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R H )

— B
B e EER RS, REEME IR R e oud.
7377 SN I

—REAH

2.1 HE#E

Comy: MR (R) I ASE S (IR 9IEA (47 ).

B4 : 0,p0m00 (Student) PEHL Student FFPAEIAK T 20 ICA.
2.2 B

My 4,4, (R): WOCHR R THEREERYE (51),

BIAT: TT, e, oge (Student) VEE Student 20 HOHE S, FIAEH .
233, ¥, =
* RNS: REPNERISCE,
* RUS: RIEHADILCRIIFE
*R—S: BREET RIEANET S HIcd.
2.4 Hi KRR

RXS: R[S K R RIRB

40 Student X Dept i [7] Student i Dept FAYH K /R,
2.5 8

2.5.1 SEERE
RN, S: MRYEERESM 0 EEMAD KR
{401 Student Mg, gent Deptid — Dept. Deptrp PPt 12 [1] Student A Dept FARH)i; DeptID HE4£H]
4R,
2.5.2 HRAERE
R S: HRAEMA KR AILE IR,
2.5.3 S
SEMREE RN A AR RO N, AMERRW AR A ANER: | FAMERFISMER: .
© EANER:: RS iR R EYFTAJCA M S LR CAl, A VERLA A NULL Hi7,
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41 Employees x Departments i& [F1 i 51 T {5 B AR TR9RI 15 S, RO 5 T 3%
I T 23358 NULL,
© LAhESE. R SIRIE S HEYFTA G R FRUCHECACL, A PEREAY ] NULL B7E .
© RHMESE: R SR R RS B ETA T, WA DLECHYH NULL 58,

2.6 HN4
pnewfname(R): Eéﬁg%% Ro

fﬁuan : ainstructor.salary < d.salary (il’lStI'llCtOI’ Xpd (instructor))1

2.7 BE

group_by Jexpr as name(R) . MRAER group—by il s FARYE expr i+%: > Eﬁz " name.
il4n .

deptfidPYaverage(salary) as avg_salary (StUdent)

IR AHE IR dept_id 734V TH

=SQLiET
3.1 SELECT

SELECT [DISTINCT] Fl&/ZFiE=X [AS Hl&l, ...
FROM &% [AS HI&]

WHERE 14

GROUP BY 3%

HAVING M4

ORDER BY 3%l# [ASC|DESCI;

3.1.1 BREEN

SELECT S.StudentName, D.DeptName
FROM Student S, Department D
WHERE S.DeptID = D.DeptID
AND D.DeptName = 'Computer Science';

BEEEAEIUAR SQL o4 L kX JOINGR AT R BAL 388 SLIEFIF -
3.2 BEEME: . £ ¥

- 7
SELECT StudentID FROM CS Student
UNION

XA FIA N 2 B4 N instructor [,

instructor.salary < d.salary

pq(instructor) LAEALAT 1.
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SELECT StudentID FROM Math Student;

- %
SELECT StudentID FROM CS Student
INTERSECT

SELECT StudentID FROM Math Student;

- &
SELECT StudentID FROM CS Student
EXCEPT

SELECT StudentID FROM Math Student;

3.3 AR

-- 1% DeptID 44, FITE/NERTHIFEAL

SELECT DeptID, COUNT(StudentID) AS NumOfStudents

FROM Student
GROUP BY DeptID

HAVING COUNT(StudentID) > 10; -- HEZFAZL > 10 I

3.4 ETHEM

3.4.1 EEBAEH (IN/NOT IN)

SELECT StudentID, StudentName
FROM Student
WHERE DeptID IN (
SELECT DeptID
FROM Department
WHERE DeptName = 'Computer Science'
)

3.4.2 84 L% (ANY / ALL / SOME )

SELECT S.StudentID
FROM Student S
WHERE S.Age > ANY (
SELECT Age FROM Student WHERE DeptID = 3
)

3.4.3 23R R MR, (EXISTS / NOT EXISTS)

SELECT DeptID
FROM Department D
WHERE EXISTS (
SELECT * FROM Student S
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B E R 5]

WHERE S.DeptID = D.DeptID
AND S.Age > 20

WNSRAFAE 2/ — 2505 )£ S.DeptID = D.DeptID AND S.Age > 20 HYiC 3%, NJiZ DeptID #iEiH .

