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J7ORH P o] A 805 ) 3F 4 B 2, planid@ad N BTl . B P, KEE,
M ERATH KRG, RRAEHK,, 5%, BEECSRAEN NEFP AT
BRI AY o

B, B ERBEAE T ENR ., FEEHRE A EERE, R FLEITR
Bl LS URFE .

AN AR ERE A S, OFEREHERO R RS, BHEE RS 4R
. MNP RTCLES B 24 BAHEREEE R, BHRESARANEEN. AERE
TH 25 5571 (R 4% RO Al

1.1 HIEERG R

TR G S DS P I B A S 2 1, X BB SE A 21— S e P B F IR B I A
1
1.1 #EER 4 DEXREE

HE B e P P R GBI PR R G 5 B R BRI SR ) 4 M EEARRER

&
o
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1. 24E (data)

Bl S B PE R AE R AR R . B A K 2 BN Sk o i 3 — A Nt R B,
193, 1000, 99.5. -330.86. Y6880, $726 %5, H ST KM MR —FhEE, 23
P — R AN SRR AR . | XEM AN BEE A RIRZ, FlnscA (text). EJE
(graph). B (image). &4 (audio). A (video). FAEMMIRILF. WYHIEHTE
DL, XA REE .

A LA SO0 il n F g S WA ST SR RO BIE . HA FWR RS T LR,
WAL SCF ., B, BUR. &4, IS, HiEA 2R, eM1#nT Ll 5T
G N EHL.

FERMRTENREPEIEOMSRZ L. RHAHEN ARG EERTRETE, &
B BEE R BE B EAE, . R FAEE. B EYEE A X ST
2, FoRIXLEN BB AL B2 AR E 2.

BRI REAGETEEREHL AR, TELME, B T 500 M 2 A
AIArH. B, 93 R— A%, WLLR—ANFEZERE TR, WaT LR AR E,
AT PLR VLR 2013 0954 N B B (e R dR et S & LI, S0 108 U
AYHEEE X, B S IGE LR .

EHEEFET, AMITUEHEHRBRES (niGE) KR EY. Hltn, "TLLXEER
IR N R — LRI AN O : W E%E, 55, 1995 4E 5 A4, L ammiiA,
2013 N FEVH RN X AR AL

(8, 5, 199505, LHERRET, HHEIR, 2013)

BRfE A k2, A, HAEFEH. AN, FT7ERR. ANENRSHSE &, Hg—
Mg XBEAFEE DT EHRZ ARSI . XPEREEE R ESHKN. dR 25
RN FAEAEHE 1 — g U sk —Floh ik

2. #IERE (DataBase, DB)

B, 2B, REABEREGCE. ISR ELETTIEERE L, m
HUBHE 2 % — s Ak N AR

ANTECER U — R TR EM KB EIRZ G, PO IR REK, biftdt—5
IMITALE, HRAHGER. ER¥ERRERENS K, MMM, BiEs
DRI o i 2 AT BOHE A7 A SO B, BRAE AT B o SE LA B s R R
CRAFFIE #OC B AR HHE, DA B J7 0 1T 78 20 M R P 0 28 52 5 0 e R 0 o

FER B E, SRR LN . FAL. WS R R RS .
0 B b — s O BUR B RV MR R TR, BARU/NMAITIAEE (redundancy). %5
F ARSI (data independency) FN5 T JEYE (scalability), FE7] Jg & Fh A /45,




L1 e R Hﬂ;iifgn

I, BE EEEAE A KA . USRI AL = AN A .

3. BUEEEMAY (DataBase Management System, DBMS)

T BT BOERBOE RO S,  F —Aa ER AT RL AR M A SRR R, e A
HUIRECR e3P 503 . SERUX MER IR — D RERHF—BIREEH RS .

HRFEEEARSERMTH P 5REREZ MK — EHREHEM. BEETHERGN
BAE RS PRI ENLO AR, R DA REERRTERSE. ERNEEDREHEL
TJLAN 71 :

(1) Hedli e L The

R e S A G R 52 XiB S (Data Definition Language, DDL), F Filiid el
LA {8 bt o B0 PR o PR HCHE X B A 2 S A AT E X

(2) BIEAL. g

KIEEERRRE S RAN ., FRAMERSFEEE, pEEdEFR. P8R,
I 1) A B PR A2 55 . BT 5E DAAT Fh SR 45 M R A B SN FEA7 i 4 L4 U Se 3038, sk
PREHE 2 (B AR R . BOHE L0 SURVAEE G 1) B A b R 48 e 7 0l 2 0 R B SRR O (AP I, 32
Pt FAE UG ¥E (RS 4R, hash Bk, WFEIRE) RIEEHEICE.

(3) HEEHThhE

Hod e B R GO IR R YA TE S (Data Manipulation Language, DML), FH /] LA
R ERAEBIE, SRR ENEALRE, Wi, dA. MRAEsE.

(4) B HESERMSITER

Yl FEAE L B Y i AR R B R A L — A, DARIE S S IEW
BAT, CREBEER R, et SR P8R F 2 H R RAEMRBEE N RERE .

(5) ¥R FEME S MYET Thie

B P R SLANYE S D) RE RIS EIRE FEVIOR BB AN . B ThRE, HOEFEMEGE. K
SIhEe, BUREMEARTIREMEGEEN. MIThaESE . XEThAbE & & h— S HREF
HE T RS

(6) HAhT)HE

HAbTh e AR E R R A S M AR RGBS DAL, — M UREEE A
G5B AN HIBEETHRGI M RE MBI IGE, TR FE 2 (8]0 5 U 4
DS

4. BIEFER Y (DataBase System, DBS)

BORERG RABBERE. BOREETEASZ (KHNHIFRETE). NP R5EE
8 (DataBase Administrator, DBA) A AIFME. &R, PGP HIBNESE. N
HIFHAE, BIEEMEY. FHMEPFETERE - PMURETHE RS TEAE, 5
BHENHANGKTER, XA EEEEH R
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Ko e R AT LA 1.1 ok e R AR B B IO R R D RE L M R R
GBI OALR . I EHA GG SRR, B RN R SR A R A
AR e, B RS R R 2T B E RS, B 1.2 B9IABEEE S LR
SR R EGH

me (| ome | | ome
[’ -~

MAFFRTE

WO PR EL By

|
‘ HiRE }

1.1 EEE RS B 1.2 SEAEHE SRR SN E IR G5

FE—RAGIRIEFENEIL T, AT FAEHE A RS R Bl % .
1.1.2 HREBRARHEEMER

BRI B A 55 A0 T S T 7 A P o B A R P B AT 402 L AL
Gl Arhh RFRAAED, EOR B A B O 1) . TR 1 b B S X B HEAT
W fEE I TAERRE— REE SN B

FEN T RS T, FEVHEHLREAE . AR RIS b, BIREHERE
TATEE., XHhRE. BRERGE=ZAB . X=AM B AR S AR RmE 1.1
PR

1. ATLEERHE

20 tit4d S0 FEA P WILLAT, WA EEH TRZEGE . S 0@ AR, SFF
REEM K. #W, RAEUSSERFRNEMRES: KIERE, BEHE
ARG, BAEHEEOEIRE: Snasr R ite®. \TEHMELEMF
R



1wiwwammﬁ|ﬂl

Fll HEEBB=/1TMEREER

NI IURGMB | BEERSNE
i 5 B RS, MR | KRR
a5 | B KHEIRG MRS | . B KRB WA
o | BIFHR B R SRS | HBIREE R
s Ak s WebsEn A g | DOHUKIACEE AR,
b5
BREmE | P GEERD SRS el B R
. 4 ot | BUSEHER (— MBI &
BRI R | SR 3R g
BORMSERE | I, SUREEA | LR, JUREA | LM, TR
+r A =1 .. AT 58 O A S A
; BRI | AHGL, R KBTI | Mo O iasi
e ORAE L. AT | SRS, FIECRR
KR | T4k b i
0 P R SR B
Blepblie s | ROTET B CR R B C Wachth. sl R
PEBR L A8 71
(1) BHEARAF

T 4N EEH TR, —BRATFES R KR, HeEitEE—if
BRI A, HSEBUE. AOGTHH PRI AR E, X R I R

(2) S 2 i 2 i

HEFEANARTE AR, W CGESO RS, A HMNNRYE RS T8
MR TAE. MRS AN B e B B s b, i BB B, SRS
. FFHOTE AR, R R R E,

(3) FHEAIE

KOs R T ) SRR, LB SRR N — AR . U AN R R R
Al BRI A% H e X, EEEARFE. HMsK, FEFSRFEZREKERIT
A HE .

(4) BARABA I

HE 1B AR A B M R AL RS, A0 N AR R B G 5, B0 2 2k
TN AR, R BRI ML, XENE T R AR,

EATERE, NHREFSEEZ B —— MR HE 1.3 #R.



BIARFL | Wikl
PRS2 w2
B AR fFn g fEn
B3 AT R BN AR 5 40 2 el o R R

2. XHEGMEE

20 40 50 SEALE HIE 60 AP, XEEEMF A CH TR, RS H I
Bk BMEAH, BERETCEE T EIINEESEKME, —BHRAIXHRS: o8
K EAUE THeALER, T H AL ST R AbEE

ST R 408 B 5H BL A T s A

(1) By LA B AT

T SRR TEIE A, BEHERYRBEENE LR EHITER. B, A
AT PR HRAE o

(2) HXHFRGE R

& T BB B SO RGO AT B i, SO R e A s 4 2 s AH BB S R B S
4, R “f3c-2 v, HadsRET A MEBREAR, R4 T X ST I 5 K
SERER A B AR AR XHRELITICFANSEWE. B2, XHREDFE
PATF R A

(1) #ELENE, TREK

EXHRG T, —A (BR—4) XA XN T—AN SRR, BISCA0R & i
NAM. HAEGNHEREG S HERMEER, AR & BRSUE, AREILE
AR, ERBIEMIIAER, IREFHETE. RNETHRSENERSFHE. &8
EH, AOHERBEOA B, AEBIROBERET R T HE.

(2) $mahrts

XERGF RIS R R — R e N IRS 1, CHRE 8 250 5% B AR N Ak &
TERLAER), BRI BEAR S SO R O S P i — B I N S R . T H, 4EIEME
WEEMECER, NATER O e O E e, R R P A o SO i A th e AR,
B A A T S AR, R BhSr k. AT, SIHFRETRE AN FARARMNN G
ZMBEARES, B2 ARIGLE, ARE R Bttt R R Y2 [ R7EEKR .
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SCHEFRGEM BN Y S B 2 [ R R B 1.4 .

BBl | Sl
BRER2 N/ e
i
Kk
BB [ ——————— ftin

B 14 Sk RGeHT BN IR e S MeiE 2 ) i ) R X

3. WIRERGME

20 42 60 FACE LK, THEHLE B 0 GAUBRRK,  A YE FEER R
Z, BB, FNZFHNE. 2585 L s It E 8RR S mZE Rk
R E

XREAF DA REEMAL, BEOR T R SO BT, g R4S R Gk i
B 7 AR PP e i B A AR 38 s 7EARER D70 b, BRMLSEIAbBREESR B £, FHEHFER$R I AN
FRAMEE, FEXMHERT, UXHRAREAEREERTFROSA W ENAHMEXR,
TRABRZAF, ZNALEEROTR, EEREARTRZOMARS, BIRERHA
EREmA, HIRT A ERERNE TR RE—BIRETE RS

B PE R GUR E AR L R G R AW RN A, W RE BB R G br &
R E AR KR

1.1.3 HERERFRFESR

TSGR BT
ZF, TR R 2 R R RS

B W ITFENGEEREFEES. ma., Wil Fi. S MgE. Bo¥ENER
W& 1.2 fR. BRZFREEREAAIAFEGR. RIBLSTURE M EERER
EIhfE.

