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YA XY F A 120G (KR 323-87])

YMAI G RBEE R 2258 ARG
L0700 B | BN, IALEPT

AR

<0 (id> val, parentid ) parent_id# 4143
-tree__/wde J (E{%}}ﬁ)

1 - S
id (38%) |
LY
| parent. icl {—
takes L‘ﬂﬁ‘%\)
course_id
sec id
: 3
vear
grade
IIIIIIIII cou [%@
> id < — B course depa
[ d l— | itle —3 dept
— 4 - ept_n —>
R N time_slo redits bud
[ —pp| time_slot_id |
m d_{jy
ﬁ start _time
.‘ﬂ"ﬁ% end_time
(19488 132560 —44)
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LEASE

————

= NETHNE 2 « 24403

LUK RS

A HIRE
FROCHIIZS - o wPT FU
)\%’Hf\?ﬁ X 24p
(AT 5249)

%__



’QD ID name dept_name | salary
22222 | Einstein | Physics 95000
33456 | Gold Physics 87000

Odept_name:”Physics” A salary 290000 (WWC@

%Q% HA\AZ"“AK ()” ) ACJJM%

Fam A A A B
S8 YE4 4IiTA R FAE

BERAR T XT3

ba instructor x teachers

instructor.ID | name dept_name | salary | teaches.ID | course_id | sec_id | semester | year
10101 Srinivasan | Comp. Sci. | 65000 | 10101 | CS-101 1 | Fall 2017
10101 Srinivasan | Comp. Sci. | 65000 | 10101 | CS-315 I |Spring |2018
10101 Srinivasan | Comp. Sci. | 65000 | 10101 | CS-347 1 | Fall 2017
10101 Srinivasan [ Comp. Sci. | 65000 | 12121 | FIN-201 1 | Spring |2018
10101 Srinivasan | Comp. Sci. | 65000 15151 | MU-199 1 Spring | 2018
10101 Srinivasan | Comp. Sci. | 65000 | 22222 | PHY-101 1 | Fall 2017
12121 Wu Finance 90000 | 10101 |CS-101 1 | Fall 2017
12121 Wu Finance 90000 | 10101 |CS-315 I |Spring |2018
12121 Wu Finance 90000 | 10101 | CS-347 1 | Fall 2017
12121 Wu Finance 90000 | 12121 | FIN-201 Il |Spring |2018
12121 Wu Finance 90000 | 15151 |MU-199 I |Spring |2018
12121 Wu Finance 90000 | 22222 |PHY-101 | | Fall 2017
15151 Mozart Music 40000 | 10101 |CS-101 1 | Fall 2017
15151 Mozart Music 40000 | 10101 | CS-315 1 |Spring | 2018
15151 Mozart Music 40000 | 10101 | CS-347 1 | Fall 2017
15151 Mozart Music 40000 | 12121 | FIN-201 I |Spring |2018
15151 Mozart Music 40000 | 15151 | MU-199 1 |Spring | 2018
15151 Mozart Music 40000 | 22222 | PHY-101 I | Fall 2017
22125 Einstein | Physics 95000 10101 | CS-101 1 | Fall 2017
22222 Einstein | Physics 95000 | 10101 |CS-315 I |Spring |2018
22222 Einstein | Physics 95000 | 10101 | CS-347 1 | Fall 2017
22222 Einstein | Physics 95000 | 12121 | FIN-201 1 |Spring | 2018
22222 Einstein | Physics 95000 | 15151 |MU-199 I |Spring |2018
22222 Einstein | Physics 95000 | 22222 |PHY-101 1 | Fall 2017

% 152 54595 R




Oirsructorid= texrerid (instructor X teacher)
UREFE D72 1 XS =0p(I%S)
/“HSWCJCOF M instructorio= teacher:d @MW
1P SRR AU R eI B

instructor.ID | name dept_name | salary | teaches.ID | course_id | sec_id | semester | vear
10101 Srinivasan | Comp. Sci. | 65000 10101 [ CS-101 ] Fall 2017
10101 Srinivasan | Comp. Sci. | 65000 10101 | CS-315 1 Spring | 2018
10101 Srinivasan | Comp. Sci. | 65000 10101 | CS-347 1 Fall 2017
12121 Wu Finance 90000 | 12121 FIN-201 ] Spring | 2018
15151 Mozart Music 40000 15151 | MU-199 1 | Spring |[2018
22222 Einstein | Physics 95000 22222 | PHY-101 1 Fall 2017
32343 El Said History 60000| 32343 | HIS-351 1 |[Spring | 2018
45565 Katz Comp. Sci. | 75000 | 45565 | CS-101 I |Spring |2018
45565 Katz Comp. Sci. | 75000 | 45565 | CS-319 1 |Spring |[2018
76766 Crick Biology 72000 | 76766 | BIO-101 1 Summer | 2017
76766 Crick Biology 72000 | 76766 | BIO-301 [ | Summer | 2018
83821 Brandt Comp. Sci. [ 92000| 83821 | CS-190 I Spring | 2017
83821 Brandt Comp. Sci. | 92000| 83821 |CS-190 2 | Spring | 2017
83821 Brandt Comp. Sci. | 92000| 83821 |CS-319 2 | Spring | 2018
98345 Kim Elec. Eng. | 80000 | 98345 | EE-181 1 | Spring |2017
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SQLEMER
chor(n)
varchar(n)
int (Nt B g THLGH
smallint -
reol ) double predision
floatUy |
SQUARBHA NG, SALGH SR (K415 ")

BIkcZ3

create table instructor (
ID char(5),
name varchar(20) not null,
dept name varchar(20),
salary numeric(8,2),

primary key (/D), y L
foreign key (dept name) references department); ]J %ﬁ)&wfﬁ

QBN IRRE ./ primary key (A--An)
<fo algn. key(An-hn) references

Nnot Null

PEEY

nsert into student  values ('1021]5 ' Sam')
delete from student where - (AF:IpESIE)

drop_table student (R85 %)




olter table student drop NAMe g
alter table student ado.  grude

(R0 il

LEE

select Al A, ~';An ([et2)
fOMm Yy -oIm (Z6%)

where D (149

BHZTEIZI L, , Sp(nxrexn) 9128
ARDE R 7% -
solect all name from Student;(FKR)
A @ﬁfbﬁ
iﬁg@ lect  distinct name from Studant ;
LAEBTERME
Clect * Afrom student ;
LisErZ R ,
wleet 'ans NN
elect ‘aa' as Atribuehame ;

S ~ @% ’
7 XALES
Seﬁ@(,f laal ]fmm gfmﬁfg/ﬁf)
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Iz
Select  groce*1) from student

LEE

select name, course id

from instructor , teaches
where fnstructﬂr.!D = teaches.ID

(NS T8 teach #4Bt B2 hesXs4H8)

PR TH -
select * from nstctor rotul foin toaces;

BIIEHGHr, BLBBNERFG s
BRI 2 P PR

Incorrect version (makes course.dept_name = instructor.dept_name’

select name, title
from instructor natural join teaches natural join course,

(&E: select name, tite from
(nstructor natural jon taades)
Join. course USng(cadrse . i);

G-
lect distinct narme
oy instrceor as T, INSWaor as S

where T.salary < S solary @13 RAS)
EfOMIEF, AT AR 2w (select #7%)

THIERIE

select name

from instructor
where name like '%dar%'
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ke "W_Gloo![T7 /' escape T
s B AVEE g

<olect name fmm STUANT
order ZZX Namé.  aesc / asc

Res e Zt
select f1rom 5

di

select name
from instructor

where salary between 90000 and 100000

TV 85

——

from rnstructar teaches
where (instructor.ID, dept name) = (teaches.ID, 'Biology");

gt Tt

union
(select course_id from section where sem = 'Spring' and year = 2018)

Find courses that ran in Fall 2017 and in Spring 2018

(select course_id from section where sem = 'Fall' and year = 2017)

‘ﬁ_ intersect

(select course id from section where sem ='Spring' and year = 2018)
Find courses that ran in Fall 2017 but not in Spring 2018

(select course _id from section where sem ='Fall' and year = 2017)
i except

e e e e e el e e e e et



anion all
neersect, all >/T\i@i

exept  all

i
ARG RE % 285

5 + null returns null

AT TTWRE S 25T 47 unknown
=, 7, <

5<null or null <> null or null =null

A5 nul|

-

select_ name I‘S )/W((
from instructor < s ot /W/é

where salary is null

and : (true and unknown) = unknown, 5@' W}?@’@ ’l;%q )

(false and unknown) = false,

(unknown and unknown) = unknown (/[ﬂmmUn %M’ fﬂ ZS(_:,’
: Kk t = frue, Z
SR B NS 027 7ol N

(unknown or unknown) = unknown e I LL % ‘B/j)ﬁ‘\%ﬁ é g

| SNES

avQ: average value
min: minimum value

max: maximum value (@_ﬁ—%%ﬁ)
sum: sum of values
count: number of values (ﬁéﬂé’f@ﬁﬁ)

