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store shopping_list
store name | goods goods

A bread bread

A butter butter

A milk milk

B bread

B jam

C coffee

(5) 000000 storeJ 000 storename 10 0000000000000 O0OOODO shopping list000000O0
booobOobOoboo0oboob0obooboOnd steorename 0000000

store - shopping_list
gooooobooo

store_name

A

5 OD0O0OO0OD0O0OO0O0OU0OO0OoOOoooOoon sQL
5.1 SQLOOO

e SQLOODOOODODOOOODOODOOOODOODOOODOOOOODOOOUODODOOOODODOODOOOODOOOO
goooo

e I0IODUODDUODDODOIOOOODOOSQLEY(TDDO SQLL),SQLI2(0 OO SQL2), SQLI(T OO SQL3), SQL:2003,
SQL:2006, SQL:2008, SQL:2011 0 00000000

e J0000D0O0ODODOOOODODODOODODOOLDDDODODOSQLIYYYDOODOOODODOOO

e JO0OUDOUD (DML)OODUOODDOUOUDOODOO(DDL)DOOOODDOOOO

o NODOOOLOOODOODLODOLCOUDODOOOODOODOOOOOODLDOOOOUOODOOOOOOODLOODOODOn
oooooggoooooooooooa

e J00DUDUOUDDD SQLODD (column) 0000

e JO00DODOUODOOOODDOODOUODDOODOODDODOOODOODOODOODOONULLODOOOOOODO
O ‘NULL’O0D00000oDooonog

5.2 SQLOOOOOOO
SQLOOOO0O0O0O0CO0DOOO00DOOO0OO0DDOO select0DOOOOODOO 260000

select [all | distinct] <OO00O> from <OO0O0O>

[where <O 0O 00 >]

[group by <00 0O0OOCOODOOOO>] [having <OO0O0O0O0OO0DO0O>]
[[union [all] | intersect | except] OO ODO]

[order by <00 ODOO> [asc | descl]

16



— &

select 5I|') X+ from &'J A+ where &R &H

o EEOMEF|EIL from-where-selectD)ET
EZIZSHAEBMBLPI L, UL—aFILRE
ERESEBHERDESITH DB,

5l select R.A from R,S where R.A=S.B

fromR, S -r------ RxS(RESHET)
where RA=S.B---- O'R'Azs_B(ig*REﬁ%:)
select RA -« --- TrABTRZEE)

0 26: SQLODO O

[l]O00O00D0OO00O0DOOO00000D0e | PIODOOOOCODOOOOOODOO0a000P000000DOCO0O0OOOC
ob00oobO0b0o0b0 «0boobocobooboobooobobn

select 000 O<O0000>000000000000000DOCO00O0O0O0O0<0O0O0O>>0000000D0000O0O0O
obooobOOo<goOooo>00boboooboobobooooobooooooboboooobooboooon

select 0000000000 ODODOOO<0OOO0>000select00000000O00OD0O0O0OOOracled SQLY9
oboooooboboooooboobooboboobooboooooo

select 0000000000 select 000000 O0O0O0OODOOUODO 400000 (D0DODOOO0OO)0O0O0O<O00O0O
U>0000000000000000in000 existsOUOOOOOOOO0OOOOODOOO
<goOgo>oobooboboooocobobooobooboobooon

=, <>, >, <, <=, >=, like

D00 likeODOOOODOODOOOOOOOO1ike "empl" O emp OO OO0 OOO1like "%loyee" O loyee DO OO
ODO00D0O1like "%loyk" O loyOOODDOOOODOOOODOOOODOOOO
OO000DOOo0o0o0ooO0o0ooDbOoOoaAaDdoROOOODOOOOODO

53 SQLOODOODOOOO

Ubooob002000 empO dept00 000000

emp dept

empno ename deptno | salary deptno dname manager
EO01 Smith D01 100 D01 Account EO01
E02 Morgan D01 80 D02 Personnel E04
EO03 Robert D01 90
E04 | Washington D02 120
EO05 Lincoln D02 100
E93 Matsuda D91 90

(1)Jo00o0000o0O000O00O0U000o0O0Uo0OoO0oUooooUooon

(I-)Demp000000OO0OOOO
select * from emp

gooooooao

select empno, ename, deptno, salary from emp

gooooobooo

empno ename deptno | salary
EO01 Smith D01 100
E02 Morgan DO1 80
E03 Robert Do1 90
E04 | Washington D02 120
E05 Lincoln D02 100
E93 Matsuda DI1 90
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(1-2) 0 emp OO0 deptno0 0000000
select deptno from emp

gooooobooo

deptno
D01
D01
D01
D02
D02
D91

000000000D00000 mepeno(emp) 00 0000000000000 00O0O0OO0O0OO0O0ODOOOOOOOOO
select distinct deptno from emp

gooooobooo

deptno
D01
D02
D91

(I-3) 0 emp U0 salary0 1000 00000000000
select * from emp where salary >= 100

00000000000000 osatary>100(emp) 00000000000

gooooobooo

empno ename deptno | salary
EO01 Smith D01 100
E04 | Washington D02 120
EO05 Lincoln D02 100

(2)00000U0OOOOUOoOoOOOn

SQLOoOOdU0OoooO0OooDooUoOoooOdU0OoooOdUooDooU0UoOoOoO0U0ooDoOOoU0U0oDODoOO0UbOoOoODgoDooog
00000000 (aggregation operation) 0000000000000 0DavgD 00 0O0sum 000 0O0max0 0000
minO0 00000 countD OO OO00OODOOOOODOO

oobooooboboobooboooooboobobOobDobobDoooooboobDobDobooobobooboboDbOoDoo
00000000000 0DO0O000000000D0000O00SQLOO group by OOOOOOOOODOOOODODO
ooooooooo

O00OhavingOOOOODOOOOOOODOODOOOOODOODOOOODOOOODODOOOOD 3SOOOOODODOO
o0s0000000000000

(2-1)00000000000000000 empU0 deptno0 DO1OODO0O0UO0OOO0O0OOsalary00000O0O0O0O
select avg(salary) from emp where deptno = ’DO1’

oooooooooo

avg(salary)
90

(2-2)J00000000000000 empUO0 deptno0 00000000000 OOsalary00000000O0

select deptno, avg(salary) from emp group by deptno
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oooooooooo

deptno | avg(salary)
D01 90
D02 110
DIl 90

(2-3) Dhaving OO O OO0O0OO00O0O0OO00O00 empd0000000 300000 deptnod0 000000 deptno O
salary 0000 O0ODO0O

select deptno, avg(salary) from emp group by deptno
having count(*) >= 3

gooooobooo

deptno | avg(salary)
D01 90

(3)00000

gooooOooOd0OooOOobOobooOooO0oo0gooOOobOoOooO0bOo0ooO0obOOooooooOobOoOoDoooOoboooag
gooooOobOOd0OoO0oO0obOdbOOoo0obo0ooOOoobOO0bOoooOOoDOoboooooooo

gooooooooOdoobOoOo0obOooooodooooo00ooo0gooooogooooOooooooooo
00200000000000000000000000C0SQLO0O0OC0O0OO0O0OOOOOOOSQLOOOOO (natural
join) 00 0000000000000

goooooobOobo0ooOOooOooOoO0bOO0bO0obOoooOO0bO0OooOO0oOobOOoO0oO0O0oDO0bDOobOoobDooDOooDoOoo
goooooOdobooO0ooooOdbDdOooooOooOobOO0bOOo0oOO0oDOo0ooOOoo0oOO0ooDOOo0oDOoDOoboDooboOoogoDoo
0000000000000 0000000000000000 (outer join) 00D0O0OO0D0OOOOOOOOODOOOOO
0000000000000 000O00000O00000o00O00oUoO00oUooOO (3-2)000000oooUoooo
0000000000000000000000000 (left outer join)D 000000000 ODOOOOOOOOOOO
(right outer join) DO D OOO0OODOO0OO0OOOOOOOOOO (full outer join) D000

obodoOooo0oobOOooOOooO0oobOOoO0bOOooOO0oOobO0obOO0obDO0DO0oOoO00bOoDOoODO0oOobODOoDOooOOoobOoDog
J00d0d0 empOOO0O ename J OO0 O emp.ename O 0O 0O OO

oooo2000000000b000O00oboooobo0obOoobooboobOOoobobob0oOoDoDOobODooDOOob
oooboooooobobobooogooobobo0oobDOobobooogooobD10booDoboU 2booooooobDOoboOoo
ooooooboooood

