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Database Management System
(DBMS)
L e sla osls 3l gl 4 sazes B
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Database Management System
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DBP ¢ DBA

Data Base Administrator (DBA) =
Cenlow 5 (b 6 aisbg a5 WAL oo ol St Ly anS S W
Sl oage ) ools oKL (6,108
Data Base Programmer (DBP) =
9 Gk ool (5 alog a5 Wil o ol oLy eI S W
Dyl eage p DBA Lasgy oads 428 )5 Slogawad
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m  Drawbacks of using file systems to store data:
m Data redundancy and inconsistency
® Multiple file formats, duplication of information in different files
Difficulty in accessing data
= Need to write 2 new program to carry out each new task
Data isolation — multiple files and formats

Integrity problems
 Integrity constraints (e.g. account balance > 0) become part of program code
® Hard to add new constraints or change existing ones
Atomicity of updates
= Failures may leave database in an inconsistent state with partial updates carried out
» E.g transfer of funds from one account to another should cither complete or not
happen at all
Concurrent access by multiple users
» Concurrent accessed needed for performance

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

Security problems

W 2% T glaw
a.&ié}\«e,_é':(;;,ﬁ-ﬁ&ih):,ﬁ,&:-\SM:@@&}I:L&};&C’E} L]

W osls e aayl ;) 9 esls ulfa_lg 05 ek (g5l 033 gl esls : il ch.‘ L]
R e X )
type customer = record
name : string;
street : string;
city : integer;

end;
S e e |y sl a.:|.>t‘,f Ol 3, b wl , View ]

S gl Slaal gl 1, (s wb) SleMbl & 5 yeomen b View
..L.'Sdn

View of Data

osls oKL e Sl Solone oy

view level

view 1 |

view 2 |

logical
level

view n ‘

physical
level
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(Schema) Jus ®
J:Swfbbé};jéa.a,:bulaa@a_b,:é}édul
LS o b laie el 3 1y 00l oL ilis S m
b osls (S5 PDlzwl m
e Jde is gk (Sipd Jde 55 ks glls m
3l o At s e 4 il 935 la by m
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Data Definition Language (DDL) m
sl oL slad iy a5 sl sl (I

Data Manipulation Language (DML) =
KL s anl Oloslu sba eals (Kas 5 o s Sl Sl (5515 W

L3ls

yd e w38 g 5 ey 0L Ol 4 DML m

o SQL wils 0L G 51 pleton 5 il od alizee glls @

Jeteqn

S| 55 S e

oS il o olellae 51 (sl 4e oz (transaction) ST S m
e e plail 2l Sl anl S s 1y sl L Jas
(Transaction-management component) %S| 5 &y g ailge W
Aol Sl (o) S5l Candy 53 o3l ol 4 LS o ptadae
operating s power failures 1) e Sl pl b o= ke
ST 5 sl ) 5 system crashes)

(Concurrency-control manager) ki ob J 25 Sy pdo B
S5 b s P ISy K pen iS5 el Ol
bl el |y esls slill.; (consistency)
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Relational Model

dayly S j (ol W99
| 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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&1 4 s 5L

Domain) awls =
Slasgazma o 2o, i ).l attribute) cio (Sas polis 5l glacgoe W
S oo e T 5 ko Sy 5 i b Sy 4 ol 5 o
(Relation) akyl, =
DDy Dy 5, o 5l gMegamon; 5 Gl olee R alayf, m
ool az o I R abaly osS (0 9 oxDy
098 g0 0ael alls b o . 9 D3 e Dy Dy IS o m
(Tuple) LG =
el abayl ) G5 polie 5l glasgee LS, W

&1 4 s 5L

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

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

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

20

Attribute Types

2l el Sdal) o 2 m
B ookl Cdos duls Cdo ja e aslie 4s gene B
Ll dy U s oSGl oy sl atomic AL Cio y3lis W

LS AtOMIC (6 5ldie Lo St polie S W

Ll gl aals o szs nnl] o 5 J)ds
25h o lles 5 ol i 1 53 Sdamy o senull i m
Sl TSl 5 G s i sle ) s null slae 5 Ahlom
el andls L 5o el

21
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Relation Schema

A, A, ..., A, are attributes
m R= (A, A, ..., A,) is a relation schema
E.g.  Customer-schema =
(customer-name, customer-street, mﬂ‘omer—ﬂ'g‘)/)
m /(R) is a relation on the relation schema R

E.g. customer (Customer-schema)

39 bl 3 AL 5 pablho (ot B3

T9u poeie 395 pgedo
sl oyl
o &t
O g o
O p3lis 42 yore Ol
L6 i 3las s
sl sl s ls

23

g0 abu

.AF&WJJJ,}&@}{@UQQ_}lWﬂJGJ u
@J}szbj]a.w&av\liL«JsJ.il;.‘;auéL";gﬂrj|th<.ﬂ u

AL
attributes
a (or columns)
‘ customer-name ‘ customer—street‘ customer-city ‘
Jones Main Harrison
Smith North Rye tuples
Curry North Rye or rows)
Lindsay Park Pittsfield
customer

24
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Al sles 1y

S5l 6,5 LG alal, m
(ewly g 5wl Sl ol alal) Slaw ®
A (65l ST Olas slos B

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

25

odls ol

JOMINTR IS (PR AN |

g5 g s DAL I i G 3 0 (5l o Lal s b et 4 ol oKy S el m

acconnt = stores information about accounts
depositor : stores information about which customer
owns which account
customer : stores information about customers

ey K LSl plas 5le o> W

bank(: 5 balance, )

RO |

(e 53 b 5 K 5le) bl IS m

(0 Ol o8 (g Sl asb) null olie o 5L m

58 bl dal; Ol e s S das e Ol 3Ll 5 o8

26
(customer) (g gwwo adail
[ 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