(1) RS ARG LI

HERMMFEEERE. HHNBREREEN T XMHRSE, ATHEE N EEMAE
HfE BRAEKERG XFEME—A “FEREEFER” . HREMOBIRE H%4E

A E R B R GUOR LB R G B e R S




10 = OO O oM

8%, BRFEAERSE, FIERAZKIERTIWEFBAES S “Khh” 3. “FE
HAMER” SIFMEREREES. A WA FRk. Tk, MEMKESTE, WM& 13
Fim. HerhRr B RHC BEHR R 57— AN RS (R 1.4 FiR) eI EMKE .
R GE B SRR, RE AR TR, B, R 13 MR 14 24T
Fr R RERMR AN o R G A I AT N R P o BA b A A A

Fz12 FE—Kx
e | mx | wm | w® |t | %W
20100001 | W % 20 | PHEEHL | 2010 BeEEE, 2012 RER%ESE
20100100 | ZEHE B[ 21 | B | 2002 BefeA
20100234 | KK 8 TE RS - _::7 M- i
|
F 1.3 "FEAKRER" XHMEHETNAZR
%5 24 5 iy ol } VA ¥ [ RE
20100001 | KM £°S 20 | b “MTm)rso
20100100 | %Wk | B 21 HLb J\i 30 5]
20100234 S % 21 T : 45 0
1 !
F 14 "R XHMEEMNAE
i
2011 Bk, 2012 HFRFG:

2012 BIEFHAE

Wi T ERAR T UG, TR SEFRCEIR KA R TR, R
ADRER A S AR N IEA L EFE, LRAFRES “FHEEAGR” X,
EREEL SR “RE)” X . BHEERNRE, b THRIEMBRE “FERAGFR”
SCAER — AN R ORISR A NI R, FERR T T IR AR SUTE SCAE R T
WAL ERK RS “EAERAGR” .

BHINRERAMFERTT . TN “FEREARGERE” XHPEAS 1 £idx, RE
HBE S FRER FMBEERKFESHE. R, Sz 2ENER, HFRELE
FBOHKBEFBUIE R “ 7 SOt A R s B, BEHREELH: WRAH



[, MM “rEReAfE B XFEPEAN T —4&ids, HAHRAZESdx, sBE s
HR BB ZFESHFAE NI,

(2) RHBIEER G LA EH

B EAE R P Lk ® . STUDENT fFUFEREAE S, AWARD fFBUEAER
L. X AT LA EHE 2 T R G P 4 CREATE 15 )R SE Bl -

CREATE TABLE STUDENT( CREATE TABLE AWARD(
Sno CHAR(B), Sno CHAR(B),
Sname CHAR(10), Details ~ VARCHAR(2000));
Ssex CHAR(2),

Sage SMALLINT,
Major CHAR(20));

BASTUF RGN G, 165 A PR AR S HRAT I 1T A P 44 N iy 2 T LA 2 AR A
SRS B4R 47 2] STUDENT Fl AWARD £, 2R AMRE.

INSERT INTO STUDENT (Sno, Sname, Ssex,Sage, Major)

VALUES('20100001", ' s EH', '%",20, 'THE A1) /RN SRS B
INSERT INTO AWARD (Sno, Details)

VALUES('20100001', '2011 12 3%244x, 2012 [ 54254 P N AR SRAS 2 il

A D RETT LA — i Ay e L

SELECT A.Sno, Sname, Ssex, Sage, Major, Details MRS 5 20100001 2224E {5 B/
FROM STUDENT A LEFT JOIN AWARD B ON A.Sno=B.Sno
WHERE A.Sno ='20100001'

ATLLE H, TR R SO RG0E 2 500 e R #8 v CLSEELA ) o 22 F A T K Th k. 1B
&, ERAXHRSEN, B RERFELRNS WA SO il g2 BB R, X
RGN fopen (4T ). fread (i), fwrite (5). fseek (BENILELE ). fclose (FEiH)
SRR, TIERR. WEEA, HIFAGEEE: mEdnERG AL T ohie s K n
16, mEHREARES —FEHMTLSEH, BFERANFRMERNKES.

SANTEHEANHRGA L, BIEERENRFSEER/ LTI HH.

1. BB

B e R G SR AR Gk, X RBR R R B —, WMESIRERSES
ARG AT «

TEXHRGT, PR ERABRELEN, BI04 MRS 6 15 R g E



Iﬁl W1E i

WAERE P, TEBRRF RN . X TEREABEINE T RF A 5E, AR T4
RS .

BT« id” Gb AR i B FE o B0 AN T AL 3 SN, i A O i 48
AR Al AOEIE A L, SRR MK, BRI RARRN.
R B, ANEHEHA NSRS, ST EEMHANERLS . flwm, —
MERIE B RETANESRBHFSLMORBEER, FAEREE., RSEH, E8E
R, RSB RAROTRESTE, ABLOBRANFE
B, BHHCRRDTE S, B, SRR B RGP 2 A S iR i 1 & A b = 9N A
AR B 55 A 1 — A F EIE RN T LS B 1.5 A ZERE R REARIL P ¥
AR

PHRAIDR
28 ey | BW | ER E3
I
2 ABER | REERIER A E
REHS | MR | EEES AW | & | Eps ¥3 | WES | B | R
LEMRIER REER R IZR  mmizn
AWM | %E&R E | SEAXR | wmms was REALH

B 15 REEER(E B RS b (12 A A

B 1.5 MERALT X0 £ ITH M AR T L EFOR, RIS MLT . X
WESRIERR EE I A E IR BAE A 5, CEREEE 2 MR R . EEEERET,
R A AR SR Z [E ISR B R B AR G ey, T TP RO TR, =%
T TR

ERIR ARG, AEIE RS, i BAFER SR i 5 R R &, T LAfF
B e P o (2 — A B — BRI — AMERE—HIER: TiEXHRET, BT
ALK, RS REAN B S .

2. IRMHENES. TREREST %

S8 ARG N A LR RS AN R K, 508 A T ) 1L PR 2 T ) AN R 4
PSR T LA A P AN RIS . SR PR BT R, AT
fili = fE) . AR ICTEE RS S B R A B 54— B

PORSHE A — BRI A — BB ARE A M EA—H . RAATEMS S HRAE



L1 B RS

M, BTEESERAGE, AR AN AE G SO [ 0 @ AR I AR 2 D) 1 R
A3, FEHEE DB ILER D T TR TR IE RN A —BUR S .

T E R m AN R, AR EWREYE, SMUTUEEZ AN HLENH, HES
WF N, XA EEERG MR, 5T R, WTLLEN &R ESR. T
I ECEA KR B SR FEATARBNHE RS, SN RSEEEE MmN, HEERER
AN () F B Bohn b — &0 43 HcHia {8 wT DA B 7 3K

3. HIRIRIIES

BB 3L MR 15 BB R B ) — A B A, B Ok B P AU — AN
AREFMEEEME, EFEEIE YRS A B

IR I ST 1R A P N AR S R R B B AR A T R . R
Ui, BOE RO R B R B R R AN, HPEFATFETR, NHRE
FrEiab B ity HOR SR W 451, P 4 I ) FEAE 6 SRR I N PR AR R AN e

BRI ST R 7 BN R AR AU B B AR S5 H R A B . LR, B
FR B 48 45 b o e i R P AR AR W] AR

B4R Ak ST M R el B P B R AR O I — R Th e SR ARAIE R, ¥ TH A P9 2 gk
TiHe.

Bl 5 R P B L AR R B e SONFR P B 2, 0 AR EEAEE ) 07 v X B 1
EH AR N ITROE, AT A4S, KR T MR 4 A B

4. BORHRIREEBR R KL —SHENIZE

AL R SN R BRI 2 AR, TBIEENILERH KM (concurrency) 3t
=, HZAH 2T LR N 7 RO e R S, B E T D) B OO E P R — A 3
W, EXZWRAEAF/EALTIMER. B4, BEEPHENERNS — o
WA BIOREE . Ak, B R B RG0SR A LA R L T A 0 42 4 T A

(1) =2t (security) fR$”

ol 1 22 A PR A2 48 /AP B0l LB 145 & 48 3 i B il 3 R . AN RLag
TR X HE L s DAL £ J7 sCHEAT A P A b B .

(2) HyEm e (integrity) Rfr

Helf 0 e S EIR B R IE M TE . A RERA A . e B 20K BE 45 e B T
BN, FERIEEE 2 mW e — e kR,

(3) H%& (concurrency) %l

AZNR PRI REFR RIS TR, BB IR R, WS R AEHE TR MB BRI
45 R 15 5008 PR SE R P BUMER, DR 2% 55 FH P B0 FF R 38V m LA SR T

(4) BERFEWE (recovery)

WEN ARG RE AR, BRI R0 5 0 23R DA B MG R & S w S0 e th 3




PEHIERTE, B SR R 4 B B 0 B R B R B AR G BT R
AR P B — B AN ERPIRES ORFR 0 52 3RS — B0RE) 19Thig, X2 %
IR T e

B P R G BN PR 7 5 i 2 Te) B0 G R T I 1.6 s

BURRFL |

72

B 1.6 Bl PE R GEET By R - 5 B0 2Z Tl R B O R

i bpTidR, AR KA EALN A AL KR, KEREEEES. EnT Lt
BT, BARNURBEMBR SR . B S R R BUR R, 2
PR A4 bk o Bt P AT G — 17, DAGRUESCH i S8 4 PR 22 e, IR7E 2 AP RIS 4 A
B PN REAT HF A, 7 R A e X e AT R R

Hos e ARG B B AR G LU TEHcdhs AR Oy oo B i R 8 L 5 1 B0 1
FUL BT B IXREREE T f g b B, SCREMTAL S R R M WE IR e, 3R T 3
PR A, R T RSERI TS .

HAl, HEFECLBARNREEREMEZL NI . RAHA G, HE T, £52%
B PP E QA B TR ER, Tk, Rolk @ik, RS RBUFI 905
BRZH .

1.2 H I & 8

BHE R R v SN U b R R B R B AR 2 — o B P R R (1 R R W B A
HIELHERE R B, 45502 BRI AMRGEFARE . —okithE. — @Mty
B AU BUOHUR LA R BRI, —HR 2 L 8 N B AR B B S A S P S
AR RN SE S TR BEAN R SR AE IR B . BT, LA ML X AR 3 T R L B — b
BN S, SR LU CHLIE €. CATRIREE, ERER T LA —HL k.
LS. HLE. HLE.

HAEAET (data model) 2 —FhBLAY, & X ILSE it B RFE Al 5. it /2 Vi gk
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PEAS AL S PSR IR s . AR U A RO AT R AR Y

B T T SEHLAS TT B B 40 B SE A b (¢ B A S, T A AN S OE I R A
P e R T S AL S A0 TR A BOHE , AR E A ER T, LI R P RN B,
EHN . A AR XA TRRMS . R, EAmTE, B s R 2 Ik
- A UL

A B PE RGBT R B R 1 . SRR 0 i AR ) A o N i -
BRI, T PR AR T ) e AR 25 2 2 ) B A F) ik i «

1.2.1 FREEEE

ECHEARRY SR = T TR — A LU L SE AR I St 5, AT NPT EE A,
SRETEGEN L. —FhEE R AR b 4 T M AL X =y T ) B SR AE H AT i
RN B, EEEEE RGP E XA E AT SN H i, KA 8RR,

T [ A A v R (AN [RIB B W AN R B B AR —HE, 78 T R Sl s R F R 4
ob 7 B AN R BB . AR BRI B

MR AR H i, 77 LUK X SR R 4 KK, EN15 508 T H A AR
JAR . B SRR, 5 SRR R Y

R SEA (conceptual model), HFR(E SR, &1 B £k EdiE A
5 B, FEHTHIEERT.

