HURERRE SN HEE

1 XE1KE

1.1 EREFEBHEEY, BUT=1XE:
FH(SEER: S(S#, SNAME, AGE, SEX)

BRFEZR: C(C#, CNAME, TEACHER)

HEIRIR . SC(S#,_C#, GRADE)

Hrps#, c#s. CRRUEM, (S#, C#)RBSCRAER, BOBIRSHES. CRIME. FRXEREFREREE TSI
AR -

(1) EEEIHRESH001H002RENFEMFSTIRLER.

Ms4,6rADE(T ci—ro01'ves—002 (SC))

(2) &EEFIid Database Systems”, {Bi&HFF3id"Data Mining"FIZERIMAFNFEL.
snAME,AGE(T CNAME='Database Systems' (S > SC > C)) — sy anp,46E(0 N AME='Data Mining (S > SC <1 C))

(3) EFEIMWangRrBUdRIFAEFRE 0L (B1F9057) HFLEFS.

s (0rEACHER="Wang nGRADE>90(SC <1 C))
(4) EREET LEFENFERS.
Msname(S >< (Igy,cx (SC) +Iex(C)))
(5) EAFMERENFHIDERTONFENFERFMERENTIS.
54, AvgGrade (T AvgGrade<80 (54 Gavg(GRADE) as AvgGrade (SC)))
54, AvgGrade (T AvgGrade<80 (VS#:avg( GRADE)— AvgGrade (SC)))

2SQL
2.1 ERFEEMEEF, BNT=1XE:
F4(EB3K: Student(Sno, Sname, Ssex, Sage, Sdept)
IRFEZE: Cource(Cno, Cname, Teacher)
EIRFK: SC(Sno,_Cno, Grade)

Erhsno, CnofgStudent. CourseFRHIFERD, (Sno, Cno)EBSCERHIERS, BHFIESHEStudent, CourseZRRIH
8. FASQLESEIZELITEE:

(1) ERRERSE.

SELECT DISTINCT Sdept
FROM Student;

(2) EEIENRC)TEREFRAENFERNF SIS,

SELECT Sno, Sname
FROM Student
WHERE Sdept = 'CS' AND Sname LIKE 'E%';
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(3) EIERRZ RN FEEEFEACHFERNFSHES.

SELECT Snho, Sname
FROM Student
WHERE Sdept LIKE 'C_';

(4) EEETIRMEERBUSHENFEFS.

SELECT Sno
FROM SC
WHERE Grade IS NULL;

(5) EifiE&T "Database Systems"BNEATFETIONEARZAENER, ERIZMERFFHS, B—1FEHN
SRR FHE .

SELECT *

FROM Student, Course, SC

WHERE Student.Sno = SC.Sno AND Course.Cno = SC.Cnho
AND Cname = 'Database Systems' AND Grade >= 90
ORDER BY Sdept ASC, Sage DESC;

(6) EIEEIET 10025iRE 3006 SIRIVFZERZ S,

SELECT Sno FROM SC WHERE Cno '1002" UNION
SELECT Sno FROM SC WHERE Cno = '3006'

(7) EHEFE"Database Systems" B9 RmHIBI2E F AN F SFIRLLS.

SELECT Sho, Grade

FROM Course, SC

WHERE Course.Cno = SC.Cno AND Cname = 'Database Systems'
ORDER BY Grade DESC LIMIT 2;

(8) FITBNRENBEALFLEAL,

SELECT Sdept, Ssex, Count(*)
FROM Student
GROUP BY Sdept, Ssex;

(9) B2 TR EFEESRISS0NFENF S RIXEFIEHIFIES

SELECT Sno, AVG(GRADE)

FROM SC

WHERE Grade > 80

GROUP BY Sno HAVING COUNT(*) >= 2

(10) ENEREIE T 10025 RAIZARIIER.

SELECT Sname
FROM Student, SC
where Student.Sno = SC.Sno AND Cno = '1002';

(1) EEIBRTNFERNFSHES.



SELECT Student.Sno, Sname
FROM Student LEFT OUTER JOIN SC ON Student.Sno = SC.Sno
WHERE Cno IS NOT NULL;

(12) EEFEsaftE— M RFINFERZ SR,

SELECT Sno, Sname FROM Student WHERE Sdept IN
(SELECT Sdept FROM Student WHERE Sname = 'Elsa');

(13) EifAmyi%d, {EBobiRBIEILHIRIENRS.