(3-1) O emp 00 dept 000U Odeptno 0 dname O Account 00000 ename DO 000

select emp.ename from emp, dept
where emp.deptno = dept.deptno and

dept.dname = ’Account’

OO0o00osqQL:19990 00000 0oooooonoooon

select emp.ename from emp join dept
on emp.deptno = dept.deptno
where dept.dname = ’Account’

(3-1)0000000000000000000000a0bP0O00OOO

select a.ename from emp a, dept b
where a.deptno = b.deptno and
b.dname = ’Account’

gbooobobooooboooooooao

Temp.ename (Udept .dname='Account’ (emP X emp.deptno=dept.deptno dePt ))

gooooao
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oooooooooo

ename
Smith

Morgan

Robert

(3-2)0DempU0 dept 00000 ODOO0OOO0ODOOOOOOOOOOOOOO
OO0000000000O0 deptno0000000D0OOOO0ODODOO

select emp.*, dept.dname, dept.manager from emp, dept

where emp.deptno = dept.deptno

gboooooooooobooogn

empno ename deptno | salary dname manager
EO01 Smith D01 100 Account Eo01
E02 Morgan D01 80 Account EO01
E03 Robert D01 90 Account EO01
E04 Washington D02 120 Personnel E04
E05 Lincoln D02 100 Personnel E04

OO0OCOOOOCOOOO0OO0O00empO0 dept0 00000000000 O0OO deptnod 0 O00O0OSQL:1999000
obooooobooooooobobooonog

select * from emp natural join dept

obooobOobooooobooboooooooooboooobooboboooooboOoboooobobo2000000
0000 deptno0O0O0O00O0OQCO

deptno | empno ename salary dname manager
D01 EO01 Smith 100 Account EO01
D01 E02 Morgan 80 Account EO01
D01 E03 Robert 90 Account EO01
D02 E04 Washington 120 | Personnel E04
D02 EO05 Lincoln 100 Personnel E04

natural join 0000000000000 0DOOOOODOOOOOOOOODOOOO
select emp.*, dept.* from emp natural join dept

gboooooboboooooboboooooboboooon

(3-3) DempO0 dept 000 Oenamed dname 000000000000

gboooooboooooobooo

select a.ename, b.dname from emp a, dept b

where a.deptno =

b.deptno

ODO00000000Onatural joinOO0000000DO0OO0O00ODOOO

select ename, dname from emp natural join dept

gooooooooooooooo

ename dname
Smith Account
Morgan Account
Robert Account
Washington | Personnel
Lincoln Personnel

OO000000000 empUO00 MatsudaOOODODOOODO0OO0O00000O00DODOO0O0DOOO0O0ODOOOODODOO
bobooobooboooboobooboobooobooboooooooobooooooobooobOooooobooobOoooaoon
gboooboobooooboooooon
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select a.ename, b.dname
from emp a left outer join dept b on a.deptno = b.deptno

boobooooboobobo0ooobobo0bo0ob00O00g right outer join OO DO OO
OO00o0o0O0o00b0OONULLDODDOOObOOOooooooo

ename dname
Smith Account
Morgan Account
Robert Account
Washington | Personnel
Lincoln Personnel
Matsuda NULL

(4)00000(0000000)

OO0000000D0selectDDODO0O0O0O0OO0O0O0DOOOODOOO0OO0OODOOOOODODOOOOOOODOOOODOO
gboooooboboooooboobooooooobaon
obooooboooobobooooobobooooboobobooobooboooobooboooon

e NOOODOOOOODO
OO00O0O0Oselect 0000000 OOO0ODOOODOODOOOOOOOODOOOOODOOOOODOOODOOOOOO

(4-1) O emp O 0 dept 00O 0O O dname O Account 0 O O dept 0 manager O salary 000 0O O

select salary from emp
where empno =
(select manager from dept where dname = ’Account’)

e in1OOOO

ODO000O0Oselect 000000000000 DOO0OOO0O0ODOOO0OODOOOODODDOOOODOOODOOOODDODOOO
boboobobo0ombOoO0oOoOobOOobOOooboobOoboobooonog

(4-2) 0 emp 00 dept 00 O Odeptno 0 dname 0 Account 00000 ename DO0O000000 (3-1) 00000000
ooood

select ename from emp
where deptno in
(select deptno from dept where dname = ’Account’)

0000in000000001000000000000DO000000DO0DOO0DOO0OO00OD0O0OO0O00O00O0o0O0DOOoDOOon
Onot in0 in 000 notd000O00OOD0OOODOOODO

e existsUJUODDONO

O00OODOselect DOODDODODDODOO0OO0OODOOODOODDOODODODODODODOODOODOOODOOODOOOOODOOOD

exists OO OO0O0O0O0O0DOO0O0O0OOO0OODOOO
exists HOOO0O0O 2000000000000000000000O00O000O00O0O0O0O00O0OO0OOOOOO

(5)SQLOODDO000

SQLO 000000000000 0000O00000O00000O0000O0000O00ODO00ODOO00ODOO0ODDOO0bOOd

e 0UDU: +00000-0000O0 *WOOOO /OUODOOmod(x,y)OxO yOOOQOOooQ
e N0UD: n(x)Ox000000O0lg(x,y)UxOODOODO yOOOOOOooooooQ

U0 0O select empno,salary-20 from emp
where salary >= 100

gboooboboooobobooooboooobooooooooooooboOooboooon
gboboooobobooobooboooobooboboooooboboo
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select empno, salary from emp
where salary < avg(salary)

gooooooooooosSQLoooooooooooooooo

select empno, salary from emp

where salary < (select avg(salary) from emp)

(6)SQLOODDDDOOO0

SQLOO0O0000000000000000003ooooooo
ub20000000000000000000O00DOO0

(Q1) select count(*) from ref

(Q2) select count(*) from ref
where startpage < 100 or startpage >= 100

startpage 000000000000 (Q1)0 (Q2)UOOIUOOOOUOOOOUDOOOOOwhereOOOOOOO
oboooooobooboooobooooobooboooobooonog

000000000000 Oxisnul 0xO00000000O0xisnot mull 0xO000000000000000000
000
00 (Q3)00000(Q)O0000DNno0g

(Q3) select count(*) from ref

where startpage is null or startpage < 100 or startpage >= 100

54 SQLOOOOOOO

o000 s20000000000000 emp0 000000000 2000 emp10 emp200000

(1)0oooo

[ODO00] <0O0000> uwnion <0 OO00O0O> [union <0 OO0OONO>]
[O] select * from empl union select * from emp2

(00)wmion 00000000000 OOdistinet000000000D00O00ODOO0O0UO0OUOOOOOOOOOODO
Uo0oo0ooo0ooioofdbo0ooo0o0b0ob0000dbDuwiond00 al100000 union 2110000 2000
obooooobooooooooon

[O] select * from empl union all select * from emp2

(2) 000000

(0001 <00000> intersect <0 00O 0> [intersect <0 00O 0O>]
[O] select * from empl intersect select * from emp2

Ub00000D00existsUDOOO0OOO0OO0ODOOOOOOODOOOOOODOOO

[O000]1 select * from <O 0 1> where exists
(select * from <O O 2> where <O 0O 1>.<00 1>=<0O00 2>.<00 2>...)