3.4.4 EE JTUHGFAEMIHA (UNIQUE / NOT UNIQUE)

SELECT T.course id
FROM course AS T
WHERE UNIQUE (SELECT R.course id
FROM section AS R
WHERE T.course id= R.course id AND
R.year = 2017);

3.4.5 FROM T-A] T2

SELECT T.DeptID, T.NumOfSt

FROM (
SELECT DeptID, COUNT(*) AS NumOfSt
FROM Student
GROUP BY DeptID

) AST

WHERE T.NumOfSt > 10;

3.4.6 WITH F]

WITH DeptCount AS (
SELECT DeptID, COUNT(*) AS NumOfSt
FROM Student
GROUP BY DeptID

)

SELECT * FROM DeptCount

WHERE NumOfSt > 10;

3.4.7 irEFEM

SELECT StudentID,

(SELECT DeptName

FROM Department D

WHERE D.DeptID = S.DeptID) AS DeptName
FROM Student S;

3.5 BARAHEA . IHBRFIE BT

-- BEWMARFKRIEE
INSERT INTO Student(StudentID, StudentName, DeptID, Age)
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VALUES (1001, 'Alice', 3, 19);

-- B FEABAZSR

INSERT INTO HonorStudent (StudentID, DeptID)
SELECT StudentID, DeptID

FROM Student

WHERE Age > 20;

-- MBRPTESFIR AT 25 MFE
DELETE FROM Student
WHERE Age > 25;

-- 15 DeptID A 3 WIZ4AFEHLEM 1 %
UPDATE Student

SET Age = Age + 1

WHERE DeptID = 3;

3.6 FEERFBN
3.6.1 N&EE:

SELECT S.StudentName, D.DeptName
FROM Student S
INNER JOIN Department D
ON S.DeptID = D.DeptID
WHERE D.DeptName = 'Computer Science';

3.6.2 AhEEH:
EANER: R ARITATT, AFRILEA EI LI NULL B35 .

SELECT S.StudentName, D.DeptName
FROM Student S
LEFT JOIN Department D

ON S.DeptID = D.DeptlID;

AANVER: RBEAFEETT, AFRTEA L NULL #158,
R R AAWERITATT, AVCELATS L NULL 3H 7T .
HARER: Wi g R2 B SR T R .

SELECT S.StudentName, D.DeptName
FROM Student S NATURAL JOIN Department D;

3.7 fLIE
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CREATE VIEW CS_Students AS
SELECT StudentID, StudentName
FROM Student
WHERE DeptID = (
SELECT DeptID FROM Department WHERE DeptName = 'Computer Science'
);

3.8 SEHCHEAIR

-- {RiZE%H Department X :
CREATE TABLE Department (
dept id INT PRIMARY KEY,
dept name VARCHAR(100) NOT NULL

);

-- DESE Student R, BREMTEMELAR
CREATE TABLE Student (
student _id INT NOT NULL,
student name VARCHAR(50) NOT NULL,
email VARCHAR(100) UNIQUE,
age INT DEFAULT 18 CHECK (age > 0),
dept_id INT,
-- ENRFFNER. HEEAR
CONSTRAINT pk_student PRIMARY KEY (student id),
CONSTRAINT fk_ student dept
FOREIGN KEY (dept id)
REFERENCES Department(dept id)
ON DELETE SET NULL -- % Department #MiFREt, ARAERITH dept id i&H NULL
ON UPDATE CASCADE, -- ¥ Department B dept id TR, HAZNEHARRINFER
-- AILESVRGI— DN EENREAR (REF)
CONSTRAINT chk name_length
CHECK (LENGTH(student name) >= 2)

Vo BRI
4.1 TTIR5M%

—MREABIL R WA Ry, Ry, WIR
g, (r) Mg, (r) =7

WFRIZ I O ) o
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PREFIREL 5t eRESIC A 1) P16 5 23 At Fes A X 1) o B 190 I 48 1) PR A A )
(F1 U F2)+ =F*