SELECT Course.Cno

FROM Student, Course, SC

WHERE Student.Sno = SC.Sno AND Course.Cno = SC.Cnho
AND Sname = 'Amy' AND Course.Cno NOT IN

(SELECT Course.Cno

FROM Student, Course, SC

WHERE Student.Sno = SC.Sno AND Course.Cno = SC.Cnho
AND Sname = 'Bob')

(14) EiRHENRSRFEFREBANFENFS,

SELECT Sno FROM Student WHERE Sage > ALL
(SELECT Sage FROM Student WHERE Sdept = ‘CS);

(15) EifiRE T 2ERRERIFERNFS.

SELECT Sno FROM Student WHERE NOT EXISTS (

SELECT * FROM Course WHERE NOT EXISTS (

SELECT * FROM SC

WHERE SC.Sno = Student.Sno AND SC.Cnho = Course.Cno));

(16) EIXIE T 2L DIRENFERIF STIRREL

SELECT Sho, Count(*) FROM SC

GROUP BY Sno HAVING COUNT(*) >= 2;

# HHREL

SELECT Sno, T.Amt FROM

(SELECT Sho, COUNT(*) AS Amt FROM SC GROUP BY Sno) AS T
WHERE T.Amt >= 2;

(17) BUEHEICS_Student_on_DB, FIHIEE 730065 RN ENARFENFS, HEFMBL,

CREATE VIEW CS_Student_on_DB AS
SELECT Sno, Sname, Grade
FROM Student NATURAL JOIN SC
WHERE Sdept = 'CS' AND Cno = '3006';

(18) S IMA-002MISA A HIEEIIEIN 2085,
UPDATE Student SET Sage = 20 WHERE Sno = 'MA-002';

(19) B BENARZERISREEMER.



# fHIN
DELETE FROM SC WHERE Sno IN

(SELECT Sno FROM Student WHERE Sdept = 'CS');
# [ HEXISTS

DELETE FROM SC WHERE EXISTS

(SELECT * FROM Student

WHERE Student.Sno = SC.Sno AND Sdept = 'CS');

(20) BUHBHNRFENFS, @a. WRE FYDBAFIXECS_Grade(Sno, Sname, Amt, AvgGrade)=h,

INSERT INTO CS_Grade

(SELECT Snho, Shame, COUNT(*), AVG(Grade)
FROM Student NATURAL JOIN SC

WHERE Sdept = 'CS'

GROUP BY Sho, Sname);

3 E-RE]

3.4 I &Y EEHUREFEUTER:
I & KEs;

FiE: FES, FEEEEE. it BiE;
BE: CES. CEIIHUE. BiF;

. FHS. EE. NS

48

i Fms. .
EARSLAFEAN RERER :
I RESINEENSINCE, — N ERSE—CEBRERT I
—ANEREF ST m, ST mRETE— 1 ER,
—NEREFSFEY, —MHTHERRENS N EEHIE;
—NRESFERMAR, —MEMRRE S,
— N EEREFH MR, —MrRREEA—CE;
— N BEAUGTHEHIEY, —MEM4REFA—CEF,
RIE DIAER, Sepkal T I{E:

(1) EHFRFRIE-RE.,

o IZRFHE-REGNEFfR.
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(2) BHMYMAIXRFE, RPER.

o MINMAIRFERZXRRIEBU AR,
I (& T KER)
FRZEES, FREEER, ik, BiE, T 2)
CEECES, BEXEYS, BiE, | R)
FRERS, 118 FES, BFES)
THEMLS BE 118 BFES)
HIE(ZEES, FHS)
*h(Ems, FHS)

4 XEMEI
4.1 BRXEEXR(A,B,C,D,E, F,G, H) EHIREIKHES FUI T :
F={A— B,B— D,AD — EG,AGH — C}

EIZTFFUERE:
(1) ERArmstrong AIRIFRF8iEES A — EG,

e iFEFA— B,FEB— Da{§F = A — D ({5#%) ;
mF = A DalsF = A — AD (#54) ;
MF =A— AD,AD — EGH#F = A — EG (&%) , ik,
(2) RAXTFFHOBUEDE.
e AL, ={A,B,D,E,G}
(3) RXRRIYRIERE, FiRBRESETH/EN.
o A, HALEKEM, FANERBY, YE3FERIMEIRERS,
NEA(AFH); ={A,B,C,D,E,F,G,H}, FrLAAF H} REESHE,
(4) RFROB/NBE (R/\REUREIER) .
e F.={A—+B,B—~D,A— E,A—G,AH — C}
4.2 BRIXEEXR(A, B, C, D, E) LHREKIMES FaIT:
F={A—BA—C,BC— ACD— E,B— D,E— A}

i
T T
2 ENE 2 &
kg st
i
o >
G = Fa
NN L 58 firs
i i
i



af://n94

E IR

(1) HEREESBCXTFFHHE(BC)

o (BC)} ={A,B,C,D,E}

(2) HHROSEHIRIER,

« EHAL = (BC)} = (CD)} = Ef: = {A,B,C, D, E},
FRIL RBOZ SRR A, BC, CD, E.