5 R E AR - B FEZIREER! (hierarchical model) . MR (network model) .
KFAFH! (relational model )+ [ [ii] X B AL HE#5 %Y (object oriented data model) FIX} % 5 2R ¥idf
i (object relational data model). F-Z5HI L EHEHA! (semistructured data model) %, ‘E/&
ARG W A AR, B TR S R AL

5 R I PR AR O R 2 i %, IR B R R G R i s R
WOk, e S ey ORIk, R i ENL RN . WE R R
PR SEBLRE BE PR P R AT S5, B E BT N LB T R A R BEARRY ,  Be 28 1  UIAS
W62 FR BRI A0 Y

BRI R B PE R A% ORI Rl . SRR 2S 1 STBILA0 B FE A B R LR AR 40 2
T T B TR Y 150 R SR R B AR (1

A TR PR B A SR ER  A 800 5 BOEEE AL S E R SR e R,
MATH B IRt A SO E B R, ARG B e B o LS . Ak R
B, EEEREHEAPREUSZME AT GBS, XGRS AT
FARMIVEENL RS, AR 5N 5o P 55 B 2 40 3 14 (0 B0 A 70, 7 2 M v SR PR R 7Y
R FHEM SR BN B — SRS R LR, Xk
Bl 1.7 fioR .



fHERHR BB

Bttt SR PR B AR 0 S R R B R

BT BESIEHESA A 2 0 Bl B R

IS S B BSR4 oh B P Bt N A SE . MRS R BB AR A R 1
¥ mT UL el B PR vE A B SE R B RT CARI SR PR vt T R B B AN R SE R B AR
RS Yy B RY e TR o B PR B R G S8 B

THEENMABSHEE, FREENNARER, RENH = OBIREE.

1.2.2 HEESRE

& 1.7 ATLLEH, HEABIRISEEE RISt R BYLER ER—A R 2 K.

BESBERH FE B SR E, RIS A BE B A NE - BEmg, BEIEER T
A RBATEARE R A A TR, BREIEER A RRA P Z TR ES, Eik
BESBER — 5 N A% B BRE RIARE S, RERE (8. EE:h R IE N I & FiE X
SR, FH— RN R R, W, 5T .

1. EEtRPREEEER

FEHA ETW R LLUF— 2SS,

(1) 34k (entity)

BAFAE I RTAH B X A O SRR N SE k. SEARTRUR BRI A H. 4, taT AR
ZHBSHEKR, Flm, —ABRIT. —ANE. — N, — 1R 2E0—ER. 3
MI—iT 8. UM SBRRM TEXRR (IR EURAERER R T SR 4k,

(2) J@¥: (attribute)

SERFT B A SRR R . — AR DL T AR R % m . Fldn, s
ALl S ., A, W, MEFER, ERR. A¥ENEEREAR, BHEAS
(201315121, ki, 5, 199505, HEHHLFR, 2013) BIRIET ¥4,



12 Heibigm

(3) i3 (key)

ME—FRIRSEAR R B IR SRR D . ) 2 T 2 AR SEAR RS

(4) A% (entity type)

AH MR B R SS AR REILRMFFERMER. HEgke LIURME 256 KIS A
Zm RS E Ak, FRONSEAREL, Flin, %4 (CES, %a, W, HAEFER, IERR, A
W] B — AN AR,

(5) SCA%E (entity set)

[ —RRYSEAR R A FO SEREE . B, kR4 — A sehdE.

(6) ¥tF& (relationship)

EBLSE SR, FW AL LI ERFRARN, XSRS B Rk sg
(B AEBCRRSE R (B ZEFIERR. ST A EE I IR & R TR 4RSS A 10 & 8
PEZ BB R, SEpRZ (8] BOHE R ORI A R L AR Z MK R .

ST RMBRARE 6 —, X2 EN LR,

R FEMAE A FHE LA, LEREBIREZH A (WATLLER) LHh52
BER, RZIFMR, MIFRSEASE 4 SEAE B B —X—HFK.

RS TR 4 P — AR, SSEE B PR n LAk n=20) 5ZBKR, RZ,
X TSR B PR — Nk, SRR ATEZ R N EREZER, WREHhEL S
LHEBH X EER.

WERX T LA 4 PG DEE, BREBPH n MESR (n=20) 5ZBR, RZ,
XTSRS B PRk, BRE A DA m AEE (n=0) SZBER, WFRSE
R A5EKBEBRAZNZHA. fln—TREVTURNAEETLEERE, —%
ARTUAFIR S 2 TR, WRELRSEELAATENEZHKEA.

S 2 [A) I AR TR A A 2R E SR 7 S B R v bR

2. HRERBEN—METHE BEH-BKEAE

BESBRY R 0HE B AR, P ARES BRI MK AR (. MEFIh R R ik fE Bt
APREAMS. MSBRNERAFERE, HWhEAE AR PPS.Chen T 1976 43R H 19
SEAA-HK & J7i% (Entity-Relationship approach). i% /7% E-R & (E-R diagram) KHiiRI
St R SRR, E-R AR H E-R A,

A RWMFNRF ST B St 5, A i SR Sk 2 B B R, SRR, m
t E-R B VES A B FES 7 SEUHR .

1.23 HIFEERNERESE

RS, BRI A N ARSI . KSR RR T RGE A E
AL BhAFRHE R 58 8 PE L0 R4 1 Cintegrity constraints) o PR b Scai A8 20 500 4% ol 2090 45440«



B e oan Y ,

B BB i 5E SE VLU R AR A =0 AL

1. R

e 25 H R B FE A AL o R LA R R 2 IR R . a2 U, BUREHHR KA
BEWA: —LKREMRMAR, WA WERA KK, WRREER SRR, dx, KX
AERARHIR, B, KRS —RREBIEZ EBRRE RIS, W RCREER o R
(set type).

K 5 b 2 2 i — AN B R M R R Ty 1. TSR E RS, AT X
HR MR 45 M (R S B ofe iy 2 B ASERY . B 22 TR ) - IO R A R T OR 2R 445 ) ) B A R 4
Sl i 44 A B R . AR O R AR

B2, BREHE AR SRMES, EXREHFEFFIER .

2. HHEIRAE

Bl e IR B FE P AR S (B #9SEfl (D) RWPITHRERES, B
Bl A R R -

B e R AR (EAEEA . MBR. B30 MREERAE. BaRBRLLE X
XM BT S . BAERFS . BRAERIN CnflsEg) LR SKIURIERE S .

KO B X R BB AR A

3. BIEMTEMEAREN

B 0 e R P LY R AR A S — e S PRI 5 R U 2 5 5 1 A Y o i B
BRI BAT AR L AR AF LI . FH LA BR 8 15 & B B 8L 0 B0dls RS LR S 281, BL
PRAE B R A A RBFIAHZ .

KRG N 127 5 WA 5 HL DA 000 S 16 FHE A F) AU FH 0 SE 4 ML R 1. i, #ER
BARRI, AT K R AR AR SRR S e R AN 0 (FESR 2 BEOR R B R
8 5 BRI PR e M S A R BT R PR A TR X P R e B R R )

BEAh, BRI NAZAR it e B AR AR O], DU EL A R FH BT A B 8
i A ZTCRE ST (R S TR LA RS o B, RS K2 (B P o s 2 A i SR 6 1)
DL EAR R AR T# 00, BORAGBIRFRRE 65 %, BT HIRAFERZ 60 &
%, LR TRERARGER S 55 % %5

1.24 FRRERERE

B P e o A R B AR A

o JZIRAEAY (hierarchical model)

o MARBERY (network model)

o KAKR (relational model)

o [fil 1) 5 S B AEAY (object oriented data model)




EREC TN o |

o W%k REPEMA! (object relational data model)

o JLERIMEEIE A (semistructure data model)
e 2 A TR 0 X AR TRY Ge  A s AR

e AL RERY (0 B df 1E R LEAE 20 tHAD 70 AR E 80 FEMRVIEFWAT, EEERERSG™
g EHE T RS . R UREEE RGN R B R e A AN SE IR b AR B R A
YIF R R Z G, AR OB HT ok R B R FE R IR (B 36 B K R Y — L2 [
KEH, T REYFRKNH RS EE T Z R S R E R g n, B H A A
— U 2 R HHIE P R e B IR AR B R GEAE R SR H

20 t&E 80 FEARLASK, M 5% BB A EMEARTE T EHLS A, GRFBEFRHES .
BT, FEEARGW . tHENUE Bt 5507 A= 4E T E Hsemg, (e 1 400 2 b
T ) A R BRI R R . T2 RRBARE w0 T SCRFE M SRR, XK R
B TH R, MIMr=4 T XZ KRB,

BE#E Internet FIEE K E, Web E&FEEMML. AELMILEIRIEC S BEME
BRUE, FEAET BL XML AR I 45 AL B A B N e 5 A A b B A Y

AFERENRZRER, PRI RARR . A Y ) BB B A B R 28
13 R

PR G B R RO R e B A R IX =N T A A e i th A T — AN
BERY, o B8 G50 R 2 i BB M R I B AR T T . A T A X SRR — A AR
NH, N HFE EANE =P R EE 4544 .

FE: XEHOBBEHEURRERE LY, LRAHXZAAPFRY AR OHKELE.
Rl EMXARLMA L ETHE, RITANZAARESER, RBEETEAGIH
EERE, ZEHERUEA - T XAMTHIEEZ LY, ARBBEEETRE
Gt hk, RBBEEEZATOHEFHER,

TERE AR SEAR D R R, SEARRY 8 HEXT e SRR T (ERFBD. ek
V1) RV EER FR P AR A AR ZY rh e e il i SR 2 TR IR P R B R o

TERE ALY o FHiE 25 44 0 SR R FEA 2 YR B ‘I]

R. FHARKRREER WA TR UL SN2 A ' Faes
H—x% (EF—X—) KEKR, WE 1.8 fir. Ly —H B (WE—3—) R RS
Bh R B TEER L, MM A, RAINESS

(parent), R, fi THKR L; W&, MAFLER | R; FRER
(Cchild).

1.2.5 BEXRiER

JE AR 2 B 1P R 4 o i L B AR Y, R IR B P R SR 2 RSB AR

B 1.8 FLAERE: &



Bl e oae

WHRIAS R BB ERG R REAAEKZ IBM 27 { IMS (Information Management
System), iXf 1968 4F IBM A @ (85— KB i AR B RS, B2/EZN
f#H

J2 VR TR R 481 T 55 R 2 7% 5 2 S 1 L B S ] (BB R . TSItk SR o i B AR [ £
BER AR R HLH — MR ERIERER, WITBH. FEERE.

1. BRisE a0 IR

R PR o s SR T T 7P A 2 RO S AR J2 IR R AR BRI R 6 0 J2 R Y

(1) HHRE G AR VRS R, XA ARG

(2) HRUASMFALS 2 B R — AR A

ERREA S, GG AR~ MERAR, ERAR MR AL S Z AEL

(F i) #x R AR R T2 RE 5 2 BIBER o 3k 675 /2 U O e R 48 L e s B

— X% LB R .

FMUERBUATEETE TAFB, XEIDFRARIR IR LA, FRIGR LA EH.
FMEFR R LI FBABU I E . S MERER, [ R ER P ENFBRAMEFRS .
AR ERAT LLE X — MNP B, BRI FE, R e SGZHE T 7 B (a2 v — 1,
e fEME— bR IR — AN d R .

AN BERERER S EA LA S EEARAMORBRMFR, (BAETERNREHEE
AFAE A R SN R % 1T PR 2 R P 5 e R S RN - B AN

ERRER S, [ —XCEHF L4 mfRoh g i (twin 3¢ sibling), ¥ FL4s
FA) 4l PR A 45 R 1.9 T —NERERKEF. Hp, R ABL A RaM Ry K
B E, RRIBTFLEA: RyFRs HILHLES, RRMTLLA: Ryw ReFRs A
ghim.

