oS (Lol o k5 5l e cuuilS 0lS o @
(Foreign Key) >, oS =
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Sl Aty >

s gl ol Ses i m
m sclect
m project
® union
m set difference
m Cartesian product
m rename
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Select ydos

0,0 8 cadle
Sy o okl bl 15 p
HUSR PV SNGIU IS W O TS

o8 = {¢| t & rand p(1)}
& A (and), v (o1), = (n01) L e Lot sla adlse Jols () o518 Ol 53 Jseo pp oS ol
b
Sl s adlse

<attribute> or <constant> op <attribute>
where gp is one of: =,#,>, 2. <. <

Select 3l | « 5o

O branch-name= “Perryridge ”(d“v% n )

33

Select Operation — Example

Jarid&u}k‘uuujh‘wwjﬂ‘;o&idw‘d}v\a-éu)a‘ud})ﬂG;W
.MM‘;}LM)_}\ j}fd}v\a—)a Ju.&b als |) e.,\..iu.a}dm

m Relationr

A|B|C|D
alal 1|7
a| p| b
Bl pI12| 3
B B 12310
" Gp-grp>5(") 15 ¢clo
alal| 1|7
B B |123|10

34
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Project yhos

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

Adls alaly pUt 5 o gt lal o A (A S Gl

I8 e m

slse Sl Las il s okl gladaly =5 m
AT Sy Ao 0l ] &S

account 3\ branch-name cio Gi> Jle W

Hawoml_m/mber, balance (d ceonn ZL)

35

Project Operation — Example

Ssw sy 211 e m

. A |B |C oo .
m Relation 7 L5 92 JE-f‘ djvb:-
a | 101 i Gl s g g (e
B PN PR PN W
a |20|1 s
B 301
B |40]2
HA,C (r) A |C A |C
a |1 a |1
a1 | = |p |1
g |1 p |2
s |2

36
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Elix! yshos

rus 8 cede m
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LLrUs gl m

(same arity) Ll aidls LSS slgdo sl b5 57
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(depositor)y L 1

Hfmz‘omer—mme customer-name (bOW 24 67)

37

Union Operation — Example

m Relations 50 | A | B AlB
a | 1 a
al| 2 B
B 1 s
P
A| B
mrus: a | 1
al| 2
gl 1
ﬂ 3 38
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Set Difference Shos

r—s5 e m
iy
r—s ={t| terandt & s}
555 Jlesl LBl sla daly cpole LU Shes ol @
(same arity) Ll aidls LSS slgdo sl b5 57
st (compatible) S8 50 L aady 55 51 blas lgzio ®

39

Set Difference Operation — Example

m Relations 7, &

A| B A| B
al|l 1 al| 2
al| 2 B
B 1 s
r
mr-s;
A| B
al| 1
g1

40
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Cartesian-Product yhos

rxs

F S cedle
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55 oslial b S5 5l il e 5(S) 5 t(R) S
sy e ealinad 7 Slas 5 S ria slgtio sl Ysene B
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B Relationsr; s:

B rxs:

Cartesian-Product Operation-
Example
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Opr-c(r®y) :Jks m
A|B|C|D|E FXsm

a| 1| a|10| a

al 1|p|10]a

al| 1| p]20| b

al 1]y |10] b

gl 2] al10]a

sl 2| pl10] a

Bl 2| pl20]b

g1l 21| y|10]l b

A|B|C|D|E
Cac(rXs) m

[Z 1| 2|10| a

2| FA|10| a
Bl2|8l20|b -

> — —
(Rename) ol 50 JShos
obrl sl dlaly S Sls bl a gl sl Gkl Sl s Ol gl e
..LA.}L;A

Aas ol ol S G bdal, S apr gl la m
s m

P ([E)

gf“}'.'A”AZ’ ,Aﬂcuwg¢bMQWL)LXfLL|)EQ)L&4}L§J
Lls S
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Salesb Jho

Ao B s 25 s b Sl s s Ol gny

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

tond (e plisted gl o ylojer)

customer (customer-name, customer-street, customer-city)
o (o pl s o HULS (50 .3)

account (account-number, branch-name, balance)
e (e o)l e pL13)

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

Pl (ols oplos s pliiply 5e)

depositor (customer-name, account-number)
)/..ifo.)# (s o ,AL' il n;[«..ﬁ)

borrower (customer-name, loan-number)

0385 ply (5 e ol eply o lo)

45

Sylesb Jho

oy s |y 03ls oL<JL, WWle Jsb s b S ol s Sl -l sl
v—::-;jsjﬁj-’ﬁ}

brch (BN, bcity, assets)
dend (4end pli ctond e tylor)
cust (CN, cstreet, ccity)
o (S piio plias o HULS ispti0 43)
accu (AN, BN, balance)
el U
loan (LN, BN, amount)

Pl (ply o)lod crd ol ply 5 fie)
dep (CN,_AN)

S 03 s (5 picn pli el 0)lai)
borr (CN, LN)

o ply (s e ol eply o )lot)

46
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Q90 b 9> 9 v

LS My LEIY e VL el el m
G amount > 1200 (l0@n)
.l.:.SUﬁ \)$\Y" L;E}L r\jféé\f r\j o)l.q.,j.v.

N (S amount > 1200 (loan))

47

Q900 b 92 9 v

[y (borr) U Ty (dep)

.mpM\sgwﬁjﬁ\jﬁ‘«sw\,\ﬁbggwrul

[y (borr) N Iy (dep)

48
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Q90 b 9> 9 v

Perryridge axd 511, oly &S S 1o 1y oL i rL‘..? ol m
..«\.;)\J

1_[CN (GBN=“Perryridge"(O_borr.LN = Joan.LN(bOIT X loan)))

&,ls Perryridge and 511, ol a5 oS g 1, SL 2l fljl
LI SSL gla amls s \)&L«w}@j

Ien (OBN = “Perryridge” (Oborr.LN = loan.LN(POTT X 0an))) —TIcp(dep)

49

Q900 b 92 9 v

Perryridge axs 511, oly oS S 1oy 1y oL i rLQ.? ol m
..«\.;)\J

e Query 1
l_[CN(GBN = “Perryridge” (Ohorr.LN = loan.LN(POIT X loan)))

e Query?2

I1eN(Si0an.LN = borr.LN((OBN = “Perryridge’(l0an)) x borr))

50
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Vg0l sbd 9> g v p
S gy oles 315 o SYL m

LS wU Ssd by accu aaly m

Hpatance(@ccu) - Haccu.batance (Saccu.balance < d.balance (8CU X pg (accu)))