(depositor) JI5 0 yw akal

| customer-name | account-number |

Hayes A-102
Johnson A-101
Johnson A-201
Jones A-217
Lindsay A-222
Smith A-215
Turner A-305

28
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5o le oS o ls 0529 Al Eony 40 pogie Wiz B
Super Key) o ls i m
(Candidate Key) s,0l5 ols m
(Primary Key) Lol o ls'm
(Alternate Key) S0 ods'm
(Foreign Key) >, a5 m
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(Super Key) oS | =
sl 4l (LSS Jlade B 5o g o a5 alal) Slio bl (S5 e W
w 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) wwilS olS” m
alaly 2uilS S sl @il 1) o Conols 53 4 abal) lyie dcgaza l Acgerme p) 0 B
el
Shade oo ®
odile Bl dcgere pj euiS Bio | asgazme jl olic 51 o S s pdl tals ®
sl L8l e Sy sl Ss

ol alaly 6l SK. asgorme 5 CK. o Ll iens CK. Lagy) SK. j0 255 W
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(Primary Key) ol olS
o by s 41 3 WS oo ] 2 b a5 bl WlS slaallS Sy W
Ny

3l Cedszse £ Jrene anlid )5 L jim
bl asls jaliss Jsbm
(Alternate Key) ,50 o5 =
18 b (o) ;500 ol ol oS 5l e usilS uldS ;o m
(Foreign Key) =, o.lS =
Slaegazme 25 g2 058 (oo a3 |y Galote [‘;}J DRy 5 Ry bl g0 W
o Ry apadls S 51 ke Sy b hagles ke o a5 R, alaf, Slis
el Ry abaly jo ()5 adS sl
Al wails oS (Glas) cao b plas o b ()15 w5 (Cliv) cao m

31

Sl dly po

3,0 gl by Jil—a.; s
m select
m project
® union
m set difference
m Cartesian product
m rename
daly 54 S (g3,5 Olpm Ly daly i L S Shee m
S e A D Ol ) s

32

Select yhos

0,() sl e m
pd e el szl S m
gy Gl A s W
& = 11| 1€ rand p(y}
s A (and), v (01), = (NOY) L eds Laze sls ailse Lld ) o)l S Ol 55 Jpe 3 p oS ol
s

| K n ailye 2 W

<attribute> or <constant> op <attribute> [

whete gp is one of: =, #, >, 2. <. <
Select 3l sl aises ®
O branch-name= ‘Pemﬁt{ze"(ﬂmouﬂ})

33
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Select Operation — Example

LiaS gl o s o )5 e Jlesl s sla o 555 20 Shes ®
A el en sl s sl Lo AL a1 el el

m Relation r

117
a 57
i) 12, 3
p| p|23]10

" Op-8+D>5 (I') Hn
al| 1|7

a

a

™ ™ R

B|p|23|10
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Project yhos

I1 A1,A2,...,Ak(r)

.M%@.)?Uf}W}&é%U...}AZLAlAS@L;:.

1S Cadle m

L;l\'é-.'}:"‘“—é‘l"li“s‘x“jtfq"&}:"‘kL.")LS‘@‘J@}J’;.
VY PP RCIUR VRN LERRLIF S - ROV LY

Juj..iéax_e.kp- LS)‘JK:' 6\.&% fﬁj" 4.]4_'\))5 ]

account 3\ branch-name o i )l M

Hﬂmﬂnl_mfﬁiber, balance (ﬂ[m” 7 t)

35

Project Operation — Example

s oy 21T She m
m Relation ~ HF g2 o sl iz
« J10]1 | o= slese W G
o |20 I3 s dsds s 1) el

a3
B |30
40
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[ae ()
1

a

No= =

1
1 |2
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rus g8 cede m
HEIgeYy |
rus={t|terortes
LLrUsgl,m
(same arity) Ll ails Sl Glgio sl Lbs 5 rm
A3l (compatible) J8 5l LU aaly 55 51 blas sliom
0, ols b OIS 65 s 51 sl L jitis adS i e m

Hrmtomer—name (depoﬁ't 07) o H;m;g,ﬂer,m,,” (bUW 011/60

37
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Union Operation — Example

m Relations 7 s: ‘A‘B‘ |A|B|
1 a| 2
a2 pl3

B 1 s

r

|~

m rus: a

W o= N =

Set Difference o

r—s il m
Sy
r—s ={t|terandte s}
355 Jlasl U550 sl alaly e AL Klas ool m
(same arity) il asls Sl slgio sl L5 57w
A3l (compatible) J8 5L LU aaly 55 51 blas sliom

39
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Set Difference Operation — Example

m Relations 7, 5 ‘ A ‘ B ‘

| r-s

4] 2]

{

1
2
1

a2
3

40

Cartesian-Product yhos

rxs 8 e

rxs={tq| te€randgq e s}

(RAs=0) Ll gl slgio 5(S) srR) S us o5 m
.Jj,.i: abu:w«lgyaujféj\ v\)_b .,\M::Lq lij(S))f(R) ;1.

3 e eslazal

“«

Slas 31 S te slggio 6l s Vyane m

4

Cartesian-Product Operation-
Example

m Relations 7, s: - S Syl sl F s m

B orxs:

B

A]e]
a |1

2

S

r

c[o]
10

a
s |10
B |20
y |10

a

a
b
b

ISSESSASSRSESEESEE NN

NN = ==

R DR N

o]c[o]
1] al10

10
20
10
10
10
20
10

TT OO0 TT OO

P Y ROWRTY
5k dsder K5l e e
Sas opl 3 il azsls

el sl

42
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b Shos oS 5

.:;:@!ﬂa&;ﬂ.ugyﬂsjs)'\nuu\bbJIJL&QI}:J ]

Cp=c(r* s Ji m

rXsm

a |10

1
10
20
10
10
10
20
10

D

TWR X ™

[WINILCH NI O SRS
micosysocoo o

(9]