R, |m#EA
i ' [
Ry S Ry
s - 5 &S
Ry AR Rs
R85 A 85

B 19 —AERERRE

B 1.9 ETTUAE R REERR— BRI SLAOR, 45 SRR M — .
FRBERE—NEARREE SR, B M ENERERBELEREEES, BE
AT L FRAE RER I B XK C RAE MM SLAFAE



1.2 M

1.10 B — NG E R VAR R KB 4 MERER DREBRRRE
HMARS. £E. HAHMASANFERAR. CHHANT RGBT EMEE. WRERH
BFE R AT L4, M XRERMICRE A, EHETTES S, HFEam1T R4
Mo WWRBRMEAEMES ., HE. RIEATFRAMR. ERAMBAHRTS., #Ha. o
R WEANAFERAR. FESHARML S, CNRET LS8 MRBIEITE. d#HT

FRHA. ARFFEHR N THR.

% | ®mB | #& | Hams
I

aWE | EmEme | awiEs ¥ | oy8 | wE | RS
ET) WIS | W& | BRAR

B 110 Foa cF 2 B 0O PR Y

B 101 2 110 BTN —ME. ZEE D02 &R GHENRIER) idREX
HEF AR REARE— . D02 R =/HWFE FLidF(E R0O1. R02, R0O3 =
A FAE LR AE S63871. S63874. S63876. #WFE RO1 A =/ 5 id#1{H E2101. E1709.
E3501; #if% RO3 AR NHUAICHKE E1101. E3102.

# | D02 HEH | e
< iy !
s RO1 B S63871 | XwE#p A
RO2 HRR% S63874 | it c
RO3 L S63876 | KB A
E2101 | EX8] | #isE R E1101 | PBkZ RS
E1709 LR | WEEE E3102 | k¥ EES 3
E3501 | &3 HATHRE

& 1.11

B A R M




ﬂ R Hip

2. BUORREBIRIRNS SRR

R UK SRR LB AW, B MIBRAIER. BT MER. SR ERAE
il 2 AR Y ) SE R LR AR

AT RN, A SR BA MR I RGR 25 A E s A RERR AN B 0 7 2 45 e Blan7E R
L11 MR REAEEE S, FHHRAN 2R, (EERD B EO =, XA ek B 2
4N B e P

REAT MR BV, o SRANIBR SR 45 m B, U N A 7 5 (i R s (R I AR o 4
TEE 1.10 HZ R B FE, AR 28 0 %, W EWT = ITA #OA SR S E K.

3. BRIRBIEUER =

BRI R R B

(1) 2 YRR B B 5 g L5 T B AT

(2) ERBIEERERBRR . B4ZE KB Fd k2 MR A [ &R, &
B AR TE DBMS 8 % TR R SEHL. PRI AR 2R th gt 2 10 s 2 8] i AP U A2 . M AP I
FAG5 RdR1E, DBMS BT E X — R BNZIC KA, Fril2 RO 2 i g
T KRR, AMET PPREEE .

(3) EREHERRRAL T R H e SCRF .

IR R R B

(1) EMFHREEARFERRIERN, WERZEHAGENZEKEA, NESHER
BRI

(2) MR—ADERBEFEZNICRG G5, HZ R AR NX R AR, RfgdE
EFINTCRESE (Gr=AEA B sSal@dE AR EHEE (IR D Kl k.
Xl AR R AE I PR 2, DRUE Y R P I 49n 5 EEER R 2%

(3) BT L& R U BSR4 R

(4) MTEn™E, BRamSlaTREFL.

AL, RBEREERNBA X2 R RKRKE IR R BR. BEW, F5HEM%.
IXAE SR R E A P O SR AR A

1.2.6 RIKRE

ERSEMH A P HYZ FPKRRE LR RIEBRKRN, HERERF R0 2
IRANERER, PPRRAERL U AT DA 5 AR iX — B

O R B4 2 2R 4 SR FH 0 R AR R A O i i 205 2K TROPR B AR Y [y s R 4R 3R 2
DBTG #%t, 75 CODASYL #4t. iX & 20 4 70 R HHE R 4618 S5 W54 (Conference
On Data System Language, CODASYL) T J& ) %45 %2 {£: 55 41 ( Data Base Task Group, DBTG)
R — N RE T E. DBTG RS BARN R LFRHIEREERGRME, HEEHEAMS.




EECIN o |

FEAE AR B YR X, X T FOR G R A R EIRIR R T ERAEW. ERAD
ZSH K DBTG 8 al# @14 DBTG 7%, 41 Cullinet Software 22 &) ) IDMS. Univac
/A7 ff) DMS1100. Honeywell 24 ] ) IDS/2. HP 2 7 ff) IMAGE %5

1. PRI BB

TEHAR AT, R LR A SR A 2 IR R AR PR .

(1) LA RIS RTERGE .

(2) —ANEETTUHEZ T HRCE.

PRI — bbb 2 YR R o B M A5 . B R T R IR BB AN R, R
EANGE B BRENCES S, TS S H 2 ANREEL R WANEIE SBVFPIA G5 ril ) 2 Pk
R (RZAERBR). Fk, WREER AT DU B b I iR Bt 5t . 12 RBERLSE PR |
2 PR BRI — AN

HRE R —FE, PUREBER P A4 A RR — D E R ER (), S ERERA
AEHETNFER CEERAEME), 4RRRELERICFER CEE) ZE—NLHRT

ME XATUAE i, B R L 4 s SRR S r K R R ME— Y, T 7E RORIEEEY o
XFEER A UAHE—. FULEAFANABERGS, R ZBRA LHRCEILREMT Lid
. Bl 1.12 (a) F Ry BB NIGEILFE R Fl Ry, B R 5 Ry Z R ARG E A
L, Ro 5 Ry ZIAIMBR R A Lo B 112 (). (b). (c) #BEMARBEEL )1 .

R, R,
R; R, Ry ) *Ls
L, L——_J o ; a L, L, - R,
r Y g fLs
R, R, Rs > Rs

(@ (®) (©

102 R ] 1

NHELAEAEERA G, F B PRS2 B RERA SR/ .

RIFTE S, — AT LOEEE TR, KRR HEZAF24EEE, Bt
FHRSRBEZERZ N LKA . Fh DBTG A FARERRIIRZ(EZXN L MR, At
Gl A ERRAERGL K, CH =TI, BES . RIES. 88, RaEs
FHRB R ITRE RIS X0, FAERREIEEAB =0k 4. WEMIER.

TANEAER DU B L [ TREE, BN EE R —AME, ERERPATUEZAME



- N X o A
24 =2 (=

52 BR, mEiidgtr—AME, RetsEEoR P MIKR. HES5ERZARN
BERE—WMEHBER, BRL N S-SC. [AIFE, RS EIRL M MBRBE X KR,
BER AN C-SC. B 1.13 Fin b A IR EE 72 i) PR B A A

¥4 | ¥5 | #E | R RE | REs | #Ba | ¥5

S-8C C-8C

1
wiR | ¥5 | BERS | RS

Bl 113 S A VAR B ISR S 4R 45

2. PIRARE AR RN S TR R

WA ARAR Y — MR 6B 2 IR R AR RE P A () s S A R S, (BB A ) I R B0 R
G BAE BRI T — Lo PR, SR T —E MR LR .

#iltn, DBTG 7EREAHE & SGE S 4t T & X DBTG ¥¥i FE se 80 (1 8 T & FE
i, FEH:

(1) ZFFEREMME, MEME—RREROEEDNES. B, #48x%
B 1.13) 252, HEREPARFEEERPESHRERME.

(2) PRIE—NBER P RCEE RN F il g Z mE— W2 KR

(3) AT LASZRE XU R AT Ll R Z F] (S A R 4 . B, 587 Loig SR W
SRALRAFEA REAEAN, RCEE KM BRI % RIMIBR . 5] 40 B 1,13 oo U0 3%l I %3005 A2 X
FhLR A, 7 A TR i R AE L U B8 P P A A R — 2 AR S R R B — T TR A %
DBTG #2fit T “J@FERMN " FIMES KRR X LKL R KA.

3. PRI EI AR ER 2

PR RS (O it A

(1) eSS0 BRI LT, W— AN UHZANGE, a2 MauE%
FHEER

(2) BAREFAITERE, FHSEER.

FRASE R R S A -

(1) S5MteEE e, i BLbEAE N AT K, BIBEN SRS E 2, R
FITB&H P54,

(2) PMAREEAYH DDL. DML 8 2%, # HE AR —ME%iES (0 COBOL. C) .
MPARES ¥R, AEGEH.

(3) BT i SR 2 1) (9 306 R a0k A B B AR S IR, P P e 7 7 ) 5008 B o 20 32K 3



BN

I ERR, BOCH P T RARGEHATT, NE T RSN AR 5.

1.2.7 R FZRRE

KARA R R ETEN PR . XRBIEERG KA X RERE AR AR
Jr .

1970 4, %[ IBM /4 7] San Jose 5L % M5 72 E.F.Codd & k42 T ¥4 FE R
KRR, FFEI T B8 X R T E R R MR AR, HE FER R B8 5e T BB 2Ll
T E.F.Codd MIZASH TAE, fibT 1981 FF3K1E ACM B R %K.

20 42 80 AEARLAK, THENL R FHE B EE B R G LT AR R, JEX
RAGINF= A KE I £ T ORRBED . B0l A AU 4 5T MR AR R B2 AR R Jrid b3k
file PUCABHESBSBAEXRYAEE L, FH&FB MmN AR BRI

1. XEERMEEELSN

KA DAERBAR, &R IE™HMECAMES IR L. ™ 8 E X
TSR 5 “RABIEE” Pat. XERAMRgE—FXABEY. NAPRSE, XREK
B —RXRANK. BDMXRNEIELGHE KA 4R, Pl EEL®R (o
B 1.14 i) A, B RRR dl—tRiE,

_ PETEER s L AL - Y. -
%5 | wxn | #® tH | E&n | &
203004 | EAM | 19 | x| #e® | 203 |
2013006 | sckw | 20 | 0B | W&F 2013 |
2013008 | k3R | 18 & | 2013 |
TR e R b . | eed T

* K& (relation): —PMXRXMIEF U —IKK, Bl 1.14 PRXKEEZICE.

* JCA (tuple): KHH—ITEIN— 4.

o J@&1: Cattribute): KPH—FIEH—ANEW, A5 PEME - DLKRUBHEL.
W 1.14 FrosiRE 6 5, XN 6 NMEME (2E5, Ha, FE, MR, REMELR.

o 5 (key): HFRAMFGE. RPWIEANEML, ETLE—#E Ao, mE 1.14
PRI S AT LAME—HfE — AR, B A K R IE .

» 3% (domain): & — A R AR KRR NEAES . 8 HAEUETE Bk 8 5458
WA RIFERE — AR 1~120 B2 ja), K¥FAFERBUHEMEE (15~45 %), HHIMERE (5,
), REMERE N ERTIEREGNES.

o SrE: JTAPH—ANEMEE.



o RFM: XARRMHRE, —BERN
XFR% Rtk 1, @ik2, - Bk
Bilhn, LT 5CFR AT A
S (S, A, Gk, ML RE, F450
KRBTSR RU AR TG, BT RO RS L — 52 ATE A, XL
SR — SR, KR RABAUE — AT S ERIR, R, A
ARAFRPEFR. Blin, B 115 B THEFERE T2 REGE, T8 NEATE., M
PrEE MR SN, BRSO A =B ANFTR B, Bk, B 115 MRBART &R AHE

T
EATE | RGN | RN
86051 | BF | WO | 1305 | 1200

RTS | % & | B W

B 115, —EER GRPHER) K
AT LA 2R AL SE AR 3 vR G 2R 4% BT (R A — MR (T b, sk 1.5 B
15 XK i3 b

KEARE — R ARTE
KRA 524
KEMN Fk CRMEGHIHIE)
RR (—ik) —4Ek
Joé WK EAT
JE 7l
R4 5%
JRYE(E HUfE
P s — SRR i — A YUE
ERTE R KPR (KRPRA N

2. XABRBMEHRIRN S TEMLR

KARB B RN EEQIEAW. A MR R . XS/ B R KR
eI E M. RAKBBEARFAAFB =R KhegE. SROCEERAH P
XM EEEE. RS SCRAEE SN AT 4.