[O] select * from empl where exists
(select * from emp2 where empl.empno = emp2.empno)
gbooooooboboooo
select * from empl x where exists
(select * from emp2 y where x.empno = y.empno)
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T |
— N =<
|

[ R

T T o |

0200000000

U000 l0exists 000000000000 0D0O00O0O0O00O0O00O000000000D0000000DOexistsO0 0000
oboooooobooboooboobooooooboobooobooooobooooboooboooobooooboooboooobooooboooboooOon
obooooboooobobooooboboooobooboboooboobooooobooboooon
OO00200000000000exists0 000000000 0O00O0O0DO whereDOO20000000000000000
O0o0O0O0O0b0O0b00000b000empno0 emp1 O emp20 0000000000000 O0O00O0O0OOODOOO

(3) 00000

(0001 <00000> except <00 000> [except <O O 00OMO>]
[O] select * from empl except select * from emp2

(I]I:I)intersect, except UOODODOOODDOOODOOODDOOODODOOOOD intersect all, except allll
O0o00oO0oooooa

U00000ODexists0 0000000 OO0O0OO0O0OCODOOOOOCOO0OO0

[OD00O] select * from <O 0O 1> where not exists
(select * from <O 0O 2> where <O 0 1>.<00 1>=<0O00 2>.<00 2>...)

[O] select * from empl where not exists
(select * from emp2 where empl.empno = emp2.empno)
obooooooboobooono
select * from empl x where not exists

(select * from emp2 y where X.empno =y.empno)

(4) 0000

[ODO00O] select <00 1>.<00 1>, <00 2>.<00 2> from <00 1>, <00 2>
[O] select empl.ename, emp2.deptno from empl, emp2
obooooooboobooono

select x.ename, y.deptno from empl x, emp2 y
gboooboobooooboboooooboooooboboooooobooooboOoboobooonog

[O] select x.ename, y.deptno from empl x, empl y

(5) 000
000000000000000000000000000000000000000002702000R0S0000
000000000 R+SO00SQLOOONONDNOOO0O0ONONOONDO

select distinct a.X from R a
except select distinct e.X from
(select distinct b.X, c.Y from R b, S ¢
except select d.* from R d) e
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o0 D020 R, SOO00O0OO0 R+-SO000OO0O0OO0OOOOOOODOOODOOOOOd

R+ S=nx(R)—nx((nx(R) x §) — R)

000 SQLOIOOODUO0DUO0OUODOUOUOOUOONO nx(R)xSOO0O0OOOO SQLO (1)OD0oO00oooooo
oooboooood 27(&)DDDDDDD

select distinct b.X, c¢c.Y from R b, S ¢ (@D
0000000000000 0000000000000 SQLO (2)0ooouoooo2r(h)ooooooo

select distinct b.X, c.Y from R b, S ¢ (2)
except select d.* from R d

000 (2)000000 nx 0000000000000000000000000000SQLOO (3)0000000
0000 27(c)0000000

select distinct e.X from
(select distinct b.X, c.Y from R b, S ¢ (3)
except select d.* from R d) e

000 #nx(R)0 (3)000000000000SQLOD (400000000000 27(d)0000000

select distinct a.X from R a
except select distinct e.X from (4
(select distinct b.X, c.Y from R b, S ¢
except select d.* from R d) e

(00)000U0D0O0O0O0OO except00OO0OOODODOdistinet00 0000000000000 0OOOOOOOOOOO
OO0000000SQLOOD distinet 0000000000 DOOOOODOOOODDOOOODODOO

5.5 SQLOOODOOODOOODOODO
(1) 00 (insertO)
[0 O00] insert into <O 0> values (kOO O 0OOO>IkOO0O0OO>)

[O] 4insert into emp values (’EO01’, ’Smith’, ’D01’, 100)
insert into R1 values select X, Y from R2

(2) 00O (deleteO)
[0 00] delete from <0 0> where <00 00>

[O] delete from emp where ename = ’Smith’
(3) OO (update O)
[0 00] update <O 0> set <O 0> where <0000 >

[O] wupdate emp set deptno = ’D02’ where empno = ’EO01’
update emp set salary = salary-10 where deptno = ’D01’

5.6 U000

000000 create table 0 O
[0 00] create table <O 0> (<00 0O>[, <0O0>...1)

[O] create table emp
(empno char(3), ename varchar2(15),
deptno char(3), salary number(6))

gbooo<ooo>o0ogboobooooboboboooooboo1l10boon
Ub0o0000b00000 drop tableJOOOO0OODOOO0OO00O0O alter tabledOOOOOOOOOO
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010000000000
T—5E St T—5%I

char(H(X) |BEEENXFET—4, ¥1XFE |'ABC
SHIEATED D, Y1 XE1

~2000
varchar2 (Y |AIZEROXFT—4%, H(4X(F1 ['ABC
£ Z) ~4000

number(p,s) |#IET—%, FEEpLLIEYsEE | 123, 123.45
ELLRWMESILZ /NS

(38111=)
date Bfit5—4%.4l+1=-0%F. A. B. |'2006-01-15

BERE. 7. BEfLTRT47 1251 17:15:30'
A1Bh5FEFE9999F12 31
BETkZD

XS

HnEs | Bmb &%
G1 AEE

G2 FLE 5

G3 Irav

O28: 00000

57 00O (QO)OOO

00000000 create view O O
000000030000 0000000000O0O00000O0O0000O0O0O00O0

[000] create view <O000> as <00 000> [with check option]

[O] create view O0O0O0O
as select OO .0000, OO.000, sum(d0O) from OO, OO
where 00O .0000 =00.0000
group by 00O . 0000, O00O.000

gooobo280000000

[0]1 create view high_salary
as select * from emp where salary >= 100
with check option

0000 with check option D00 00<O00000>000000000000000D0000000O0O000O0OC000OO
gboooooboboooon

update high_salary set salary = 50 where empno = ’E01’

5.8 0OUO0OOOO0ODOOO

SQLODODO00000000000000000000DBMSOO0OO0OOOOOOOOOOOOOOOOOOOOOOO
0000000000000 00000000000000000000000000000 (query execution plan) OO
gbooobobooobooboboooobooboboooobobooboobooboboooobooboDbo

gbooooboobooooooboooooobobooooboooobooboobooooboobobooooobOooboooon
gbooooobdoboooooboobooooooobobooooboboooon
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ocooooosQLoooooooooooooooooogooooooooooooobooooDboooo
oboooooboooooboobooooboobooooobOobobooooboobbOOoboooooboOoboooooboOobooon

obooobOobooooobooboooooobon

emp dept

empno ename deptno | salary deptno dname manager
EO01 Smith D01 100 Do1 Account EO01
E02 Morgan D01 80 D02 Personnel E04
E03 Robert D01 90 D91 Personnel E91
E04 | Washington D02 120
E05 Lincoln D02 100
E91 Matsuda DIl 90

ooo

select distinct emp.empno, emp.ename, emp.deptno, dept.dname
from emp, dept

where emp.deptno = dept.deptno and emp.empno = ’EO01’

gboboooobooooooboobooboooobooooboobobooooobOoboooobbouobogbemp
Oaldept0 bODODOOOODOOODOODBO

(1) 7Ta.empno,a.ename,a.deptno,b.dname(Ua.deptno:b.deptno/\a.empno:’EOl’(a X b))
(2) 71-a.empno,a.ename,a.deptno,b.dname(O-a.empno:’EOl’(a' >y deptno=b.deptno b))
(3) 71-a.empno,a.ename,a.cleptno,b.dname(
7ra.empno,a.ename,a.deptno(Ua.empno:’E01’(a)) Na.deptno:b.deptno ﬂ-b.deptno,b.dname(b))
goooobooobbooboobobooboobOobDboobUobDooboboobobDboobobDboobobooobo
oobooboobooboobooboobooo
googoodoobooobooboobuooboboooboboboobooobooboobLoobOoobOoobOobOoooo
googobooobooooboo
gooooboooobooboobooooobobobboobboboobooooboobobooboobOobobobOoooD
gooogbooooboobbobbobooboobooobooboobboobobboboboobobooboboobon
goooboooobobooobooboobooboobobooboboobobooboboobooboobooob
gboo3gobuooboobuoobuoobuoobaooda
goooooobooboooboooboobooooboboobooboobooboobooboobDboobLboOoboboo
0000000000000 0000000000000000000000000000O0000 (query optimization)
gooo

(1)OOOODOOOO0O0OO0OOO (Rule-based Query Optimization)