51

Lot s Shos

@\)&Gyéé&%ﬂ\)gu\éuﬁwbl
oslw s g g o Lol aSL S o 8Ll (gl adal ) S

m Set intersection
m Natural join
m Division

n Assignment

52
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(Set-Intersection) S gl yShos

rO s e o
s B
rovs={t|terandte s}
gy
Lol LSS slgio slias s g7 m
L LBl s 57 glio @

rOs=r-(r-35 wx=gn

53

Set-Intersection Operation -

Example
m Relation 7, s Al B n
[0} 1 a |2
a | 2
6| 1 B3
r S

mrMy

Als]

54
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(Natural-Join) (b Wgn yhos

rxs g i m
:g;.w‘e.«\.&‘ &;M.NJUJ.‘!‘)L%‘JJ&)|4SJ.&LJJGRUS le.«.::)bd‘da.:brw‘fo&‘ |
PO S S P ATY S A g s m
Blol ams 4 1y 2 JU sl ez RN S wlis 51 G n 5 SLS slia 7 52 81 om
) WS ol
b sl 7 37, Olge a )y SLS Hlie 7 m
Ll asls s s 7 Olge a |y SLS Jluae 7 m
m Example:
R=(@A, B, C, D)
S=(E, B D)
m Result schema = (A4, B, C, D, E)
m 7 |X sis defined as:

I, 4 1B +C 1D, sE OrB= BN D = 5D 7% 9)

55

Natural Join Operation — Example

m  Relations 1, s:

A |B |C|D B |D |E
a |1 |a |a 17 |la |«
B 12 |y |a 3 |a |p
y |4 |B |b 1T la |7
a |1 |y |a 2 |b |&o
5 12 |p |b 3 |b |e
r S
| |
rixs AlBlc|D |E

ToO 00O
QN RN R

R R KRR
N = =
™™ X QR

56
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(Division) pawd yhos

r+s 5,8kl m
AL anils | “has” aldS S ol Cnlo gl g el
WS ol oS SR s scuga sdal,srm
" R=(4,..,4, B, ....B)
" S$=(B,..B)
Ailb s R=8=(A, ..., A4,) sl 5 glaal,r+5 any @

r+§:{f | fEHR_5<7>/\v”€5<ﬂ/er)}

57

Division Operation — Example

B Relationsr, s:

A | B B
a | T
o 2\ )" 1~/
al| 3 > 2%
7T s
o | 1
5| 3
5| 4

v e| 6
e| 1
gl 2
B 1

Hr:s A r
o
B 58
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Another Division Example

B Relationsr; s:

A|B|C|D|E D|E
ala|ala]|l1l a| 1
alal|y|la]|1 b |1
ala|y|bl|1 s
plaly|lall
pla|y|bl|3
ylal|y|a]|l
ylal|y|b| 1
yla|pg|b]|1

r

Bmr:s

A|B|C

al|laly

yialr

59

(401f) it yShos

dois B

g=r +s5das,lim

LS o35l p g x s CraS ol gl s S 55 q e B
Sl daly o sl aly sle Sas oj 55 iy 5 W

Las 138 C R 5 olaaaly 155(S) 5r(R) m

r—s5= HR—S (7") _HR-S ( (HR-X (7> X ‘f) - HR—S,S(@)

60

3/17/2021

30



(assignment) @l Shos

ﬁ‘f@% 6uj>)wﬂ QJJSQL:JLS‘J; b WLA eb((—) ulmu\ﬁw | |
e B e e N R R
el sl g, m
LT e s g doe Ol O e S T o Sole gl o m
MbA)k;-.CJ}Aleﬁhb ‘_gl.aﬁxzﬂu:;-l.»‘_glj;.).ibulm:_.\ ]

m Example: Write 7+ sas
templ < Il.s ()
temp2 Mg ((templ x ) = g5 (1)

result = templ — temp2
S oy Sl = o G e 3 Gy G Dples D B
b el gday Olle 53 e Gl (S B

61

g0 b 92 g v

wb&bjb\)g;’l"”}}f\ﬁ‘\s“\‘:‘s“lﬁ‘)JL.’.JL:‘"‘(’L"‘S.
Al

Mew (borr) A Ty (dep)

f‘ﬁd\f:"b"‘ﬂ“bjb&"l")‘ b @\Jégﬁ‘lﬂf":"‘fb.

HCN, LN, (unounr(borr g\l ]06”’1)

62
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Q90 b 9> 9 v

and s Cl S Pl S uS a1y SLaie en @
L,ls “Uptown” 5 “Downtown” sla

eQuery 1

[eN(OaN=“Downtown'(deP 1) @ccu)) N TTen(Ogn=+uptown'(dEPO Maccu))

e Query 2

1_[CN, gn (dep x| accu) =+ Ptemp(BN) ({(“Downtown”), (“Uptown”)})

63

Q900 b 92 9 v

*i)sé&uw«uﬁdsw\%\)ggw‘ [ |
Ll 1y ples adly “Brooklyn

[Tcn, s (dep i accu) + Tlgn (Opeity = “Brookiyn” (0rch))
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3/17/2021

32



L3 by (o Al > S0 ot

(Generalized Projection) 3L V.:A.z.? project J_QA.O [

65

Generalized Projection

oslizul (gl 5 Slwls gl Shas a4 03ls o3I L |, project Ss m
B> s dew g PrOjECHiON o 3

My, eer 1, (E)

Al o gl e oole a B

Lol 5l el an S 0 Slwlbs Sl B, By o B 51K a
Lol e E sk clis

A S s &S L s | creditinfo(CN, liit, eredit-balance) 4
LS 7z Ll e pher el

HCN limit — oredit-balance (€1€A-11f0)

66
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3/17/2021

Aggregate Functions and Operations

A &.1 E) wﬁ 839,79 Q\}:& a b L;ﬁ:lfu (Aggrcgation function) SR c\j.? | |
Al S e (s Ol

an: avcragc Valuc

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

Sl aaly 3 rar Ses ®

GG il SE(AI),FZ(AZ ),...,F,,(A,,)(E)

13l e gl ey o osle S E
@>Wj°>w‘6kaﬁﬁ§‘fﬁ‘)";f°6wbgf&WWGDGZ’Gn
(Ll J= Wl

67
Aggregate Operation - Example
m Relation 7
A|B|C
alal
al| p|7
AN
A ARL
B G ume D sum-C
27
68
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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
BNY sum(balance) (accu)
| BN balance |
Perryridge 1300
Brighton 1500
Redwood 700