13 MR RSIL

5 FMR T OB RV R AR, IR SRS R KR, WETICAME
By AR AR R B iR e SO0, SR AR AR U A2 18
PRk, B RER N T AT B R AT, RLIEREIE “BAT BB AR,
AT KR MR i T B0 s v, 3 T R P AP

3. RERENMRS

KA EA I A

(1) KRB G RABERIARNE, e @ LAE i B B Sk LA

(2) KRAMBMPME R — . TiRE ISR IR AR AR RRETR. W EHE K
KR R4 RR KR (R PTLLHBIRS R S WL 5 S5 A .

(3) KRR AFE X B, TR A S B BRI . S i R R
P, AL T RR A G A0 A AR R T R S AR

Bt UASK AR S AL L) 5 A RARGE, 2R P E .

MR, REBBBAEGRA, B, B TFBRERAEX R R, ERREREEA W
WA BT . h T IR RPERE, B A B R G AU P B R AT, Rk
WO T RBE BRI . AL P AL % X A R G R I AL BOR A

1.3 HIEERSHIESH

B GURI P R GG T A 2 AN [R] (0 2 IR BRAS R B A BE o ANBSCHRE P I FL T R N B
FRER , BRI RGN R = NEh b, KRR RGN R AL . B
BARPAESE, SHEERZNGHD AR ait. ENAEH. s, &/
5 55 5% 0 VS 4 I Y IR 55 4% / 0HE P R 5545 2 SR G5 M 55 o IX A BIE PE R AN I A R A

AT HR PR R G G .

1.3.1 HRERSGEXREER

BB h A “H” (type) Fl “ff” (value) FUMER. AR H5 03— 808 1 45 0
RUBPER B, EREM—DEAERE. B, FAaeke Xy (5, w4, M, &
., ER, 5D XFERCRERE, (201315130, &0, B, HEHLER, 19, ILHAERT)
W e R R — Ml R

B (schema) & %48 FE 4= PR B8 ()2 48 25 W AN IE O IR, & (U B R ik
A B BARRE . B —A RARER B —A5%H] (instance). [F— AT AR
RZ 5L,

B, ek R P L A R IR R ARk R R, BN A




EE mIE b

PRI AR PESC ), ZSEBIEA T 2013 R HTAFAERER (WRIEES 10 000
AN, WA 10 000 MEAER) . FRIFEMIFTH R RAPTf A AERAIE R .

2012 4 BE 5% A VR B FE RN N AR SE 1) 5 2013 4 BE 25 A 38 URASCHE P A5 50 L ) S5
BIRAIF K k5 L 2013 4B 2 A 2 URBOHE PR (S 1 the 2 BE IR IE) 2R 4K, (R 0 6 % B 1Y)
AT REIRY, ARFET RS R, &0 21 # AR UREEE R L _ AR 7R,
ANAR B S A S VR AR

B RA REE I, TS BRAXT AR BN, B O B oh (B R AE AW SR . 4R
2R R I 2 e A 5 H B LR AR, TSI IS IR ) 2 s P A — I U R s

BARSEORROBEE RS B AR L MM RIR L, BN R SRR, R AR %
EEES, BUAEARNRERSGZ £, BRENEESHBLEAHE, BEMNEERRSH
EIEHEESEAHEMREAE, BRA =GR CR IR E R SRR
RAPIZIAR T BE -

1.3.2 HIEERZSGHN=REREH

HIEER G =R G RIREIEE RS 2 h s, B =%k,
1.16 FT7 .

RiFA FiFiB R AC R FD i FHE
L} // Y 7
\ L
SMRAL SEER2 ShBER3
D T TR T T
1
5.9
I
! R/ BAR S
AR
AT
BRE
B16 Wi = 44
1. &3 (schema)

BB FRZ R, RHd SR BUR N E BRI ERE, RGP HA
HUREE . CREEERGEA G P E R, AW R r 9 A7 401 R FER



s smersns [

1, N5 AN HER. BRI R TR EESERFRITE S XK.

ﬁﬁ%ﬁtmﬁﬁﬁﬁﬁ&&ﬁﬁi%ﬂ@ —MEHEERE MR BEEER
PASE—Fh BB O ERE, S A B E T AR PER, FHXEH RIS E
AN B A, s SO AN s OB R A5, ) R e e AR i T A
i, BRI KA. PUETEES; wHEE CEEZ MR, 2 X 5EEEH KN
2. EEHEK.

HBas P B R R O RS e GE (B3 DDL) K™ # s AR .

2. MEZ (external schema)

AR FR T (subschema) B P, ERBUREM P (N AR 5 &
P ReEE WARIE R ) JR S BOE (138 48 45 M AN AL A ik, R B0 R P OB AL
R H—NAAXOEENEHEERTR.

S R . — AN EERET LA Z K. T ER S H P EE
P, WRAFREE AN GR BRBIE A7 8RR K E T A EER
W IAMEA R R R AR R o BMEX R W — B, fEAMEN R gt . KA. KB,
RE LN FE AT AR 55—, F—MER BT Lo E—H P EZ AN REHEH,
B—A MR R ae i — MR,

AR PRAE R FE 2 &t — N it BN P R GEE WURIG 19 B 5 R (6 S
AP REEE, B ET LR BAE AT K.

Hd P R GRS E E SGE S (MBS DDL) k™ h e X AMER .

3. A& Cinternal schema)

MR B AR #ERIE (storage schema), —MEHEERF —MAER. © 2R
S FTEAE T O REE, REIEAESEREAFMMAL TR B, R0 R AT
L LA (B BHERT (B 7, SURREMEERE (cluster) 7% &
LA AT NALR, & BHERT|ER hash B5|; BE LB LT, REME, BiE
FIFEIE R A E, WEKSEHEZRKEN, —MORAT BT, $%.

1.3.3 ZiRE R — ZRARIRTH BE S BRI ST 1%

B PE R G0 = ZE U ER ) = MBS0, EIEEEE ) B R B 4 B
RGEHE, FH/REER. BB, 1AL 0 BHE T B I R RR T
AEF#ETN I TRBERENBELAX =B ZROBERER, BREETRRSE
EX =R Z R T R SMER / BB AR / AR .

IEARZIET R AR ORUE T 08 2 R G0 P HOBOHR RS FLA 0w (R AR T M R B ST

1. MR/ SRR

AR R EIR R 2 R A, SRR iR BUE KRB B A . N TR




30 R

— AT B EERZMMER . ST MM, BRERGHA MR /
Mg, B X T ESMER SR Z R R R . X R SGE A& S B AMEK
g .

i M (Bl IET O R B R SO R RS, AR
B ARSI/ BB EAR RS, T DU AME R AR . NP R P R A
BARRIAME RS 1, AT AP A MBS, PRAE T B0R ST HZSIYE, AR
£/ bLR S L YA

2. 123 / ARG

Bi e R — MRk, BRA-AWEERK, Freist / g —r, e
SCT Bl 4 R B R A5 S A7 A5 R 2 T R LR R o 00, 5 W2 A SRR 7 BEAE Y 02
I RN o ZBEE SOBH 65 FERGURER . A5 R AP AR S5 AR I (9 ik
T A MAE SR, BBl A B A / B AR AR, ] AR RS A
AR, AT AR AL B o FRAIE T 300 S5 R B BN A, TR PR O BB T A

TERE PR = AR G5 M b, B AR B 4 R A A A 2 B K 0 S5 008, B
RS TRl P AR Z o DRI T e P X 45 A P 7 7 58 2 i e i 4 A

Hod e 0 RSO T E R g gk, (BT AR ERO R LB, BIAMESE,
WS T BARKIAEAE B o R Ks 2RISR E A o T RE SCHI B 4544 R R 15— 2 1
YIBRAF A SR REAT D, LI BB A I () 5 28 () 0

Kot e 0 ST ) RAR N AR, e AR b, (BT TR A U
FEftBes . NI SRR ARRARAL, AR AN e 2 LA Bk T, iz At
RN S, B PABETHSME N B 78 4325 IR B N 9 7e i

5 5 L R P A AE A AR 9 Sl 454 B gmbl i), B TR e A, 58
¥ P2 R ORI A7 fil G AN o AN IR S FI AR A I ] DUSE R R] — AN B R — %
BRARORAE T ot B AME AR E M, T AR JZ GRAE T B AR P O RRUE 1, BRAE A 5 3K
A G RARN, BN AT — AT E B

B 55 P2 P 2 [ PR A S P A A 000 0 i SRR mT LM S AR S 4 st 250 53 4h,
H TR B AP R el Bl A B AR S R, T A T N AR g R, KRR D T R R
BEE L

1.4 FIBERGHVZAR

FERTEIHEN AT BRWERSG B R E. BIRETRASL (KHMHFRT
Fo N HRE P A8 A B AR e T T 43 S0 A AR LA B4 R 2



1.4 Bl PR R A (K AR n

1. BEETEREIERE

T80 R AR AR, I B FEE E RS E E TR AES I A B AR
AR, DA B e R G A B B SRR TR K, XK

() EHLEBKMANTE, FBERERS. BUEEEEREMZ OB, BaRZ XM
N FEIY

(2) F AW KA SRR PR S5 R & A, AR R (BOERD 1E8
P&

(3) BRARGHBMIEERY, RSB EEE.

2. B ;

B R G K A

(1) BARFEEHALG. SUEEE RS A B R, R4S B & R B

(2) ZFPEIRFEE R RRBITHERIERS.

(3) B 588 ERE O M EEES IHmERS, T HFRNHER.

(4) DIEHREERARZE MZOMN AR TR, NSHFATRERRG N RAGR
FgZH PR ERESE. ZURANHERSE. BUARESFESHEMG TR, BN E
5 2 R G0 T AR F AR AL T R B ARG

(5) A% € N FHEREEIT & i 048 e N R 4 .

3. AR

TR EERFE B E RN A EEORE RIS R RG0 BRI B
AR NP AFELHAP . AREFARY EARGEGEMSZED, BAA A G EE
BE, wE 1.17 Pras. XA G5 HaEREm TR .

and (Era)e o e

ﬂmﬁﬁﬁ{ | MR [~

B

BREEER,
RYESHHT R

3
PERR |

e b
i

B B 2 K RERR

M 117 2P A E R




(1) BaPE& i (DataBase Administrator, DBA)

ERIRE RS FAMWIILERE, —RREE, 5 RREEEEHE RGN
] 7 A | A R L P ofe B R A TR R PR R A . N P L A I XA LA B — A
() AR, fiRemEEnEHEEERSZ. RAafn PR,

@ P EF G RAEREGE . BEEDEEBREER, BEEEERES
Sk, Hik, HEEHERAMSNEEEERFAERE, FS5HEP. NABFR. R
Giortt REVIEVE. LEVARG, MR EE .

@ whsE B E A g S A OR RS . B EEH R ESS SN HER,
Bg PE VLT A B 3L R e B B FR i G M AR BORE ,  DUSKERS i M AR BUS R IR i =5
EIRRIVERe

@ XL AT RS HME LR B0 P B 51 (10 T 2 I 7 2 R0 B
PEf 2t moe e . B, 08 2R B 5% 90 SO0 8 & A FE PO B0 R A AR OB PR . s
Y R 2 5 5l 0 e 3 L R A

@ WEBEEERER ST R EEHAEH — N E IR TS WA E R4
ST, BB E TR B R . LRGeS R iR, HE A
R A FFERE MR, B P 5 0 Z0 A o 0 I O] PR K B8 PE R R B IE RS, FERLAT
RS M B/ S ma v L R G A M 4 I IE R IZ 1T ik, s R B 5 B s ORI S i
L0 G & R RS, RV AR SR . 4EV BB . BRX TR RS
10 FEHHE PE YK B BOR MO — 25148

® BAEFEMBCGEMEL . . FRESEARNTERZESTHHNBEMALEN S
A, ABRREMRIER, MEITHHETIER. Litodr, KR TESERFRE
S o N2 FH B 5 A W SR B R VR v o AN DO P AR A T X B RS AT R AT R A
Ao A TR, B8 s 8 53 mT DA A G e A 5 X I T4 o

A, EHPEETERES, KEHIEAWREA. BBR. & mE—K, SHEHHR
itz R EEW, MK RGEMERE. Fitt, Bois s w5 5 M S Ed T =4
2, DSERGMERE. ST INAISCE A, SO B 5 T EE R TR K
HIBGE, BRGSO, BIEEEERMEM.