Op=c(r*s) =

10| a
10| a
Bl20| b P

SR> hbowwme Rt R

[N I
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(Rename) (ob 59 JShos

Sl sl aaly s Shle mls gl sl Gk 5l s Oasl sl e @

s Ay Ay

s e
A eeslrl fU Sl G bl S plsl gl s s W
Jie m

P (B
..\sl:ﬁ@ﬁXrUl{on)L; n
O A3 ails e sl B gl daly e osls S om

px(A1(A2,...,A,,)(E)

by A, w b b s lio b X LLLE ojls s
.U\:J,f

44

SISt Jbo

S s 5 g bl @SSL s e Ol ey @

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

nd (e pli o o ¢ ylop)

customer (customer-name, customer-street, customer-city)
it (it plisgyito GULS (5 0ke 42)

account (account-number, branch-name, balance)
o (o o)loci it pli 1,3

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

Pl (Ply o)lod cetens ol iply (lie)

depositor (customer-name, account-number)
S 03 ps (e ol sl 0, La5)

borrower (customer-name, loan-number)

o335 ely (e ol el o)let)

45
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(693 Jto

g 1 0303 o s Jsb 0 28l gl adSlel gl o Lo W
=55 R s

brch (BN, bcity, assets)
e (den plstnd gl s loys)
cust (CN, cstreet, ccity)
e (Spte ol iie GULS w5 tite 63)
accu (AN, BN, balance)
ol (Dl o)l st o110
loan (LN, BN, amount)

Pl (Ply ol sanss o iply (5lie)
dep (CN. AN)

S 03y (i o sl 0y La)
borr (CN, LN)

035 ply (5 s pL plg 0 lats)

W0l b 9> 9 v 3

LS 1y L IYe e VL sl pls m
Gamount > 1200 (0@n)
LS g 1, $aves GWpls 2 slnplsoslasm

I, n (Samount > 1200 (l0an))

47

Wgod b 9> 9 i 3

I b al Sl il S My ) Gl plas el W
sl aals SSL

[en (borr) U Ty (dep)

.J.:JL_'M\:gb;-r.m}r\}v_aé.x:;suﬂl)@liﬁ:ﬁrljl

[en (borr) N Ty (dep)
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Wgod b 9> 9 v 3

Perryridge and 5115 poly oS A8 iy 1) SL 2l plas fbm
Al

Men (GBN=“Perryridge"(UbornLN = Joan.LN(borT x loan)))

&L,ls Perryridge 4w 11, ool 8 a8 g 1, 5L 2io (U-
A SOL sls and 31, e ma g

len (0N = “Perryridge” (Cborr LN = loan.LN(POIT X 10an))) —Tcp(dep)

49

W0l b 9> 9 v 3
Perryridge ami 5115 poly oS A8 iy 1) SL 2l plas fbm
Al

e Query 1
[en(osn = “Perryridge” ( Oborr.LN = loan.LN(POIT X loan)))

e Query2

TTen(Sioan.LN = borrLN((OBN = “Perryridge-(l0an)) x borr))

g0 S 9> 9 w3
J\:ASU.:{‘)UL.\.:-)‘ITJJJYLI

LS Wb S d by accn aaly m

Hba/ance(accu) - Haccu.balance (Gaccu.balance < d.balance (8CCU X py (accu)))

51
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Lol b Slos

Gl kS o oS oS e i 1y LS e S Lo
sl [y b s s o T oSy oS as 6L (ol alal m

m Set intersection
= Natural join
m Division

m Assignment

52

(Set-Intersection) ' gl yKhos

rOs il m
HEIgeLy |
rovs={¢t|terandzeys}
LS b
Lyl LS sleio slas s 5rm
L 585l 5 57 Sliom
ros=r-(r-5 w=sn

53

Set-Intersection Operation -

Example
m Relation 7 s Al B By
At
a |2
E :
S

r

BNy B
o2
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(Natural-Join) b Wigw Shos

rxs :&)\K;A)’u: L ]
Al oSSRl p s e pladal, sy m
el sal ey 5 e b 51 S AL e RUS (sled s sl ddal, X 5 oT m
A s LSt st s e
Blol a4 1y 7 LG sl sl RNS Clio 31 a3 GLSS pslisf, 57, 51 m
S Gl oS
WL sl 73, Olge |y GLSG i s m
Ll il s 52 Ol wy GLS, i/
= Example:
R=(A4, B, C, D)
§=(E B D)
m Result schema = (A4, B, C, D, E)
m 7 sis defined as:

W4, B, 7G D, oE OrB =B/ nD =D %)

55

Natural Join Operation — Example

m Relations 1, s:

4o fe]o]
a

a |1 a 1 |a |a
B 12 |y |a 3 |a |p
y |4 |p|b 1 la |y
a |1 |y |a 2 |b |6
s |2 | |b 3 |b |e
r s
" alslcfo]e]

a |1 |a|a |a

a |1 |a|a |y

a |1 |y |a|a

a |1 |y |a |y

s 12 1plb s -

(DiViSiOl’l) M Jﬂnﬁ

res eliSls m
2l 4 | o’ S S ol s a5 ey Sl W
WS gl il oS s R gles s sbdal,syrm
" R=(4, ..., 4, B, ....B)
" S=(B,...B)
Aib s R=8=(A, .., A4,) sbi s sldalr+s axsm

r+s={t | tellgsWAVues(tner)}

57
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Division Operation — Example

