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Relation_metadata

relation _name
number_of_attributes
storage_organization
location

Attribute_metadata

relation_name
attribute_name
domain_tvpe
position

length

Index_metadata

index_name
relation_name
index_tvpe
index _attributes

User_metadata

user_name
encrypted_password
group

View_metadata

view_naine
definition

Relational schema representing part of the system metadata.
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BEGIN TRANSACTION;

INSERT INTO Customers (CustomerID, CustomerName, City)
VALUES (1001, 'Ali', 'Tehran");

END TRANSACTION;

COMMIT;

T:: read(A);
A=A4-50;
write(A4);
read(B);
B:=B+50;
write(B).

1] d}f}b J.ALL Cl)k:l.o& U‘i‘
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BEGIN TRANSACTION;

UPDATE accounts SET balance = balance - 50 WHERE user_id = 'A’;
UPDATE accounts SET balance = balance + 50 WHERE user_id = 'B’;

COMMIT TRANSACTION;

COMMIT;
S o e SS1 5 (8 g5 5 4 S BEGIN TRANSACTION | 52

ol_<3b 03 Ol S 0525 |2l COMMIT s oS Sloy U s s oo | >l UPDATE | g2 53
D gad S 03l

0 Ol iS5 ok Sy 3 COMMIT | g2ius 35 | ol o yo L UPDATE | zus 55 ,a S|
J_;‘):BJ\J_QAJQSOJ_;‘):A)‘J\.EACJB- w‘)é‘\S)}J@ nﬁ}&.«iéé‘j) L;QS\;Q)M
35 Aal = 2050

L Lol slcussiome (o i s a0 ) Wl i JSie [5S1 5 gzl e 3 3]
A Sltie Sl opl 3 oS 3585 planil e 53 Gt bl 55 planil GES15 ) i et sllax
LS54 b 4 ROLLBACK | yis oSl (5 5 dal 4 2000 Olea ol 2 B Sldis 5950 Ll
Jﬂyﬂ@\ﬁ‘r“}oi&uf‘y‘ﬁ

oS G815 gl U 53 s 8L 5l b s 2815 G OLL 5 g L g
ol 5l g B A Sl 51 gy sl ol Jlie (sl il SLL 4 5L B e o
oliss B oo 4 01 55l 5l oy 5 Sl JE5WL Cge 5 5b 4 e (A Ol 51 J g

)

’Y}w START TRANSACTION | BEGIN TRANSACTION :s| 5 Fard sy g

‘)f“’&—l‘é‘y—?"g’l—{;“)-’ .;_,_.idayl_,aﬂ\ﬁ&j&f&lﬁéwldj_}w;&sbl
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ST 0T . TID U Transaction 1D 5,5 4 e 4wl S& S35 5 5b « DBMS
S e Ol (ST S a4y 3 b 4y e aulld S ol L DBMS aas o olanst]
S o ol B SIS ) 2 A5 dES

S 1,5 O 4y 35 4 et alid S DBMS (ST 5 ol gt 51 SopldS 3 — s
(R sHT ~)39n30(5 (wsigs) Saas 0

outout , input (¥ commit Las (¥ commit s abort (¥ start (A

ol e (V) 438 - Fuly
.syivau\:g;.tm.}QTqDBMS hﬂﬁwu&c&s‘;ﬁtjﬂjibg“l{

(Consistency) s, 5l -

el s gdme 1oL s le 5 e 03 05 S 4 g ST S
G 655 8 oKl 3 5 o STbl.uS Lai |, (Integrity Constraints) = 5 JsIs
8 s AT el oL sy B a gt i) 5 Il b ol 03 S sl (ST 5 oS
L oralr slacays gidmms AL 5 e j5b 0 (ST 5 sl o 50 S50 ST 5 sl )
DS Jize dde 85l - @ 2 S8l Sl Sl el oL culg s b s cule
JB G Ll s s 5 S I3 B 0T Sl el s 4y ol 5 Ll gl
25550

S s (2ol 5 (P el glaossdoe ol bais (5L &S A8 S5 e g
o2 4 s Durabiltiy .ol 24 5 Isolation ool 24 ¢ Atomicity colt 28
el o3 S oz HE5LL S a1 S8l Sl S O 358 0 5 Consistency ol
Syd e S 5o (Valid State) jias Comd g (ledbl L 5l Cuns s @ a8

Aoled 455 aalsl jo el o el (lacys gde gl 4 ta o5

(Security constraints) ol slacss gase

S A28 33 S o ablos 0313 ol 4 Sle b Ol )8 e s 1 el Slays e
el jlome O 8 (65, ASU ol glacys gdee o