4.2.1 FRAFHORE ) T
4.2.1.1 X

i I

(F,UF,)" =F*

FABIE S 77 R R
4.2.1.2 SREFHOBE FE o 25

R F AR sRAUATET i AR S A — &R RERUE, R4 A ik s PR A R
.
4.2.1.3 FH—FHIWT
L 3T F ik o — 8, 2 4R K a
2. X TR AR R, R 28 R A R, RYSZ AP A AR CIBOCZ AR , Bs s 28R

result = result U ((result NR,) N Ri)

3. A F—AHT 4R AR

4 KW R BRAS B

431B FF o WHME ot

Lo o B8Ime) 22

2. XFF F PRy ERA RBURHS B — v, TR B 4R T4, WK ~ 558 4R
3. A - HE 4R AL

4.4 NP

BRE A B8Ca, WMa—3

WM Ao — B, Way— By

e Xa—-BHB—y, WMa—y
EHEE Ha—-FHa—y, Ma-—py

SR o> By, Wa—BHla—y
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Pt Ara—BHBy -0, May—6

4.5 YN HE#

INF AN @A) . Wil e e 2 Lok UL, BN @ AN nl F43 . lan s bk A0 i8>
245 A

2NF TH BRSBTS s U2 . 1% FE AR —E B, (GEAFR )24 FR) — Wi 8 X
FERRFEAFT S 2NF,

3NF M FBRIE EJE A% RO . it Rud, S EE B A8 T, Flin GTH
Ii's =B P Ins =B P EA) R RS S 3NF, W25 P ik 3Rk

BCNF  TH B F2 )i L A #R 73 eRRSORI A 128 pROBSARONT . A U I A A1 FL R B A4 2 o 20T ) 75
SEREARY

ZEIEH
CEAWK | EELGS | EEA kA 7 A4 BRI
O E 5 5K ThinkPad T14, 156 &5
B0k ien 6 EH#E | /NKTIE 8 Pro, 324 4
BCABEC % 0y 7 X4 /KT 8 Pro, 1280 4~
FCAR L H 7 pylfe= AirPods Pro, 345 &

RN PEAR A& INF, RO b A4 AR — s k. F HAR A A ok

CHEAT | EHEASS | SHEREA R AR
ARG 5 Eaili| ThinkPad T14 156
AR TE 25 HFC 7 X 4E JNKTFIF 8Pro | 1280
RARED I Hroc 7 X|tE AirPods Pro 345

AR PRAAH LR N -
CERR - BEERRES, EEARS - EERYZ, (CEAW TmER) - "R¥E

Horp iy (GRS, P maArR) , (BE L S R T G EAFR, T LUZERAR S
2NF. R HIR o WA

2HR I3 BRBIE 1 e — S R, AR F AR T (i ) 9 —3 a0, AN 58 O T 84>
.
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SV R

CIEATK PERARK | R
it 0 | ThinkPad T14 156
LRG| AkFHspo| 324

WAL L | IKFSF g Pro | 1280
B E ey | AirPods Pro 345

CREAMR | SRR | A
e ; 5K I
T 6 TR

JARBCIE Ly 7 X4k

BAERNTFZIES AR, EAME 3NF, oA GEAR — SRS S - A4, &
B WAL AN IR T O EA TR K AR AR

e | s
5 )
6 T
7 XtE
CHEAT | SRS
RO 5
JEIr i ¢ 6
gL | 7
R | 7

BAERF A 3NF.

4.6 BCNF
BCNF XF T A IR N BRI o — B(a € RAB € R), a2t R H#ES

4.6.1 BCNF Kk

o KGI—AN R FLA BRI o — B 75 i BONF, Higkif o RS R AR, &
IR o BRI,

Rl — MR R JE R BONF, HAERZARN F i) BT A pR B 75 J& BCNF,

o Kol — BRI {Ry, Ry, .., R, } BT BONF, T3 T4 R, Hlll;
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R H )

R, JRTER R THE o ARMEA T R, WARMTHAWEE (R, — o), ZENIRAESHE R, (1)
A RN, WA, BEZ A #ASE BCNF, JFH o — R, N (ot — a) J&idi/X BCNF 1Y
PRBSACH
Bt 5% (A, B)(A,C,D,E) FkEKH A — B,BC — D, T a=AC, at =
ABCD, GEHe DAEARENED E, ArLIZ M # A2 BONF. RIS, AC — D j2idi /2 BCNF i)
PRESAC S
4.6.2 BCNF 4}#
L3R B —AAN 2 BONF (19, 78 R; LGOI ARE FUREURH o — 8, H o NI B
2. 4% R, Beiihy .
a. (a,p)
b. (R —p)
3. & b —4 H PP A B £ BONF,
4.7 3NF
3NF ZORBEA P I A U o — 8% 402 BONF, B4 8 — o T AN HEARE Tk .