AR S

select avg (salary)
from instructor

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

select count (distinct /D)
from teaches
where semester = 'Spring' and year = 2018;



M

select dept name, avg (salary) as avg_salary
from instructor
group by dept name;

SHEZRRNE
IR SHSE B, Seledt BRI REFUEGroUp bY<J5
Y0: select name, owg(grace)
o Sthant natural, join - oe_ ot

gruip by 1), name,

&)
gl

from instructor
group by dept name
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NSRS Bt |
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from section
where semester = 'Fall' and year= 2017 and

from section
where semester = 'Spring' and year= 2018);

select distinct name
from instructor

where name not in ('Mozart', 'Einstein’) fbi/ﬂ—]zﬁ( . )

ORI

select name
from instructor
where salary > some (select salary
i from instructor
where dept name = 'Biology');

0
(b<some | § | )=true
6 X e )
o] 3%, Fsomel-)Agnot in
(S<some | § | )="false
0
(6=some| § | )=true
0
(5#some | J | )=true (




select name
from instructor
where salary > all (select salary

from instructor
where dept name = 'Biology');

0
(5<all |5 | )="false
6
(5 <all 160 = true \.4:% #_‘aﬁ(( )\J\i}% ﬂﬁt ’n
(5 =all 451 = false )lﬂ ﬂau,( 7l\£”1
4
(5#all| 6 | )=true > - >: a(/{(se@ct o mm,_-um)
- HRATAIA ] /
Select,” dept-name., avg(salary )
from instructor
group by aeptrname

having avg(salary)> =

all(select avg(abry)
from  insguctor

S r+

not exists I =0

0 e twhere 349
ﬁﬂ%ﬁ'@] éﬂw/% aklV i
|
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from section as S
where semester = 'Fall' and year = 2017 and

11:

exists (select”
from sectionas T

e |

where semester = 'Spring' and year= 2018 *ﬂ%ﬂﬁb@

and S.course_id = T.course_id);

select distinct S./D, S.name
from student as S
from course
where dept _name = 'Biology')
except
(select T.course id
from takesas T
where S.ID = T.ID));

(FEA IR )

-lT

B

Nt exists (- exeept-+)

S X-Y=
& XY 4

AT Aeribasy




G) i1

select /.course_id

from courseas T

where unique ( select R.course _id
from section as R

where T.course fd' wa;ﬂurs.a....f_d

e ™ e T T R e L P T el e e T e T T

Tk e 7%,
()R 7 ﬁf’@m( : K)ﬁi g)s I

select dept name, avg sa!am

from instructor
group by dept name)
as dept_avg (dept _name, avg_salary)

where avg_salary ;\?‘) {ﬁm O\Sﬁ% (f@&éﬂ@ﬁﬁﬁa]ﬂ%)
(%) % Awith %*/U

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

(select max(budget)
from department)
select depadmenf name ”)2} ____,ﬁ _,_.ﬂ

..-\..-\_-\. ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

(select dept_name, sum(sa!ary)
from instructor

group by dept name),

mmmmmmmmmmmmmm iy e s e e R R e e

aaaaaaaaa
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select dept name ﬁ ﬁ‘ﬂ

where de,Qt fotal.vafue > de t fotal avq.value;

WITES T ok il seleCt PAEAL
(1) Select $4KE (hrg34i)

select dept name,
( select count(™)
from instructor
where]department dept namej= instructor.dept_name)

as num _instructors
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv selectBMIFAIRAHE

from department,

(AHZS45))




Select ( select count (¥) rom student

/
lect, count Bk)  frome instructor)

740)44 o

‘__,,-"'

Hi%t
HH] P

P47, AR ke (dropiiE)

delete from instructor
where dept _name= 'Finance’;

delete from instructor
where salary < (select avg (salary)

from instructor);
DN

insert into course (course_id, title, dept_name, credits)
values ('CS-437', 'Database Systems', 'Comp. Sci.', 4);

insert into student
values ('3003', 'Green’, 'Finance', null);

insert into instructor
select /D, name, dept name, 18000

from student
where dept name = Music' and fotal cred > 144,

insert into fable1 select * from table1 (?Hﬁﬂ‘?ﬁ%%]]ﬁﬁﬂﬂ/ﬁj )

W4 A7
create toble ¢ (ID serial, val char20), primary key(ID)))

insert ntp ¢ select val Trom t;
(R ard%s $36)

&

update instructor
set salary = salary * 1.05

update instructor
set salary = salary * 1.05
where salary < 70000;

update instructor
set salary = salary * 1.05

from instructor),



Tar 2% wpdore, B YR A1EER, w
update instructor

sotsaay sy 103 GRITTT7A4105, X o7
update /instructor

set salary = salary * 1.05
where salary <= 100000;

update instructor
set salary = case
when salary <= 100000 then salary * 1.05
else salary * 1.03
end

Set Tk gt ARG,

update student S
set tot cred = (select sum(credits)
from takes, course



B &

select name, course_id

from student natural join takes;

14K fu%ﬁf% RN

select A, A, ...
from r, natural joln r, natural join .. natural join r,
where P

BRABNLAY. | MR

W

A% X BRI ) A wing 4% 40

from table| inner foin table2 on toble|. ID = tabes . User [l
HEG, S[A usiig (1)

—

sy

[course_id] title | dept_name | credits | | course_id | prereq_id |
BIO-301 | Genetics Biology 4 BIO-301 | BIO-101
CS-190 [ Game Design| Comp. Sci. 4 CS-190 | C5-101

CS-315 |Robotics | Comp. Sai. 551&7‘” CS-WJ
IR A E R KETTA
Hiee i

\\\\\\\\\\\\\\\\\\\

BIO-301 | Genetics B1ology BIO-101
CH-190 | Game Design | Comp. Sci. CS-101

CS-315 | Robotics Comp. Sci. @

In relational algebra: course >4 prereq &Miiﬁﬁbm(ﬂ
ﬁ?lﬁﬁ:d%

xxxxxxxxxxxxxxxxxxxx

‘course id title dept name | credits | prereq id

BIO-301 | Genetics Biology 4 BIO-101
CH-190 | Game Design | Comp. Sci.| 4 CS-101
CS-347 |l nuill null Y CS-101

In relational algebra: course b prere
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prereq id

BIO-301 | Genetics Biology 4
CS-190 | Game Design| Comp. Sci.| 4

CS-315 | Robotics Comp. Sci.| 3
| CS-347 | nuil null | null

[cs1o1 |

BIO-101
CS-101
nll

aaaaaaaaaaaaaaaaaaaa

Join conditions
natural

Join types
Inner join

right outer join using (4, Ay, .., 4,) (

tull outer join
R
' L:\:m

(AR 4, ROt A RN —1])
left outer join on < predicate> (}ﬁ&% f]ﬁ FlkpL)

RAHPR L 40, ZIROAE AR —17)

NG A&, FEATBIB ARG TEARE T AT

create view v as < query expression >

Rag.drop , 785 alter
17133 AU (41783

create view faculty as
select /D, name, dept hame
from instructor

TIRRVE (rEH)

create view departments_total_salary(dept name, total _salary) as

select dept name, sum (salary)
from instructor

group by dept name;

IR
Vi ﬁ%ﬁ%\ﬁg@’? Vo

create view physics _fall 2017 _watson as
select course_id, room_number

from physics_fall 2017
where building= "Watson’,

Vi 18) B3R T Va
Vi) & VTV,

AT T

8435k AR e Ape B &



create view physics fall 2017 watson as
select course_id, room_number

\\\\\\\\\\\\\\\\\ st ate i natodt e ot at dade ot oo

create view physics_fall 2017 watson as from (select course.course_id, building, room_number
select course _id, rgem__numb_er from course, section _ , ,
from physics_fall_2017 where course.course_id = section.course_id
where building= "Watson' and course.dept_name = 'Physics'
and sectron semester FaII'

.........................................

where building= Watson

ITHARH
Yk x&, AL EOHA) 2
AL D

PHAUE

insert into faculty
values ('30765', 'Green’, 'Music');

L%}
A

begm transoctions ;

(5901349 )
wmmnt/ rotﬁback

%ﬂ /:W

e
AAPHATH KL S

------------------

budget numeric(12,2) not null



primary /é@}/
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create table section

L T L L T

sec _id varchar (8),
semester varchar (6),
year numeric (4,0),
building varchar (15),
room_number varchar (7),
time slot id varchar (4),

primary key (course_id, sec_id, semester, year),

W

check (semester in ('Fall’, 'Winter', 'Spring', 'Summer')))
) where RIB14E
ekl 3% (ched<(-in GERNK |
HI 99 k30

BRYR, ABse Bk F

set NuiL
et defon (t

create table course (

(...

<0ﬂ Jelete [ update  Cascodl

aaaaaaaaaaaaaaaaaaaaaaaaaa

foreign key (dept name) references department
on delete cascade

on update cascade,

)



ik

o

create

),.