W Relations r; s:

v 5 6
e| 1
Ak
| or:s r
*Z )
Another Division Example
B Relations r; s:
[a|elclo[e]  [o]e]
ala|ala|l a|1
alal|y|la|1l b |1
alal|y|b|1 s
plalyr|al|l
plaly|b|3
ylal|y|lall
ylal|y|b|1
yla | B|b |1
r
" 4[]
HHHE
4 4
59
i m

g=r Fs5aas,lim

LS eedyslp g S raS cd gl aaly 5550 e W
Sl ey o sl el sl Ses o5 53 i m

das 5138 SRy pladal, 158(8) 5t(R) m

r+s=Ilg s () Tlrg (Agg () x5 =g g5

3/17/2021
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(assignment) lwil Ko

w2l edmy Gl s s 038 Ol Sl L eelin oy () Sl Slae m
= &
tdeld s o sl by Kiles s g s ey W
bl e m
AT g e oS Ol OF e S T 0 il T o o W
Ans ol e ) alaly sl iz ol sl Al Sl @
m Example: Write 7+ sas

templ < s ()
temp2 < s ((empl x5) =I5 ()

result = templ — temp2
LS e g LBl G it 3 Sl G Soles 4 B
2 yd el ey Dhle 53 e ol Sas W

61

g0l s 92 9 v y

m‘}leﬁ))‘)dL&}f\jd.};:S.Jﬁ;\)@lﬂfiﬁfu.
RV

Ty (borr) M ey (dep)
ol Ol b ol pan Ll (SOL 51 ol oS Sl it ol m

H CN; LN, am ount (b‘)”’ > loar P}

62

Wgod b 9> 9 i 3

and 53l S Plas oS S g | SLrie s m
L ,ls “Uptown” 5 “Downtown” sls

eQuery 1

TeN(Can="Downtown-(deP 1 accu)) N TTon(Gan= Uptown-(dePO Maccu))

o Query 2

[, s (dep | aceu) + prempan) ((‘Downtown”), (‘Uptown”)})

63
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Wgod b 9> 9 v 3

A S glasd s paSAS gl SL e m
Als 1 gles a3l “Brooklyn

[cw, e (dep > accu) + Tgn (Cpeity = “Brookiyn® (brch))

8L v g (ol dbil y > o Ko
(Generalized Projection) aily qeaS project Ss m

e s .

65

Generalized Projection

osliial gl Slonloes éuﬁw 4 0sls o3I L |, project J_<Le..o [ ]
a3 s s Projection Cd 53

M

.J.,.':Lgda‘_;la.]a.!bﬁ@ﬂ.:&,hE ]

Lt 31 8,5 IS, ildons Sl By By ooy By 51 S0 o
Al o B gles slis

A S s S s s | aredit-info(CN, limit, credit-balance) 4|, ®

HCN, limit — credit-balance (”edi ti y/fo)

66
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Aggregate Functions and Operations

amt S s 4 S (63955 Olge w1y (5 palie (Aggregation function) xax x| W
s S ey s Olge

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

‘5\4@\)ﬂ):yﬂw ]

G1.Gy 000Gy SFJ (). Py nF () (E)
Ll o sl s e ole S E
) S el sy 05 S Sl el o S L o plisio o G, Gy L Gy
iy &g
LB e e 16 S F IS
ST N2 B TEIN

67

Aggregate Operation — Example

m Relation

B G ume ()

Aggregate Operation — Example

m Relation acen grouped by BN:

[ 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
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o> &g

FYIRY rU e GU s |
55 eslined O & b sl sl o6 S5 Shas 51015 o m
aggregate operation I isw Olge a1y ob Ss b ol ¢l m
et P o3l

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

70

Null Values

ll oS Sl axils g slie st slemho S sl Ll el S
NI
35 4SS e 0l 1y ol b S e Ol |y sl e ]

A3l e ntll Sy s o NS a sl S LS5 ol 8 ez W
S e i i o 3l ) (Sole 4 e ol W
258 0l S s P e Ol g il 15 o AL p S s W
S o 630 o SQU pseie Sl y3lin 3,555 53 W
355 5 palie ple Ales null U s o5 5 5 duplicate elimination !, ®
Ll S Wk e po s null s 5 sss e
il e sline Sea bnull pais s nlei,
oS 6 2 SQL S Sole bl ol Bl e )L el 53 0 W

ul

Null Values

L5 S o Uy tinknown o5 s> i nttll py3\is b aslie W
A>=5 055 sl ol 00t (ASE) e 355 s\l wnknown sl false 51 m
S n e\l HNRNOWN fs 53 S ARe 5l 555 e e B

. OR: (unknown ot true) = true,
(unknown ot false) = unknown
( or )=
m AND:  (frue and unknown) = unknown,
(false and unknown) = false,
( and ) =

u NOT: (not unknown) = unknown
unknown 4 P o) 8 555 o L5 true o “Pis unknown” & ols SQL ;> w
b s
LS sl mnknown a; OV S\ s sh o GG false O\ say select o5 S e W

72

3/17/2021

24



0819 olUL g
5 b Kles 31 eslizad b ol S o3ls oL b yime W
m Deletion

m Insertion

m Updating

73

(Deletion) ba>

Gl e3ls oL 51 LT 8 4 Ll Jiles gl w0 &S
LS
S sl gl;ws}a;g_;.»\)g}ﬂu plas Ol5 o W
2SSl ol plgie A n
558 o Ol 5 Dy par ¢l daly o ps - m
r<—r—E

sl G s g SE 5, S Gl
sl

74

Sa> b Jleo

S Gl |y Perryridge and slplor 4 bg o sz, S, 405 m
accu < accu — G gy = “Perryridge” (accu)
Sl [ A3k o 00 B ol gl Jlie oS leals plad & by p slas, S,
AS

loan « loan — G amount >0 and amount < 50 (loan)
A4S Gl |, Needham e s Sl and p s plplsel ®