(3) #IMFRBFEIBE

o B (2) MREFFERIIHERYE, FLIR € 3NF.
BFF = B — D, FiEREl DS REiknT@si2BC, MR ¢ BCNF,
&F, Re3NF.

(4) HEFHS/INES.

e F,.={A—~B,A—~C,CD—E,B— D,E— A}

(5) AHRI—MEERETIRIERY, LHRREIKREEHISNFHR2,

« p={Ri(A,B,C),Ry(C, D, E), Rs(B, D), Ry(A, E)}
4.3 BEI%ERERR(A, B, C, D, E) HEsukieEs Fal T
F={A-(C,C—D,B—C,DE— C,CE— A}
E1E= I E

(1) RRESEBIRLER,

o EAB, EARMLERMY, FUB, EXaaTE RIE—BEEh,

XEH(BE); = A, B,C, D, E, FilABEARN2IHRIER,
(2) #Mp = {R1(4, D), Ry(A, B), R3(B, C), Ry(C, D, E), Rs(A, E)} R B RTHREESR,
o ThoMIFTHRIERFIERINTATR, BFEFEE—TE(a,b,c, d,e), AR REBTIREREE,

R; A B C D E
R.(A, D) a c d
R,(A, B) a b c d
R3(B,C) b c d
R4(C,D,E) a c d e
R5(A,E) a c d e

(3) (RIFTREREY, BRPHBABCNEF.,
° p= {Rl(A’ C)a R2(Ba D)7 R3(A7 Ba E)}

5 Ia%R

5.1 (R RISFR) FIAATY Rhash/iE LA MEREH I ThashiztE: 3,5,7, 12, 16,

’hash&#fh(x) = x mod 8, HHPEFIREA(k)R—MbBBRO_HEIFFI, FIIRBIdURFRS], XD
B TERETHME.

REKREMEEZEE2M TR, U ETHEREMNCEARNIRFERRRIN. FHa RERFRFIREIN AFAZRS] (B
d=1) , SFHHITOR, MENEXR. BEEHFNULETERRE, &REINERSIEH.
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o LITMEHBSXRBERINERS IS,

@13, 5, 7H, FEETSE, E5 @ A 1288, W TR, A G BfaiEA16, BT HEooHo1iER
{IEAEE, LEFE-BEE, MEEFE, HMEHE FX—F5 1IN, HEE
3mod8=3 (011) R R, BERHNaEE L ONET

moad & = Ethe1, {RIERS =S EET.
5mod8=5 (101) H IO R R S 2,
7mod8=7 (111) HEERRE < £BFE, SelEs
12 mod 8=4 (100) BUEHIRE00RI01 =S,

16 mod 8=0 (000)

011 | BERE=1 011 |PmERE=1
011 |FHAEL BRI 000
£BiFE=2 | 00 MEH=E 2@EE=| g
Z2ERE=-1 0
01 s 01 spme
1 _ 101 | BAE=E= 101 |BaEFEE=2
101 | EERRE=1 10 10
\ 100 100
111 11 11
iith > | 100 111 | PERE= 111 | PasReE=2

5.2 (&MIRFER) FIBLZthashITENIA MR ThashztE, E#RhashRFAIALITEF: 18, 25, 27, 36,
48,56, 61,

BEERNU EAETERE, RENESIEM. &ithashRPFRETHANLONMER, b = 2,0 = 0.85, ¥IHERE
RN TE.