(2) RSG5 Hr A FEIE 2wt A R

ARG AN RER TRV BIG U, TR &R AMSE,
e RENEHRERE, HS58IEREOMERT.

B P B N G 57 T RO P o B R v B B PE S R R . R ERG AR
WS P # R EMRG T, REHATEIEER . ERZHNT, BRERITA
R MO P B R AR .



(3) MR f

I FHAR I 2 40 5 B0 NG 5 N RGO FE AR, JEEAT A 2% .

4) fr

XHE P RIERAH ) (end user). FZHH It N R 45 A P82 O P 3008 1
RSO RE NS KRS, R, BEER. MERS5%.

A PR LA A =2,

@ BRI X ARGH UG 0 BAEE, (845K ) S8 N B A R 5
PR, XA RS EA LM S REEA R,

@ MRS B PE R 2 B AR P R A SR P, L 3 T A R v R R
JE, — R T ik R GRS O B I LA A D £ S FH AR P A B P . ARAT IR
R AT MHPERGT TEAR, RELE RS REEETXEM .

@ HEHFP. SEHAPAETRI. B¥E. 25K, RHEERTHEESAAR
ARFEFE AR R R . XA —BRE LSRRI R E R ARG &M IhEE, R EE
5 R 800 2 U D B B A T SO A R A 0 N R R D il S
R

1.5 /) o

AEBA T HEEHEAMS, HFBLARECTEEARSREANNB R T HEE
BAFEFLRNER, BHATREERGHRA.

REHARBEERGOB LY. RAEHENE THRASE . ARBBHAY =
NMEFMMERABREEME —— EREA, MREB X ZHEE. FEETHL#S
MBXRFZBE,

ABRANBTIBEECRRAAARHRREN. REWER G =ZFEX ol EBARE £
GAEMRIL T BARJE R G ik 6 KA Bl 00 28 48 4 o e A B A T

AERENETREERROARK, EEETRUEERETNE - MENEZL,
fig—MAMEGR A (KARBEEEER) HEALNEE.

FAX-—BNEEBRAREEBER A ER R T E, A#—FFEIEENES
TR, AEFURSRS, WRENFEFIAREE, TEFIFEETE FERER
fo 4R X RERS.

o

LR B SR, BORFEEH AL, BURFERENME .



W1 %k

2. ERBIRERRA T ALAL?
3. RS R G S B e R X AR R -
4. FWES S RE T A RIS ERERRAGIF, UURIE & HERE RGN BT .
5. WRHERERLE R .
6. BORPEEHE ALK EIRERIRLE?
7. AR WRBESHREE .
8. ESUFRBMSHR A LUT R
ik, SRR, SR, SR Z RETECR
9. WRIRBIRHAMIES . BORERMKERMNBERNH =1 K.
10. W2 SRS, 25 =D RUHRA ) S
1. KRR PRSI E, 25H=A PR 361 .
12. BWARPPR, JE REE A AR .
13. AR ARRMMS, & SOHRRELLTARE:
K&, Bk, &, 4, 8, 58, REEKX
14, BRIB KRB BT 2
15. AR EHEER G H = FBEAEH, RSBt A.
16. JE SOFMRE LA T R
B, A, B, HORESGES, BHRRAES
17. AHam B 5T R BRI YE? A4 B ST 2R TR ? i A MR E R R A K
WERFHLTE?
18. IR HUE ARG A R
19. RABARFEEERA . RESV R BEEGEA R NARF AR,
i ABSFHWTALIML. RTFAHGRE, LT AARERMAREHN (KB EZ M
#® (FSIR) FRBEFTHERATY (HFRT HIRAER) A RERSE.,

FES S

[1] STONEBRAKER M R. A Functional View of Data Independence. Proceedirigs of ACM SIGMOD
Workshop on Data Description, Access and Control, 1974.

[2] BRODIE ML, SCHMIDT J W, et al. Final Report of the ANSI/X3/SPARC DBS-SG Relational
Database Task Group. ACM SIGMOD, 1982(12): 4.

[3] ANSI/X3/SPARC Study Group on Data Base Management Systems. Interim Report, FDT(ACM
SIGMOD bulletin), 1975(7): 2.
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[4] Information on IMS is available from IBM Corporation, Armonk, New York 10504.

(3R [4] 2MAHT IMS. D

[5] FEUTdE, E. BORAERZME. 2 M. dbat: mSHEE AR, 1991
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(CODASYL I ¥4 FEAE 5541 (DBTG) Xt FAR M FE R HEAT T RGNS, 76 1971 FE RS [11]
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5K 72 B0 1 15 R B2 i ke A B BSCHE T P I B o R K XIS 5 R T e AR TR )
1962 4F CODASYL &%) “f5 8% ", Z )57 1968 4F David Child 7 IBM 7090 Hl L 553
FIHES BB, HRZ. MR H O RBER &% E 1BM 2 A i) E.F.Codd.

1970 £, E.F.Codd 7F % Hit5H ¥l ¥*2 4T (Communications of the ACM) L&kF%
T/ “A Relational Model of Data for Shared Data Banks” 118 3, JF8 T 48 E & 4
(B4 7C. ACM 1983 4EHLIX IR 3CHI 0 M 1958 FE LRI 7p 2 —th 4l b B B AW
BEXH 25 MRz —. MG, EFCodd KR T T RIL, & T XREIEE
(B 1R S il o

20 tH42 70 0K, KR AEMFISHI TR REPWFHIEE T EBK R, 1BM
/A7) H San Jose 3536 % 7E IBM 370 R FIML_L ) 56 REHE LK RS System R Jiltt 6
IR TN . 1981 4, IBM A% XEA 7 HA System R 4= F5HFE 5T 09 5308 FE B 7= i
SQL/DS jaj it

L System R [A] 3, 3& B K240 5e R /- B AR W] T INGRES X R 8 L1 R 4,
F i INGRES 2 &) & kA INGRES 8 7 i .

40 ZENK, KA ERZENW AT KIAG TR R . XREIEERG N
S EER TH S, RAREZE., NS EZABIEE RS, KA T 0 N
WY KAEN . Hk, KRBIFER K EE ., RN+ EE, 2AH. ARE
=

KB 2~6 F, B8 FEME 9 WHEFITIRKREBENF XE. L, B2 &
PHR X AR AR S, WX ARBEREI LN XRBEMXRM RN &3, 4.
S BEH KRB FEARAETE 5 SQL M Ed e X BdE . BEEE . ket e
PRSI 36 MANKALIEHIL, XEXARKIEMMIGIR, X REIEE
REZHETH TR, 8 8 |ABWALEL G 7 0 XREBIEER TR B9 Hii#
KABYE A WA 2R w1k



2.1 RAFBEHRFEIVEX

KABIEERG R IR REUNBIRER L. B FYPNAT RARY RILEA
AR KEFBIRERANA KRR

HRBIEERRH =N ER, KRR B RXREIRSY . KAREESNXRTEEY
W= 4. FHPEEXZX =72 WAAT 20N 4. b 2.0 Wik REdE S, &
FER RGN E SCBAT RS s 2.2 TR RERAE: 2.3 WU R R I =8 ML R
2.4 TR R RANE, ZRXRREPEERL T LMK RBENFES: &5, £2.5 T
HRREH

2.1.1 X%

KA MBI S AER R, RAad&a—mEdEgn
BEAY ch B0 408 (B R S5 M0 — Tk TR 4R .

R FR LAY [ BOHE 45 1 AR A7 FR ) B R85 (8 S, s HE 95 k3¢ 00 S 4k DA K 52
IR & AR R . R U, FERRBEAIT, ISk 57 1 S 1A LA R S A Ta) 1) % Ff Bk 28 359
P ERAY, BIRRKRER.

A CL IR A T XA KA RMEARES. XREMERVAEESNRE
AOERE B, X B MNES AL HXREIESE M L.

1. 15 (domain)

EX 2.1 R A RAMHFEBIERRNEMES .

Blan, ERE. BH. B KENT 25 FHIMTERRES. (0, 1}, {8, ). X
FET 0 H/ANF5ET 100 9 1E8EEE, #nTLLR2s.

2. BFJLIE C(eartesian product)

RIS LY —MESEH.

EX 22 HEMNHD, Dy s Dy RVFHPIELEBRMEN, Dy, Dy -, D,
HIH R JLERh

D|XD2><"'XD,,= {(dp dzr L ) dn) |dieD,'s =15 2, *=5 ﬂ}

Heh, —ANIE 4y db * d) MHE—4 n A (n-tuple), BRFEFRITTLA (tuple). TG
EP W —ME 4, fi—148 (component).

— AN AV RIS (R A A B A XA B8 (cardinal number) .

#D; =1, 2, =, n) HAMRE, LB m (=1, 2, =, n), W D;xDyx---xD,
PIHEE M Hy

KFR. EHPER, KA




B2E RANERE

R LA Rk iR RP RN oodl, KPS FIRERE
AN Blmgs =AM
D\=5fif 4 SUPERVISOR= {3Ki&H, Xi%k)
D=t k44 SPECIALITY= {85k, FREEI)
D=9 54 POSTGRADUATE= {45, X, E#)
W Dy« Dyv Dy IR ILEA
D1xD2xD3= {

GRS, 25), GREE, RS, XUk,
GBI, ER). GREEL SRS, %5),
GRISHL FREL, XUR), GREL HATL, T,
ik, WEHLEL, FH), ik, HEHEL, XUR),
i, WEHLENL, ER), ik, FREL, E5),
Gk, ERE, xR, Gk FREL, ) )
He, GREEL HENLE, F5). GRES, HEN R, X&) FaEETH. KIEFB.
WHEILE. 5. XREHEZTE.
LB 2x2x3=12, R, DxDxD; —3EH 2x2x3=12 A 7edl. iX
12 NTCA BN — ik —4EF, WE 2.1 Pir.

F2.1 D Dy DIRYERILFE

SUPERVISOR SPECIALITY POSTGRADUATE
EISTE2 LT : P
Fi ST LT Xl
TR EL TR i
TRAHEL A&k U
TR fa &k X fi
R E fE Rk ES

x| it wHEHLE L ]
% WL X i
X% THSHLE B
X|i% HRE ]
X% R B &k Hj
X% Rl EH




21 S AMIRGE B R A X

3. X% (relation)
ENX 2.3 DyxDyx++-xD, M FHEMHLESL D,y Dyy -y D, ERIRFR, RRA
R(Dy» Dys **+5 Dy)
XH R BARKXRNBT, nRRKANMBRE (degree).

KATHFNTCRRRRTCH, EHEH ¢ 2.

M op=1 I}, FRiZKRNBITLHKFR (unary relation), BL—JICKR.

M n=2 I}, FRiZKRNZITKFR (binary relation).

RRAREFIRPERFE, FUXRBE KR -Y4ER, ROBITHN—ATH, R
HIEEFURE N — M. i TFEATUAHFE, 8 T 4y, DR —1 8T, AR
(attribute). n HXRUEH n B,

FRARPHE - REA M EREME MR IR — oo, ML FEAR, WFRZEMEA N
{%i%£%8 (candidate key).

KRG L MEER, WikE LA —A N EFD (primary key).

fig 3 5 () JBYE R o E B (prime attribute) o AN E(E(T LS BMER WIEE
JB1% (non-prime attribute) =K IEFIETE (non-key attribute ).