[\

N\

RlE

)%:) %H create table person (
— 1 [J° ID char(10),
name char(40),
mother char(10),
father char({10),
primary key /D,
foreign key (father) references person,
foreign key (mother) references person)

M@\ 0 %i}ﬁjj\ﬁix@' !
ODVIR set il , AL HHE 5%

DAER4234 TR
=AM B %5 5

alter table employee

add constraint employee fk _dno foreign key (dno)
references department initially deferred;

alter table department

add constraint department_fk_mgr_ssn foreign key
(mgr_ssn) references employee(ssn) initially
deferred;

assertion <assertion-name> check (<predicate>);

A kit

date:

Example: date '2005-7-27"

time:

Example: time '09:00:30’ time '09:00:30.75'

timestamp: (3@id now( YR F)

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

interval: (99 date/time [ fimestmp 1R,

Example: interval ‘1 day'

Kl
plob « = #) k3%
Clob* FR A %
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AP a2
create type Dollars as numeric (12,2) final
tye: & s Clsk Aephitt)
(dollars  eny A9 )

create domain person_name char(20) not null 'JPF

%%%%%%%%%%%%%%%%%%% e e

constraint degree level test
check (value in ('Bachelors’, 'Masters', 'Doctorate’));

A0MAIN ; 7 ;) A6 ﬁ [dollors5 cny%)%r numeriC, 9] t)
qekB19%.

create index <name> on <relation-name> (attribute);

B BT, Ik BY

create table student

5555555555555555555555555
(T A S AT e e S e e

aaaaaaaaaaaaaaaaaaaaaaaaa

tot cred numeric (3,0) default O,
primary key (/D))

fffffffffffffffffffffffffffff e s ok sk

AL

RAIBAMIK

Index - allows creation and deletion of indices.

Resources - allows creation of new relations. (ﬁ#{&@@_)

Alteration - allows addition or deletion of attributes in a relation.

Drop - allows deletion of relations.

KA

Read - allows reading, but not modification of data.

Insert - allows insertion of new data, but not modification of existing data.
Update - allows modification, but not deletion of data.

Delete - allows deletion of data.



QOBE FaL

grant select on instructor to U,, U,, U,
VY

RIS, P, B, public
ol PriViéléges

ol ke 7B =] R A BR.

revoke select on student from U, U,, U,

laresd

J

create role dean;

grant instructor to dean; CS(‘:T ﬁ]@%ﬁfﬁ)
grant dean to Satoshi; (zJF PRAT#8)

A2

create view geo_instructor as
(select *
from instructor

where dept name ='Geology');

s



COLED (A=)
<API 407 DBC)
W N SAL (£950LT)

JDBC
PIRE 3% — I cptement > 1A%

prepare staterment < 195k ED, SqL )

PreparedStatement pStmt = conn.prepareStatement(
"Insert into instructor values(?,7,7,?)’

A2 $FEAR SCLL@%@ P SQL@\W’* F?ﬁo

'INS rt nto nst t al es name + + dept

' balance +')* l%l&g}iM
71;%%% NCAUNE S

QL]
Pl BT BRSBTS

HEAIAL (1)
PLJS (QL

returns integer fﬂ);] L\f’iﬁ]

(begiD)
declare d_count integer; Z¥£213¢$

IR select count (™) into d_count

% from instructor %ﬁjﬁ%{v]@ﬁ@%

where instructor.dept name = dept name
return d_count;

end



create function instructor of (dept name char(20))

returns table (/D varchar(5), 7

name varchar(20), M@%\j?ﬁ%ﬁ%\ﬁ

dept name varchar(20),
salary numeric(8,2))

return table
(select /D, name, dept name, salary
from instructor
where instructor.dept name = instructor of.dept name)

For a7k

declare n integer default O;
forr as
select budget from department
do

set n = n + r.budget

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

end for (%,\?Fﬁ)
If 139

............................................................

then statement or compound statement
else statement or compound statement
end if

WhileAhIR

while boolean expression do
sequence of statements :
end while

12 RIPAER

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

returns integer
language C

ettt sty bt s e e e e e o e e P e e e

% OuLSt

AR

create trigger credits _earned after update of takes on (grade)
referencing new row as nrow .
referencing old row as orow g(n !ﬂﬁ’c / dm
for each row
when nrow.grade <> 'F' and nrow.grade is not null
and (orow.grade = 'F' or orow.grade is null)
begin atomic
update student
set ot _cred= tot _cred +
(select credits
from course
where course.course_id= nrow.course_id)
where student.id = nrow.id,

end:;




referencing old row as : for deletes and updates
referencing new row as : for inserts and updates

BRE—R. {TLRERA 28
FOR EACH STATEMENT VAR A& 28 R @ A EMIRIFAIT—R, & )
’I%@%‘L EELMTRIEYR, 1B A& 25 O[-d Gﬂb@/ new wble

KB iRl (5R)
AR ERICEK (7594

<ﬁf§’l,& FOR EACH ROW HiTIEEIRERIALE B8 WIRIEERINE—1TH 0(d ron) = New o/

\J
#1819
with recursive rec_prereq(course _id, prereq_id) as (
select course_id, prereq _
from prereq ﬂk é :{ EEE] ))5(_3-%
union

select rec_prereq.course id, prereq.prereq _id, %
from rec _rereq, prereq
where rec_prereq.prereq_id = prereq.course_id

)

select *

e e e e e e e

W@%M > B3R HG

2 WORAE L
Het

vank() over(orber by - descfasc)

select /D, rank() over (order by GPA desc) as s_rank
from student grades
order by s_rank

g\eme__mnkC) 90 8 g% 80

S2HL | 2 3 4
= A 4
select /D, dept name,

rank () over (partition by dept name order by GPA desc)
as dept rank
from dept grades /7\]\' Bﬂ F%

order by dept name, dept rank;

select /D,
rank ( ) over (order by GPA desc nulls last) as s rank

from student _grades %&%ﬁ (%’l}%ﬁ] )

select /D, ntile(4) over (order by GPA desc) as quartile
from student grades;

AHE |12 3,4 (9%5)




FAG O

select date, sum(value) over
(order by date between rows 1 preceding and 1 following)

from sales ﬁ
between rows unbounded preceding and current (ﬁ@ﬁffﬁﬁﬁﬂéﬁ'}ﬁ)
rows unbounded preceding (g fH47)

select account number, date time,
sum (value) over
(partition by account number
order by date time ‘%E‘_
rows unbounded preceding)

as balance

from transaction
order by account number, date time




select: ©

project: ||

union: U ~__

set difference: —

Cartesian product: x

rename. o

?ﬁ ]‘] D@% Set intersection 1~ ﬂ S

@ﬁ
~ A

Natural join y‘N S (j:ﬁf, S?U%Hﬁfﬁjﬁ }’f&w‘ -

Assignment «—

25k X
A X
Pk N

Q name dept name 1D
= 10101 Srinivasan Comp.Sci.| |10101 | Cs-
12121 Wu Finance | | 12121 | FIN-201
15151 Mozart Music | |76766 | BIO-101
1D nam dept nam - id
10101 Srinivasan Comp. Sci. CS-101
12121 Wu Finance FIN-201
15151 Mozart Music null
ID name dept _name course id
10101 Srinivasan Comp. Sci. CS-101
12121 Wu Finance FIN-201
76766 null null BIO-101

P RANSLH] RALE 40 § // 2=2
$13 =]

TR =S, SURFRALIRADST I

= AT AR R E B EAF{ BT £T IR
5 G 415



% ID course id course id
S

CS-101
10101 CS-101 CS-147
10101 CS-147 CS-101
10101 CS-191
12121 CS-101
12121 CS-191
76766 BIO-101

> 10101 :
9]7'03: Z D XTE—{H (OUrig — I\d L%x -y 1% %—’ii\j

AG - U SRR dis
Tnam@ C) (STU) M( 1) cour:se(’[ﬂk&) Wfse Q}eﬂ ;0" COWS@))

2 (% temp? < [lp ( 7‘—]%522\(%1&

A S4B AT
temp2 < 11x.o ((temp1 XS)—1Ilgss(r)) ,@_ﬁ&\,@lﬁ A
result = temp1 — temp2 “\fg]

| LTl
NH. 6.6...0. G ppa

sum: sum of values
count: number of values (count-distinct)

ID | name dept_nam lary dﬁ’pt_ﬂﬂmﬁ' avg_sal
76766 | Crick Biology 72000 =
45565 Katz Comp. Sci. | 75000 Blology 72000
10101 | Srinivasan | Comp. Sci. | 65000 i
83821 |Brandt | Comp. Sci. | 92000 Comp. Sci. | 77333
98345 | Kim Elec. Eng. | 80000
12121 | Wu Finance 90000 > E.IEC' Eng 80000
76543 | Singh Finance | 80000 Finance 85000
32343 | El Said History 60000 .

58583 | Califieri | History | 62000 History 61000
15151 | Mozart Music 40000 MUH[L 40000
33456 | Gold Physics 87000

22222 |Einstein | Physics | 95000 Physics 91000

clept_name 60{:/3( salry) as avg-sal (Instructor)



Kelationship Set

BN A S22

Instructor

D
name
salary

student

Ev3 Eﬁ%&\?] 136

{(e1, €, ...