00000000 ()ooOooUO0oU0ooOU0O0D00D00000000000000D00D00D0D0UDANDOODOOOOOOO
000000000 ANDOOODOOD0O0D0O0D0D0O0D0O0D0O0000o0o0o(2)Uo0000000D0U0U0U0ooo
00000000 @B) 000000000000 000OU0000D0000000M) D000 0DLOUO0UD0OD0ODO0O0O
goooboobooboobuooboobuoobooboobooobbobbooboon

0000000000000 0O00O0ODODprocessing tree) 0000000000000 O00O0O0O0OO 290000

(200000000000 0000 (Cost-based Query Optimization)
goooobooobooobooboboooboobooboobooboobooboobobboboobobOoooo

gobogboooboobooboobooboon
oobobobobobobooboobooboobooDooboboboobobDobDbOobDo0obDobDobODooboobDboOoo

goooboobooboobooboobooboboobooboboboboboooooboa

5.9 0O000O0O0OO0O0DOOO0
5.9.1 0000000
obooooobooooooobobooonog

(A)ooono
000000000000000000000000000000000000000
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JT a.empno, a.ename, a.deptno, b.dname

O a.deptno=b.deptno A a.empno = ‘EO01’

X
VN
a b
(MDIL—2a L RBKITH ST H0LEKR
JT a.empno, a.ename, a.deptno, b.dname

a.deptno=b.deptno

7T a.empno, \

a.ename, 7T b.deptno, b.dname
a.deptno |
O a.empno = ‘EO1’ b

a
B)DIL—aF ILRBHIHIGT HALEKR

020:000000000000000
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(B)0OODOOOOO
0000000000000000000000000000Bt0000000000000000000000000
0000000000000000000000000000000000000000

5.9.2 0000000

0000000000000 0000000000000000 RO SO Rxpyesy SO000000000O000O
0000000000000 00R, R, .., R O S1,8s,...,8, 0000

(1) DODOOOOOO0 (nested loop join)
oboooooboooboooooboobooooobooboooooobooboobooooboobooooooon

for i := 1 tom do
for j :=1 ton do
if Ri[X] = Sj[Y] then R1[X]1 O SjY] OO ODOODOODOOODO

(2)00000000
00000000000000

for i :=1 tom do
S.YOOODOOOODORILI[X] =sjyYl]O0O0OO0OsSOODOOs;jOOn
RiX] O sjyY]0O0O0ODOOOOOO

(3) 00000 (merge join)
ROSOOOOOXOYOOOOOOOOOODODOOOOOODOODODOOOOOOoDOOoOoDOOoDOobooooooobo
ooboooooooooo

iz=1
j =1
while true do
while Ri[X] > Sj[Y] do
j o= j+1
if j>n then O[O
while Ri[X] < Rj[Y] do
i:=1i+1
if i>m then O[O
if Ri[X] = Sj[Y] then

k=3
repeat
Ri[X]O sjlyl]000O0O0O0O0DOOO
j o= j+1
until j>n OO0 Ril[X]# SjlY]
i=1i+l

if i>m then O[O
if Ri[X]=Sk[Y] then j :=k
else if j>n then OO

(4000000 (hash join)

oobooooobooboobooobooooobooboobobooboooobooooooobooooooboooobooooboOoon
0000000000000 00000000000000000000000O0O00 hashOOODOOOOOO B, ..,
B(K)0DOOOODOOOOO

for i:=1 to n do
000 RiO B(hash(Ri[X])) O OO
for j:=1 to m do
foreach OO0 Ri in B(hash(Sj[Y]))
if Ri[X1=SjL[Y] do
Ri(X] O sjlyl]0000000DOOO
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6 UOoooboboboooobbbd

6.1 ODUOUoooooOobOooooon

gbooooobooooooobobooooobooobooooooon

() 0OoO0OO00o000o0
(2) 0OOOO
(3) 0ODO0OO0D0O0000

6.1.1 0OO0OO0OO0OOOODOOO

oboooooboooooboobobooooobobooooooboOoobOooooobOooooobOoboooboooboOoobooon
gbooooobooooog

e NODOODOO
e ODOOODO
e ODOOODO

obooooOoooooooooobobooooooooooooobooboooboobooboobooooboooobooooDoOoon
oboooooboooboobooboooooboboooooboOoboooooboOobooobooooboOobooboooooboOoobo1oOooOon
oboooooobooboooooobooobooooboooboobooooobooooobOoobOobooooooboOooboooon
ob033000000000b00b00b0b00obo0obooooonog

obooooboooooobooobooooboboooboooobooOoobooboboOooboOobooooooOoobooooOoon
ooobooboobooobooboooboobooboooboobooooooobooboobooboobooboooboobOooboOoboooon
oboooooobooboobooobooboooobooooboobooboboooooboboooooboobOooooooobooon
goooog

gobooobooobooooooobooboooboobooooooobooboooooooooooboooobooon
gboooobooboboooooboooboobooboooobobooooooboboooooboboobooobooooaoon
gbooooobooooboboooobooboboooobobooogon

6.1.2 0O0O0O0OO

ooboooboboooooobooboooboooooooooobooooooooooobOooooooobooooooooboooon
oobooooooobooboobooobobooooobooboooooboboooboooobbooboooobOobboOoDbo
oboooooboobooooobooboon

oboooooooooooobooboooon

e NODOOOOODOODOODOO
e ODOOODO

obOooOoooooooboooooboooboobooooobooboboboooobooboboooboooboobOoobooon
oboocooooboooooooboobooboooboboooooboooobooboooooboOobooobooooboobooooo
obooooobooooobobooooooo

oboooooooboboboooboooobooboooooboooboboobOoobOoboooboboobooboobooooboOoooDoOoon
obooooobooooboooooooobooooobooooobobooooobooboooobooooooboooooobooOon
oboooooooooooooooon

6.1.3 0OO0OO0OO0OOOODOOO

gboboobooboooooobobooooobobooooobooboboooboooooboooooooboOoboooon
boooobooboooooboobooboooboboooooboboooobobooboobooooooobooooon
gboooboobooooboooboooon

oboooooboooooooboobooooooan

e NOOODOOO
e NOOOOOOOODOODLOO
e NOOODOOOOODO
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obooooobooboobooboboooobobooooboooooboboobooboOobooooboboooooobooooDoOoon
obooooboooooobobooooobobooooobooobooboooooooboOoboobooooOobOoobooon
obooooOoboboooobOoboooobooboboooobooo

gboboobooboobooooobooboboooboooobobooboooboobooboobooboobooobOoon
gooooooao

gboboobooboobooooobooboobobooooboboboooobooobOooboobooooooboooDooon
goooodg

6.2 0U0OO0O0ODOOO0ODOO

gobooboboooooobooooooboooooooooboooboobboooooboooooboobooboooon
gboooobooboboooooboooobooobooooboobooooboboooo1boooooobooobooooboooaon
gobooboboooboooboobooobooboobooouooooboobboooobo100bo00obbooooOooobooon
gboooboooooboobooooooboooon

goooooooooooOoOoOoOoOoOoOoOoOOOOOO0OO000OOOOOOOOOOOOO ACIDOODOOOO

e OJDO0OJatomicity, 00 OOODOOOOODO
e [ [0 0O consistencyl

e [10 0O O isolationO

e 000 O durabilityd

gboboooboboooboooboobooboobooobooboooooooboboobooobooboobobooobooooon
gbboobooooooboboooobooboobobooooboboooobobooooboo

ocoooovooooooooooooooooboooobooooboobOoooooObOoooooOoooboOYyooboooo
gbooooobooooooboobooboooooboobooobooboobobobooooboboooboooooboOoboon
gboooboobobooobobooboobooooboboooobooboooooobooboooooonbOoo

gboboooboobobooboobobooobobobobobooobooboooboooboboobobobobobaoonon
goboobooobobooobooobboooooooobooobooboooooobooboooooooboOoooboooboOoOon
gboocoooboboooooboboooobooboooooobooboooooooboaon

gbooooboboooooooboobobooooboobooooooobobooooobobooboboooooobooon
gbooooooooooooboboooobobooooobOoobOoboboooobOOoboboooooobooooboooooobon
oboooooboobooooobooooboobobobooooOooboobobOooooooobooboOooooboooon
ooooooog

T uddooooooooobobooo
7.1 000000000

000 (integrity, 00D 0O0OO0ODOOO)

o JU0ODDOOOODDOUODDOOUUOODDUODDOUOUODLDLDDOUOUODDDOOUODLDDOOOODLDDO

goo

00000 (integrity constraint, 0000000000000 0OO0O)
googbooboobooboobooobo
googbooboobobboooboobbobbooboooboobooboon
goobobobobbooboooboobobooboooboobobDoob0ooob0ooboobooboobOooo
oobobooboobobooboooboooboooboobooob0oobDoobDoobDooo
goobobobooboooboooboooboooboobobooboboobobooboboboboboooboooo

72 OOOOOoboOO
7.2.1 000000 (domain constraint)

e I0IU0D0DODULUODDOUDULDDOOUUUODOOUUD (0D UOOODULDOOODUODOOOO)O

[sQLOO00]
create domain DO OO0 as O0OO0O
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check 0O0O0O0O between OO and OO
create table 0O 0O
(OO0 OoOooooog...)