4.7.1 3NF 53/#

L & F, & F MIENE 5

2. XTF F, h iy R— R o — B, I—DEX R, = (o, B)

3. WARPAR R, A0 R A, WIHRIn— ML, By R BE SRS
4 WMRAEEHA R; C R, WIMER R;.

4.8 IENE =S

FoRBM: 25 BRI% 8 M AN i 122 R EARORS  f4 PA ul

X BRI 1 2 O B35 S M ol AR S BESIR A ZR, DRDR Bk 1 JCSR I 5 DA RIS 114
AN B A SR A AR S TR S5 A 290, RAab 1 T AYE i e
IEMEEE /N B RES T ) RESA] (L Y PR BRI

4.8.1 HHEIENER F,
LA&F =F

2. % F, LML o — B, Ml a; — By BRI o — 5,5,

SEEANE T LLB TS [B] Al e i+
SRR A LI £, it (A — B, B— A, AC — D), RS LIJE AC 8¢ BC
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I T

3 18 F, PR IREURE o - 5. W a3k 8 PRI (2% (LA F, R AX
2 )

4 QERE] AR, SR F, P o - 8 G

5. 35 F, A7fk, MEIEE .

T Ak
STEP 1 1R
0, 00,(E) = 04, (0, (E))
¥4 conjunctive selection 3 A M BEREERAE | DA SRASEREERVE S PT RV A1)
W
MR PERAE R SCHOR RIS IR (X, WESIF. 52, 2):
04, (00,(E)) = 04, (0, (E))
Y 0y R EH AP — N RIB XA R
0, (EB1 Xy Ey) = a4 (E1) X,y Es
Mo, R B, Mg, 6, RS B, MEER
T, 70, (B1 Mg By) = (04, (E1)) Xy (04, (Es))
0o(Ey U Ey) = 0y(Ey) Uoy(E,)
0o(E) — Ey) = 04(E,) — 0y(Ey) and oy(E, — Ey) = 0y(E,) — B,
0o(E, N E,) = 04(E,) Noy(E,) and oy(E, N E,) = oy(E,) N E,
AR LA R PR AT RER [l it 5, SR A B TR RR A

STEP 2 R#EEHHMERIZE S F MR, i
(E1 X Ez) X E3 = E1 N(Ez X E3)

Al

(El N91 EQ) N92/\93 E3 - El N01A03 (E2 N92 E3)

HORT AR T R, (AR R R R RIZE R T E LR AT
STEP 3 F|H
og(E1XE,) = E, X, o, B,

VARV E AR AN QB A 6 A0 0 AR TR B A
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STEP 4 F|H

(4L, CLyC...CL, I
HLl(HL2...(HLn(E))...) =11, (E)
I, un, (Br Mg By) = (g, () ) M, (T, (B))
(X Ly NTE 0 PMEATE Ly PR, Ly, NTE 0 PMEATE Ly HiYEMESE)
Iy, ur, (By Mg Bs) = Ty on, (T, 0r, (B1)) Mo (Tp0r, (B2)) )
I, (E, UE,) =TI, (E,) UTl,(E,)
AR A BOEERE R TTRE T RS, LUER R T RO RAE , b rhial 54

STEP 5 K8 B A 73 fiff o 22T B, 1B o 8248 80 T DR TR 207 20 ST, DAk ob
XA AT TR

6.1 FFH U MEE (ACID)

JAFHE (Atomicity ) 555 WA HRAETERUR R h 22 A4 2R IER I R, BLA S8R,

—Ztk (Consistency )  DABEES 7 XA T2 55 CHIY, BA7 A= 55 1995 R BAT ) LADRRREE 2
— 3,

FEB: (Isolation) JRELAHEAIREIAIIT, (HRGHIE: X TAEM—X 5 T, M T;, 78
T, BX, T; ZL4AE T, WG Z A R8T, AL T, 582 )n T; AT RidT. A,
AR SRR A B R G P A HAb 3 55 7E 0T A AT