ERFEMERT, EEMRAE—NEM. EERGNER T, XREANFHR
PR XA KRB RIERS, FRALEE (all-key).

—fKUt, Dy, Dy, -+, D, IHRIVBREEREFE XN, REEMNENETEAST
SEBRE So

filtn, ATLARILER 2.1 MERILRTEZ oA 2BAR XN BEoAEFER P — Nl
A 240, A AE NN RWRA; — NSRRI 2 2P RAE, T—
LMRERT AT, ZIFE Ak, BHik, R2.1 PN TFESREEXN, A7
R BIM SR ER KRR, %K RWA N SAP, WK 2.2 fin. ZEHAXRETHEIE
WKEBCEIMBT A EEORE BB k& ZIm A .

FT22 SAP X %

SUPERVISOR SPECIALITY [ POSTGRADUATE
it Wb | #m |
i TR I it

it faptl | Em

UK SAP B HEZHEUN 142, B SUPERVISOR, SPECIALITY il POSTGRADUATE, i
XA KA LLRIR A
SAP (SUPERVISOR, SPECIALITY, POSTGRADUATE)



apy 2 e 2= e W TR
n W2 KRREMPE

BREAREARALSEL CXTEEFEEFPRAGEN, XEHENTHATTE, N
POSTGRADUATE J@ I —AMEFSME—HbRIR T — A e, BEukn] ER SAP KR I,

FRAUA SRR, HAXR GEW R EARIER), BHRAIUEER.
i, RARREELHAENR, EREFEEEIRNZEER: THREERNLSRNMKNE;
ME R R MEARRIMIUERSHBR, BERXR, AXEERAE6E K EE .

WBEN 22, (XRTUR—ANLRES. BTARE RIS SZHRE, i
DAERECEE S, (diy dy o d)H(das dyy 5 dp)e BRFRME KRR B BERY K9 KR 45
i, WELS T T RREMT K.

(1) ERXRAEBIRERSE P RER LK. Hit, PRERREIEREE P HCRDAZ
BRES.

(2)iB i AR RN FI In—AN 8t 42 5 EBUE R R B A P, B (dy, da, -
di diy 5 dy) = (dis dyy 5 dpy dis vy dy) Gy j=1, 2, vy n)e

Ht, HEAXRAGLUF 6 &M,

(1) %12 " i (homogeneous), BfI4g—%1 )4 & & [F]— KB EdE, K B [Rl—M

(2) AREIMFIETH A FR—NE, RED RS — R, AFEKEEES T AR
FEtELZ. i, 7 LmfEFP, Wer USSR A

A (PERSON) ={¥Ki&¥x, xi&, Z&H, xR, EH)
£l (SPECIALITY) ={#5HlE, f5E%Nk}

SAP 3% 7 i 50 J&@ AT 57 A J8 1 #F A PERSON SR HUE . b T B iR, DAISIX
BABHERAFKMEHNSZ, MARERMEHESZ. B, EXIFHEELA
SUPERVISOR-PERSON (& SUPERVISOR), #iff 74 @t 4 & POSTGRADUATE- PERSON
(2% POSTGRADUATE).

(3) FURIFICAIE, BIFIRRE AT MER AR, HTFFINF_REXEEN, Eikfe
V2 SEPR KR R BAE FEF= dh P 3 B B R, AmREEEE Y.

(4) FERPIA JCA 5 B RS A 8 UM [R] il 4F

(5) ATHIBFTCATE, BIATHR T AT ME R AS #e .

(6) SRR FH, BIfE—AN7r & AR AU AT 43 B EHHE 15

KRB E R RUL M EMIEN (normalization) F, B EK K 20 2000 2 — & A
Ta&MF. XA HPEREAN—FHE, XEANE 2B LHRE DA EEE
T, MIEHERRRAIER (Normal Form, NF). XM SHES 6 =X AR
ot — 2 R

Bltn, £ 23 BABGFHRAETRIMEHREZEP L XR, HHTREYE
POSTGRADUATE 43 BHU T BAME, AREMIGIIER, B H) 56 & 7E 5008
AV @R, XRRPAARTEER, MSZAAT “RPEXR". EUMHR,




£ 2.3 PIEA—ANE,

F* 23 SEHERXFR
\[ POSTGRADUATE
SUPERVISOR | SPECIALTY Sametns
PGl PG2
| WEEC | HERLEL =5 XU 1 SN
g | REEW | I

FE: AP EREAAHBBAESSY, ARAAFARTLBERARX 6 FHR. Hldo,
AEBEEEBMREST BB A LA GRAF. FEHEAMNELEHRAIEE,
A F it FRE — N A

2.1.2 XFEEL

HERIEEPER SRE. RRBIEES, XKRABEARRY, XFLHE. KRB
KAMIHR, TBA—A KR T IR L7 1H Ve ?
K ARTCANES, FHHXARBER LR HIXAN TAEE LW, BI'E hmsEEs
B, XSRS AL, DAKRME S E AR KR
P gtk Bl B TR AE AT b AR AL, PR PEAS [R) B B 20k RN X R LS AT
B2, Bscit R EFE O FEMBMNRE T X REEPTA W HE 15 R L2000 2 — € 58
AR M. XL REE B BT EGRE MR E, IR TER T 60 2 (60
% CAJEIRAR), Bl SE o R D) A B ORI S et k. i, dn SR 2 AT R AR,
MGt —E%, B EEE—FRR— A, TEMSRERXER—D
TG . KRB %R X L SR 2 R & . '
ENX 24 KAWHERF AN XZRMERX (relation schema). ‘& A LUER LR RN
R(U, D, DOM, F)
Hrp RAKRRL, UNMABZKARNBYELEE, DRI UTREMEFKRERE, DOM A&
PERIRFIBREE S, F b8 MR IR K RES .
Jo A 1) ) B R AR AR 2 6 TR, AT P RREAMNB I RRL, KRS, Ha.
JR A ) R AR 4 #55>, B R(U, D, DOM).
Biln, € EfEFd, BT FIMASTRAEL AR —MNME—A, B VBN [E f 8 1
%, FERA e SR sk g, BB E A4 A B AN, .
DOM(SUPERVISOR)= DOM(POSTGRADUATE)=PERSON
ok FE I AT AR i A
R (V)
(517 R (A4, Az =5 A,)




w2 KRR
Hh R NFKFRL, Ay, Ay > A B . T4 KR ) SR WG R E U 4 R
PEROETY . KB

K RARXBRBAEE R MRERAE. XKRBXEHEN. e, MXRLES)
A BEIE ARSI, B R 5% ZR R 7 AN i b 58 B O B . B, EAER
REREAFREE, FEXRREAFR. FEBFETHES, MIEEELREXTXRD
FGHFRA KT, XA E TP MR G, FEEEER.

2.1.3 XFRIURE

TERRBR, Sk DL SRR IR R AR R R RFRI. BlinSIliscihk. BFsk
Sk, RITSHFFAEZ R —x LECRAT LU HIH— D RBRER. £ DaEMNA
Gug, P RRKEESHE— D RAREIREE.

KABIEFELARAEL 7. RASIEEOBBIR KX REIEERK, R RAHHE
PERIHA . k%R BE PSS TR E X, ARAEIX LS b g R TR R

RARBAE P OB IR o SR — N 2R I HOR R HOAR &, TH R ILRR A S R B 2

214 XRABRBBEFHEH

RAVCEENIE, R R BRI P S0k KSR B R AR TR, HRRE KR
HZERERL. FERREAREMEAL T, FRRRYIEEEERL T — R —MRE
RGN, BYBERAPLTEIRIERATEN: BRRREEFEE ARG NRIERGA R S
WA TRKSE, BRIy SofFasE, AR, RIIEFMELSH, FHEITIFEEE.

22 xR B

REBRBGH TRABERRAMEN, ERANXABBETHEREESH B AL
AOTEIRZER, it 2 B AS ) ) 5% 2R B9 2 4 B AR 40 mT LA S SCRINTF R AR IR 1 78 35 2Kk SE BIX
3 L (a

22.1 EXBXRBRME

RABB P E AL RIREQREER (query) #IEFFEA Cinsert). MIEE (delete).
&84 Cupdate) #IEF AH2 .

RANBHRERRAME, RXABEPREEERRS . EEEREXAT LS hik#
(select) #5 (project), %% (join) . f& (divide). F Cunion). % (except). A% (intersection ).
HERILVBRSE. HhiEsE, 8%, IF. £, B RILBUE 5 FhEEARE, AT LR A
BRAERE R, sURIE T LA vk e XA S —H¢.




22 LR Hﬂ

KERBERS S RESERET N, BERERN S REREES. X ER/ET WK
J—IkR—HE S (set-at-a-time) AN . MK, k&R B B 8 4E 7 08—k
—id3% (record-at-a-time) Ff 7.

222 XARAHFEESHDE

B9 ¢ R AR e 08w AR EOT ABLZ 7 RERIR, 43 58 9 KR (relational
algebra) KRS (relational calculus). X REAN KRN EFRRAEHMER, X
FUE S A A R A A MR . 5K FR A ST 40 1] AR G I FE A N B R O A AR R R
RS ATCHRREHENERREE . N KRRZPIEE S RERRXANREOTUR RO E
W, BAEBTRENRIEGES, FHXRTEEME. CRIEWXRARE. Jo4 L REF L
KEAMHE=FMESERIER ) LRFNN, WAATEAREGES.

KAME. TAXRRE TR REF RS ERES, XEHMEMNESSEE
MR R B EE R G SEHL LB S A S —HE . BENRAEMEERRETE
WG S RE ) bR AEBERY . SEPRAIE TR SRR T IR R BB R M ThAEsh, 847
T FZ M NThRE, BIWREE L (aggregation function). K ERM(E. HAIZHE, #18
H i SEPr 2 35 5 B Th e+ 58 K.

Hbt, EH M TRRARBMXREE ZH MM EHIES (Structured Query
Language, SQL). SQL NMUEAHEEHEMIGE, 1 HAA B e X EIEEHIThfE, &
AW, HlE GES . BEERHGE S MRS HIES (Data Control Language, DCL) F
R RBIEES  E AL T R REIEE S W SRR, R REEEREE S .

BRIk, KREAREEE ST Ak =2

RKAMREGES (Flan ISBL)
TRHRREHIES (Flin ALPHA. QUEL)

KARBIES %%ﬁﬁ%é‘{
HOCRBHEES (i QBE)
BEAXRRARBMXREENER AWMES (Bl SQL)

R, SQL &S & —Fa AR R E S, B A0 SR Mo e B 5% ok o <r
FRERRIAF I ER AR, A7 U A2 (13 8 b 5 REE E B B Rk e . B, 75—
MEER LA T RERAIRRPERFTERMFOFE DS 2%, WEE FYTog
LRERI L. Hl, ATLABFR#X AR, BB —FRIkERK. ARME
KR (REBRAFIEER) HAEEAFRN, GREHRE - ERTRIER, HRTEE
B8 . RABEEEHEREPHRMIFR T EMRATTIE, RS0 LA AShEEBAR 7
i, REEhReE.



2.3 KAREVFTEIE

5 MR ) 5 M U 06 K R ISR A 1F . AR U0 5% R O Bl A I () B A i
A% R AR A . XA RS br BRI SE R ER . AR 5K RAEAE T 20
B R X TR AR

KRR g =Rt A . SEAR5EEME (entity integrity) ZHR5EHEME (referential
integrity) I 5 XH5E#E P (user-defined integrity). 7 SEARSEREME IS fE 5838 2
K RIS L e ML R A, WRAERXRMPINARME, MZHXKARSEHS)
FE. FF e SR SE R R N A T SR I 29 R4, VREL T BRI AR 1 E AR .

23.1 ZAEEE

KABHE P TCA N AR AT X 3, RME— . XL F I SEfhse ek R
PRAE .