(Integrity constraints) Jassla slacs gase

plzsil el LKL o) o aS Slas s Oldes 45 S o el sl Slacus s
sl lacys sdome 53 a5 US 85 L5 505 Waesls 85l Oy Cewd 3l A e 350 e
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Sophie pla e el lacasgdon 5 gl Glacasgdon S 5 Colg 5o e g
as plail 0313 00U (55, Slms Sldes Glows Ol )8

saib 53 4 (KU ez 5o (Integrity Constraints) (swel gacqs gl JS 55k 4
55,5 i (BUsiness rules b ,IS" 5 oS Aol 8) ()l Comalr 5 (JASIs Comalor
P Sl (gileesly mhaw 53 DBMS 5 (slalasly due (65 5 0kl = a1l 5 ok o
SSL Ol sl 5 Ol b Lo o |l 5 S 5SS 5 Sl 0l = las (31 8 Lo s
S sdoms I8 s DBMS 55 0 i )l ol c(s5luosly o o
Sl Gl s (a8 el S Jule 655 0 5 ol KL s 2ol 5 S sl
5393 Cmmalr 058 Jols UL otls il 5 S e sy 1 55,5 SOl bt 5 s
(el glazals Camalor 05U 5 (o)l Cmalr 56 (s g go Comalr 05U (glabasl
SFE o Sl oa Ll il St e sl Je b s 55050 o)
Sl SSL Ol sl 5 Ol v i 5 ol SIS S el 4y bsy e &S 2ol
Sl oo L0 63L i s ol8iils S Ol el (51,220 B0 63L iy a Jro 055
23 s 5 S slacbs s e G35 se 35 pds e 4 SL gl
e b Jast s plasl 51 J3 (B) dale 5 (A) e Sl mor (SSL Cles slacel
382505 Y sl Jolss axms VI (352 50 (5512l ot 55 A2l ol L 2S5
SLagll s sl 51l ol 555, GlaBbl sl ¢ o O genl 5535 @ 55 (ol (5 =
b 815 S il e a2 ISl Sl ool S5 Bl ity s
LS e g MIS s

SSas5 Do oo 5 S el Glacin i J 1S SO Gt 3 e
St sdoms 3lesly 5 b Ll 33,5 o ool DBMS L3 55 e slag 55080 Jaw 5
Wl Ol sl 0dge 0303 oL sl 5 S mel

oS 3 ) Jslier o alss 5 SP s iy s 0SS0 LSS J-

Create Table SP

(

S# char (5),

P# char (5),

QTY numeric (10),
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Primary key (S#, P#),

Foreign key (S#) References S(S#)
on delete cascade
on update cascade,

Foreign key (P#) References P(P#)
on delete cascade
on update cascade,

Check (QTY>1 AND QTY<1000)

)
LS ods LS?)BA,,E G?)lé-qﬁ.lf KVRHIgRWy
} ip v
S# | Sname | City S# | P#|QTY P# | Pname | Color
8 SP Jydx P Jyt>

Wl 53 Sysee 4 G55 SP Jadr i S 51 3 US asks 5 SIS
Foreing key (S#) References S(S#)
on delete cascade
on update casecade
L (on delete cascade) > (S) sl Jsds sla o S1:Cascade ;gws 5,
LS b g e SSP) o5 dsde sla b o o1 ¢35 (on update casecade) sl
53 S1 jluis S| d\_-:‘dtﬂ.n_;:&@uwﬂgqj}}:;gﬂm;a}_)wh{f,,u
ol 3ol olST (il 52 50 55 SP Ul 3 Jldis opl 5353 Sluyss» S11 w0 S Jsus
o S s Jbe gl ass e Slesis e 5 SIL lads 4 SP Jsi 3 S1 ks Cascade
4.&3‘) J;l_la.a olij‘.l_.ib J)J-jﬁ}_:;sp d}.l_'q-)JJU_EA Q.il}:}..i dJ}Sd}J})‘Sl
Ssd o B> 33 SP Jyi> 51S1 L. Cascade
S Usdr 53 SH# gt 53 (S ,mis 455 8 58555 H3b s U35 5 o oo (858 IS askad ol Ly
ol Coal tpj s Camal ol plo 35 8 Jlest 55 SP U 3 SH# O gt
.s:JfL;wUAL
Wl 3 Sy 4 Bsb SP Jader im0 IS Gl 5 AS anked 5 SIS calin jib a4 b
Foreing key (P#) References P(P#)

