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T, ame. S dept(Siudeni)
R Sname | Sdept
2= 5 CS
X[ = CS
E& MA
G AA 1S
R Ay DS
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FEZ D

@ 3\

o, o
/‘j\‘f \\““\
ene, ek

Nice and T

[5]2.7] B4R R Student P EE R LL R

(Student)

Sd pt

Sdept
CS
IS

MA
DS
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)

 ERE (Join)

EEHIN0ER

BB HEBE X

MBI FR B /R AR R IR BUR 12 AL 2 — S8 A4 R oA
R & §={ t t, |t.e RNt eSANtE[A]OL[B]}

AOB

AMB: 4rBINRMS_ L% $AH%5 H o] b B tEd
0: LLBIBHERT

—FER: ERIEFEMNRAMSH L R/RIARX SHGEHL
(RRR) EAREHLEHES (SKR) EBREH LEW
R LBk R ORI TR NS Roud
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AN

REHEEEH

FHiEE (equijoin)

H4 RS HEERE
O “="WEEIZEWR NS EHEE

SEEENS X

MRRRESHIT X HF/RTFIERA. BEHSE
ﬁ%‘“ﬁﬁﬂsﬁﬁjﬁ?ﬁ, BN &EEREN:

R><S ={ t f | L ER/\t e SAL [A] t[B]}
A=RB
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ERR(27)

2. HAR%E# (Natural join)
HARERR — PSR S EER
PR 2R R REAT BB 7 BA AR A R Y B AR 4
FEERFIEER R BHIIEE
SprSER:JHEPY
RAISEFHFK BB, ZRRAISH &k BIEES
R<1S={i1 [Z-Bl | t eRAt.eSAt[Bl=t[B]}

EER: BRAERSSEZEENXA
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BRI AT I A 1

S

S\

AOB/7

HREZEFTEIIHERS, Frilk
HEHITER .
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S
R
b E
A B C
b,
a, b, 5
b, 7
a, b, 6
a b, 3 b, 10
a | b, | 12 b .
bs 2
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C<E
Rea§
___________________________________ : C<f
R s A RB | C | SB | E
A B C b b i ) bl 5 -‘_53 7
b, !
a, f?[ 5 bz , i {}'| b] 5 ,-_I}-t l{]
a, b, 6 ]
a | by | 8 by | 10 i d b, 6 b, 7
b 2 H
(25} bi 12 ‘ : il hl '6 -':?3 IU
bs 2 :
! a, by 8 b 10
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LR : i 4 | RB | C | SB | E
i 4l B | c A i a b, 5 b, 3
: a b 5 i ’ :
L | by | 7 | a, b, 6 b, 7
I a, b, 6 I
! b | 10 !
i a by 8 b, ) i oy E}_-.; 3 -‘53 ] {]
L a | b, 12 i
i bs 2 i as bn Q 53 9
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()

JREER < SHIZGEINT:

1 1

1 1

1 S :

i R :

1

I B E I A B C
H A B C !

: N ’ b 5
1 a b 5 1 a

| | l b, | 7 ! 1 1

! a b, 6 A 0 H ; ’
1 3 1 a

i a | b 8 ! 1 2

i by 2 '

! a b TZ 1

: 2 4 by P i az b3 8
1

1 1

1 1

i i a, b, 3

i=F Tt (dangling tuple)
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=% J0fl ( dangling tuple )
PSR ZRRANSTEAG H AR IER T, K ART LD
HA "] REfESTHAFE LB T FEAEZFR T
, MG R P IX e H AR EN B & 5 1, X
Ly N e AER b= SE A AR

An Introduction to Database System 3/23/2026



AR
MEEEFRTCHBRFESRIRF, MEHAMM
@i EIEAE (Null), XFhE v%ﬁiﬁﬂq{ﬂ&ﬁl‘kEE%
(OUTER JOIN) . igfE: P51

EANER
ﬁn% B L% R R E & F 1 oL IR B 5 Y457 41

Lz

A 5h

N

=

ﬁn% {EHIUKR AR SF

L

&S

TR
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EFE(ZE)

e HISH R RRAR RS AN ERE

=

=== == mmmmmmmmmmmm oo
T | 4
i R . i B C E
I 1
i 4 B C - - i a, b, 5 3
: a, b, 6 ” ’ :
I _ ! a, b 8
s e | X
i . b, " b 2 i d, b3 8 2
| bs 2 i “
i i ) b, 12 NULL
I I
N
i ULL | b, |NULL| 2

(a) FPiZEHE



5
Fim
3
k4
F
5
=
2
F
M
A
2r
Rt
&
i

1\:
R
/4

()b A ER:

E ----------------------------------- i A B ( E A4 B ( E
1 S :
i R i q b, 5 3 a, b, 5 3
1
i y B C b E i a, b, 6 7 a, b, 6 7
1 b, 3 1
2
i oa | b | 6 , 0 @ b 8 2 a, b 8 2
I ’ i b 12 |NULL NULL| b, |[NULL| 2
L) b, 8 - 2 | :
i ‘ b 2 i
i@ | b | 12 |
! bs 2 !
i i (b) Zehhitids (c) Hibhites
1 1
1 1
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(Division)

BERARRX, Y)FI S, 2), HFX, Y, ZRHBEHA.
RYKYSSHEIYT AEAFERE LS, HLF0H 848 RE

RESHIBREHEAE —PHHIRRPX),

PRRFH & T A& HFRITAE X BIES LR :
TCHEX EEENSEY BESTEY EREHES, BfE:

R+S={t [X]|t.e R A, (S) CY,}
Y.: xERFHIRE, x=t][X]
—MEA: PX)EESIEERENESHRE

LA N

X

M HPX)H TeH E5SHI e TR & #ERHF
RFFITTAH, XETHERFHIREYXUNIEEBESSEY LR

R pE



R+S={t[X]|t e RAn/ (S)CY,]}

/7

Y,: xERFHIRE, x=t][X]

[512.10] KRR SHTHIAT BRI (a)F(Db), R+-SHIZEENE ()

R S

A B C B C D
@ b, €2 b, Cs d,
a, b ¢ b, ¢ d,
a; b, Co b, C3 d
a, b, Cy (b)
a, be Ce R=S
a, b, Cy 4
a, b, C) a

(a) (c)
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FERFERF, AR PARPLAME
{al, a2, a3, a4}
a, FIREN {(b;s c,)s (by )5 (byr €))}
a,IBREN {(by» c,)s (by c;)}
a, KIREA {(b,> c,)}
a,IRERN {(bys )}

STE(B, C) ERIEEN
{(b’; C2); (b2; C’); (b2} C3)}

REo, IRERT TSHEB, QOFMEAL
KB

Frbk R+S ={a,}
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2) BRERER

i AT A3 A AT I 55
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R

T
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PLEE A -

R R Nl

N y = SH I3 =.OH 13 \] =
[f5]2.10] W Z=/DiEZ15BRIENISHEERZESIY
Student Course
25 w44 51 ER R WES BRIES FATR =
Sno Sname Ssex Sage Sdept Cno Cname Cpno Ccredit
20180001 5 5 20 cs 1 Him e 5 4
20180002 I8 s 19 cS 2 e 2
20180003 B % 18 MA 3 FRARG 1 4
20180004 /YA 2 19 IS 4 %Yﬁigﬁ 6 3
20180005 i 5 19 DS > gt ! 4
6 s b2 2
SC
: : 7 Pythoni& &5 6 4
%% W ET. TR
Sno Cno Grade Semester 8 B A H B SR 6 3
20180001 1 92 20192
20180001 2 85 20201
20180001 3 88 20202
20180002 2 90 20192
20180002 3 80 20201 3/23/2026




(6 2.11] EHERB T 25RIERIFE

Moo (Ocnoy (SC) )

Zaasil(z

= { 20180001, 20180002}

5 5

A RIE R ?

SC

25 BRES AR GR FiRZEH

Sno Cno Grade | Semester
20180001 1 92 20192
20180001 2 85 20201
20180001 3 88 20202
20180002 2 90 20192
20180002 3 80 20201
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I 5491 (42

4

[f12.12] BERZE/DEE T —]]
Student

N=E

5 1T VN SR S R4

- Course
5 244 il il FRtE R
Sno Sname | Ssex Sage Sdept RS | B’EZ | /TR | 250
20180001 =5 | 20 cS Cno Cname Cpno | Ccredit
20180002 | X2 % 19 cS 1 AR E 5 4
20180003 E8 =z 18 MA 2 o = 2
20180004 | kar 5 19 IS 3 (ZBZEYS 4
20180005 | PFR¥T# 5 19 DS 4 e RS 3
SC 5 | HEgt | 7 4
¥5 WS RSt FHRFH
6 gt 2
Sno Cno Grade | Semester
7 Python 6 4
20180001 1 92 20192 e
U=R=]
20180001 2 85 20201
20180001 3 88 20202 8 E: &ﬁiﬁﬂﬁﬁ 6 3
20180002 2 90 20192
20180002 3 80 20201




ZN =

G B ()

A}

[12.12] B ZE i T - TREREGTRASSREN2EEAS

Msname(O cpno=y (Course) I SCHI g, o (Student))