Iy < O peity = “Needham™ (accu X brch)
r2 ¢ Ilgn, AN, balance (1)

ry« Il cn, an (r2 X dep)

accu < accu —r,

dep«dep—ry

75
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Insertion

o abaly S pnenls 05 S oyl 6l W
S o aia 035 340y el LG
L5 3,05 AL S WSl e Ll 0T S S e p s o B
258 o Oly 3 &y s insertion gl aaly o ;o @
r<—r U E
Al o gldaly s ole SE jdal, S gl
g,\g!):wws;,;bg(@a!o)ﬂlg_}iu&,m;;)g-
oslizal LU G sl (constant relation ) <ol alal; S 51 E sl
ULy

7%

Insertion slgfbw

s)s 15 $1¥e e Perryridge x5 A-937 Ll 5> SMith &S+ asis | SLMLl ®
S sl esls oKL s

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

S s eplr Olge 0 L $Ye s o5 s S Perryridge e s ols O ste plad ol B
B O W B P P P PR N A

Iy < (N = “Penyriage- (bOITH loan))
accu « accu U [lgy, 200 (1)
dep « dep U Ile, 1w (r1)

7

Updating

33 gnoslizal e ol (51 a8l pens project Slos ®
r <—H5_F2_“__Fj(r)

5SS e B

Ai‘MaMupdatetiimel‘r)lrlz’w

5Lt b s Wil e ojle B wl sds update cio S1m
Aas e Cio Gl gl Sl S5 e 8wl 7l Slis
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Update slgdbo
Ao ol 10 Ol 4 bajl 5 plad (ol losliad LIy s s, @
accu « I1 an, g, batance = 1.05 (@CCU)

iy s 3sm dops LoV VL L sl pls 1, W
LS 35l 3 s ds 3 0 Ll

accu < 1 aw, aw, batance * 1.06 (O parance > 10000 (ACCU))
O Tlan, n, batance *1.05 (baiance < 10000 (ACCU))

Pow Jod
SQL
Structed Query Language

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
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Domain Types in SQL

L] date: Dates, containing a (4 digit) year, month and date
[ Example: date 2005-7-27"

[ time: Time of day, in hours, minutes and seconds.
L] Example: time ‘09:00:30” time 09:00:30.75

L] timestamp: date plus time of day
[ Example: timestamp 2005-7-27 09:00:30.75”

L 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

L] Example: extract (year from r.starttime)

m  Can cast string types to date/time/timestamp

L] Example: cast <string-valued-expression> as date

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

3/17/2021

oo & p25 5 giwd

558 g o3kl Create Domain | sius 31 auls iy a5 5l W
Create Domain domain_name datatype
[default-definition]
[domain-constraint-definition-list]

i e 03 S yasiie gl 3L e g5lesl OF (2 5 oS Default m
23 o o3\l auls (55
& Cusgdome Jlesl slite 4 ol (g latl 0T 22 5 &S 55 constraints W
LAk e auals
e m
Create Domain Degree Char(3) Default '?2??'

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

83

Olowo BAS> jgiwd
Drop Domain domain-name option

Dl 5338 Bl 1 el xS wnls Ul F e e il L W
. 4L Restricty, ; Cascadec )l 5| S &l <option
m CASCADE
m Automatically drop objects that depend on the domain (such
as table columns).
= RESTRICT

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

28



Create Table yguwd

1358 e oalital st ool 51 () alaly 035 bl 51, SQL 5w

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

85

3/17/2021

Create Table yguwd 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))

Create Table yguwd 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
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J9u> pudi g B>

drop table m

sld jasis s Dol ol drop table ) s.om

S e Bl asls oL Sl

m DROP TABLE table_name

J9u> pudi g B>

alter table m
Jodr gl ois m
s ol i (sl alter table Js s m
m ALTER TABLE table_name
RENAME TO new_table_name;
Jla Olge 4 @
m ALTER TABLE customer
RENAME TO tbl_cust;
Jadr 4 O 02553 W
Jsdr & O K 0330yl s m
m ALTER TABLE table_name
ADD column_name column-definition;
Jie Olgs o W
m ALTER TABLE customer
ADD bdate date;

89

J9u> pudi g B>

alter table m
sl 4 05w 03555 W
sl @ Ot Ay 035380 p 0 - W

m ALTER TABLE table_name
= ADD ( column_1 column-definition,
[] column_2 column-definition,
[
[] column_n column_definition );
Jie Olgs o @
m ALTER TABLE customer
= ADD ( bdate date,
[ description varchar(60));

3/17/2021
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J9u> pudi g B>

alter table m

Qg s W
m ALTER TABLE table_name
MODIFY column_name column_type;
Lm
m ALTER TABLE table_name
» MODIFY ( column_1 column_type,
[] column_2 column_type,
[
" column_n column_type );
Ji m
m ALTER TABLE customer
m MODIFY ( customer_name  varchar(30) not null,
customer_city varchar(25) )

91

J9u> pudi g B>

alter table m

Osiw i W
m ALTER TABLE table_name
DROP COLUMN column_name;
Jie m
m ALTER TABLE customer
DROP COLUMN customer_city;
L]
m ALTER TABLE table_name
RENAME COLUMN old_name to new_name;
Jie m
ALTER TABLE customer
RENAME COLUMN customer_name to CN;
%2
L b A
J9u> g g B>
ALTER TABLE TableNamel
ADD | ALTER [COLUMN] FieldNamel O
e [(oFieldWidth [, nPrecision])] ALTER TABLE TableNamel
| NOT NULL] [DROP [COLUMN] FieldName3]
ession] [ERROR cMessageTextl ] [SET CHECK IEspression3 [ERROR cMessageText3]]
¢Expression]] [DROP CH|
| UNIQUE] [ADD PRIMARY KEY eExpression3 TAG Ta

TableName2 [TAG TagName]] [DROP PRIMARY KEY]

[ADD UNIQUE cEixpressiond [TAG TagName3]]

[DROP UNIQUE TAG TagNamed]

[ADD FOREIGN KEY [eExpression] TAG TagNamed

| NOTNULL) RE " ENCES TableName? [TAG T.'lgNamc' |
AULT cExpression?] [DROP FOREIGN KEY TAG TagName6 [SAVE]]