7.2.2 0000 (key constraint)

e NODOOOLOOOOOOLOOOLUOOUDODOOOODODOODOODOO
o NODOOUOOLOOOODOODOULUOODLOOOODLODOLUOODLDODLDOOOODOODOOOOOO

o000 KOOODODOOOooOoooRrROODOOOOOODOODOOOO360000

() ROOODOOOODO0O00ROODDO0000O000000 (V¢ € R)(HK]=¢[K]=t=¢). 000000
(2) KODODOOD 1000000000 (1)0000000

[sqLOOOono]

create table 00

(00 OO0OO0OO00O not mull, ...) ~O00OO0O0OOO

create table 00

(00 00000 unique, ...) <00000CODOODOOOODOD1DOODOO
create table 00

(00 00000 primary key, ...) ~00000O0O0O0OOO

7.2.3 0000 (foreign key)

oboooooboooobooboooobooboooooobooo
oooooooooo R, SO00O0ODO 000000000 Rr, STOO000O0ROOOOO HOODDOOOOOO
coooooOooooOoOoHOSOOOOO0ODOOOOoDO

000000 (foreign key constraint)

() RFrO0000D0000¢00000¢H] 000000000000
(2) t{H]=s[K]0DODO Sr00000s00000 (00 KO SOOOD)

(00RO SOOUOO0OOOUDOOOUOODOOOUOODOO(UOUOOOOOOn)
[sQLOO00]
create table [ 1

(0100000,
foreign key([O 1) references 0 2) ~0 100 200000

7.3 00000 (functional dependency)

0000000000 ROOD0OOOD X, Y(XO0YOOOOOOOOOOOOO)0OOOO0OoOO0oooooooooxo
oyooooooooooboooooooXxXx —-YOoooo

(Vt,t' € R)(t[X] =t'[X] = t[Y] ='[Y]).

000 ROODODODOOUOODOROODODODOOODOOOODO
00)]X—-YUOODXO0YOUOOOODOUOOODOODOOY O XO00O0OOOO00ooOooooooo

gooooood

gboboooobooobooboobooooooboobooboobooooobOoboooboooooooobooDbOoon

gooooooo
boooooobobooooboboobooooboobooobooboobobooobooooooooobOooboo

boooboboooobobooooobooba
gobbooooooboobooboooboooooboooooobooobooboboooo0oobooobooooooooaon
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F+
X—-Z

X-Y
Y—>Z

0 30: 0000000000

0000000 (full functional dependency)

0000000000 ROOOOO X,Y (XO0YOOOOOOOODOOOOO)OOOoOOOo 20000000000
obooooXOo0yoOoooooooboboooomooooby o XOoooOooooooobomoooo

(1) X=>Y
(2) XO00OOOOO0OOOoO0 X'00000 X' -YQooooooo

00000000 (trivial functional dependency)

gbooooobooooooobobooooobooobooooooon

() YCXOO0OO0X Y,
(2) X =9,
3) X = X.

oboooooobooooooobono

HOOOOODOOOOOOROOODODODDOOOOOOOOOOOOOH -H(H=Q-H)OOO000O0OO0OO0OO

gooooood

oooooooooobO ROOOOOO0OO0OO0ODO FOOOOODOOOFOOOOOOOOOOODODODODOOOOO PO
00 (closure) DOOOFT00000 300000

ooooooogo

cooooooooooooOoooooOoooboogoooOooDpooooooDooOoooDRrROOOOD X,Y,0 20
gbooooobooooog

o00: 00YCXOUOOOX-—-YOOODODOOOOOOoOOoOooDO

ooo: 00X—-YOOZCQrpUOOODODXUZ—=-YuzZzOuOOooooooo

oobd: 00 X-—-YUODODY—-Z0O0OOOX —Z.

0000000000000 (sound) 00000 (complete) 1000000000 0OOOODOOOOOOOUOOOOOO
000 RrROOOODODOOOOOOOOOOODODOOOOOO0 FOOOOODOOOROOOOOOOOOODDOD FO
obooooobooboooooboobooooboobooboooooboOoboooboonoog

goooooboooon

oboobooobooobooobooobooboooobooobooboobbooooooobooobooooboOoon 31
oooo
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(BAGNTLSEHREREME)
(2% ®EBI-GR. (BB fRl-HE
(BHLEVEKERER) (& #B]-#%E

(EHB8)
{#& #EI-&R @ -5
(2% MAlI-{HR #E] © -OIFEneEzEA
(#MB, #Rl-H%E Q--mE
{Z&, ®EI-HE @ - QLRI REEH

030000000000

EERT IL—T

== (5 {FBEMA, FBEMBY)
(- 3EE1) . <
EH&E‘](:'; §E§%7 )'/_j

musm | (B {BHBE1 BHE2)

EE BEIIN—T | RBEEIN—T
BE1 |HEEA ZEE1
BE1 |HEEA ZEE2
$BE1 |#emB ZEE1
$E1 |emB ZEE2

U 32:. 000000000000

7.4 00000 (multivalued dependency)

0000000000 ROOOOO X, Y (X0YUOOOUOOOOODOOOOO)0OOOODUOOoOoooooooooXxOo
OyoooooooooooboooooboX =-YQOoooo

(Vt,t' € R)(t[X] =¥ [X] = (X UY],t'[Z]) e RA('[X UY],t[Z]) € R).

000 ROODDUOUOODDOUOROUDOODDOOUOOOOUOOOZ=Qr—(XUY)OOODO

0] X —-»YOOXO0YOUOOOOOUOOOOOOOY O XO0O0OOOooooooooooo
obooooboooooobooboobooobooboooooooboooooboOobOOoboobooobOOoboobobooobooooooon
obooobOoboooooOoobobooboobobooooooboooooboboooOon 320000

gooooood

() 0000000000 ROOOOO X,YOOOOOOOO X +»YOOOOOOOOROO0O0O0O0OO0000 R
000000 7x(R)0 my(R) 000000000 7x(R)0 7nz(R)00000000 (orthogonal) 0000000
000000000 ¢t#(e R)DO000X]=¢[X]00000¢Y]0 ¢[Z 000000000 ROOOOOODO
000000000 3300000

(2) 0000000000 ROOOOO X,YOOOOOX »YOOOOOOOO0Z=0Q—(XUY)OOO Z0O0OO
00 X »Z000000000000000000X »Y|Z0O0O0O0000000

00000000 (trivial multivalued dependency)

000000000000000000000000000000
(1) XUY=Qr0000X —» Y],
(2) YCXOOOOX —»Y.

gboooooogooboo

goooooooooOoOoOoOoOoOOOOOOOOX,)YCQpODOODODOODOODOD XOYDOODOODODX -YOOO
O X—-YOOOoooooooooooooobooooooooobooooobooooooo
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J—2avREx—TRBE GEL, EAF, 3MN&) T, ROZIE
EBMEMNRYIID.