Course
BES | B2 | kTR =
Stepl: oc,,,5(Course) Cno | Cname | Cpno | Ccredit
1 B 5 4
WEE | WEL | AT | ¥4 2 S 2
Cno | Cname | Cpno | Ccredit 3 BERARS 1 4
1 B 5 4 4 BIERS 6 3
5 IR 4
6 Y B OB 2
7 Python 6 4
ES
8 B oA 6 3
Je SERR
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I 5491 (42

A}

[12.12] B ZE i T - TREREGTRASSREN2EEAS

7-(Sr[alne(()“Cpno='5'((:()11]:'Se) [><] SC I><] nsno’ Sname(StUdent))
SC
. 5 eSS 5% VAR =8
Step2: Ocp,,-5(Course) XISC e e Grode | Semester
wWES | REZL | £TR | #& 20180001 1 92 20192
Cno Cname Cpno Ccredit 20180001 2 85 20201
1 g P S 4 20180001 3 88 20202
20180002 2 90 20192
U 20180002 3 80 20201

5 | RES | B’ES | £B1TR | 22 D% JHREH

Sno Cno | Chname | Cpno | Ccredit| Grade Semester

20180001 1 IR EE 5 4 92 20192
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A}

[12.12] B ZE i T - TREREGTRASSREN2EEAS

T sname O cpno=s (COUrse) | SCIX Ty, 5. (Student))

Step3: O¢,pes(Course) I SC T, gam(Student)

nSno, Sname(Student)
%5 4 %
Sno Sname

=) w2 | RIES | RIS | BITR | ¥4 BER | JHRE#
20180001 ZH
Sno Sname | Cho | Chame | Cpno | Ccredit | Grade Semester

20180002 X =
20180003 E#

20180001 25 1 BIEE 5 4 92 20192

20180004 5K L
20180005 | FR¥T&F
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[B2.12] B =ik T TR

A}

L& EAT RN SR

Mg name( O cpno=s (COUrse) | SCITg, - game(Student))

Step4: g, e(Ocpnos(Course) DI SCIXTg,  game(Student))

%5 He | RES | B’E2 | £TR | 5 Gt | FFRFEHA
Sno Sname | Cno | Cname | Cpno | Ccredit | Grade | Semester
20180001 Z 5 1 B E 5 4 92 20192
62
Sname
5
An Introduction to Database System 3/23/2026

|

e

NP



[f12.12] i Z=/DikE T — I TEEBEIT NS S RERFE

TR Tpame(Ocpnos(Course) MXISC T, spame(Student))

TTH2: Agame (Tsno (Gcpnems (Course) [ SC) DX g, ¢ume (Student))

TA3: Tgpame(Ocpno-s(Course | SCIX| Student))
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[B2.12] B =ik T TR

N

LB AT SRR 2

NP

HiE2: mg (g, (chn0=,5. (Course) ISC) M Mg, gpame (Student))

Stepl: Op,p,5(Course)

WES | WE4L | /TR S
Cno Cname Cpno | Ccredit
1 AR E 5 4
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Course
RIE S WIE4 FATR | F0
Cno Cname Cpno | Ccredit
1 i B 5 4
2 A 2
3 FEERS 1 4
4 BIERG 6 3
5 B 4
6 A E 2
7 Pythoni& & 6 4
8 Bl o3 Hr K SE Bk 6 3
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[B2.12] B =ik T TR

I 5491 (42

A}

BT RAS TR

e g ey s P4

T ame (Msno (GCpn0='5' (Course) XISC) X Mg, . guame (Student))
SC
= WwES 5% FFRFH
Step2: O ppo-5(Course)SC Sno Cro Grade | Semester
eSS | REL | B#TR | F& 20180001 1 92 20192
Cno Cname Cpno | Ccredit 20180001 2 85 20201
1 B P 5 4 20180001 3 88 20202
20180002 2 90 20192
20180002 3 80 20201
= BRES | RESL | £TR | #5 SR FFERFH
Sno Cno | Cname | Cpno | Ccredit| Grade Semester
20180001 1 BHEE 5 4 92 20192
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L 24051 (58)

[F2.12] W ED BT —ITRE

EEATRNSE R

EHIFE

T[Sname (TcSno (GCpno='5' (COUI‘SE) N SC) M 7-[Sno, Sname (Student))

Step3: Mg, (O ¢nees (Course) X SC)

N FZ

¥5
Sno
20180001 .
5 | WES | B’REL | TR | & St | FFREM
Sno Cno Cname | Cpno | Ccredit | Grade | Semester
20180 1 e E 5 4 92 20192
001
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[FI2.12] EHZDikE 7 T RERBITRASSRENFERS

Msname (Msno (Tcpnows (Course) DXISC) X Tg o .. (Student))

Stepd: Mg, (O, pos (Course) X SC) Mimtg o (Student)