69

o> &g

3 S eslind ;)Tcu.(alj o3l gl s @U)fsjil.q&)'\ Oy o m
aggregate operation | s Olge &l b jfb L) glpm

.V.:hb ~° a)'le-\

BNY sum(balance) as sum-balance (accu)
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Null Values

mill s &S (Ab anils g ol st slgios Sl Wl el (S m
By gRF

) 3y 4SS e Ol |y (olkie b S e Ol 1y asieial e sl

b o nnll B sy o S Wy null S Sy Ssle pams W

-m&&ﬁc—i’:u@ﬁu‘i‘;’b%&@'@‘f u

B ol S 5 2w Olse il Ky o AEL s Gl prenas W

.msdaw)$SQI,¢,@j\nu//ﬂ>uﬂp:)}>-ﬂ)>u ]

3y olis ple dslea null Ui o5 S 5 duplicate elimination (g »

Ll aS Lpd o o snull 53 505l e

Al sl Sdea bnull o S 55 nlel, ®

=5 o 850 2 SQL S Sl 0 b ol by Bl o (ol e 53 0 W

71

Null Values

K> S o p |y unknown o5 g ss s\ null p3lis b auslie ®
A>=51 55 sl ol not (A<D) e 58 eslinal unknown s\ow false 51 m
S e es\inal unknown s \dis 3 o5l aw Gl ®

w 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)) 555 o s, true « “Pis unknown” & le SQL ;> =
2 2kl
XS sl unknown < O1 31 55 s A5 false O) s select o)) S ams W
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0319 oLy gt
2 sl Ses jlestanad b el (S 0305 oL DL yiee ®
m Deletion

m Insertion

m Updating

73

(Deletion) bdo>

S8 Rl LSk e g g e St S Sl s W
Gd 03l oL 51 gl 58 @ bl il gl 4 aS
LS
5,8 G o sl &
358 oo Ol 2 Dppa sl e o Gi-m
r<—r—E

sl g s g S E s, Kras
b

74
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Gie s JUo

S Gl |y Perryridge axd slolos 4 by e slas, S5 4l

accu < accu — G gy = “Perryridge” (ACCU)
Gl 1y Al e 00 B e gl jlide ST pleels pled 4 b se slas )5S
S
loan < loan — G amount >0 and amount <50 (loan)

A8 Gd |y Needham L¢i s é\j S axd S glgls quJ

I <= O pgity = “Needham” (accu X brch)

ro< Ilgn, AN, batance (1)
rs< I cn an (r2 X dep)
accu <— accu — r2

dep < dep—r;

75

Insertion

ool y K s els 03 S ajly sl W
oS o et 03,5 3405 sl 1 LG
g 35l LS LBl e Lkl OT oS s o s e W
55 o Ol ) &) s insertion gl akal,y o > W
r<—r U E
Al esldaly e le GE jaal, S res o
@#‘j@wﬁbﬁ@¢@‘éjj¢g|@&U&QJ;JJUl
oslaral U &G ol (constant relation ) ol alaly S 1 E gl
S

76
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Insertion glgfbw

s, 1, $Vve e (Perryridge axs 53 A-937 Cl> L3 Smith S s Laseie S 1, Sledbl ®
S 55l esls elﬁlli 33

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

s eple Olge 4, $Y00 o 23 Cls K Perryridge axs s pls Ol te plas 5l ; W
S B s e Sl ol Olse ) pls oslad S

r < (GBN= “Perlyridge”(borr[><I Ioan))
accu < accu U [lgy 1200 (r1)
dep « dep L gy (n(r1)

7

Updating

Al o B 53 slie pled i O Lkl ek Gl oS
2y o oslinal ) slaie pl (gl 4Bl pens project e =

()
SIP-CRUIVY L
cLicCM'.:..:o.Liupdate r‘lef“r‘)\(:\lw
5l bt S Wil o osle SOOF, wil sul update i S
.Las;daW&\ﬁé,gkjl@ésﬂ&)gybl’j\ow

r < HFl,Fz,..

L]
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Update slegfbo
e rl;u‘/o Q\J:.a “ LA)\JJ CL@J ﬂbﬁ\ oslazul L: I > g Q}‘Jﬁ | |

accu < 1 an gn, batance * 1.05 (@ccu)

sl s g doss T BN VL L sl pl o1, B
SIS a5l 0 g Loy 0 Ll

accu < 1 an, gn, baiance * 1.06 (O baiance > 10000 (ACCU))
U T1an, BN, batance *1.05 (Gbalance < 10000 (ACCU))

79

Pow Jud
SQL

Structed Query Language

80
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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 # 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

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° time ‘09:00:30.75
timestamp: date plus time of day
= 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
m Example: extract (year from r.starttime)
Can cast string types to date/time/timestamp

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

82
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Qo B g2 5 gawd

Ssd o oslial Create Domain  giws 5l auls < 25 gl o B
Create Domain domain_name datatype
[default-definition]
[domain-constraint-definition-list]

e olis 03 S jasiie gl L e ool Of cxi s oS Default w
Sgh o eslial wals 505
O Cos sl Jlesl e 4l g L of b aS 30 constraints m
Jio m
Create Domain Degree Char(3) Default '?7?7?"

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

83

CIvo BA> giwd
Drop Domain domain-name option

)j:"‘"’bdﬁ.‘)" JJS&J.,\Q- ‘)°J"‘j' &_,Q.ij.x.?u‘b d‘jLﬁ‘)}MJJ‘L’ |
. LiL Restricty, s Cascadec|,ls ;I S Ll .0ption
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 ygawed

Do e eslital gmes b 51 (Usde) daly 03 S 3wl ¢, SQL ;5w

Craete Table table_name
{ (ColumnName DataType[Not Null][Unique]
[Default defayltOption][Check (search condition)][,...]) }
[Primary Key (list of Columns),]
{[Unique (listOfColumns)][,...1}
{[Foreign Key (listOfForeignKeyColumns)
Refrences ParentTableName [(ListOfCondidateColumns)],
[match {partial | full}]
[on update RefrentialAction]
[on delete RefrentialAction]][,...1}
{[Check (SearchCondition)][,...]}

85

Create Table ygmwd Jbo

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 ygwd Jbo

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

Jgu> il g OS>

drop table =

ol jatie Jsdr Sl ol drop table o m
Y s B> eals ali.;lg: )‘ b

m DROP TABLE table_name

88
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Jgu> il g D>

alter table =
Jsd fU s A
Jsdor pb ois ¢l » alter table JS |<& m
ALTER TABLE table_name
RENAME TO new_table_name;
Jie ol 5 @ | |
ALTER TABLE customer
RENAME TO tbl_cust;
ol 4 O 03551 W
dsdor 4 05 G 03538 Jol - m
ALTER TABLE table_name
ADD column_name column-definition;
Jie ol Ly @ | |
ALTER TABLE customer
ADD bdate date;