ID
name
ror _cred

| el € Eq,e0e Ey ...,e,€ E,}

2} (%téS L W22 Eadvisor

TETIARE |

instructor

HHHHHH
salary

/\ student
advisor ID
\/ ﬂﬂﬂﬂﬂﬂ
] tot _cred
I
\/
‘ date ‘
|
|
/\ student
\ﬂdﬂfSﬂT‘/ 1D
nanie
e tot_cred

B8~ P PR Abs R




\/

>€

COUrse

course id

course id
fitle
credits

ATk

instructor

D

prereg

voles

project

name
salary

student

ID

name
tot cred

<ﬁ§%f}£ 1R @

T8 H’/@ﬁ

street city

address

WR =7 B
2 e = =)

AR 53 WS RS

AN

9 R (BERRRIE)

<?H BB

S R DR i 16183

ZE-RE%T:

imstructor

ID

name
first_name
middle initial
last name

address

streel

street_number

street_name
apt_number
city
state
zZip
{ phone_number |}
date_of_birth
age ()

state  postal code



1)

ARYTEAC
A B
1T
RE
;

(a)
One to one

(a)

(b)

One to many

Many to one Many to many
T PRI =
gim E-\)Fffﬁqj)
instructor /\ student
ID < advisor > 1D
name \/ name
salary tot_cred
— & —
instructor student
ID - advisor D
HAIE HAe
salary tot_cred




~

%

X
instructor student
namie name
salary tot_cred
4 2

instructor /\ student
1D advisor 1D
name \/ namnie

salary tot_cred

Z S %
-5

instructor student
ID , ID
name / name

salary fot_cred

—_

> F N
oA BT RGBS TAS | (R Y SR
IS NE R



section —< > T cotrse|

B IR corse_)d, O

IR < FRTURE cmne- 1) FHEI

ATIRE

P
[

AR (285795) L
FEY=2P52% + AN IR BT
A REHEG

3 KRB ourse o

RA 3.



course section
course_id - sec_id

title | semester
credits vear

|54 E-R R

(DFAR BT
Gl IR
APEHE B (PR E i, ST IRS)

imstructor

e 1538

| first_name

middle_initial \/ /\/

| last name

address instructor(ID, first_ name, middle_initial, last_name,

.........................................................................

street_number, street _name,
apt_number, city, state, zip_code, date_of birth)

street
|street_number

street_name \/

apt_number

@
statd \/

o ; 2 > —
{ phone_number %@ — 57]%”%4\;? Al — \,!ﬁgm
@Efz of _ b:rfhi/} | | . Z‘k% T
~age () inst_phone= (1)) /;hore_naméaj

() 55742 YIS (g maa9)

course section
course_id - sec_id

title | semester
credits vear

- section(cowse_id, secid, semester; year)
U urse-id | title , araits)




FAFELL
) 359% = TR+ K49
(Mw’smrj (s_id, i @

instructor /\ student
ID aduvisor 1D
name \/ namie

salary tot cred

) Yy — = -t S 0B)%
(N4 ES
SUNC ) i D

B4 instctor (1D, rame, salary)
student (1D name, tot-aed, NSt~ 1)
FCinstrID (9}83 (9R)

3> —— = fgﬁﬁj\g,ﬁﬁp;@%%})

)

ik -RAEA
R Ik



el

person

D

ndrie

street

city <
employee student
salary tot credits

wtaly— > JALIR
% fn&fru;mr SE‘C?’E!Z’_;
( %% rank hours_per_week

HTHE)
040 239y < TS B85

schema | attributes
person ID, name, street, city
student ID, tot_cred
employee D, salary

. -
BB R R
schema attributes
person ID, name, street, city
student ID, name, street, city, tot_cred
employee ID, name, street, city, salary

project

instructor /\ student

proj_ guide

5@ m_jmdej%‘?ﬁ%éﬂﬂﬁ@vmm

evaluation




S

AR

instructor /\ student
roj_ guide

v

eval_ for
evaluation
To | B 2 Y
SR STEIY
B SIEI%N
student department

stud_dept

ID

name

dept _name
building

lot cred
— budget

dept _name

department

ID stud_dept

name

dept! _name
building
budget

assignment _11 %{E W
marks

[

|

stud section

fot cred

section

student




a4 A: —
215
E
R

-.1--"-—-1
———E Z?
S
—

\%

marks

role-
/\ name
R O

assignment i

—

#H T

entity set

relationship set

identifying
relationship set
for weak entity set

total participation
of entity set in
relationship

many-to-many
relationship

one-to-one
relationship

role indicator

\/ E
El

/\----total

E2 E3

total (disjoint)
generalization

Al
A2

A2.1
A2.2

1A3]

A4()

I..h

E2

El

E3

E2

£

section

attributes:

simple (Al),
composite (A2) and
multivalued (A3)
derived (A4)

primary key

discriminating
attribute of
weak entity set

many-to-one
relationship

cardinality
limits

ISA: generalization
or specialization

disjoint
generalization



QE S

~_ 2.7
ot
SR

AR T C TR (r) K TR()

ID name | street city Sﬂfary

57766 | Kim | Main Perryridge | 75000
98776 | Kim North | Hampton 67000

employee
'F
ID name name | street city salary
57766 | Kim Kim | Main | Perryridge | 75000
98776 | Kim Kim | North | Hampton 67000
\ natural join /
ID name | street city salary

; Hisri: o

57766 | Kim | Main | Perryridge | 75000 il 5 B R B 0%E

57766 | Kim | North | Hampton 67000 S = 4 t
98776 | Kim | Main | Perryridge | 75000 %EE i’% 1

98776 | Kim | North | Hampton | 67000 JLZ °

ARG =T (r) WX Tlr.(r)

Ri=(AB) R,=(B C)

A|B|C A|B B C
al 1| A o | 1 1 A
p|2|B B2 2 | B
r 1145(r) l1g c(r)
A |B|C
[1 () X 15 (1)




B F AR

Let R be a relation schema
ocR and pcCc R
The functional dependency

a—>f

holds on R if and only if for any legal relations n(R), whenever any two
tuples t; and t, of r agree on the attributes o, they also agree on the
attributes 5. That is,

hlo] = tlo] = HIB] =[]
Qg\ Consider r(A,B ) with the following instance of r.

1 4
1T 5
/

On this instance, B — A hold: A — B does NOT hold,

PRI

If A—-> Band B — C, then we can inferthat A - C

PRI IFARARE A F

TR

a— gistrivial if < o
Qﬂ\ ID, name — ID
name — name

TARH iR R
v=Tlo (X)X (1)

& \
R|ﬂ/22_ >E]@(RL




@3 R=(A B, C)
~ F={A—> B, B—> ()
Ry =(A B), R;=(B C)
Lossless decomposition:
R,nR,={B} and B— /B, C/
Ri1=(A B), R;=(A C)
Lossless decomposition:
R, nR,={A} and A — {A, B}

R SRATBEGR AR
REERH B Ik (6N B R trigger)

-_—

(A

A relation schema R is in BCNF with respect to a set F of functional
dependencies if for@_functional dependencies in F* of the form

oa—> f

where o — R and S c R, at least one of the following holds:

a — £ is trivial (i.e., f < o)

uuuuuuuuuuuuuuuuuuuuuuuuu

0 Example schema that is not in BCNF:
in _dep (ID, name, salary, dept name, building, budget )

because :
dept_name— building, budget

holds on in_dep
but

dept name is not a superkey

Let R be aschema R thatis notin BCNF. Let a —/ be the FD that
causes a violation of BCNF.

ey AT
DRI —HA% 2 [HBOVF
eqg. R= (A, B)




BFE=X(, h>h B8], REBF
BE={ >4, B8, AsB,BA), ASiB-Z4
%ﬁ% REBAVF

/LL
)P —30 7
A relation schema R is in third normal form (3NF) if for all:
a— fin F*

at least one of the following holds:

a — fgis trivial (l.e., f € a)

a IS a superkey for R

Each attribute A in f#— o Is contained in a candidate key for Rj Wﬂ3 %?’—
% N - {(jf(’iLL? LK) )]%’%S @lﬁ{@k
And an instance table: ) J =P
JIL[K ]% ﬁﬁé%%\mﬁ\
/

e
x X XX

24

A relation schema R is in tiizd normal form (@NF) if for all:
a— fin F*

at least one of the following holds:
o — Ais trivial (i.e., f € a)

o Is a superkey for R
Each attribute A in f— o is contained in a candidate key for R

a I EF 1RSI E 5%
09. R= (A% (D)
F=yA=E & D} %\% RN
Candidate Key = (A, C)

I\




K is a superkey for relation schema Rifand only if K - R

(ke

K is a candidate key for R if and only if
K > R, and

fornrooac K, o —> R

\ / {i}:
/\3)\ /1

INF 2 3514

IVF~ 2ol -A3A7E

IVF: b1t %gid kAt (HE)
BOVF = 3 RS I it 3ol Bekie (RAABKIRR)
MVF+ s s A - THE EAE

N
%r {\ﬁ
f A—- Band B — C, then we can inferthat A - C
PR D - F
RS RSN TR

Reflexive rule: if fc o, thena — f H &
Augmentation rule: ifa — g thenya — y g ) 1#

Transitivity rule: if o — £ and f— v, then o —» y 1%Zi%f#



Sound -- generate only functional dependencies that actually hold,
and BRI CHEH SRETERIEAHD

Complete -- generate all functional dependencies that hold. 7 #%HY

CZa & AR H 2R
Qg ,’f {(’f‘qB C.GHD DA>b,B>H = A-H
gt Ok>C,(5-H = AG—>H

CG — | QU~N,(6~] = (a1-HI, (¢4~ (4]
dmdi = (GQ(G-> HI
= (G- H]

Union rule: If o —» g holds and o — y holds, then o — £y holds.