BE > FEm | shE
o BEMNRENITHEMA—BITRELIDTITAL, EEFOESH
SMEIZERECGRES (RAFRICSMEDOESHHEMITBEFRECR
F5).
o FBELEMOBRE BELSMBEOBRIFMILTLS(—D
NELZHE2 NDHEMABTHBLTIHY T HI5E, SMEXHEER
ADFEE#Z T TANELTHBMABOBEETLZITTIND).

030000000

JL—2avREx—T MBS GES, B, &E SmMET, X
DB ZERBHELSRYIDETS.

EE > [HE % | shmE O B

SNE —» %k @--fE
CDEE, SRiEC{FREm, B}, A NGB, &XiFl=0 Th
50T, @, QLERELY,

EE —> BiE
MAELYILD.

030000000000

gooooooao

cooooooOoooRrROOOOOODOOOO pyOO0DOOOOODOMOOODOFUMOOODOOOODDOO
0000oo0o0oooo0ooooo(FuMOOO0)00O0O00DO0DOO0O0OOOOOUOODOOOUODOOOOUOOOOOOOO
0000 X,Y,Zz0O00O0O0OO0O0O0OO0O0 RODODOOOOODOO

oooooooob: OD0YCcXODOOOX =Y,

goooooooo: 00X—-YODZCOQrOOOOXUZ—->YUZ,

ocoooooooob: 00D X—=YODO0Y—=-ZO0O0ODX = Z,

000000000: 00X —>»YOZ=Qr—(XUY)OOOUX — Z,

goooooooo0: 00X —x»YODZCWCQrpOODODOXUW »YUZ,

000000000: 00X —=YOUOY—>ZO00OOOX —» (Z-Y),

goo: 00X —-YOUOODX =Y,

goo: OC0X =YD ZCYDOOOooownY=¢eO OO WOOOOW=Z00000X — Z.

obooooooooon

oboooooboobooooobooboobooboooobooboo0oooobOooooboooobOoboooooboOooon
obooooooooboono 340000

8 Uuuuubugoooon

oboooboooobooboboobooboobooboooooooooboobooooobooboooooboboboonn
gboboooobobooooobooodobooooooobobooooobobooooboooobooobOooooon
gboooboobobooooboobobooboooobobooooboooboboooooboboooooooboon

goobobooooobooooooboobooooobobooooooboobo0ooooooOobooooboboo0oooboOooooboon
gboooooboboooooboooobooboooobooboooobooboobobooobooboooboobooboon
gbooobooboooooobobooooooboao

8.1 00000 (update anomalies)

gboooobooboooboobobooooobobouobooboboooobooboboobOooooboboooooboon
go300004an
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(1) D0O00O0OO0O00OO0 (imsertion anomaly): 00 0000000000000 OO0OOOOOOOOOOOO
(2) DO0OO0OO0O0O0OO0 (deletion anomaly): 00 0000000000000 0OOOOOOOOOOOOO
(3) D0000UO0O000 (modification anomaly): 00 0000000000000 O00O0O0OOOOOOOOO

goooooo1

0000000000000 R(X,Y,Z,V)DOOUOUOO{X,Y}O0OOOOUOO X—->V0OOOOOoooooooooo
obOooOoobOobOobOOobO ROOOOODO 300000000 DbOOOO0OO0OO0O0DOO0DOR=00000X =000000
Y=00000OO0Z=00000V =000000

e 00OOODDODOO:
000000 #eRO00D00¢X]0000¢V]00000 ROOODOO000O¢Y]0 ¢{Z)0000000000
0 ROODOOO0DO00000¢Y]00000000000000000000

e 00OOODDODOO:

000000 te R ODO0O00O¢Y]0¢Z00000000000000000¢0ROODOO0D0DO00¢X]O0
0000000000 ¢V]0000 ROODODO00000000000¢Y),¢Z0000000000000000
000000000000000

e 00ODODDODOO:

000000 ¢eRO0000Y]0 ¢X]000000000000¢X]000000000000 ¢X]000
000000000 ¢V]0000 ROODOOO0D0000000000000 ¢X]0¢v]000000000000
0 ROOOOD0D0O00000D000000000000000

oooooono 2

00000000000 (0O00o00o0O0o0OU0O0)0000000 {00000 }-00 000 00 —-00 00O
000000000000 000o0o00oU00o000o00o00000O0 {00000 yUoOOooooo
gbooobooboooobobooooobooboboooobooboooooboobOobooobooboOoboobooonog

e NODOODOOOO:
gbobooooobobobooooboobobooooooboboooooboobooboooooobobooogn
oboboooooboboooobooobooboobooooooooooboobooooooboOobooon

e NOOODOOOOO:
gbobooooobOobooboobooobooboooooobooboooooooboobooooboOobooooooon
gbobooooobooboooobooboboooooooboobooooobooboobooooboOoobooboooon
oboooooo

e NOOODOOOOO:
gboboooooboobooboobooobooboooooobooobooboboooooboboooooobooboooon
obooooooboooon

0000000 (information lossless decomposition)

000 100000000000000000 ROOR; =7nxyz(R)O Re=nxy(R)00000000000000
000000000
O0000000000O0O0ROOO X,Y,Z00O0O0O0 R, 000000000R 00000 VOOO00O0O0O0OOO0O
00 ROODODOOOOOO X »VOOOOO0O0O0OO0O0O0000R, »xR,0R 0 R,O000000000O0R, 0 X0O R,y
0 XO0OOOOOOOOOO0OOO0O00000000000000000000000000000

0000 20000000000000200000000 my0000000(00), moonnp(00)000000
000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000C00000000000000000000
oooo0ooooo

000000000000 0000000C0C0C000000000000000000000000000000000
0000000000000

gbooooobooooon
gbooooobobooobooboboobooooboobooooobooobooooobooboobooonog

[00100000000000000O0O00ooO]
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BRf |(Hia |HE e HAE
NwsH | A%t 22 ZHh—2 |10
Ny | B#t 20 Ny 15
~NJ)Lh [ C#t 12 ~JLk
03000000000

| E—E|MINF) |

| EZIEFRT (2NF) |

EF—RBHENT LRI

Bm7

Y

A

L

EX—BHNHEBHICKE

E—IERT
(1NF)

Ly ? N
| E=EHM (3NF) | v BB
(2NF)
\ 4
RAZRIVRESRF TRTOEHRKERELERA
(BCNF) MNELRFEDNEF—n? N
Y
! H=EmR
RARAYR (SNF)
ERR
(BCNF)

0 36: 000000000000

ROODOUOODOOXOYO XUY=Qr00XNY #¢0000000000000000OROOUDO nx(R)O 7y(R)
0000000000000 000000000DRUDDOOUO XNY -» X|YOOOOUODOOOOOO

[00200000000000000000000]

ROODODOODDOOXOYOXUY=Qr00XNY#6¢0000000000000000UORO0ODO nx(R)0U 7y(R)
oooooooooooooobooooooRODODOOODXNY - X-YOUOOXNY =Y -X0OOOODOOOO
ooo

00000000000000000000000000000000000000000000 ROOOOOOOOOO
0000000000000000000000000000000000000000000000000000000
0000000000000

01000000000000200000000 mypo0o0o000(00), moooooop(00)00000000000
000000000000000000000

gbooobooboooobooboooon

X={00000O0O0O00D },Y={0UO0OUOOO }000000000000 XUY=Q,500 XNY #0000
000 =000 ODOoOoOoobODOoOO0000OD XNnY =Y -XO00O00OOOoOoooooooooooooooooboooo
bboobOoboooooooooboboooooboobooooooboaon

9 Jooboobboboooobbboooa

gboboooobooboboooboooboooooboobooobobooobooboobobobooboobOoobOooon
obooooooboooobobooooobooboooboboobooobooooboobooboobooboobboobooboooobooonoog
obooooobooooog
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oboooooboobooooooobobooooobooboobboobooooobooboboobOoboooboooboOoobooOoon
oobo0ooboboooooobooobboooboo s0obboobooboooboooobooobbooboooooooboooboobooon
obooooooooboooobooboobooooboobooooboooooooboooooobooobooooooooboooon
gbooooobobooboboboooooooooboboooboooobobooboooboobooooooobooooon
gboocooobooooobooboboooobooooobooboooooboooobooooobooooobooboo
gboooboobooooogooao

gboooboobooooooboooboobooooobooboboooobooobooboobobooooobOooboooon
ooooooooboooOo0oooooooobOo0oooooooobooOoooo 3rooboo