89

Jgu> il g OS>

alter table m
ol 4 O 02553 B
Jsdor & O L 03558l p s - m

m ALTER TABLE table_name
m ADD ( column_1 column-definition,
] column_2 column-definition,
| ]
| column_n column_definition );
Je ol preye |
m ALTER TABLE customer
m ADD ( bdate date,
u description varchar(60));

90
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Jgu> il g D>

alter table =

Ugiw 25 A
m ALTER TABLE table_name
MODIFY column_name column_type;
L m
m ALTER TABLE table_name
n MODIFY ( column_1 column_type,
] column_2 column_type,
| ]
n column_n column_type );
Jee m
m ALTER TABLE customer
m MODIFY ( customer_name varchar(30) not null,
[ customer_city  varchar(25) );

91

Jgu> il g OS>

alter table =
O g 1> W
ALTER TABLE table_name

DROP COLUMN column_name;
s m
ALTER TABLE customer
DROP COLUMN customer_city;
ALTER TABLE table_name
RENAME COLUMN old_name to new_name;
Jis m

ALTER TABLE customer
RENAME COLUMN customer_name to CN;;

92
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Jgu> il g D>

ALTER TABLE TableNamel
ADD | ALTER [COLUMN] FieldNamel
FieldType [(nFieldWidth [, nPrecision])]
[NULL | NOT NULL]
[CHECK IExpression] [ERROR cMessageText1]]
[DEFAULT eExpressionl]
[PRIMARY KEY | UNIQUE]
[REFERENCES TableName2 [TAG TagNamel]]
[NOCPTRANS]
-Or—
ALTER TABLE TableNamel
ALTER [COLUMN] FieldName2
[NULL | NOT NULL]
[SET DEFAULT eExpression2]
[SET CHECK IExpression2 [ERROR cMessageText2]]
[DROP DEFAULT]
[DROP CHECK]

_Or—

ALTER TABLE TableNamel
[DROP [COLUMN] FieldName3]
[SET CHECK IExpression3 [ERROR cMessageText3]]
[DROP CHECK]
[ADD PRIMARY KEY eExpression3 TAG TagName2]
[DROP PRIMARY KEY]
[ADD UNIQUE eExpression4 [TAG TagName3]]
[DROP UNIQUE TAG TagName4]
[ADD FOREIGN KEY [eExpression5] TAG TagName4

REFERENCES TableName2 [TAG TagName5]]

[DROP FOREIGN KEY TAG TagName6 [SAVE]]
[RENAME COLUMN FieldName4 TO FieldName5]
[NOVALIDATE]

93

Select ygwd Ll

J'.’)";‘)J'.’.).

select 4, A,, ..., A,
from r, 7, ..., 7,
where P

e ASQL & sui Slagr 5 oy W

QL@aM;QL&JL&Ai ]
by adaty okas QLis Loty m
Mb@&f::aﬂ;&.lp ]

Al o gl e ole K doles sz s e g 0l

AL e el Sl

dal) o s 5 gy S Al W

I, 44, (@p (X ... xT,))
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Select we

MTM‘;}-;}-)UAJ,!va)bdﬁbygu&owwselect&ou |
&l dal, Lo project Slos tiles m

select BN
from loan

s dal ol Of dslas gl dasly o 5203
1,5 (loan)
N JERS o)

branch-name < ,ls b= « branch_name & le I g3l esly fK;,a Jis Olys 4 ®
S eslanal

AL el Sop s S S Gy D el SQL el

95

(aetar) Select Y

MJL;Oﬁju.ﬂj.;@Lﬂ))‘)é‘)‘ﬁﬂ.}uﬂa‘}b-‘SQL

Axs distinet sAJS aalS 51 0lg o LSS Gl 4 055 5 seme S5
55 eslizl Select |

S G b IS5 5 S g loan a5 1 bs e plas b

select distinct BN
from loan

Kpis Gl e ST aS uS e asein Al g0 S als
select all BN
from loan

96
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(sotat) Select ey

mw@b%tﬁwselect&gjbjt@&
select *
from loan

Sloblas 5188 wil Slolme Slle Jals w15 aselect isy
o Jlost B0 slgio b ol Solie 55 5 oS il / 5 & = ok
Ll
Sy son
e V00 s &S amount gL & loan Al |y g adal, B

5 g

select LN, BN, amount * 100
from loan

97

where u

Ll oS uib e b s ediS jasiis where s ®
&l el o e select S diles (AL axils

Perryridge axs 5l a5 slgaly o jla oled 035 Uy gl m
Al e SV Sl mis T Ol 5 il ol s

select LN

from Joan
where BN = Perryridge’ and amount > 1200

5 Or &lﬂdL;aa.‘.aLsL@JL.aﬂ )‘ oJW\L&\j@M@Lﬁ.
Lsi oS 5 ke Lnot
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(4c19Y) where M

Al e between g aslin Sas ol izean SQL ®
L@To\}w\sw%b@w}fu ool 1le Olge 4 W
__)\__f,l_:&o$\n~nn~ j$‘\~n~~ u:_.,[ﬁ

select LN

from loan
where amount between 90000 and 100000

99

from g‘“

.@Iwﬁ)wﬁﬁ .sjﬂv.:.a\jp'- Ly sl daly cod from i
LS o Jos sl daly e p 58 s Sles diles ®
borrsdoan s 55,S o alol> 1l W
select *
from borr, loan
S A8 g 1y Shrie plad ol Ol 5 cpls oled (g e pli L W
Al awsls Perryridge asxd 3115 sl
select CN, borr.LN, amount
from borr, loan

where borr.LN =loan.LN and
BN = ‘Perryridge’

100
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(The Rename Operation) (ol 350 Gldos

Slis 5 be daly U S5 ojlxl as a5l eslane LSQL m
Aas el
old-name as new-name
S g 1 0L i rLoS f\j Ol s f\j o lad ((§ yiiun <aL', |
a3 8 loan-number O ¢l |, loan-id ol
select CN, borr.LN as loan-id, amount

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

101

(The Rename Operation) (ol 350 Gldos

Syl 5528 A3 Sl eslaa L from s s Jj\&rbmﬁ [ ]
LQ‘WJ \)w\jéw\@dbw fwé‘f‘) r\)o)t.q.&)fb | |
LSl ails

select CN, T.LN, S.amount

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

é‘)éu@;}‘éﬁﬁ gbﬁdw\%\)&uw¢wru |
Lt awsls Brooklen s
select distinct T.BN

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

and T.bcity<>'Brooklyn’

102
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S ike” Slas dil o 5,5L08 sls aiy anslis sl gl sy sbe Ses Jolz SQL m
el et esls e 5 ol SIS ST eslinl L S S G eslisal
m percent (%). The % character matches any substring.
m underscore (). The _ character matches any character.
il axdls 1 “Main” ey 5 oLl pb &S S g 1 Gl ite ples ol m
select customer-name

from customer .
where customer-street like ‘%Main%’

m Match the name “Main%”
like ‘Main\%’ escape ‘V
le gl azdy b Ko 5l e 31y SQL m
m  concatenation (using “| |”)
m  converting from upper to lower case (and vice versa)
= finding string length, extracting substrings, etc.