5
Sno oo, snamelStudent)
20180001 X
=85 i34
Sno Sname
% 20180001 Zs B
20180002 I
25 1%, X
Sno Sname 20180003 Fi
20180001 Z 5§ 20180004 YA
20180005 | B5& &




[F2.12] W ED BT —ITRE

Mo name (Msno (Tcpnons (Course) DISC) X Mg .. (Student))

BT NS B

EHIFE

N FZ

Step5: T, ,me (Mgne (Tepnoms (Course) x| SC) X Tlg, sname (Student))

= w44
Sno Sname
20180001 ZH

—
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Sname
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zik"?r-&%u
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5. ZFE A

o o
r >

e oct®

e and T¢

L.
c
‘eng

DL A IR R e
[512.10] EHZDEBISEEMISRENZE ST

BB —MEE R RK:

Cno

RiER: TU (SO)+K 3

Sno,Cno
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Zra Al (22)

[fl2.10] (SC)

Sno,Cno
20180001 Z#£E{1, 2, 3}
201800024 {2, 3}
K={1, 3}

T

Sno Cno

(SC)+K={20180001}
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Sno Cno

20180001 1
20180001 2
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20180002 2
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[$12.13] EWiEB T 2HRENZESHNES.

HEEE: 1. RBIEFHEE (CourseR)
2. RPESZ T &P FEERNZEES (SCR) ;
3. RPN AL (StudentFR)
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1

B,
= ]
3 &5
) &
% s
; &
5 S
4 O
r 1

LITHRRIBH (2

[4512.13]

RS T EMRERES

i:,

k

SRS

Student Course
¥5 w4 P Fikd FiE R BEEE | EE4L 4T R 224y
Sno Sname Ssex Sage Sdept Cno Cname Cpno Ccredit
20180001 25 % 20 CS
20180002 i =z 19 (o1 1 o P S 4
20180003 e g3 18 MA 2 H 2
20180004 BKSL 5 19 IS 3 ERERS 4
20180005 ) 5 19 DS 4 BIERSG 6 3
SC 5 IR 7 4
¥5 WES BL5t FFRFHA 6 R AL 2
Sno Cno Grade | Semester 7 Python 6 4
20180001 1 92 20192 i
20180001 2 85 20201 8 BOE AT 6 3
20180001 3 88 20202 B
20180002 2 90 20192
20180002 3 80 20201 3/23/2026
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[$12.13] EWiLB T EHRERZESHANES.

Moo cno (SC) + T, (Course) Xmg o (Student)
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[$12.13] EWiLB T EHRERZESHANES.

Moo cno (SC) + T, (Course) X Ttg . g..... (Student)
Stepl: mt,, (Course)

Course
RES BE4 FATIR Fo RES
Cno Cname Cpno Ccredit Cno

1 o 5 4 1

2 B# 2 2

3 BERS 1 4 3

4 BIERG 6 3 .

5 ARG 7 4

6 HmsbE 2 °

7 Pythoniz & 6 4 6
7

8 HHE i & 6 3 8

SR




[612.13] EiERE T &M RERZESENES .

Moo, cno (SC) +M,, (Course) (Student)

7-(Sno, Sname

Step2: M. cno (SC) IS IHSC

N, [ > =1
S RES 2 e R FFi 22
Sno Cno Sno Cno Grade Semester
20180001 1
20180001 1 92 20192
20180001 2
20180001 2 85 20201
20180001 3
20180001 3 88 20202
20180001 4 20180001 4 82 20202
20180001 5 20180001 5 87 20192
20180001 6 20180001 6 88 20202
w7 muwer || w |
20180001 8
20180002 ) 20180002 2 90 20192
20180002 3 20180002 3 80 20201
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[$12.13] E#iLE T 25T

Moo, cno (OC) + T, (Course) Xy

R SIS

(Student)

Sname

Step3: Mg, cno (SC) +m(,, (Course)

nSno, Cno (SC)

¥5

Sno

wEe

Cno

20180001
20180001
20180001
20180001
20180001
20180001

20180001
20180001

20180002
20180002

-_—

W N GON O O A OD

T, (Course)

WiES
Cno
1 poye
=1
2 Sno
hd 3 ::i:>
° 20180001
4
5
6
7
8




[$12.13] E#iLE T 25T

R SIS

Moo cno (SC) + M, (Course) Xmg o (Student)

Stepd:: Mg, cne (SC) T, (Course) X m, . (Student)

F5

Sno

20180001

Mo sname CStudent)
=] 44
Sno Sname

20180001 25

20180002 pIf =3

20180003 &

20180004 YA

20180005 W &

=)

5 w4
Sno Sname
20180001 Z= 5