9.1 00OO0ODO

0000000000 ROODOOOO (second normal form, 2NF) 0000000000000 0O0OODOOOODOOO

() ROOOODODOOO0OO0O0
(2) ROODODODODODODO0OO0OO0ROODOOOOOODO00000O000

[0ojooooooo
0000000000 ROOOOO0X,Y (XO0YOOOOOOOOOOOOD)0O0000020000000000
00000XOO0YOOOOOOOOOOODOO00MOOO00Y O X00000000000moooo

(1) X=>Y
(2) XO00OOO0OOO0OOO0oO0 X'00000 X' -YQooooooo

[000000000000000000]

000000000000 (00000000000000)

0O00:{0000000 }

00000:{0000000}—»00,000—-000.000000 000 0000000000000000000

[D0O00000o00]
7TDDDDDDDDDD(DI:l)D 7TDDDDDDD(DD)l:ll:ll:ll:ll:l

9.2 0OUOogn

0000000000 ROOOOOO (third normal form, SNF)OOOOOOOOODOOOOODOOOOOOOOO

(1) ROOOODODOO0OO0O0
(2) ROODODOODDODO0OO0OO0ROODOO0OO0OO0OOO0O0O000000O00000000O

00000000 (transitive functional dependency)

ooooooOooooO ROOOOD X, YOOOOooOo3ooooooooooooo

e X Y
e Y AX (Y—-XUODOOOODO)
e VY Z0OUDOOODOOODOOO

oooooobooboo

o X 7
e Z/AX (Z—-XDDOOOODO)

oooooooooob0 X—-Z00O0OO00O0O0O0o0o0oooOo0ooobooooo

0000000000000 ooooo]

000000000000 (D0D0o0o0oooOooooooon)

goo.000

goooo:.obo -0000000,0000000 —-00000. 000000 ODOOO OOOOO DOO O
gboooooboboood

[00O0000000]

FDDDDDDDDDDD(DD)D FDDDDDDDDDDDDD(DD)DDDDD
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RAZXIYRERE Y

(BCNF) + CH e

FTRTOSERBEIEEEAN

| =M IERR (ANF) | FEFEDABEF—H?
RARIYR
Y ERF
| EEEHM (SNF) | v (BCNF)
FTRTOHEERBEEITEHAN
FFRELABF—MI "7 N
Y FEMEER
A (4NF)
ERIERRE
(5NF)

0300000000000 0000000

9.3 0OuUud-uggoobo

0000000000 ROOOO-000000 (Boyce-Codd normal form, BONF) 00O D0000000000000
ooooo

X->YOROOODOOOOOOOOOOO

() X »>YyO0O0DOOO0O0O0O0O0O00000000

(2) XOROOOOOOODO

[0000000000000000000000]

000000000000 (00000000000)

0O00:{0000000 }

00000:{0000000 }—»000,000 -000.0{0000000}000000{0000000 }00
000000000000D0000000000000000000000 000 000 000000000000
000000 000 00000000000000000000000000000

[DO0o0O0oO0ooooo)
WDDDDDDD(DD)D WDDDDDDD(DD)DDDDD
odob0ooooooooooon {DDDDDDD }—>DD|Z| oooooooo

94 0O4UOggnO

0000000000 ROOODOOO (fourth normal form, 4ANF) OO0 OD0O00O0O0OO0OO0O0O0ODOOOOOOOO
X—-YOROOOOOODOODOOOO

() X -»YO00O000000000000000
(2) XOROOOOOOODO

[001)0000000000000200000
(1) XUY =Qr 00 X —» Y],
(2) YCXOOX—»Y.

[00200000000000000000000000X YOO X —-»YUOOOUOOOOOOOOROOOOO
ooboooboboooooooooboboooboooooooboooboooooooo-cooboooooooboooboooboono
obO-0Do0o0oobOOoboobooobooboooon

[D00-00000000000O000ouooog]
0000000000 : 000 (00oo0oooooooo)
O00:{00o00ooooooooo

00000: 000 0000|0000
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goooooooboooboooooobooobobooobooobobobooboo-ob0obooboboOoboooobooo oo
0 -0000|0000000000000000000000 OO0 DO0O0U00O00U00ooOOOooOOoUOoOn
obooooobooooooo

[DO0o0O0oO0ooooo)
7TDDDDDDDD(DDD)D 7TDDDDDDDD(DDD)DDDDD

0X ={00000000 }, Y={0O0O0O0OOOOOU }000000000 XUY =Qg, XNY #£¢o00000000
XNY - X|YOUOOOUOOOUOOOOUOOOOOOUOOOOooOooooooooooooooooooooooooooo

9.5 0OUggn

0000000000000 0000000000000000o0Do0OOn(>2) 0000000000000 0OOO0
obooooooobooboooboobobooobOobooooooooboobooooobooboobooonoog

00000 (join dependency, JD)

X1, X0, , X, 00X UXU---UX,=Qp00000000000000000 ROOODOOOOOOOOOOR
dooooooooo rROO
R:TFXI(R)N?TX2(R)N~'~N7TXTL(R)

O0000000RUODOOOOOOOOOOOOO0OOx*(X,,Xe,---,X,) 0000

00000000 (trivial join dependency)
00000+« (1<i<n)0 X;,=Qp0000000000 %x(X;,Xq,---,X,)000000000000000000
googogo

9.6 0O0OO0ODO

0000000000 ROOOOOO (fifth normal form, SNF) OOO0O00O00000O000O0OO0OOOOOO
X1, Xo,---, X, D XUXU---UX,=Qp0000000RO0O0O0OC0OOODO0O0O0O0O0OO

(1) *(X1,Xs,---,X,)00000000000000000
(2) 0 X;(1<i<n)0 ROOOOOOOO

[000000000000000000]

0000D000000:000(000000000000000)

000:{000000000000000 }

0000D0:+«({0000000000 }¥0000000000 000000000 })
0000000000000000000000000000000000000000000000«({00000000
00 }{0000000000 }{O000000000 })00000000000000 Qu, 00000000000
0000000000000000000000000000000

[D00o0ooooO)
T{oooooooooo }(DDD)DW{DDDDDDDDDD }(DDD)DW{DDDDDDDDD }(DDD)D soooon

00000 «({0000000000 Y 0000000000 000000000 })0000000000000
0000000000000000000000000000000000000000000000000000000
0000000000000

10 OJOoobobbooooobobobbooooooo
10.1 OO0OoOgOoboooOd

goooooooooooOoOoOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOO
gooooooooooooooo4vOoOoOoOoOoOoOOO
http://www.ibmbigdatahub.com/infographic/extracting-business-value-4-vs-big-data
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VolumeO OOOOO0 000202000000000000000 40ZBO000O0O0O0O10X 0000000000000
god

VelocityDUOODODOOOO ODOOO00OO0OO0O0DOO0OO0O00DOO0100000D01TBOOO0OOODOOO0O0OOO

VarietyO OO OO O0O0OFacebook DO OO 3000 000000000000O00OO

VeracitylOOOO 000000000000 OOOOOOOOO2r%000000000

10.2 0OO000000O0000

20120 30 29000000000000000000 2000000000000000O00O0O0OO0O0DOOOOOOO
CO00o0Oo0oOooooooOooooOoooooOooSTPMDOOOOODOODDMOOODOOOOODOONIHIDOOODOD
OCOOONSFIOODODOOOOOOCODoEOOOOOOOOOOUSGSOO 6000000 OOOODOOOODOOOODO
obooooooobooboooboobobooooobobooboooboOoboooooooboon

0000o0000oo0o0o()oooooo0oUo0oOo0UooOUOO0OoO0O0O000O0Uo0O0O0UoOOoOER)UOooOOO
0000000000000 00000U000o00000o00U000o00U0O00DUO0 @) UUoDoooUooooOo
oboooooboobooooobooboooonog