AN

Decomposition rule: If o — #vy holds, then o« — £ holds and o —

v holds. ﬁﬁmmu

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

v — & holds. %’%ﬁﬂﬂ“

)jw BARIEAD
?ﬂﬂﬁl 2 (RG]

F =
repeat
for each functional dependency fin F*

apply reflexivity and augmentation rules on f
add the resulting functional dependencies to F +>ﬂ& *i%jj’

for each pair of functional dependencies f,and f, in F*

if f; and f, can be combined using transitivity \/"}%i
then add the resulting functional dependency to F *

until F * does not change any further

AN
AER- 0 BRER

oo, fo ot = AF
H KAkt 22

K=>R = KT=R

KT, K+ £R

1 SR AKBREN]E

For each y ¢ R, we find the closure y*, and for each S c y*, we output
a functional dependency y — S.

M.____/



%\ result .= a;
} 7 l while (changes to result) do
foreach  —» yin Fdo
begin
if B — result then result := result U vy
end

0Q. R=(AB.C GH,I
S F={A>B
A—->C

CG—->H
CG— |

B — Hj
(AG)*
1. result = AG
2. result = ABCG (A— Cand A — B)
3. result=ABCGH (CG - Hand CG c AGBC)

4. result=ABCGHI (CG — land CG c AGBCH)

R BB R i B2
DKT=R
QAR K 53 TGR R KAthicss

Deil B F=(AB>C, AD P=>C)

Ft: (_A—')CJ A-D) P> (’}

B CSAE R BHR

N2 (A F={ A= (D, A=C]

Ft={AB=D, A=C]

% CC(AB), T CH6




RIS

No functional dependency in F. contains an extraneous attribute, and

Each left side of functional dependency in F. is unique. That is, there
are no two dependencies in F,

o1 — B4 and a, — B, such that

4RGSR e
repeat

Use the union rule to replace any dependencies in F of the form

o — By and ay — P with oy — B4 B, }ﬁi%ﬂ%iﬁ%

Find a functional dependency o — B in F, with an extraneous
attribute eitherin a or in

/* Note: test for extraneous attributes done using F, not F*/

If an extraneous attribute is found, delete it from o — p )ZF&%M&‘&

until (F. not change

Q(ﬂ R= (A, B, C)
F={A—- BC
B—C
A—>B

AB — C)
DEF A p(A0A-B
SF={ A=BC,B->C ,AB>C]
D A>BCF R
Ft=YA-2B, B~C, AB=>(]
C AL = ABC &R (75
F={A-B,2>C, AB>C]
(3) AB~CS, BRAR
Fr= VA8, B>C,A>C]
C € hg = ABC, 8RBT
Kf={A>B, B-C) A= ()
@ A28 b~ (> A=CHETE
6>'<F:‘\(A_PB) B‘_)q

YOREG(> ZQUA

A decomposition is dependency preserving, if
(FruFu . ..UF)) =F"*



w1t

li\ A= 6

FHCNVT

%U-—-[gc Ok FU--UR)

result = a.
repeat

for each R; in the decomposition
result = result v (result " Ri)+ N Ri

until (result does not change)

If result contains all attributes in 3, then the functional dependency «
— 3 Is preserved.

e

440

Consider R = (A, B, C, D, E), with F={ A — B, BC — D)

Decompose R into R,=(A,B) and R,=(A,C,D, E)

Neither of the dependencies in F contain only attributes from
(A,C,D,E) so we might be mislead into thinking R, satisfies BCNF.

In fact, dependency AC — D in F* shows R, is not in BCNF.

i & 47

result .= {R };
done := false:
compute F *;

while (not c;;one) dnﬁ%ﬁ‘\WCVF T e’?zﬂi %![

if (there is a schema R, in result that is not in BCNF

<9,

then begin
let « — S be a nontrivial functional dependency that { m@p‘éﬁﬁcn/f’
holds on R; such that o - R;is notin F ¥, ﬂd\ _
and oo " f = J; y nﬁ"‘/@’
result .= (result — R;) U (R, — p) u (a, ), 3 .-—-éj‘ ol
end

else done := true;

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
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aaaaaaaaaaaaaaaaaaaaaaaaaa

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

nme_siot_ id

A candidate key {course_id, sec_id, semester, year}.

BCNF Decﬂmpﬂsition' S X%Mfﬁfﬁf% L

mmmmmmmmmmmmmmmmmmmmmmmmmm

but course Id IS I'IDt a superkey. ®{£L¢ﬁ§‘] Mi(iﬁ-%)@ﬁ%% ERJ )

We replace class by: 52. R@ﬂf?{ ﬂfﬁfﬂﬁ?@ﬁiﬁ—a
course(course_id, title, dept_name, credits) @E}_ﬁ?mgﬂ \1 &@,@J]igﬁ%

(cfass 1 (course_id, sec_id, semester, year, building, ,& j— 7 /]i@%

room number, capacit , time_slot _id)
w@;ﬁig@ddﬁ’%é ﬁfﬁr ’




//ﬂ_:\

AZ INF

course is in BCNF
How do we know this?

mmmmmmmmmmmmmmmmmmmmmmmmm

S e et e e e e e e el e e s s e e e s e e e e e e e e e e

We replace class-1 by:
classroom (building, room_number, capacity)

el sl lsln_she_sbe_ste_ ol gl e ehe_sle sle sl

room_number, time_slot_id)
classroom and section are in BCNF.

Let F. be a canonical cover for F; 7] 'T‘-E’_TP\)]%%
[ :=0;
for each functional dependency a — gin F.do

if none of the schemas R, 1 <j <icontains o f _IT FC\—T’) — ?.]7"{)777;7*"’1\]\%

then begin
(=1 + 1
R'; = O /B y
end
If none of the schemas EJ,—, 1 <J <icontains a candidate key for R L
then begin |
=1 +1;
R; := any candidate key for R;
end

[* Optionally, remove redundant relations */

repeat
if any schema R, is contained in another schema R,

ﬁﬁﬁﬁﬁﬁ

then /* delete R. */ 7

55555 )
le - 'K

-

[=i-1;

return '(R1, Ry, ..., Rj )éé%—-iﬁ%i}ﬂ[;
Qq . Relation schema:

A= B = k= (A P)

ar

R Pare o
T 0%

The functional dependencies for this relation schema are:

customer _id, employee _id — branch_name, type
employee_id — branch_name

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm e e e e e e e e e e e e e e e e e e e e

DA EB B R RES
SHFRAIN
NN Y



%77/

We first compute a canonical cover

branch_name is extraneous in the r.h.s. of the 1st dependency

mmmmmmmmmmmmmmmmmmmmmmmm e e e o s e e e el e e e e e e e e e e

No other attribute is extraneous, so we get F. =

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

()75

The for loop generates following 3NF schema:

(customer_id, employee_id, type )
(emplovee_id, branch_name)

Observe that (customer _id, emgiogee id, type ) contains a candidate

key of the original schema, so no further relation schema needs be
added

G) MR EE

(employee—1d, brandh _name) EARE3H
(ustomer, brand_nane , enmployae_id.)

At end of for loop, detect and delete schemas, such as (emplovee_id,
branch_name), which are subsets of other schemas

result will not depend on the order in which FDs are considered

The resultant simplified 3NF schema is:

_,——‘——u

(customer _id, employee_id, type)

BRST oo

Let R be arelation schemaandleta c Rand p c R. The multivalued

dependency

o —>—>

holds on R if in any legal relation r(R), for all pairs for tuples t;and t, in r
such that t;[a] = {,[a], there exist tuples {5 and {,; in r such that:

Lla] = t[a] = &3 [a] = 4 [a]

([B) = t1[B]
LIR — Bl = IR — B
{4 [B] = b[P]
LR —B]l= §4[R — B

a8

Tabular representation of a -»—

a & K- -
by | a1...4 Ajg 1000l Ajy 1«0y
f'g 1 ...4; br+1 . bj bj.,.] b”
3 | 41...4 Aiy1...4, b;+1- b,
by | Ay...4 Dy e 1) Ajiy 1.8y




RIFAHIR & JIBIRER

If o — B, then oo >— 3

ganzy

A relation schema R is in 4NF with respect to a set D of functional and
multivalued dependencies if for all multivalued dependencies in D* of the
form oo 5>— B, where o c R and p c R, at least one of the following hold:

a—>—pistrivial (le., caoraup =R)

aaaaaaaaaaaaaaaaaaaa

If a relation is in 4NF itis in BCNF
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<}7:‘7<?)-5/ 7« RAW\
TRk B s KOV
—18 < 3. cache
TR =5 114w
Z R KgtE B Kb 4%
D BIRTE « SATAL SAS ViMe

%%7% H < SAN (Storage Ara Metwarks)
NAS (Vetwrk Attached Storage)

[[[[[ 1. Aot A
= e GRS

27 108K (300 10P3)

4] % i) ( %i;MEFJ

#AR 2 (F$0) st TR

RAILD: %%%Tﬁ @@@@

(a) RAID O0: n

@868..