CHECK [Expression2 [ERROR cMessageText2]]  [RENAME COLUMN FildNames TO FicldNames]

[DROP DEFAULT] [NOVALIDATE]

[DROP CHECK]

pre

E TableNamel
[COLUMN] FieldName2

93
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Select jgwd yU>lw

x)\;\)ﬂjr}SQLd)géLaﬁjwﬂ [ ]
select 4, A, ..., A,

from 7, ,,
where P

Clisstas ol LA =
bl eas L Loy m
Ll o biie S P
Al gl el s ool K dsle g g e pl B
Al ol S gl g g S W
I, . s (Oa(rxm x...x7,))

94

Select usv

Al sl gt s ey ol 53 S WS e Sl saiS jasiieselect i W
s el L project Sles iles ®
LS g loan a5 1, b and plad bl ®

select BN

from Joan

sy el 5 ole OF doles (gl adaly o 5 52s B
T gn(loan)
EEERPN] rU 33 SLS o SQL i m
branch-name & Ls slr « branch_name = Ls 5 g3l o3y (K‘.a Je Olgs @
LS eslin

A e S 5 S S By S 4 el SQL el 1 W

95

(aofot) Select U;‘%

das oo g e @Lﬁ)zbéjbijﬂsl.b o3I SQL m
A distinet SAJS aalS 31015 o IS Bl 4 055 Haeme gl W
.3 S eslizad Select |
S Gl 5 b LSS 5 S g Joan ey a1 s and ples ol m
select distinct BN

from loan

Apis Bl b 1SS &S S e asin AN gAIS S m
select all BN
from loan

96
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(aofot) Select U;‘%

LS o yaseia |y Wi plad select i 3 ke S W
select *
from loan

slelles 5las wil glals Ohle bols Wig e select s
s Jhesl kb Sleio b il inlis 5,5 o aS AL/ 5 K- o
g
S en
et 00 s oS amonnt gLl & loan Jlea | gl e, W
™)
select LN, BN, amount * 100
from loan

97

where us

Db ams oS wil o b oo odiS Lasiie Where s m
&) el o s select Kles diles (il azils
Perryridge asi 5l a5 slgoly ojlos pled 03 S 1y sl m
AP 31 PR RSP VS I PPN PR S-S P
select LN

from loan
where BN = Perryridge’ and amount > 1200

sor and ik sldlasl ;i ol b Ll5 o s i @
Ly oS 5 Sdes Lnot

98

(4stof) where

Al e Detween 5 auslis Slas Juli pizen SQL W
L@;Tow‘\s%;s%b&w”u ooled e Olye 4 W
.Jﬁ;\{j$\.....}$o\....&ﬁu

select LN
from loan
where amount between 90000 and 100000

99
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from s

Al o 5 e 3 s el | s el o from s
S o Jos S s e 508 s Shes diles W
borrsdoan . 3,8 © palol= s W

select *
from borr, loan

S AS g |y Sl rie VLN“ fbg\)f}fuwwtdﬁh rlj:dbl
Al azsls Perryridge ass 5115 ol
select CN, borr.LN, amount
from borr, loan

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

100

(The Rename Operation) ob 358 Oldos

Slio 5 e adaly Wb S5 o3l 25 143 5l eslecad LSQL m
e ~° b
old-name as new-name
w\.:.‘S U.:‘;' \) L)LU:.,:A 6&5 r\j Q\J’.«:jrl) a_)L».i: ‘&5}2&,« (aL: u
A3 13 loan-number 05 sl 1, loan-id (b
select CN, borr.LN as loan-id, amount

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

101

(The Rename Operation) ob 358 Oldos

15 s g as A3 Sl eslanad L from ise s Jolas ¢l s
6!%;)‘1\)jljass.xczsl,xﬂ.;";Q);:Jrujdiﬂbvue)w}fu ]
sl asls
select CN, T.LN, S.amount

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

é\jéuW}lﬁjﬂ_ﬁ wlim S LSy ) ol ans sl ol m
sl axsls 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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ke Ko A2l o 5 SUIS gl w2y aglin sl sl 4, sls Shes LLE SQL m
Sl ez esls b5 ol SIS el S S 2 wslixd
m percent (%). The % character matches any substring.
m underscore (_). The _ character matches any character.
Al el ) Main” ey 5 0Ll b aS A4S I 1 Gl ite plai ol W
select customer-name
from customer
where customer-street like ‘%Main%’
m Match the name “Main%”
like ‘Main\%’ escape ‘\'
iile gl aniy gl Klas 5l o s slis SQL m

= concatenation (using | |”)
= converting from upper to lower case (and vice versa)

m  finding string length, extracting substrings, etc.

103

bl lod (5 3lw i po

4 Ll Perryridge wad 5l pals 45 Jbzie b oo o) @
Wl By 5
select distinct CN
from borr, loan
where borr.LN = loan.LN and
BN = ‘Perryridge’
order by CN
S slphasel Jyi sl desc i (Sl m
OPA S S S2me LS oS ek Sk a6l s2 50
AL e
m Example: order by CN desc

104

S! 45 900 s Jhos

S35 » €XEpt 5 intersect Union s « yezs gls Kos
daly U, N, = gle Shes dsles 5 258 o Jlas! gla alad
Al el
B 1y s S Sl gt e VU gl Slas 51 S e m
anion all Jstes oy gs 31 )l S5 ples 01 S 5 gl S
A4S oslisal €xcept all , intersect all
e 3L I BI85 LN s F s LM LS s m
m m +ntimesinrunionall s
= min(m,n) times in r intersect all s
= max(0, m—n) times in r except all s

105
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S! 45 900 b s

= 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)

106

o> &g

s o Jlesl dal S 5l e 23l oy Gl): ylm
Z.,\;Sb)gg;eﬁ b 6)\.,\1«)
avg: average value
min: minimum value
max: maximum value

sum: sum of values
count: number of values

107

o> &g

m Find the average account balance at the Perryridge branch.
select avg (balance)

from accu
where BN = ‘Perryridge’

m 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

108
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group by — x> &g

:Jﬁw@@ﬁ):bu)lﬁmﬂslm-

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

select >4, ;5 L L group by iy Sliv iy @
PRI

s bbb i S Clis 5l 2 Cliv iy
ij..:; b))}l j.&.?'