103

LG ulod 53w o g0

“ J\.;)‘J Perryridge 4...::..1: )\ @‘j LY L}"L‘i K : <=L> ;,.SJ» S . |
Lal Gy s 5
select distinct CN
from borr, loan
where borr.LN = loan.LN and
BN = ‘Perryridge’
order by CN
s slphascl Jspi s sl desc i (Sasle ®
G2 ey S S3500 LS (S el Sl Gl S350
b &

m Example: order by CN desc
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Sl 45 gomo 5 yhos

Sss 2 €Xept sintersect UNION | as soms sla Shes ®
daly ;- U, M), = gl Slas dolas 5 L5 o Jlasl gla alal

anion all Jste ol s 51 a1 1SS ples 0ils S
LS skl except all , int

e AL o3l GBI S 3 5L N 51 s LM L

m m +ntimesinrunionall s

m min(m,n) times in rintersect all s

m max(0, m—n) times in rexcept all s

ersect all

Las o4 m

Sl 45 gomo 5l yhos

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

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

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

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

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

except
(select CN from borr)
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o> &g

avg: average value

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

o> &g

® 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 — > &1 'Y

S dle 4 a1 LajldS es e slus

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

select >, 55 4L L group by jise wlis 4y
Juj..lu os)j\
&l bl Loz ooy S Slio 5l o Slis a4 B

Juj.-ﬁ-f OJJJT A

109

having (i — 0> &9

St Wl slaler 515 0S0le 45 S oy 1y ols and ples ol m
AL e ST

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

5058 o dlsllay S as K55l us having i ol K ®
55 o dlesl laoy S as IS5 51 L3 where i o)le
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null Slio

s o Ml G S (Al anils 5 sltio 2 slpnull sl Lt s ol (See
™

.JJ\JJJJ;.-})\MASMJJQLL;[{g“bJWUJ‘MA&SWNUH

5 oalinal palie 03 S S gl Ll 5 e ds null 64158

sk amount (gl null Hlade slols loan aaly 55 48 A4S iy 1y olsls oles plos 1l

select LN
from Joan
where amount is null

Dy Mlj;'-nuﬂﬂ\ﬂsrinuﬂjs):ASL;‘:\,_\,.JB‘AQDLPVLAJQ@J [ ]

m Example: 5+ null returns null
LS o by et null e 5l Sole 6 rexr w5 iz s @

111

@Ebw Aw @huo gnull }gélﬂo

338 o o |y unknown Nais null b anslis ®
w Example: 5 < null or null <> null  or  null = null
LS e el unknown  ses 5550 51 cd5) aw g
m OR: (unknown ot frue) = true, (unknown ot false) = unknown
(unkenown 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 unknown

S5 obsslunknown o S1sss e b false Ol g o where Jiso axs ®m

112
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o> Qlgi g null yludo

select sum (amount)
from Joan
b
null slae L LU 3l count(®) 5l o & xe sl m
S o P e e P Slie )

113

9 9 o s Subquery

i 2|2 b subquery 5l eslil ¢l 2 15 o558 SQL =
S

S 1L s select-from-where &jle s> by o5 S W
..sj.j:dao:\;)\f@fiw; S sy O35 3

s Osls K5 (gl La subquery 5l s gos eslinn] S @
Cardiﬂahty 9 L A4S gamo M_ilfu (A& gown K:A-lj.n,ap
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Q903 (592 § WV ¥

ails SOb 3y oy 5 ol oS A4S g 1 Sl i ples @
sl
select distinct CN
from borr

where CN in (select CN
from dep)

Ll axtls SO S1 1y ol o8 4 oy 1 Sl 2t plas m
Al sl S s gl
m select distinct CN
from borr

where CN not in (select CN
from dep)

115

Q903 592 § W ¥

W)b(‘jﬁj%h&ﬁﬁ%ﬁ‘%\)&gﬁmrw-
Asb awsls Perryridge

n 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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Q903 (592 § WV ¥

s g,

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” )

17

some @ jbs &y

m F <comp>somer< 3ter s.t (F<comp>i)
Where <comp> can be: <, £, 2,>, = #

0
(5< some 5 ) = true
] (read: 5 < some tuple in the relation)

6
0

(5< some 5 ) = false
0

(5=some [—] ) = true
5
0

(5 #some ) = true (since 0 #5)
5

(= some) =in
However, (= some}%nat in
118
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b 45 goou0 duslic

6u%§fﬁj\\)6%guﬂS%SlM\)&uwrw ]
sl asls Brooklyn s C&\j
select distinct T.BN
from branch as T, branch as S

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

> some Sole 3l eslasll ;)L..._i,w S s B
select BN

from brch
where bcity <> ‘Brooklyn’ and

assets > some (select assets
from brch

where bcity = ‘Brooklyn’)
119

m F<comp>allre vViter (F<comp> )

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

0

(5<all 5 ) =false

6

6
(5<all | 1() | ) =true

(5=all ) =false

(5zall | 4 | )=true (since 5 #4and 5 =6)

(#all) =notin
However, (= all) ;! in
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Q903 (592 § WV ¥

Lguwrwj'\btgj;iﬁqbﬁéw\)ﬁb&qu
Ll asls Brooklyn s 2l

n select BN
from brch
where assets > all
(select assets
from brch
where bcity = ‘Brooklyn’)

121

S s dly ol 9

subquery S1 &Lls S o 5 1, true lais exists & le W
Ll s 0T obS T
mexists r& r£ 0
B not exists 7<= r= (@
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.15 Brooklen g S 4l ¢L«5 BERB) @L*" S LS U“ﬁ. 3 dbf““‘ {'L‘*S -
sl