(b) RAID 1: mirrored disks (\%’qi )iﬁm j_"‘g{g ?)

JEEEE

(c) RAID 5: block-interleaved distributed parity

(PI% EATI%ES)

e
ZibEEGN\  FLRK
PEEARA = PR g



Logical Page Address

Page write

PR

Flash Translation Table

§L/ B%L% (%,76)
| T34% — L% k
PR RPAR
QEEER

record (0

record 1
record 2
record 3
record 4
record 5
record 6
record 7
record 8
record 9

record 10
record 11

ONE N 2

header
record 0
record 1
record 2
record 3
record 4
record 5
record 6
record 7
record 8
record 9
record 10

10101 | Srinivasan [ Comp. Sci. | 65000
12121 | Wu Finance 90000
15151 | Mozart Music 40000
22222 | Einstein Physics 95000
32343 | El Said History 60000
33456 | Gold Physics 87000
45565 | Katz Comp. Sci. | 75000
58583 | Califieri History 62000
76543 | Singh Finance 80000
76766 | Crick Biology 72000
83821 Brandt Comp. Sci. | 92000
98345 Elec. Eng. 80000
o GBS
10101 | Srinivasan | Comp. Sci. | 65000 >
15151 | Mozart Music 40000
22222 | Einstein Physics 95000
33456 | Gold Physics 87000
58583 | Califieri History 62000
76543 | Singh Finance 80000
76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000

record 11

QG

%’?

I"'"ll""'l

FPE

e

nul(

Physical Page Address

Logical address and valid bit
stored with each
physical page (extra bytes)

ull bitmap (stored in 1 byte)

21,5

26, 10

36, 10

65000

10101

Srinivasan

Comp. Sci.

Bytes 0

4

12

20 21

26

36

45
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SN
AN
Block Header Records
SiZE' # Entries 3 4 2 Free Space Sl
[Location
= %"’l }fﬁl T‘?ﬂ‘.‘l st
73
AR
7 —
1] 2
(D NRE

10101 | Srinivasan | Comp. Sci. 65000 —7

12121 | Wu Finance 90000 ~7

15151 | Mozart Music 40000 > ,9 ﬁ) )_?3:\3\:4—
22222 | Einstein Physics 95000 | /"? \ H
32343 | El Said History 60000 ~7

33456 | Gold Physics 87000 ~7

45565 | Katz Comp. Sci. | 75000 —7

58583 | Califieri History 62000 —7

76543 | Singh Finance 80000 —7

76766 | Crick Biology 72000 ~7

83821 | Brandt Comp. Sci. | 92000 -7

98345 | Kim Elec. Eng. 80000

32222 | Verdi Music 48000

"'Y‘/ _ N
AGEES (HE KRB, RAeH-T)

%K%

dept_name building budget

Comp. Sci.

Physics

ID name dept_name salary
10101 Srinivasan | Comp. Sci. 65000
33456 Gold Physics 87000
45565 Katz Comp. Sci. 75000
83321 Brandt Comp. Sci. 92000
C_Comp. Sci. Taylor

L Fﬂ] Cw Sa- 1%’) "-F

45564 Katz 75000
10101 Srinivasan 65000
83821 Brandt 92000
Physics Watson 70000
33456 Gold 87000

D%

%@% TE T A
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e S

search-key

pointer

|72 - ﬁmé

3

VoA%4

I sINOL €3¢
— kIR

VAVAVAVAVAVAVAVAVAVAY

10101 ~ 10101 |Srinivasan | Comp. Sci. | 65000 > Biology - 76766 | Crick Biology 72000
12121 ~ 12121 |Wu Finance 90000 ” Comp. Sci. » 10101 | Srinivasan| Comp. Sci. | 65000
15151 > 15151 |Mozart Music 40000 | Elec. Eng. N 45565 | Katz Cﬂmp. Sci. 75000
22222 22222 | Einstein Physics 95000 -7 Finance N \ 83821 | Brandt Comp. Sci. 92000
32343 T;—;:» 32343 | El Said History 60000 _g History \ 98345 | Kim Elec. Eng. 80000
33456 11 ~ 33456 |Gold Physics 87000 _-7 Music \ 12121 | Wu Finance 90000
45565 - 45565 |Katz Comp. Sci. | 75000 . Physics \\ 76543 Singh Finance 80000
58583 ~ 58583 |Califieri History 62000 —*7 32343 | El Said History 60000
76543 ~| 76543 |Singh Finance 80000 _ag 58583 | Califieri History 62000
76766 ~ 76766 |Crick Biology 72000 i 15151 | Mozart Music 40000
83821 - 83821 |Brandt Comp. Sci. | 92000 —-P 22222 | Einstein Physics 95000
98345 - 98345 |Kim Elec. Eng. | 80000 - 33465 | (Gold Physics 37000
10101 > 10101 |Srinivasan| Comp. Sci.| 65000 T
32343 | ~ 12121 [Wu Finance 90000 :
76766 | \ 15151 |Mozart | Music 20000 |
22222 |Einstein | Physics 95000 -7
32343 |El Said History 60000 _7
33456 |Gold Physics 87000 —7
45565 |Katz Comp. Sci.| 75000 —7
58583 |Califieri | History 62000 _7
76543 |Singh Finance 80000 —7
76766 |Crick Biology 72000 —7
83821 |Brandt Comp. Sci.| 92000 —7
98345 |[Kim Elec. Eng. | 80000 7
~ :
%%
OL L
SR AR
-2 AR
=
IHRGALS
RAEAEGS)
40000 f’% 10101 | Srinivasan | Comp. Sci. | 65000 N
60000 | - / 12121 | Wu Finalf::e 90000 —g
62000 | — / 15151 | Mozart Music 40000 —
65000 | 22222 |Einstein | Physics 95000 | _l«
72000 | — 32343 |El Sai i .~
-5000 | J———> aid HlStC'rI‘Y 60000 =
30000 | = 33456 | Gold Physics 87000 _|
e 45565 | Katz Comp. Sci. | 75000 _g
S x\ 58583 | Califieri History 62000 P
92000 R‘\ 76543 | Singh Finance 80000 =
95000 ﬁ.\\ 76766 | Crick Biology 72000 =5
83821 |Brandt Comp. Sci. | 92000 |
\ 98345 | Kim Elec. Eng. 80000 _:>
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outer index

BT A
L SN
()otise - 3K
@i 2 A EN, TEERER S TL]
QETIEHER
Bl FCTY Y RV + 2RI 1010

-

index

\

| block O

\

index
block 1

."‘k".
1.

L

= (hie T

-\

| data \!,

-
R\blnck 1

data
block O

\

)* (o t Tomst)

Q9 n f_’L | “Wﬂﬂl | e DR Root node
—
|,|Ein5tr:-in| Gold Snnwaaanl - Internal nodes
Leaft nm:l{-::-s--:
Y
Erandtl |l-f_'alil"ir_-1'i| Crick I~l—>-—| |Ein5.t::in| El Said Gold | | Katz | l'-'.'.1m|~l—)- | Mozart | Singh | |— Srinivasan : Wu -

S

TTTlTTTTTTl'L

10101 | Srinivasan | Comp. 5c1. | 65000
12121 | Wu Finance 90000
15151 | Mozart Music 40000
22222 | Einstein Physics 95000
32343 | El Said History 80000
33456 | Gold Physics 87000
45565 | Katz Comp. Sci. | 75000
58583 | Califieri History 60000
76543 | Singh Finance 80000
76766 | Crick Biology 72000
83821 | Brandt Comp. 5c1. | 92000
98345 | Kim Elec. Eng,. 80000
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B*-tree for instructor file (n = 6)

Mozart

Singh

Srinivasan

/_] — El Sani Mozart
Brandt| |Califieri| | Crick| | Einstein —1 | Fl Said Gold Katz
S
Mﬂzartl