109

having u — %0 Qlgd

St Wl Slels 515 S0l S S g ) pls and plis oL W
RIS S PP

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

5555 o Jlesl by S as IS5 5l ae having Lise ole caOm
2pi e dlesl ey S as IS5 3 where i &)l

110

null }géﬁo

e Ml S Al axils s slgto 2 sl null slie Lt s el (Ses m
I s g 5l 45 das e LB L B e eetal e oS yaseie Null m

s oslinad slie 03 S S gl Lls e s null o158

2l amount ), null jlads glyls loan aal; 53 & 48 1y 1y aleals o5led plos 1l

select LN
from loan
where amount is null

s el null st null S5 48 Sl Slle plos ans W

= Example: 5+ null returns null
S o iy oy Ul G I Sale b rer 5 ki e @

m
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o aw Glaio g null polio

2335 o p |y unknown 5\dis null b acs\is ®

w Example: 5 < null or null <> null  or  null = null

AS e eslizal unknown zwss (555051 5l 4w G B
u OR: (unknown ot true) = true, (unknown ot false) = unknown

( ot ) =
m AND: (#rue and ) = (false and 1) = false,
( and ) =

u NOT: (not unknown) = nnknown

m “Pis unknown” evaluates to true if predicate P evaluates to wunknown

S35 sl unknown & 1558 e Al false Ol pe 4 where i 4 ®

12

o> &g g null ylndo

Lol Olr plas pyorne @
select sum (amount)
from loan
.J;Sydjﬁﬁ.?nuﬂﬂﬁ.a)l\ﬂ.gu:ﬁul
il s null b e s 8105 dal= null ol i m
Al
null ,sle L LG 5l count(®) 5l & 4 rax sl m
S g e e ml Sl o) 2

13

9 49 ¢ s Subquery

R subquery ;i eslizul gl 15 05686 SQL
LS

«S Al s select-from-where Cjle s o 55 S W
.:fbja:\: )ljéjﬁls S 3oz 0905 )3

L 03l IS5 sl 5 s subquety Sl o ses eslinal S @
cardinality 5 (a 4c sezes auglis (48 sazms Cu ss
O P

114
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90d 592 9 v

adls L 1y ol 5 Sl S S g | Gl se pls m
sl
select distinct CN
from borr

where CN in (select CN
from dep)

Lol azsls SOL 311y ols 8 S i 1y S ke plos m
Al 4zl SSL s b
= select distinct CN
from borr

where CN not in (select CN
from dep)

15

Wg0d 592 9 v

WJJV\}V.A‘}%)LM}MS,MS‘%‘)&\{J&(M-
sl azsls Perryridge

= 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)

16

Wg0d 592 9 v

é £
ECENE-TIN
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
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some & Jbs Gy

m F <comp>some r< 3ter s.t (F<comp>t)
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) f notin
118
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b 45 gox0 s lio

Sle and F 0l Gt wle,e S LS G 1) pl el el @
AL axisls Brooklyn s &l
select distinct T.BN
from branch as T, branch as S

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

>sS0Me & jle sl eslinll 0Ly Sy 5 v ype B
select BN

from brch
where bcity <> ‘Brooklyn’ and

assets > some (select assets
from brch

where bcity = ‘Brooklyn’)
19

- o o
All O ybs & g2
m F<comp>allre Viter (F<comp>t)

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

0
(5<all | 5 |)=false
6
6
(5<all | 1 | )=true
4
(5=all ——)="false
5
(5zal | 4 | )=true(since 5 24 and5=6)
6

(#all) =not in
However, (= all) #in

120
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90d 592 9 v

L;Lawrwj'll)éjalﬁgbﬂdwlﬁl)&uw-
sl ansls Brooklyn s &l

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

121
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SE b dly sl p Cud

subquery 31 k1> $ | true lis exists & le ®
Al s of ol S T
m exists r<& r# 0
m not exists r<> r= 0

122

Wg0d 592 9 v

w3l Brooklen g5 sla ad plad 53 1) ol a5 S Iy |y Gl ite ples m
Jutndn

= 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 TAN = R.AN and
S.CN=T.CN))

B Notethat X—Y =0 < XcCVY

W Noze: Cannot write this query using = all and its variants

123
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S5 Sl 992 9 pus (51 39 (90 5 S

@Lﬁ 53 6,15 36 subquery Ll & s s S unique )le W
WL osyls s

Perryridge aad ;5 Clus S Sla a5 S 1 |y JL i eLQJ ]
sl 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

Wg0d 592 9 v

W)bgb}&jl&ﬁw‘%‘)@gﬁlﬂful

sl axils 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 — 0819 oll S 0818 ks

L5 wlslaccount 4 Las LU S m

insert into accu
values (‘A-9732’, ‘Perryridge’,1200)

Jslee S

insert into accu (BN, balance, AN)
values (‘Perryridge’, 1200, ‘A-9732’)

s aslsinull Ll balance L account 4 i U S m

insert into account
values (‘A-777’,'Perryridge’, null)

126
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insertion — 0819 olL S 0818 ks

o 52br Ol e« Perryridge am ols 0L ke pla (5 $rov ool
A s o Ol ojled Ol 0 1 pls ot LS 5L
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

bl 4y 3lie 038 3505 51 3 el &) 5 select from where i m
a2y 5 e gl i 3) 353 e dnuloe
= insert into fablel select * from tablel