4

00

oL | g

10

2
o LT AHBXELBNERS|IEI.,
n=3, m=2, nbB8=5.1 n'=4, m’=4, n’bB=6.8

@ ¥iak#&En=3, m=2, nbo=5.1, 4
flA18F025,
18 mod 2m=2 (10) 4 TN 2500
25mod 2m=1 (01) T nbe,
2i@A2sia, FHESIHEG > nbe, RS 5
TR TEEEE R, 00 v 00
n'=4, m'=4, n'b8=6.8, 5 25 ESFESI T 01 25
FEERRIERE 11, BUER0ISE 01
PR S F 11 SHENIZS T EeE 0 ’ 10 5
11548,
Smod2m’'=5>n", Smodm’ =1, 5 11 18
BB S48,
7mod2m’=7>n’, 7modm’ =3, 18
11 E4EH, 7| <EIHSE
25mod 2m’ =1 <n’, HUBTE0ISHRET,




@ n=4, m=4, nb6-6.8,

EAN27, BN27 mod2m =3 (11) &
M, IWETEESRERS [TRECA7 > nbe,
T TR,

IHAFn’=5, m’=4, n’b0=8.5,
FEEENERS 100, SUER0SE
chii/ BT 100 SHEMZS IRE S B E
1005#E+,

4Amod 2m’ =4 <n’, SR 1005RFH,

(3) n=5, m=4,
{36148,
36mod 2m=4 (100)

48 mod 2m=0 (000)

HfRA48la, FPZES[IEED > nbo,

R TERMEIE R,

n'=6, m'=4, n'b6=10.2,
ORISR S 101, HEF0S
R ET 101 S48 ES TS o fe
Z101S4EH,

Smod2m’=5<n’, SEA101SHET,
25mod 2m’ =1 <n’, SUBIE001EHEH,

nbB=8.5,

@ n=6, m=4,
FRAN56H161,
56 mod 2m=0 (000)

6lmod 2m=5 (101)

HiEAela, FPEESITELL > nbe,

T TSR,

n'=7, m'=4, n'b6=11.9,
FOEEERE A110, #ER010S
A ET 110548V ZES TREHT 5 HEe
Z110EHET,

2mod 2m’ =2 <, HRTE010S S,
18 mod 2m’ =2 <n’, HUPAFE010SREH,

nb8=10.2,

n=4, m=4, nbB8=6.8
a
5
00 55
ksl
o1 2R
10 2
11 18
7
27
4\
fEA2764T0
#HiBidnbe,
SR LS =
n=5, m=4, nbB=8.5
T 48EITH
gidigobe, > | 48
FRERMHE
5
000 25
001 5 sl
010
18
011
100 5
27
4
36
n=6, m=4, nb6=10.2
48
56
25
000
001 2
010 18 s
011 7
100 27
101 \\\\\‘
a

A 61RTIR
HiBidnbe,
FELEMEEK

36

61

n’=5, m’=4, n’bB=8.5
5
000 25
001
2
010
18
011
100 7
27
4 | «EFHE
n'=6, m'=4, n’bB8=10.2
48
25
000
001 2
010 18
011~ | 7
100 27
101 \\\\\‘
4
36
5 | «E#HSE
n'=7, m'=4, n'bB6=11.9
48
e 2 56
IMzER
25
oo 2 |cEEsm
001 18 WEIHE
010
7
011
27
100
101 4
110 36
5
61



6 B+§}

6.1 BXNUN B+

Inner nodes

Leaf nodes

EE T FUERE,
(1) BANBEASSHRS WG, ZBHYRMMARE? HBARHIHk,

Inner nodes

Leaf nodes

7 RERBFESE

7.1 BRIXER(w, x), S(zx, y), Ty, 2)#958455895000, 10000, 10000, {HigEditEM = 101/NREA,
R, S, T BT FRS |1 BRGEERELHF. BRIE M,

(1) ERFAREHNITR < SRIER?

o GracelgsRERHARGE, FARMSHIREEBI TM, —MHEEATR; RIISTRS|, REEZATA; R
MISHKHERF, HEFRFERATA.

(2) A (1) REREEIUTR b SHIORMESD? BHHITIE,
e 3B(R) + 3B(S) = 45000.

XS REHTIAF SRS, REGSHIEVR, &itB(R)RIO;

BRIESBSN, B, B(R:) ~ B(R)RI/O;

TEXTSHHTIAR SHERT, SEVSHRETR, &itB(S)RI0;

BSHBRIENXE, B, B(S;) ~ B(S)RI0;
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(ER—MERERTER, < S;BI/ORINEB(R;) + B(S:).
FREASE9I/ORAN A3 B(R) + 3B(S).