I-I Srinivasan

Adams| |Brandt +» |Califieri| | Crick +» |Einstein| |El Saldl —-)—l- Gold| |Katz| |Kim|4~| |[Mozart| [Singh - Srinivasan| |Wu
-
— — — —
]" —3? n | N [ 547
f#‘ﬁ
) | 2
Mozart | o ST e C e T C e P T PP T LT TEELTEETE Root node
IEinstein Gold Srlnwaqan ==-- Internal nodes
\ \ Leaf nodes-»
Y
Erandt |Ca]1ﬁer1 Crick I--:-— Einstein| |El Said Gold | | Katz | Kim I]"o.*'h::-z:t.fn'tI Singh -, [Srinivasan| | Wu 2ae
1 ] ] ] |
&ﬂ} a%kojﬂ@ IMﬂzart .
Affected nodes
/ =
||Einstein| |Gold|, [Srinivasan
. Bram:it Califieri| | Crick Einstein| |El Said Mozart Srinivasan| |Wu
IMDzartl
[|Califieri| |Einstein| |Gold|, |Srinivasan|,
Adams| |Brandt 4| |Califieri| | Crick <+»| |Einstein| |El Said Gold| | Katz ]| | Kim Mozart| |Sing Srinivasan| |[Wu

B*-Tree before and after insertion of “Lamport” Eit9

. Califieri

. Einst

ein
1

Gold

Mozart |

%

Affected nodes

Srinivasan

Adams

Brandt

Califieri

Crick

Einstein

El Said

Gold

Katz

Kim

Lamport

Mozart

Singh

Srinivasan

Wu

_-:;'Il
o
A
s

Affected nodes




’WH\FB

LlGod || || [l

- \\I -
- Califier | Crick Einstein| |El Said - |Gold | | Katz -+ | Kim | | Mozart
Before and after deletion of “Gold”
| Eins Gﬂld
Adams| | Brandt -+ |Califieri +=| |Einstein| |El Said Katz | |[Kim| |Mozart

SRR AR
N5 T
<O, Yongsan
Wb, EH
KR ~37]43 SHEN R 5

m%ﬂ]ﬁ%: ’:3&_
ARAEI S -)'— (L5414 %)

AR IR R RS &, ARSI

SeEEE)

Prefix compression BIZE4E

Key values at internal nodes can be prefixes of full key

« Keep enough characters to distinguish entries in the subtrees
separated by the key value

aaaaaaaaaaaaaa
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create index takes pk on takes (ID,course ID, year, semester, section)
drop index takes pk
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uer parser and relational-algebra
auety translator expression
BRIAL A5
T AR
(?;?Et = @4— execution plan
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data statistics
about data

EEATAT ()
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24
19
51

6%
14
16
16
21
3
2
7/
14

o la o (g ||| e|o]| 0| ol ®|0

initial
relation

Nested-loop join

19

31

19

24

14

33

14

31

98

|0 T| (0] Q. D

16

16

o |o|lal |l oo

24

Q.

21

3

3

14

H

16

21

14

19

14

33

21

d

14

d

7/

%

2

SO B & & R

16

Iruns

runs

Block nested-loop join (YA )
Indexed nested-loop join

Merge-join

Hash-join (¥ )

S |

16

24

= 'O B‘O‘ngg_.g_.n o'l | L

16

sorted
outpul

- P

- 0
.i 1

: 2
3

4

-

0
N
1

2

3

4

partitions
of r

partitions
of s




B A

BATALI (g -8)

1. Conjunctive selection operations can be deconstructed into a sequence of
iIndividual selections.

Og, n0,(E) = Og, (06, (E))
2. Selection operations are commutative.
0p,(06,(E)) = 04, (0g (E))
3. Only the last in a sequence of projection operations is needed, the others
can be omitted.

AT (B))-) = 1T (E)
where L, € L,...CL,

4. Selections can be combined with Cartesian products and theta joins.

0,(E1xE,) = E,,E, (Grrrtedt=8%)

051 (E1 ME‘2 E2) E1 X 04109 EZ

5. Theta-join operations (and natural joins) are commutative.

E.txt E, = E,IXE; (N qi;}ﬁ)

6. (a) Natural join operations are associative: (N\‘;] /N 2
(E1 > E2) < E3 E1 (E2 <] J 3

(b) Theta joins are associative in the following manner:

(E1 > 64 E2) X B2 A 03 jE3

E; Plp A 65 (Ez X 05 E3)

where 0, involves attributes from only E, and E..

7. The selection operation distributes over the theta join operation under the

following two conditions: @jﬁ-’ﬁj{?
(a) When all the attributes™in 6, involve only the attributes of one

of the expressions (E,) being joined.

SN (E4 D E2) (GBD(E1)) >l E2

(b) When 0, involves only the attributes of E; and 0, involves
only the attributes of E,.

ST PN (Eq D E»)

(G9,(E1)) D><g (04,(E2))
8. The projection operation distributes over the theta join operation as follows:

(a) If O involves only attributes from L, U L,: (&%ﬁ%}
T, OBy e Ez) = 1L (Eq) D 1, (E2)

(b) In general, consider a join E, <, E,.

Let L, and L, be sets of attributes from E, and E,, respectively.

Let L, be attributes of E, that are involved in join condition 0, but are
notin L, v L,, and

let L, be attributes of E, that are involved in join condition 0, but are

notin L, v L,.
H Lq v Lz(iE1 [':,(]E] EZ') H Lq v L2(H Lq L3(E1) [}qﬂ H Ly U L4(E2))




9. The set operations union and intersection are commutative
E.E, = E,UE,

nnnnnn

(set difference is not commutative).

10. Set union and intersection are associative.
(Eqw E,) U E; ZE U (B, U Ej)
(EinE,)nEys = Ein(E,n E,)

11. The selection operation distributes over U, N and —.
a. og(E1UE;y) = og(Eq) Uog(Ey)
b. co(E1NEy)  E0y(Eq) Moy(Ey)
C. oolE1—E;) = og(Eq) — oo(Ey)
d. oo(E1nEy) Eop(Eq) NE;
€. oy(E1—E) =oy(Eq) - E;
preceding equivalence does not hold for U

09 ZE
Hname, ﬁﬂe('ﬁdept name= ‘Music’

(Instructor < (teaches DX 11 ,,,se iq title (COUrSE))))

-\.-\.-\.-\.-\.-\.-\.-\.-\.-\.-u-\.-\.-\.-\.-\.-.-.-.-\.-\.-u-\.

Hname, ﬁﬂe((gdepf name= Music’ (fnsfructor)) X
(teaches X churse id, title (COU!" SE)))

-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'l—l—l—'-‘-‘-’

St D 6one. (E)= 09 (bo.lE)
(> 0o (0a:lE) = O (0o E)
@ Og (E1X QZ,EZ') (OG’;{E'))M% . &ﬁ‘?ﬁﬂ
OQI/\QL(I;I NQ?, LZ) (OQ, l:})) NQ; (Do, (E>) )

23%E, O T, (T (- T, (E) =TI (E), 4Ly~ Cln
@TL;ULZ(E! Mo Ey) = (7{] (£)) Ng(fﬁz(ﬁ)) iﬁ?ﬁ%ﬁ

358% O E XE, = EXE
QDEINE)NE; = EX(EXE)
(3) Og(E\XEr) = EIKQE. BHMRTESR =¥
Os, (1 Xlg, )= E1 g 16, B>

33
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i8):

select name,title

from instructor, teaches, course

where instructor.|ID=teaches.ID and teaches.course_id =
course.course_id and dept_name='music’ and year="2017’;

O SQLEARERA

| Tname, title <©m5f/uctor., ID=teaches.1p /\

teatnes. course—id = COUrse.. course-iol /\
dept-name = 'music' /\ year="50[7!
(instructor X teaches X course ))

OG-
(B W3R



—

name, ﬁﬁe

6 Instructor, 1p =teaches.1p N\
teaches. Coarse—_io = Course . covrse—ich /\

cept name = 'music' /\ year="10(7!
N
K |
/N
teacnes  course

OF =L HOICIE T DX

nme, ?flﬁ@

NSUUCLOy

G&QP‘LMME p ,MU(SIMC’ /\ >/Q6U’-_--f)_0}7l

DX} instructor, 1p=teaches. 1p

/ \msf/z%ctor

deﬂ%- CoArse_id = COUrSe.. (/OWLY@-/E?{

/N

teaches  codrse



INSTUCtOr
N’c@aches . COUrSe _fGI — COUIKSe.. LDM/E("J’-M

/ N\

COUrse
year—- 0[]

/

teaches
B) =4 X T 5Ik_(BRTH R4

name, ﬁﬁ@

N teanes . Corse _fd = COUFSe.. COU Stk

N
COUrse

msf/uctor ID=teaches.1p

/\



year=" 20}7/6 @ifmm”l 0 = 'music!

teaches Nstrictor

BERZZ

| ) ﬁtﬂwg\%ﬁ){

Hnﬂme title

—

D :] teaches.course id = course.course_id

/\ ____________________

{ ‘ name,course_id tftfe course id ‘j

mstrur:tﬂr ID=teaches.ID Course

/\\“

{ H!D course_id r{!D name }
G vear= 2017 O dept_name= "Music”

\

teaches instructor




B

5%k (B RATEnstt)
AR X - M = A ERT 7 GA,HERR

*4%S = 5= 5 KI(5 SV
BEL: 2

f; Mﬁﬂm\f . Perform selection early
-1 J  Perform projection early

Perform most restrictive selection and join operations



S5 99409 BB TIRE LT EAB IR AIFATHLBR
B

Qg « E.g., transaction to transfer $50 from account A to account B:
. read(A)

A=A-50

write(A)

read(B)

B:=B+50

write(B)

Blks Bt 3 (352 4%, DBHATARE ) — Ak (B3] - BHKS
FIDBEEREI BT E-) Pt (T 0T %), F T8
(ACID#51)

= Atomicity. Either all operations of the transaction are properly reflected in
the database or none are. |&

I B N

= Consistency. Execution of a transaction in isolation preserves the
consistency of the database.