on delete cascade
on update cascade
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SP Jsidr SIQTY 05 ) (oan)lie €55 58 58355 55b 4 B335 oo o S anlad
33,8 od B (sl e L 3L 1000 G 1 3L o
(0310 s (1S ol 0l E ) aelsl s
(Intra-Relational Integrity Rule) sfatasly ¢ 90 carala ;43 -
Sliso b Canys oLl 4 L (Jodr) daly o glalaly 0555 Curelr 056 Gillas
Sl Jolis Laam d0L el o a5 (L5 S e 5 (6)lis L) AL S il alal 5
AL LUl LS S
(Entity Integrity Rule) cus ga g6 cuazala (35 -Y
a2y NULL Sl 4y 018 ailS 51 o | s il olSomn s 0 Cpmal 056 3illas
Al
(Domain Integrity Rule) (slaisls cussla ¢ g3l ¥
2> Slie palie 5 il (wals) g5 DI Lol o ) Dlas cslals Conalr 0506 il
AL aels Olen 63 gdoee
(Referential Integrity Rule) sl cusala ;jg3ls -¥
o=l 8l 23 S NULL gl ol Sl ¢ ol S s ol (2l )| Comalr 0555 Gollas
LIS S 4S hailen AL 15 ol AS ol 5 (bl i as Ll ke
ol oSS 55 3 b S 3,8 e ol 8 eslind 550 Jglbr Ol BLILI sl ol
1,8 o VB s 2050 gl soee s
B S okl s
Sk iy ol S Olge 4 Jadr SO ()i Sk

S S Caol Ll s s Lol bos s Jader s (ke ) 1aSS) !

(=4 L o) LS S WL (6,505 dsdr b s Oles 3 ()i -l 14yl 093
b
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el s (F) 4y 38 -y
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o b e lome sl Bl s dn S il 03,5 et | DLl SOL sl 5850
ol Bl 5 el ety s Coles o 4u S el il Loy g
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AL e LB >, 4 (End Users) sl ol )8
Data ) Laesls ds 2o J s> sl = s,l =) (Data Model) glesls Jues @
.l (Abstraction
Valid ) oo Cund s 53 baesls oS0l abisd a3 oSal lS <2 DBMS o
2,15 edge o 1, AL (State
LS Ll esls eKiLi Sled 3 0dd iy x5
Se (
1 (v

2 (¥
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ol ez (F) a8 — ey
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sab o 5le Bob L Sl SSL O, laesls 3lestizad gl 1 sle O slasl
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T,: read(4);
A=A4-50;
write(A4);
read(B);

B =B+ 50;
write(B).

S o Jima B o A Ol 340,310 Jlie T2 [5S1 5 pimes

T,: read(4);
temp =A *0.1;
A=A — temp;
write(A4);
read(B);
B =B+ temp:;
write(B).

sl e Gl N LI T2 e 5 TL 5 5 a5 Kgpen b (US15 90 A8 (58
:k;.w‘ ol eJ‘D QL\LJ J‘.’.) L}gﬁz DL

T, T,

read(4)

A:=4-50

write(4)

read(B)

B:=B+50

write(B)

commit
read(4)
temp :=A % 0.1
A=A - temp
write(4)
read(B)
B =B+ temp
write(B)
commit

Schedule 1—a serial schedule in which T, is followed by T,.
> TL Ol el ol 4 VU 51 Sl g 4 Slsies ol OS5 5 (B8 JSS s
g o Al il S Ot 53 T2 O 2 5 S Cn O 2
3855 (55 4 G S Gl LSS sl S B A slacles g uolis
513000 41y A+ B paame n B s A Glacls 53 g ghe IS cplaly Anes 2145
S s 8 b Sl el oL 53 Dl 53 e sd e Bis SIS s e gl
5ok oS il £ 65 Gl sl me 5 Cen &5 3L 3000 s 5 OLSS (ST (sl
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oy s Ll T e 5 T2 %;g;.ﬁbrﬁ)}bguuiﬁl; Shalie j5b o
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T, T,

read(4)
temp = A % 0.1
A=A — temp
write(4)
read(B)
B:=B+ temp
write(B)
commit

read(A4)

A=4-50

write(4)

read(B)

B:=B+50

write(B)

commit

Schedule 2—a serial schedule in which T, is followed by T;.
SA Gl g slie 5 358 e Bim A+ B ¢ pame e ol o shiles o L
s S| 53 a5l 513000 4 A+ B ¢ same iy s 2150 5850 L5 4B
Py

OF Sl s plas Jalld Aol SES1 5 4 same SO gl 50l G 85 sl ]y 14 5
S Ly ge ST s s Ol 04 alb (o 5 g Aal s ST s

$huoley a aread(B) ,yeiws 51 -3 L write(A) [ sies «T1 ST S 5s (Jle Ol e
asls oz gl o | commit | gcs bagtoole) 53 b aS Ll azils ax 55 552 alb axe
PSTSHER GRS R committed Il 5,15 [iS1 5 4!