(S sl e ol S W

127

update — 681 oL b 0515 i

sl 6l 5 77100008 VL 515 L b olos 1y @
S 6Ll 3 e 10 Lplo
update accu

set balance = balance * 1.06
where balance > 10000

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

® The order is important

128

Delete — 0319 ob0b sbd 0810 ki

A4S il | Pertyridge ans slolos oles @
delete from accu
where BN ='Perryridge'

1 il el £B15 Needham g sls and 55 oS lglos pls m
S Gl
delete from accu
where BN in (select BN
from brch
where bcity = 'Needham')

129
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P sle> Juad

Entity-Relationship Model
(ER)

3/17/2021

S ywdowo

e osls lms 53,05 34 &;Lh”f}@MERuij)ﬁ-
ASA}Jjo:\:JﬁL«Sr}@éxww&oSykmﬁ
Slas e
Cudyrpep s W
vy |
.lal.;.jtjil
g 3 b Jde Llg e esls oKL S m
(entities) Lgus > 50 5l S| 45 50zes W
s prse b daly

131

(entity) Cod42> g0
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= Example: set of all persons, companies, trees, holidays
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Entity Sets customer and loan

customer_id customer_ customer_customer_ loan_  amount
name  stroot city numbor
[321-123123 ffones | Main | Harrison | [£-17] 2000]
[019-28-3746 [smith [ North [Rye | [L-23] 2000]
[677-89-9011 [Hayes [Main [Harrison | [L-15] 1500]
[[555-55-5555 [Jackson | Dupont|Woodside| [L-14] 1500]
[24466-8800 [curry [ North [Rye | [L10] 500]
[[963-96-3963[Williams] Nassau | Princeton] [La1] 900]
[ 335577091 [Adams | Spring | Pinsfield | [L16] 1200]
=

(Relationship) ¥,

Llisl g ol oz Sblislls Cussrse u b Vsens W
baabe 5 (0>=)Cusim o1 o b ol S ol
Al o s S e 15l L (S 5

&Qg{rb&l{}wbwdb}ugilbu)lz«;jﬁl
wéwl&wk@)v&q&fo\jwwuﬁ
Dl by ol ed g (golr sl Cus g se 8}"
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wer b
borrower bl ,
321123123 | Jones | Main | Harrison /L—17 1000 |
019-28-3746 ‘ Smith | North ‘ Rye ‘\ /1 1123 [2000
R { !.‘ T
677-89-9011 [Hﬂyes Main {Harrisnn ] ———1 L-15 | 1500
555-55-5555 [ Jackson I Dupont ‘ ch»dside‘
244-66-8800 [C urry I North ‘ Rye ]
963-96-3963 Wlilmms| Nassau ‘ Princeton |
335-57-7991 ‘ Adams | Spring ‘ Pittsfield ’
customer loan
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24 May 2005
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[Johnson] .
21 June 2005 A5
Smith
[ 1 10 June 2005 Al02
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Tumer . ~— 17 June 2005 :»\:uﬁ
A201

ST 28 May 2005 —
Jones |- 1
j— g \ — 28 M,
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2005 ~

2005
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(Attribute) céwo
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ASs o |y Ol s b S S 50 lio
o gt S s 5 oS 333 ga 0313 DL Slios 31 (6 48 gams 3l eslizul L Cuzyrse K W
Al o Ll g s se plad &S ASL e
= Example:
.

r_id, r_name,
customer_street, customer_city )
loan = (loan_number, amount’)

AL e Sdo A Gl Slme sl 5l SLs sees (dOmain) wuels

Cdo gl sl

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
» Example: age, given date_of_birth
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Attributes /\ /

1 ! b
first—name middle~initial last_name street city state postal_code|

[Component
Attributes

streef_nwmber street_name apartment_nunibe)

bls I Cardinality
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2520050 5l S Al e cardinality b bl @
2L
One to one m
One to many =
Many to one m

Many to many =
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Mapping Cardinalities

One to one One to many
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Mapping Cardinalities

(b)

Many to one Many to many
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E-R Diagram With Composite,
Multivalued, and Derived Attributes
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Relationship Sets with Attributes
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account
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(Roles) by
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g e 45 LS e aside LT L sd e el 28 “worker” 5 “manager” lewr, W
S e s34 works_for akaly 55 1y 58 e LalS
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manager
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Cardinality Constraints

(=) Jls g Lo s L, cardinality .3 ol ol m
S () S e b L “one” sliS jasiis oS
Cudsrge 5 bl O AL e “many” odiS jasie
R olas

one-to-one L, m

= A customer is associated with at most one loan via the relationship borrower
= Aloan is associated with at most one customer via borrower
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One-To-Many Relationship

o BL s e SO L S ply St 4 S B o
o bl s borrower 5 b 5 pls opdr b g pie s il

borrower

customer
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Many-To-One Relationships

ik Sl i ki Ll SO Sy @ ki B o
ply SO LSl (s mie S5 il e B s borrower
.ML{L;GLL;)')A
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Many-To-Many Relationship
o Ll s borrower & b ) ie pdiz Lply S W
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s Llssl 53 borrower 5 b 5 o i Lgpie S @
Ll

Customer-name loan-mmber antount

customer-street

customer
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Bk S99 9> 9o

ER{ELA{N U R WOPLEIEpe vy |

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.

157

attribute

entity set

ookt 890 s
ER jlo90d 49

weak entity set

relationship set

identifying

relationship
set for weak
entity set B vlationship
discrimi
primary key attribute of
weak entiy set
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many Y _ many_to_one
relatic R = wlationship
. one_to £ " TET candinatiey
—one A limits
relationship
. - v ISA
ke indicator A, (specialization o
! generalization)
N .{‘\ 7 ol ﬁ_‘\— disjoint
\ 4 generalization A /' generalization
Y Y disjoint 1=
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