= 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 & XcCY

B Note: Cannot write this query using = all and its variants

123

Sl Slahili 992 g pus (5199 (99 55 S

= 53 S5 LG subquery LT S &S s o unique )l ®
ALyl s

Perryridge and 55 Olu> & Sl o5 S e L Sl i fw .
LSl 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’)

124
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Wﬁ;.;Lm}&j\Jﬁév\t:S\Jﬁb@Li}brwl
Lsb als 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’)

125

insertion — 0818 olL (sl 0810 ks

S wslslaccount & s LGS @
insert into accu
values (‘A-9732’, ‘Perryridge’,1200)
Jslas = L
insert into accu (BN, balance, AN)
values (‘Perryridge’, 1200, ‘A-9732’)
LS wlsinull b il balance Laccount 4 us LU =
insert into account

values (‘A-777’,'Perryridge’, null)
126
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insertion — 0818 olL (gl 0810 ks

°J'-iL>.' d‘}.f» A{Perryridge w r‘) QL:J:,;M rLoJ 6‘;: $Y" oJ.:}’-.b g_JLw)- ;g.“s | |
S s 6 s Ol e Ol a1 pls sled S L
insert into accu
select LN, BN, 200
from loan
where BN = ‘Perryridge’
insert into dep
select CN, loan.LN
from loan, borr
where BN = ‘Perryridge’
and Joan.LN = borr.LN

oy 4y ,slie 05 S )l 5l 3 S &) s select from where jis, ®
W&u?)wﬂ Q)fﬂ.«.“»‘]:&)b) JJJL;AMW
m insert into Zablel select * from tablel

127

update — 0313 ol b 0310 puii

sl Gl 5 700100008 SV 515 L gl plas 1
S LSl 35 70 Lplm

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

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

m The order is important
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Delete — 0818 olGb (o 0810 gk

S Gl |, Perryridge axi slgloo plos ®

delete from accu
where BN = 'Perryridge'

5 Ll el &3l Needham ¢ sle s ;o oS slglas olos ®
S Gl

delete from accu

where BN in (select BN

from brch
where bcity = 'Needham')

129

Pile Juod

Entity-Relationship Model
(ER)
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S s

e ol glas g 5405 355 sl (sj.@j.»uERui))J;l
6Jﬁ&ob\sﬁutwwwg§é@&h§wﬁ
Dhasle
e gy W
Cao B

1) g J}.j: d..«\,c Jd\j}'dﬂobb °L<-.’.L:’..“§:’..
(entities) Lgus s> g0 31 (Gl 45 saen W

131

(entity) ca3g> g0

S 0T S e T T U S e e
ol e sae 5o 1y s Sl il ail:”t‘))\lal“ Do 03 el
)EJ)'\C,{;};-}.«C}&]A.MQ@Z\:@ASQ&}:A;}Q-)&%U\V.&MF@:
.;J;dewuﬁs
S B s e s e et ol g dalsan L m
SRS 3l ez (S50 Sl i) s S5m0 Vgomn s Sl Csrseps S W
s

3550 55 Dbl 5l gl quﬂ)S):)bWuQ)‘\uiﬁf\(w Cdsmse Cy&i u
ol 5L ol

3 (Cdgaia) G pdy S L (Cakeld) o KiS I Yiono ®
S Oliw &8 WL o ¢ b sl entity 3l as geee S enttity set S W
.Ju.)b

m Example: set of all persons, companies, trees, holidays

132

3/17/2021

66



Entity Sets customer and loan

customer_id customer_ customer_customer_ loan_  amount
name street  city number
321-12-3123 fJones | Main | Harrison | L-17 1000
019-28-3746 [Smith | North |Rye |
| 677-89-9011 [Hayes | Main |Harrison | -15 [ 1500
[555-55-5555 [Jackson | Dupont|Woodside]
244-66-8800 |Curry | North |Rye | 500
| 963-96-3963|Williams| Nassau | Princeton| L-11] 900)

335-57-7991 |Adams | Spring |Pittsfield | L-16 | 1300

133

(Relationship) b3,

Lls g5 20 2 SbL Cossr g o b Vgeno W
Leale s (N>=V)Cussr o 1 e Lo Julas 51 s jle
Al o s S se Bl e S 2

&QQCU&QJJJ\JWLSWQLL;J\C}JA-
De ol by Gl ed g (ol sla o g g0 C‘}"

134

3/17/2021

67



borrower b3 !

L-17

L-23

L-15

L-14

| 321123123 | Jones | Main | Harrison |
| 019283746 | Smith | North |Rye ||
| 677890011 | Hayes | Main | Harrison |
| 555-55-5555 | Jackson | Dupont | Woodside |
| 244-66-8800 | Curry | North | Rye |

[ 963-96-3963

|Wi]liams| Nassau | Princeton }/

] 335.57-7991

| Adams | Spring |Pittsfield II

g

1000

2000

1500

1500

customer

loa

n

135

b,

b8 b s o b LIl 0ls .o
Jols Wl g e account  customer .l depositor bls,l Jle Ol s 4 ®

.Lib access_date ciw

ustomer(customer—name)

Johnson 3 June 2005
T
17 June 2005
28 May 2005
L 28 May 2005

depositor(access_date)

24 May 2005

24 June 2005

23 May 2005

account(account_num

2| =] [=] 2] =] [#
| [ [=] [N [=
SMEERERERERE

ber)
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byl a0

Aol e bLoSl s eSS 0 sles s ge Ul B ae

Cy‘)‘wb asls &S 0 S ge 92 QT).N\SL;EL;J\I
g el (53 4 50) s b

LSl e lobliy) Sie

(Attribute) o

Sl s gome Zussmse F g A 5 el Czifrr g5 S Sl wgb P o W

A o g |y Ol Cars s L A= S s wlis

Sl sart o diS Cao i &S 5d e 03l QLA Dlis | (6 s gemme Sl esliial L Cussr e K W

Example:

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

Aol o ko Gl e Li5lie 5l Slgs sezee (dOmain) auls
o gl
w Simple and composite attributes.
w Single-valued and multi-valued attributes
= Example: multivalued attribute: phone_numbers
m Derived attributes
= Can be computed from other attributes
m Example: age, given date_of_birth
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Composite name address
Attributes
first_name middle_initial last_name street city state postal_code

Component
Attributes

street_number street_name apartment_number

139

bl )l Cardinality

sl b Ll o aS ASl o sleus g g0 slias sS Ol W
Al Ll s s Cosgrse b b
AL e ke 5,0l bLi,l s s m
25 20lse 31 S Wilg e cardinality ¢ b bl gl @
e
One to one =
One to many =
Many to one =