10.3 OUOooooobooo

oooooooboobooobooboobooobooboooboboooooboooooboooobooobooOooboOoooDo
000000o0o0oooooooooo0o000o0o0ooooooooo00000000o00oooooO0OOAmazond
Applel Facebook[ Google OO 0000 OO0OOOO0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
gbobooooboboooooooooooboooooboobooooobobooooboobOooooobOobooooonoag
gbobooboobooocoooboboboobooooboboooooobooooooboon

10.4 RDBMSOODO

RDBMSOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOOOOOOOOODOODOODOOUOOOODOO
gboooooboboooooboobooooooobooboboooooboobooooobooboobooooobooDbo
gbooobOoboooobooboooon

gooooOoOoOoOoOoOOOOOOOOOOOOOOOOOO0OO0000000000000000C0000CCOCRDBMS
gbobooboobooboobooboooobobooon

10.5 NoSQL

NoSQLOOORDBMSOOOOOOO0O0O0O0O0O0O00O000000O0OOOOOOOOOOOOOODOOOOOOOO
bobooobooboooobobooooboboooooobobooooboobobooooboboooooboobooo

NoSQLOOOOOOOOOUOODOSQLOOODUOUOODOOODUODO0OO0DOOO0OO0OO0O0OOO “Not Only SQL”(SQL OO
oboooboobooooooo

RDBMSOODOOOOOOOOODOOOO NoeSQLOOOODOOOOOO

NoSQLOODOOOOODOOOOODOOOODODOOODOOOOODOOOODODOOObOODOOODO

10.6 NoSQLUODODOODOOODO

obooooooooooon

gbooobobo oboboooooobobooooon

b0 obobooooboobooboobobooooobooboboboOooobooboobO0obOooboOobOoboobooobooDbo
god

goooooob OoopooOooOoOoOoOooooOoOO0OooOO0OOoboOoOODOOoOoOoJsoNOOOOOOOOOOoOoODOOO
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10.7 NoSQLUDOUOODOOOOOOOOOODODO

obooOoboooobooboboooooboobooooboobobooboobooboboobOoboooooboOobOooboon
oboooooboooooooobobooboorbooboboOooboOobOooOooobOoboOobOoooobooboOooooboo
NoSQLOOOODOOODOOOOOOOOOOODOOOOOOOOOOoOooODOoOODOODOOOOOoOOoOoOODObOb
ooooog

0006200 000000000O0O0OOOODOACIDOOOOOOOOOOOOOOOOOOOOOODOOLODRO
ooooog

RDBMSOOOOOOOOOOOOOCOACIDOOOO0OO0OoOoOoOoOoOoOoOoOoOoOoOoOoOoOo0ooogooooooooo
oboooooooooboobooooooooboooobooooboOooboobooboooobooboooooboboooooooon
oooog

NoSQLOODOOOOOOOOODOOOOODOOOOOOOOODOOOOODOOODOOODOOOOODOOOODDOO
oooon

COo00oOoO000ooO0o00DbOo0O00DOobOo0OODOO000DO0O0O0D NeSQLOOOOODODOOoobooOoOoooDo
gboooboooooooboboooooboboooobobooooobooboo

10.8 NoSQLUODOOOO
10.8.1 Riak

OoOoOoOoOoOoO0O0O000 NeSQLOOOOOOOOOOOOOODOOOODOODOODOODO
gooooOoooosSQLOooooooooooooooo
ooooooOoobooooooooOooooOoooobDboOoooooOoooooIeTOODOOOO
gboooooboobooooobooboooobooboboooobooboooobooboooobobooboooboon

gboooooboboooooboobooooboobobooboobooboboooooooooobona
O000BestBuyOOQOGQOOO

10.8.2 HBase

gboooooboboooooboboooooboboooon

gbobooboooooboboooboooobooboooobobooboobobooboobooboooobooDbOooon
OOO0O0O0O0O0OFacebook O Twitter OO0 O OOCOOOOOOOOOODOOOODODODODO

OO00o00o0o00ooO00o0oDoO00oo0oO00nbob HadoopO OOOODOOOOODOOOODOOOO

Oo00oOOo0o0ooo0ooooOoO00oDO0000DObO00000b000 MapReduce OO DOOOODOOODODODO
go.

MapReduce D00 O0D0D00O0OO0MapO0O0ODOOOOReduce00 000000 20000000000000000O0O
ODO000O0OMapOODOOOOODOODOODOOOO00O000OO0O00O0O0O00O000ODReduce 00000 MapOQOQ
boboobOobooooboobooboboooooboooooooboaon

MapOReduce OO DODOOO0O0DOOO0O0O0DOOOOODOOOOODOOODOOOODOOOODDOOODOODOODO
gbooooobobooboboooooboboooobooboobooooboooobobooooboOobOoboobooonoa
oboooooooboooooboooobooobooboobooooooboooobooboooboobboobooboooobooonoog
obooooooobooooooboobooooooboooooooboboooooboboooboobobooooooon
oooooooooooooo

10.8.3 MongoDB

gbooooobobooooobobooooboobooboooon
O0000000000000000000JSON (JavaScript Object Notation) 0 0000000000000 0O0OO0O
gooooOooooOoOoOoOoOoOOOOOOOOOoOoOoOoJsoNODOOOO BSONDODOOODOOODO
goboboooboooboooooboobooobobooooooobooooboooobobooobo0oobbobooobobooo
boooboooooboobooooboobooboboooooboooon
OO00OOMongoDBOODDOOOODOOODODODO

{ "_id" : ObjectId("XXXXXX"), "name" : "matsuda", "lectures" : [ "operating system", "database" ] }
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AdO00000000D0000000000 IDOO0OOname, lectures0 000000000 OlecturesO 000000
00000000 O0OOMongoDBOOODOODOOOOOOODOODOOODOODOODOOOODODODODOOODODOOOO
goboodooobooooooboooooon

MongoDBO OO OO OOODOOOODOOCRUD (Creation, Read, Update, Delete) 00000000

0 0O MongoDB 0 O Read OperationD0 00 find(0000)000000000000O0O000O0OOOOO0OOOO SQL
0000000000000000000O0OMongoDBOOOOODODO (Join)DOOOODDDOOOOODO

J0o0d0ooOBOOODOOOODODOOOOOOODOOODOOOOODOOOOOO0OOO0OOODODOO00O0O0O0OOoODOOOOa
goboooooboboooooooogd

000O0SQLO00D0O000DO0O0DOoooOoUoodO 6200000000000 00000000DOOOOOOOO0O
00000000 0findAndModify 0000000000000 OCOO0OODOOOOOODOOO

NoSQLOOODOUOOODODOOOOOMapReduce DO DO DOO0OOODOODOOOOOOOODOO

109 NoSQLUOUOODOODOOODO

gboooogobdoooogobogoboooooogoan

NoSQL gooooao
gboooooobob (ocooboobao gooooao
oboooooo obooooobooooooobob (obobobooboobooboooon
gboooooobo gbooooobooooon gboooooogooboo
oboooooo oboooooooooooooo ooooooo

ooo
oboooooooboooboobobooooooboobooooooboboon
oboooooboooooboobooooboobooboooobooboboooooobo

10.10 NewSQL

NoSQLOODOOOOOOOOODOOOOODOOOOOOOOOOODOOOODODOO

e JJ0000DUUDDDUUUUUDUDDLODODODODODODACIDOOOOODODOOODODODOOODOOOO

e 0000000 ODOOOODODODOSQLOOODODODOOOOOOOOOOOOOOOOOOOOOOOOO

NoSQLOOOOOOODOOOOOORDBMSOOOOOOOOOOOOOOOOOOOOOOOONewSQLOOODOO
goo

NewSQL 0O O O Spanner, VoltDB, ScaleDB, NuoDB, Clustrix, FoundationDB, CockroachDB
NewSQLOONoSQLOOOOOOOUOOOOOOODOOOOOUOOO0OOODOOOOOOOOOO RDBMSOOOOO
Oo0oo0oooooooooooooooon
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