5l sauibe)

S el el Son ols s 3L Ll Il 3 Kgsen S5b 4 (2515 55 3]
A8 Ll e sl 1 psn ST s el e (2 908 G e LS |2l 2S1 5
S e 520,550 ol ST a4 e Sl e

S i 355 e 3IE STy s 2815 alad p CPU Ol calSir (gl 25815 L
aseal a3 Al e OS ES1S 53 a5l il sl Jasdly s |5 el (Sae gl
S5 4 CPU oSl 5l 13 2815 K 51 el i dim oSl i oIS sb 40 52
530S 5 (3 Il 4 CiSHL L L A0Sl i dal g |l S ks (5 S0
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BBl 25 IS8 Gllas 15 e Jlainl 0l 5 s L) s 55b 4 1S5

T T,

read(4)

A=A4-50

write(4)
read(4)
temp = A * 0.1
A=A —temp
write(A4)

read(B)

B:=B+50

write(B)

commit
read(B)
B =B+ temp
write(B)
commit

Schedule 3—a concurrent schedule equivalent to schedule 1.
LD g o L CE‘))D:%OOO J.5|J._:A+B S gl e ‘J;—‘TZ W‘}Tl
25 JSE sl Il sl Kipd 0 e A S 4 e Kgser gl 2 el

S 5 1)
Ty T,
read(4)
A:=A4-50
read(4)
temp :=A 0.1
A=A - temp
write(4)
read(B)
write(4)
read(B)
B:=B+50
write(B)
commit
B =B+ temp
write(B)
commit

Schedule 4—a concurrent schedule resulting in an inconsistent state.
950 55 4B 5 A gbaclur Sl polis oS oy oo (A w0l ol Sl 51 ey
B0 550 (sl iy 53 1 el GG S G ol Sl s Y5 2100
s ped Jab 1S1 5 53 sl b 5 AH B g perme (Bl s e ool wslsl ,Ys
3 oSan Glaganles 5l ok 253 ST oo i St Lsope sl d s S
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J S -l el DBMS | s Lu s gly 00 J 28 5 Isolation cools adl e g
Sy e rl;,.zl (Concurrency Control) ‘_;J.;‘,Jra

am (S ,l304g8 DBMS 5 Iy Ol g 4 (Concurrency Control) SR, s - cus
(aw KT -IT (wsigs) foml Cools plas

Durability (¥ Consistency (Y Isolation (Y Atomicity ()

sl atdd ) 4—-_14: - c«r\-l
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State diagram of a transaction.
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LS cOmmMt 1,

2,55, K g idle
INSERT INTO Customers (CustomerID, CustomerName)
VALUES (1, 'Ali");
L oS B s il (I8 Al S Ol 4 el o 5 SQL s cpir oS Sl
o=l Gl e 53 S1ees OLL gTCOMMlTU:M;t{,m;s;w mre S5
V,,Syd Sl plas ROLLBACK s L w5 e Ll S i Ol g
Sl g5 o a5y JW) e
BEGIN TRANSACTION;
UPDATE Accounts SET Balance = Balance - 100 WHERE AccountID = 1;

UPDATE Accounts SET Balance = Balance + 100 WHERE AccountID = 2;
COMMIT TRANSACTION;

(S o 53d) Wls S oy Jsl Sl w1y 2815 G Ol ais sles : ROLLBACK ) gws
oS Sleyaib i o Sle 3DBMS Ly LS5 55 b o (Aol Rollback | sius
A Oy 3 GO ST e s s 350 (a8 ()l g JSIs pmler gl gdous
Slaxt J 28 o op A8 05d 1dad 5 ST dad 5o b s ) et e L Lo

Byhr SR e el b s e
SQL Server s :Js

BEGIN TRANSACTION;
>3 il ST S Do 4 L S i Sles

IF ERROR_NUMBER() <> 0
BEGIN

ROLLBACK TRANSACTION;
PRINT "us ) sl
END

ELSE
BEGIN

COMMIT TRANSACTION;
PRINT '.as el o5 L SIS
END i
255 Rollback L colg 5o 5k Commit oS axil o osles &ojle s 14 o5
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