Many to many =

140
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Mapping Cardinalities

A B A B

One to one One to many

141

Mapping Cardinalities

Many to one Many to many

142
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(FXW iy

*

super key =
Al anils aaly S ke UG oS daly Slis lacseme 5 4 W
candidate key m
ol y LU S b alla | 5 Sl 5o S alaly Olss 48 50 Sl 4 ez ) 4 W
R
e L m
Spkl el =
primary key =
LS o DLl b oS Al LS saals ) S m
Sl dssle okl gl aals ®

A2y g5 Jsene anlid S 5w
Al aeils Al U W

143

customer

AL = (entity) Cud g go okas OLES J.:]GJM ]

Aib e (relationship) bLs )l ekias 0L 554

JMSL;OMM ‘lal.:.?)\@\) L@b«bﬁy} L@J.jbﬁjﬁ@b olaws .lajla;-
Ail e (Attributes) by Cis sdias Ol 2y W

AL e ol Lo Cdo sl QLS S5 8 an B
Al s (derived) Giie Cdo skl Godes by W
MLL;OJL&‘J%.LSQMJQLJJ)‘JL}J:)CM | |
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E-R Diagram With Composite,
Multivalued, and Derived Attributes

145

Relationship Sets with Attributes

customer depositor account

customer—id

146
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(Roles) by s

il e o0 51l T BLIL S & bss o lemo s s

Codgzrge &5 IS o asde Lol .53 s edwl 28 “worket” 5 “managet” clew
S e 3k works_for alaly 51y LE 4 LS

g &S o Jooy Jdates w1y (530 oS 5 035 ey ab s BR b pa s el
i
gl o eslanal LU poets O3> b 55 Sl 5 Ll o (L el ey

employee_street

manager

employee

worker

works_ for

147

Cardinality Constraints

(—) )\ac,.gzbﬁjl{bcardinality.xﬁémsljsgful

S () Sl e bt L “one” S asie oS
C,uwsﬁj.a 9 LUJ‘ O .,L.J:Ls s “many” LY U‘m
e oles

one-to-one L5, m

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

148
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One-To-Many Relationship

o Lol oo e SGL ST ol Sk 0 SO B o
s Bl s borrower 5 b ) oly otz b (g e G 5 ik
AL

149

Many-To-One Relationships

Gib Sl e plizr Lely Sk DL o m
f\) &i L j’:S‘J} LSJ:-*:'-" &i 3 ‘ijl{ s -bl-ﬁ)\ BE borrower
AL e BLIT o

borrower

customer

150
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Many-To-Many Relationship

s LUl s borrower 5 b 5l (s i ki Lely S m
L3l

o bl o bormwer&jb)\t\, k= b g pie S m
ASL

customer-name
customer-id
customer

loan-number

borrower

151

bla,l 40 g 90 o5 pu

Ll B g0 o ge Sl 4 g 8 i(0sd e paie L3 L) Sl oS 0w
LS oSS LL.J)\;Q(_}BUQ-):
il o o borrower s loan &S 5 Qs Olyas W
S5 S0 B n 53 5 e s e Sl el ke i ] S0
A3l e oW borrower > customer &S i e Olgas W

customer_street

customer borrower >
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Slewdgue guiled s 9 (3 k> ol
cardinality

Slemagdoe b Ll oo pomen 2l Glgns sie @
gl ool LG S 5L

153

dw &> 30 LWL E-R 10909

employee works_on branch
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dw &> 48 bli yf cardinality gledd guow

4.>,-)>L1)4...u4.>,-)>.19\..5)\)'\45(..:.&:6«@\;.-\\)0&:.’7&;5\);-& |
s ol slealS lens game iulad sl (YL sla
oA aS das e OLES Job a work_on 3 Oy S s Ol e W
AS oS and a5 j0b S iSIa= s employee
OF e i 5 (gl ol 53 bl il s G 3l i bl 3 ST m
ERIFRPEy
FCoB e L LC B A R w5 LU Jl Olginy ®
s Las Ll g8
Lo bl ;s C 3B 3l gty Cus g e LA Cusgmse a0 1

Akl o Bl 3 C s s 5l sty e LA, B) slgna gz se Slzss 2 2
Al g BL 0 Bl ity s e LA, ©) 255

155

Y a0 4 Yol o

oo ¥ s Bl s LB Sl s sl LY s 2 B 2 IS by
e

LS Sl Bl e s E Cuzgr e L, C 3B A LR
m 1. R, relating EE and A
m 2. Ry, relating 5 and B
m 3. R, relating E and C

S sl Bl )y el Glgis m

oS bmIR s (@, b, 0) B 26l @

R,y (e, a) o5 wlsl Y B cussmse jle i €5 )

Reals (6, 6) oS 9Ll Ryals(e, b)) oS wlol ¥

i
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3/17/2021

Sk S 9 g0

Wik 2l ol LS oS s se W

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

m  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
m  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.
m  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.

157

entity set A attribute

AD . y
o oslat o0 slaslad
weak entity set attribute ER )'éw’ )é

<> relationship set

derived attribute

identifying total

relationship participation
set for weak of entity set

entity set in relationship

discriminating
primary key @ attribute of

weak entity set

many_to_many many-to-one
relationship relationship

L.h AT
one_to cardinality
—one limits

relationship

= v ISA
@w role indicator (specialization o
generalization)
v total disjoint
generalization v . generalization
disjoint

d
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& Wty 5o 0319 oLl oo o
(onel 4 Y6 553,)

159

*

4000

b osls oL~ b bl =10 m
cs\ng@.?sf'c}uij@ 1
Ll podige plmil 2
s osls plas (g3ldds 3
b oosls oKL ke b 4
s ool oL (S b 8
LSt 5 e 00 Shas o plil 6
S8 sla el b7
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@ (40181) aouio
[ s ]

Gllee il A el

53 8das Jos
X 4
Yo g p guiiST5 038 jasets ER jbyes
TDBMS & atglgli
............................... ks ol
l DBMS 4 sy
oS slaaabiy e (lale) S slas
S sy w2 by
3
b gl
[

o) sy
: Ny =
Loosls olS3Y e bl e 11y s N

(40181) aoudio

)ls 5 gy 93 laesls ol.<.iL: sire bl m
(top-down design method) .ol 4 VL 5, m
(Relational synthesis) gl aasl; o S5, m
S5 oo
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oo >1b 4 g jldwe S