= |solation. Although multiple transactions may execute concurrently, each
transaction must be unaware of other concurrently executing transactions.
Intermediate transaction results must be hidden from other concurrently
executed transactions. g

That is, for every pair of transactions T;and T, it appears to T; that
either T, finished execution before T; started, or T; started execution
after T, finished.

= Durability. After a transaction completes successfully, the changes it has
made to the database persist, even if there are system failures. A

partially
commy

B < ARE -TRANFIHITIKE
O HTHE



I, I,

read (A)

A=A-50

write (A)

read (B)

B:=B+50

write (B)

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

oLV b

T,
read (A)
A=A-50
write (A)
read (A)
temp =A*0.1
A=A -temp
write (A)
read (B)
B :=B+50
write (B)
commit
read (B)
B =B + temp
write (B)
commiuit

PRI LT
RIHEHE -

1. l,=read(Q), ;

2. I;=read(Q), /= write(Q). T
3. l=write(Q), [=read(Q). T
4. |, =write(Q), |, = write(Q). T

-

TR IPTRIGS = SWRET = FRI U

I

read (A)
write (A)

read (B)
write (B)

ALE 4770

I

read (A)
write (A)

read (B)
write (B)

I NOF ARG

SNel=2E

OV ENEIE

’QU ) ’E% Iy, Ty T
read (Q)
write (Q)
write (Q)
write (Q)

T T,
read (A)
temp :=A*0.1
A=A -temp
write (A)
read (B)
B =B + temp
write (B)
commit
read (A)
A=A-50
write (A)
read (B)
B :=B+50
write (B)
commit
r/
] \ . .
read (A)
A=A-50
read (A)
temp = A * 0.1
A=A -temp
write (A)
read (B)
write (A)
read (B)
B:=B+50
write (B)
commit
B = B + temp
write (B)
commit
read(Q). /;and /;don’t conflict.
ney conflict.
ney conflict
ney conflict
Tl’ TE
read (A)
write (A)
read (B)
write (B)
read (A)
write (A)
read (B)
write (B)



o, T - - -
read (A) read (A)
write (A) write (A)
read (A) read (B)
write (A) write (B)
read (A)
read (B) write (A)
write (B) read (B)
read (B) write (B)
write (B)

PRAH TN AR B AT 17)
A ART T

N~T>vR, OB = T, -,
o TR ST, #73 I REAE $63}

UL L) S

Iy
read (A)
write (A)
read (A)
t
waw | TR A

= TyAhE %, AT+

RGE DA

T?E
read (A)
read (B)
write (A)
(read (A)

write (A) d P P
- @%To\jvtﬁﬂ ) IR B

Wi



%ﬁﬁ%}%[/serializable — default

Repeatable read — only committed records to be read. 'z
';D\% )\W Repeated reads of same record must return same value.

- / N
5202, PHICFT
However, a transaction may not be serializable — it may find some 2 >
records inserted by a transaction but not find others. F&}‘F] J’%}%\%/}%%E

C%ﬁ,m) Read committed — only committed records can be read.

Successive reads of record may return different (but committed)
values.

Read uncommitted — even uncommitted records may be read. ‘/

IIAR - FEREIMA
B3 18] A )X
W& A2 %) (67)




g5 (S, shwed) —>REEIE

FgRxErt
S X ]T{
1 S | true | false
\ X | false | false
T i
lock-X(B)
read(B)
B:=8B-50
write(B5)

lock-S(A4)
read(A4)

@k_x (j@ J @% T.’?

5Ty

i

&= kil -1 transaction

252

D% X-lack iten, 18.-45] B 5 HomAp S—lock- _ 217 41044

FRIGHAR

() —REREXAHE,
@ Pl&%ﬂ%ﬁzﬁfﬁw
(3) wait-die & (13 % 3H35RG . wait )

[9F864]

¥%444.33%B: die) > M%%ﬁ

® %ﬁﬁwa}t BE (4% %%ﬁgﬁﬁﬁ : KILC,

%% %%’% %%%ﬁ Waff)




TRFA
D vicim B35
CrMIE %

@ ﬁﬁ . 1} ‘ T, concurrency-control manager
N lock-X(B) |
| grant-X(B, T,)
read(B)
B:=B-50 |
write(B) |
unlock(B)
lock-S(A4)
| grant-S(4, 75)
' read(A)
' unlock(A)
| lock-S(B)
| grant-S(B, T,)
' read(B)
| unlock(B)
| display(4 + B)
lock-X(A4)
grant-X(4, 1)
read(A)
A=A+50 |
write(4)
unlock(A4)

Locks

| b gﬁ]ﬁéz’ LTI
@éﬁa Time @‘ﬁ%

Strict two-phase locking: a transaction must hold all its exclusive

locks till it commits/aborts. FEFEFREREA i ~ X_. b‘k
3% ﬂgif’iiou_

hY
* Ensures recoverability and avoids cascadin backs > W 'lm#ﬁ {F‘

Rigorous two-phase locking: a transaction must hold all locks till

commit/abort. ERLFENEZ ;]iiﬂ #ﬁk x_. bi ,m S- KOC’C [ﬁm“) ___,ﬁ_q ,}ﬁﬁ

» Transactions can be serialized in the order in which they commit.

FARKOPER

— Growing Phase:

can acquire a lock-S on item
can acquire a lock-X on item
can convert a lock-S to a lock-X (upgrade)
— Shrinking Phase:
can release a lock-S
can release a lock-X
can convert a lock-X to a lock-S (downgrade)
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7 Rl ABb5R

Mo 5 %R SIREE , ARG R IR IR
(BT A8 160 o ts92)

RERERIR (MR TR R 28700E%)

|

\/

SPRASTW « RRAER(BNR)
T RDRBBAREE |IBLKEXE R
Pl kbR IBH R

% O

’77%:41 o

- R
fz'ord }(7-7("0'3 TE‘% ‘ -}:‘E’& %‘fﬁ

(%)
oY

& ®

%%

intention-shared (1S)
intention-exclusive (IX)
shared and intention-exclusive (SIX)

IS IX S
IS true

SIX X
false

true true true

IX

true

true

false

false

false

S

true

false

true

false

false

SIX

true

false

false

false

false

X

false

false

false

false

false

W-timestamp(Q) is the largest time-stamp of any transaction that

executed write(Q) successfully.

R-timestamp(Q) is the largest time-stamp of any transaction that
executed read(Q) successfully.

(FI6R < T (Te) < W-timestarp (Q) = Te 18 - (BUEFRHR)

TS (Ti) 7 W—timestomp(Q) = Te 447, Fis QIR Y



P55 TS(Tt) < R— fjWS‘(Z?MP[@) 2 T 19 i (HIALIR)T3FE)
TS(TE) < W-tinestanp (8) = T 5k (HAES)
Wi, =2 Te 4T, Fsix QLYK HY

Iy s TSOMWMWTF, 27 B wiite (QIXRK

write(Q)
.@%mmﬁqgmmfﬁ, nte (Q)e43

5 j’7w ”(/J:_\/ 3”#]»1;% (%;7545)

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

e e e o e e i o e e i o e b [rE e

R st TS CT) < AinshTSCTe) < vatdawon(T) , o7 dmerT

Tys by

read(B)
read(B)
B:=8B—-50
read(A4)
A=A+ 50

read(A)

<validate> &

@splay(A + @ — N “‘TZS%%)\- ) $5(-T26 $ﬁé ,35%}“@.1 Tlﬁ ?07%@1.@

<validate>
write(B)
write(A4)

V|2 « 23 AZ @R
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DS HAHTRURR 0N
Content — the value of version Q. §9 P%Mj' e 2

nnnnn

@%m@%k
&35 Rik$H OEF 35

Q) mEIa8 (51)

Better solution: snapshot isolation level 7EfRIE G250 ~, —PNEHESS

BT i O M e 5 T SR 00—
(&, SRR TERA TSR R B, F2 BT . SSBIRS DI

S IR TR MR R IR, FAKEARK

STAHAE: y%x%k
1%@% TAJR DGR < REREH] SR 2 B




@ hix ik (40, AER)
SHRA KR

2) &hodhis

PLZABIR - HRRAT, BBRY
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transaction can modify the same item until T, has committed or aborted
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Redo phase: replay updates of all transactions, whether they
committed, aborted, or are incomplete

Undo phase: undo all incomplete transactions
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