FAYE (Durability) 75— NFS5MITRZIG, EXEER R SR AU AR, B H B
E s aUR S (1]

6.2 M) BFTAL
s — W S, FROMISEr . Rl e = AR — A T, — T, A

L T, $047 write(Q) ZJ&, T; $447 read(Q);

2. T, P47 read(Q) ZJa, T; AT write(Q);

3. T, T write(Q) ZJm, T PAdT write(Q)-

WERARSE A E— 25 T, — T; Wil1, IR ALEPTA S0 T S (iR, AU T;,

AT Ty BRDVASRAL SR R AEAERR, IR A S JErh a7 16AY

6.3 AIPKE A
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R H )

WHSRE XSS T, T, W5 T, ST T, SIOBE, IR T, WAUE T, 2.
FMWIR T, KAOFEN, T T; B3R5, H0lH) T A s R

T, T,

read(A)
write(A)

read(A)

commit

read(B)
abort?

commit

5 LLEONAATIRIZTRRE, 2Ry PRI R

6.4 HERFER

SRIRIEI £ T 2T 55 AT B — Z A 45 R Y B4

FOSIEVARE 1T LIGhE S SO VAT BE . o TR R4S T 0 T, FRUE AN T, R T T RS
F— AR, W T, (AR T 3% — A 2

£ FREH
7.1 PGB B
BAMTBERIBN i PSSR A S WA B I R A B R -
LOMRBB: — 55 al LIBRAHE, (HARERCT.
2 A Be . — A AT LB, (HARERS T,
FEREPIBT BER BB AME SR EBUE MBI, B ESRFF R I HAb A X B BA e 55
RS E A B
SEATBEEM BN ZORTEF ST IRACHI R B BT A Al
PR T LUE A TR S U B, AT LU PRI b B i o I B (T2
HEERATERG KRB BE, RS R R AT I BE

7.2 SR B TR 1A

BINIEEE (1S)  EWAYER)ZE N =4
BB (1X) 7R BEARZ I HEb A
R REHMEB (SIX) 7SR5 SIS, AER A2 kA

IS IX S SIX X
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IS true true true true false

IX true true false false false

S true false true false false

SIX true false false false false

X false false false false false

N RE

8.1 KA
LB Yarag rf B k205 e - as o
2. W4 T A A O ) G A 7 Bt o B A
3. B —4JP U < checkpoint, L > [ HEICRE A HE, Hb L BHITRA S TGRS 55 19

S,

WIS, YT L PRI 5555 LU RS A A Z 5 A THE AT TG S 55, REEHMUIT redo B

undo #E1E .

L anSRBEBEA commit iC5%, %A abort it>%, N undo;
2. WA commit 8§ abort iC5%, W redo.

8.2 AP RIE
& e T B R 45 17
1

a. B Vv, ERREE I X b

b. i) H 3K E — 4% redo-only HiIES < T;, X, Vy >, i Vi BARFENR PRI X ; #ik

SRR

2. —HEIT < T, start >, W5 EFRR

IR RGBS TR, 7P BT

- WJEAERTFE, X TRTAIEI < T, X;, vy > B H SIS

¥

L 7@ (redo) BT, RGMRSG—MHRA ST IR IE W 4340 H S ST 5555 A S8 -

a. A RFIRRFH 55 BYFIF undo- List WIARALTER AR s i 7 BR 45 91 26

b —HIBEEIN < T;, X,, Vy, V, > M H KIS, S#E M < T, X, V, > 1 redo-only H i
3, P EMERNE, WRUR ORI V, BOR BRI X .

¢ —HRBILM < T, start > B H &Lk, BHE T, BN undo-list 1,

d —H%MIEM < T, abort > f, < T, commit > [} H &%, FHE T, M undo-ist HHl% .

2. 788 (undo) BrBerh, RGEMEETITLGS 5 H ST IRR.
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a. WFNE T undo-list PAYFSFAY H AL, MPUTRES I1E, BRITEF RN R

b. Y Z 55 K IJE T undo-list NS < T start > 105, 8t H &S —4 < T, abort >
M HEIC®, P T, A undo-List HHlllR

C. R undo-list %S, JHEEHRY Beds
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