(omb oYU oigy)

ww‘ourbu‘y&‘féw\u{‘fuupf |
s osls glae gldte =

j@f}f\}jaj\;raéﬁgﬁabf\k)lS:& u
3,13 5459 o8 B 5 3l b L ol ISl s el
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o >15b 4 g jldue S
(b 4 YU oig))
L aal) & ER b gad bas 2y
Jsl - m
NZ22 1 Cudsrge p 5ol W
Joe g ge pos W
N: M c bl g
Cl 3L bLE,Int] m
s s e 151G 2 gl e, SO W
Ll o BLI ol gl alal, S m
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s > 1b & 5 jldue S

(b YL ygy)

s aaly & ER Hlogad s s,

J}‘ I Jie m
STTm
COTnm
STCOT =
STT(STID, ............... )
CoT(COD, ............... )
STCOT(STID, COD, .............)
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A (>1pb 4 5 ildae o

(b @Y igy)

b abasl; 4 ER Jlogas Las o)
£ cJ>- m
Py py s E
Jis tle Codprge pbs W
1:N SARSEPNtESY
LS o ol dal) s> m
SO g g el sl ks S W
EN Bl 5 s N G b s g po 5 aled gl il S m
Syd o wlal daly pl e ol AIS Ol 4 Jsl alaly Lol ads e
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s > 1b & 5 jldue S

(b YL g))
b aal, « ER Jlages b Ao
v: cJ= Jle m

DEPT(DEID, DTITLE, ......... )
PROF( PRID , PRNAME, ........., DEID)
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wsilbio ss’('}b 4 gildve S

EIERLIVTY))

L aal; © ER Jlsgas fods 25,
(}wg}jb— |
jz:cﬁzﬁyt};:\.bdl
St :th;ibja-}p(:’l}l
1:1 sbll g m
gwlp’ﬁld@\,ﬁ ]
Qzﬁytjjp)'léﬂu@ﬂ@b&l
Codrae g 55 om Bl s Cossr e Sl gl dal, S
Qibﬁytfjbﬁ@sjumdﬁjbbdmﬁj@b&il{[)bﬁ& u
05 oS C3 8 sl Cun g g0 Dlis Slaas 5 AL el bLS L s
Al sl b
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s > 1b & 5 jldue S

(b YL g))
b aal, « ER Jlages b Ao

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

OR
COBK( COID, COTITLE, ..., BKID, BKTITLE, ...... )
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12 VR 4 JU YRS "W KPR TR W
(b ¥l gy)
b abasl; 4 ER Jlogas Las o)
ool - .
e Sl W
e el
N: M W FNIERY
Gl Jsl L ol - m
sl rjy aal, s> m
S grse 355 Ghle gl dal, S
(Wl b sl B30 BT bl (gl alasl, S m
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s > 1b & 5 jldue S

(omb @YU )
b aal, « ER Jlages b Ao
ATy, RO ler - Jle m

5o

coT(CoID, TITLE, ......... )

FK.

PREREQ( COID , PRCOID )
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ilio 21b 4 5 jldne B
(Omb 4 Y6 Gigy)
b alul, & ER Jloges bos oy,
St Cudgzge go olaal M

Foe 1l Cuogzrgo pog W
1:N JaL_»)|L5A,._>I

S e ColiS alal, S, W
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s > 1b & 5 jldue S

(omb @YU )
b aal, « ER Jlages b Ao

ey S Jle m
PRIMGR(PRID, ......, PRMGRID )
12 VR 4 JU YRS "W KPR TR W
(mba YU oigy)
b abasl; 4 ER Jlogas Las o)
V"’““” o= .

SC s g g ﬁf R |

Lp;.w.o Z\J&Cﬁ.ﬁﬁycﬁij-
1:1 b gus

LL;)\)DC,S)W &‘Lﬁ@cwd@@'w@b&-
il
J;f\}ﬁ@\)jsl.:d\j:dal
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oo >1b 4 g jldwe S

(b Y0 gy)
sl Sy po
ﬁﬁ"ﬁ‘_ﬁﬁ”‘;byw
STUD(STID, STNAME, ......, PJSTID) dal, G L o bm
STPJST(STID, STNAME, ......, PJSTID, SSTNAME, .....) L s ®
STUD(STID, STNAME, ......) daly 5Ll bm
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12 VR 4 JU YRS "W KPR TR W
(b 4 YL g))
b alasl; 4 ER Jlogas Lis o)
e Loy e uled s S W
3,15 ¢ ran oo Sy L G anlid bl hns Cun g se W
=S o bl S e ps ol Gl gl
Sph o alol o WIS Olpe 4 (68 Loz LS AS
385 Tudr e LA LS S 5 Sl daly pl LU s
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s > 1b & 5 jldue S

(b YL ygy)

b aal, « ER Jlages b Ao

v.:.:'u cJe= Jeo m
PR# 1N PUBTITLE
St | @ oydiie *
PRPUB( PRID , PUBTITLE, ......)
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12 VR 4 JU YRS "W KPR TR W
(b 4 YU Gg))
L aal) & ER b gad bas 2y
LSJ\Jl»Jgg-Wbﬁ}ZVJJAJBI
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s > 1b & 5 jldue S

(b YL ygy)

b aal, « ER Jlages b Ao

' W s L= Jle m
Al o)l
o
sbewl
9 o)ln.:- wETO | 5
& csigel Jl > ) PROF(PRID, PRNAME, ...... )

FK.
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12 VR 4 JU YRS "W KPR TR W
(mba YU oigy)
b alasl; 4 ER Jlogas Lis o)
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s > 1b & 5 jldue S

(b YL g))
s alal) & BR gl Jois s

Sty &

L > Jie m
E/‘/\J
o [ s | [P | [Tomeo
STUD( STID, STNAME, ........ )
BSSTUD(STID, ......... )
MSSTUD(STID, ......... )
DOCSTUD(STID, ......... )
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(Omb 4 YL igy)
b alasl; 4 ER Jlogas Lis o)
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s > 1b & 5 jldue S

(b YL ygy)

o alal, & ER logei o s,

s s o m

El E2

E1REL(E1ID, ......, E3ID)
E2REL(E2D, ......, E3ID)

E3REL( E3ID, E3TYPE)
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e 21b & 5o Juw
(b4 YU Gigy)
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s > 1b & 5 jldue S

(b @Y g)y)
b aal, « ER Jlages b Ao
25k A Ji m

BOOK( BKID , BKTITLE,, ......... )
CHAP( BKID , CHNUM , CHAPTITLE , NO-OF-PAGE, ......... )
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