8 Fiflffilt

8.1 IRHFEIEEERA N T3 MR ERE

SR S(S#, SNAME, AGE, SEX)

BRFEER: C(C#, CNAME, TEACHER)

PR SC(S#,_C#, GRADE)

Hreps#, c#f3s. CREVERS, (S#, C#)RESCRRIER, tBoBIRESMS. CRAIIME.
BFRE—EmET:

SELECT SNAME

FROM S, SC, C

WHERE SC.S#=S.S# AND SC.C#=C.C# AND CNAME="Z#(##/%E";
RREFHIEE RENZENGEE,

(1) BHEAESQUEGRAMXIMAIX RAEERIE.

* Isnamp(0onamE— s nsC.S#—5.54n50.cH—0.04(SC X 8 x C))

(2) EH EBRXEAEHREAINAIES N, EREAXERNMER, MUALESHIRETIe, FE
IR ERH IR,

(3) iRSCEB100005LTTH, CRB505TTH, SEE10005%TTH, SCHHEIHEEEREERIEMITEEN150, &
RIS ERNEIIT S — SRR ESER AN,

o AR ERIEA INAR B—S AR PEERA/ NI TERTR.

150
150 Mgyame syame
150 ‘ 150 ‘
TONAMB="4325ASC.5#=5.54ASC.C#=C.0% DGO S G St
| 10— T~ 1000
10000*50%1000 X Oso.s4 s .54 SNAME
10000*50 / \ 1000 150 | ‘ 1000
X S PASC.C#=C.C# S

1

10000 / \ 50 / \
§C c

10000 M40 54 sc.0% Mooy

| | 1
10000
SC CONAME—"#5%E

C 50
9 F&RI=H
9.1 R TFENW=AHEST, T, TS —NEE:

S :ro(A),wo(A),r2(A), Wa(A),r1(A), r0(B), r2(B), wo(B), ws(B), R1(B)
FIr S B 2heSu BRI TAVRE? EREHIEEF LS HEIMTKIE,
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o MSEEMNTEMR. BANEESFER, UASTE— NP BTHREE.

o

9.2 T1. T2, T3 BRUITF=AE5:

T1:
A:=A+4
T2:
A:=A%3
T3:
AI=A%A

WIERRTA=2, REANESEETRERMINY, KT2-T3-TINIRFHIT, AESHRINNAFIRIHEES, KE—NFF4E
SEBIRT R TILRE, FHAHRERARER.

o FMERSHMNERBNESHNTOTENNEIR LINSHIESIER: EEKMNER (NMNER) , FSHERE
BRIERTEAM, TREBMITAN, TEEMR (BUNER) , SSWMEFHRSH8, TEEREUTEHREL.
EEIEEM TR, &ELA=40,

Ad1E T1 T2 T3

1 LOCK-X(A)

2 READ(A)

3 A:=A*3

4 WRITE(A)

5 UNLOCK(A)

6 LOCK-X(A)

7 READ(A)

8 A=A*A

9 WRITE(A)

10 UNLOCK(A)

1 LOCK-X(A)

12 READ(A)

13 A=A+4

14 WRITE(A)

15 UNLOCK(A)



10 HIERE

10.1 EXFEEIEERARIEIEH75E (undo-redo 737%) ICRWALBD., REFERERWALHEHAEIIT:

<T1l, begin>

<Tl, A, 114, 114514>

<T2, begin>

<T1l, B, "hit", "hitcs">
<T1l, commit>

<T3, begin>

<T3, B, "hitcs", "hitcsdb">
<T2, A, 114514, 1919810>

LRAEFE, DBMSEFZWALAEXHHTHIERS., EIZT5ER:

(1) HDBMSH{THIEIRERT, FEWWLESFHITundo? WHLES#HiTredo?
e FEZundo: T2,T3; EEredo: T1,

(2) LBPERSFERAT, WRAFIBIIED BIRMHA?
o ARYEN114514, BHYEZ"hitcs”,

10.2 ERRERIESIEERS R BRESESIONSIIME R KR RIES AR EREE, MEFHST TS5,
HPUTIRRN TEMRR (SRARMAHDIFRTESASRR)  BTERETREERF R EMNER 7RI
f&, BAEHIRRERESTT 2SIRETEERE, BLFEEM, BEAFERE?

Theckpoint Ttail
WER (3
T | |
T | |
T3 I I
r —
Ty | |

o FEWEH (undo) : T3,T5; FEEM (redo) : T2, T4, FFERE: T1,

FRAZEIF], FTASRERREBUSIF S~
IR EFESEHITE 2 E

20235128
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