MW 2.1 EAEEMEHRN HEE 8- 4R 4 REAKR R TR,
W A AEEAE (null value). FTiBZEBLR “AEIE” 8 “PIEE” B “TR” HIfE.
ARTEMCIIGTER =7 3.6 17 “ZBEMALE” T FEAUHE.

fign, 4 (5, w4, i, TS5, F&) RRPFESHEH, WA
ZAH.

R SRS REME R OB, SRR b A TR L, T X 2 e R A A AN HEEX
ZAH. BlaEE (£S5, RIES, ®80 XAF, “¥#5. RES” LM, W “257 M
“RES” WA EEAA RIS (E.

X T S SERE MR 5 B 4

(1) SEASEREME NIRRT FEA S R F Ao — AN FEA M X B gLt 5 — A 5
ok, Bl XA N T2 E .

(2) BUSEHF R RSE AR, B RARMME—MFRR. flndE i EE R
S E, R—A—FER.

(3) AHPZHE, SRARBAL A DL LR AR

(4) EMFHEIER EREARDEME. WREREIEE, S AFEREA AR
RIS, BIFFEA TR A si ik, X558 (2) mARFT G, B AR b 5 4 se 5k

23.2 SBHETEY

BUSEH Tt P ) SEAA 2 I EAE AP TESEFMER 3R, 75 6 ARSI o S 4 B Sk [ 0 K R 0 2
RAKHER), ZFEH ARFERRREXRBMTIH. ERE=AHIT.



2.3 XARMTEME

[ 2.1] 2AESEAEMEN AT DUH FEAXRRER, b EBERH TREEA
Sk (5, #4, L kS, FRRD
Gk ks, Hk4)

XA XRRZ MEAERBREMGIRH, BEAXRRIIHAT EUXARNEN “Bdks”.
BAR, FAEXRTH “EWS” HUMRHFLFEEN LN ELS, BENVRAPHIZE
AefE . mEtRid, FERRPHENBHEOIETES B CRMEERE.

[#122] 24, B $ES5REZRMZHEZHRATLN F=EAXKERR:

SA4 (8, @4, A, Blks, Fi)
Wi GRES, B4R, ¥
E (g5, BEY, RS0

REARARZABFEERENSIH, BIEBXRIIHTEEXRNEN “¥5”
WREXRMER “RRES”. FE, EEXRTH 257 HLHRWEFENFENYES,
B2 A Sk R A %A MC T EEXFRPH RS (85 FUR L7 78 IRFE R
BE, REXARTEZRERCF. RAOiER, EBEXRPREEEHAIRNETES BRI
i 2% FR 1 JR MEER A

XA BEFIALL EHIE R AT AFFFES | X R, Fl— %?WWE&@&T&?E%
X%,

[#123] %4 (5, #a, HH, 215, Fi, K XRP, “%5” @B
REW, “BHK” BURRZFEFNERSNRKNES, E5IATAXR “%25” B,
Bi “BEK” DORMSEFIERFAERES.

X=AMEF AR RS XRARZMGFEEEHES H. MEARMEN. FiliEsI A
IS, RIGAHRIEXRZ AT G| LA RK S R 6 5E L.

EX25 WFREREAXRRMP—AZ—ARENE, BARXERRKMNE, KRZ2EAXR
SHEG. R F5 K HXTN, W F R BSMY (foreign key), HHEAXRR hS
X HR (referencing relation), HEARXR S WS MK FR (referenced relation) X HIrKFR
(target relation). K& R 1 S A"—E R AFRIFIKR.

RK, F, +) S(Ks, +)
SHXAR — HEHEXER (BHEXR)

B, BFKR S MEM K, MSBEER R MAMY F B405E XEER—A (3F—41)
2

Ef 2.1 o, FAXRRE “2WbS” BHESEWRRPEN “Llb5” XN, FEit
“ENES” BUHRFERRNIMG. XEEWXKREBESHKLR, FEXRASELR. W
A 2.1(a)f 7~ .



EFl 2.2, EBXRARN %57 BUHSEERROEN “¥57 MM, BEXR
1 “IRRS” BHSERXRMTN <R A5 MR, EHit “25” f1 “RES” B
BB ERNIMNG ., XFEEXRFMBEXRY NP SHAR, BEXRANSHKR. W
E 2.1(b)Fi 7~

e 23 4, “BIK” BUS5ASM TN “¥57 BHEHETN, Bk “BEK” 2SN,
XHB, 2EXREESRBARABEHSH KRR, WE 2.1

FHE cpxm wAxE <10 gz VOO pmeg

@ =) ®)

FHEXR ) =g
©

B2 kKRS HE

FHEXR

IR AR, SN EBEMNEME S, mEl 2.3 FEERRNEM L F
» AMEABER . AN, FESEPRNAFON T TR, MO SN EME T ARSK R
» S ETBR R R4 T

2 [ e MEVE Ut 2 5 AN A 2 T £ 5 | R

MW 22 SHEERMERN FHEME (SBEVES) FRIEAKXR R MY, E5HAKX
RS K XM KA. GEAKXR R M S A—ERARKIKR), WT R g TAE F
R I

o WEPEME (F DB IEE A ZE);

o AT S HHRATCAL R EME.

Bltn, XFH) 2.1, FERRPEDITAR LS JBHERGRHUT A A

o A, FRMRGZFAEIRE

o JERME, XN IZEBIRENRRPIENTCHAN “EWS” H, REZFEERTHE
FEB D AFENT T . PFESERR “Llb” P FE—Adl, Bl ERES
TESHRRR “F47 PHISMEE.

XpFH 2.2, S EGCEERMN, “#57 M “RES” BYERTUERMEE: FHE
HEARKRFTOLFENE. HET “¥#57 f “RJES” EBEEXRPOEEYE, %8
SEARSEERMERN, ENARIEME, FLLEEXRPH “E57 Ml “BES” B
ERBEBAHN 2 R R AR B E.

SREREMNT, R 5 S WLLRR —AXKFR. Flins T4 2.3, &S R,

F Jap



“HER” JRPEAE AT A A (-
o B, FRZFEFEIHRHARIEHIK;
o JEBME, XRHZEDAURAR R PR AR FSHE.

233 HAREXHITEMN

A 46] 6 3R 5000 P R e 8 % S SE A e S M R B R e M . IR R R P BRI
BRubZ A, ASTR 6 R B0 P R AR LN RS AR, AR T LA BRI 2R
Fetko FH P SO SE St 2 £ X 3 — RARR RBAR E A R &M, ERIREE— R AR
FR BT B 105000 0 20085 2 0 ¥ SCEESR o 9] G S A g P 5 HROME — B, AN R IR HEAS e
WO B, 726 2.0 MR R, FIRMNH N ZEREERGERA S, WAL
S AANRRICE A AR (e RS, 9 ERE E FE T BLE XAE 0~100
2 [6) %

KA N AR P58 AR X RS M MHLE], DMERA — M RER AL EN],
AN H N AR P AR AR IX — DI fE

A5 B0 0K AR e P B AR P A PR O SORMR B X 2L e SR RO, DRI 7 2
RTF RN RAENH ZERFFHETRE. FlmEs] 2.2 FEEXRT, FHEA KR,
AN TS —BRFRAEL RS REE T HFERRPHREN S, T
Hep iR S EEF TREXRTHENRES. WRET, WHHARX—FEBER, &
WAL, Fra HEHR S B .

24 x AR H

RAMREGE MR ERES, CHNRRRPEFERREEN.
AR —Fhia FA LK HEHAFER T —E 1
BEMS L, {EFURERESR. FIUEHEN%.

EE, B RREENEKEE, L #X
XRIBWEINRRKR, EHLRIFAKE. | 4 -
S AR B S R AERS: EEEHRE] Y T T =
MXRBEH, WF 2.4 Fix. g |0 g
e T ARBOHIE S B S IR T 4 A O 2 codled
AEHAETIMKREHPR. b, swmas | 7 it
WX RBERCANES, LEERALRN “KF” | %g D ny
Jri, EMTHM R RAT: TiEIINXREERNGY | EUF & i
AT, T EWRF. WBOE RS S Sk bl K




W TR REHEFHTEREN.
24.1 EGHESIEE

LEMESEHEE _HIEH, AfF, 2. L. iR 4HEH.

WRRRMAR S HAMFAME n (BIHAXRZEH o ANEM), HAHNKEER A R
—ANB, ¢RI R, (ERFR 1 RM—ocdl.

AL EX . E. K. mHFRIIBEEWT.

(1) 3 Cunion)

KA REXAR S HFHFLE

RUS={{{ERVIES)
HER0hn HXR, ET RERET S HIcHAL
(2) # (except)
KA REXKAR S MZELE
R-S={ftERAI£S)}
HERXKAZThn HXRR, BT RMARET S KA ca A k.
(3) % (intersection)
KA R 5XKEA SHAEfE
RNS={fERAIES)
HERXEZMMn BRXR, HEEET R XET SHITAA k. KRBT LAHZERER,
Bl RN S=R-(R-S).

(4) #iEJLB (cartesian product)

X B JLBRERE e E A T R LB (extended cartesian product), PERiX
BRI CE R T4 .

AR n BRI m HEXRER RF S EFILRZ A (ntm) FIFITTARES. JT
HMIHT n FRRE R K— e, JEmBIZXRSH—udl. 5 RE kA4l Sﬁ
kANTUA, WXRRFXR S HHFILEE kx4 . idfE

R><S={t,2|t, ERN ES}

B 2.2(a). B 220)2 A BB =ANRBESIKIKRER, S B 2208 KA RE SHIH.
B22(AKRRRE SHIZ. B22()hRARMSZE. B 2208KARMSHEF
JLH.



ROS. e
- — r_,.‘?, e | 4. | B c
| f g T
il i S e 0 il e
| a b| ‘ cy | a bz ca - ‘ —b: —~ i e e
i . \ e £ ] VRS
I T B e O, S T O N e T ET
R | ol %) A a | % | e
(a) (b) ©
RNS RxS
R e ' R T 20 00 S s AP B
4 | B | C RA | RB RC | 5S4 | §B | SC |
a ‘ b | o | - by | e a | b l o |
I3 Ui Smpn T g
| @ b G a b € a b | o
RS e — 1 = B - =50 DN W S SR
| :
® bt 2o Lagls LRoLe
a bh | o aq | b | o |
| L | e | S B e . ,;
& | &% |4 Bl a |
Lal | b 3 1 a | b | @ J
e = ;_"2_,1-.9{.;| L0 M e _w by JﬁZJ
l 4 J,—B t —C—'--—{ @ i b c a ‘ b { (2} J
’ ﬂ] | bl cl [ g Sl G ~ T = | =5 )
Sl Bl ! @ | b a | & | & | q
(e) ()

24.2 EIXFREE

LMK REH OGRS, #F. 8. BEHS. A THE ENHE, E3IALA
5.

(1) WRFRBERXN RA, 420 = 4,)y BEW—PNRKRREHA R tIERFRt ZRHI—A
el t [4;] WFRRIC4l ¢ PAIN FRYE 41— A4

2 %A={Ai|, Ains A,*}, E[F Ans Ans s A,-k%Ap AZ’ =y, Anq“ﬂ‘l—“%ﬁﬁ,
W 4 FrhEHEFEREAL . ¢ (4] =(¢ [40]s t (4] =, t [Au] )ETRTCHA ¢ ZEIRYEFI 4
FENBRIESE, AMRR{A, Ay 5 AJPEE{Ay Any - Ax}ERRHEEA.

(3) RAnBXFR, ShmHXR. ,ER, L,ES, LLHANTTAMER (concatenation) 5%
AR S, - ntm FIK G4, Bin NP EIRPE—Dnxd, Em A2 ENS



FE—A m Jo4l.
(DBE—NRRRWX, 2), XM ZHEHA . 24 ([ X]=x i, x £ R PHIZE (images

set) & XA
Z={t [Z] tER, t [X] =x}
ERARRPEEA X FED x ETCAE Z L ENES.
B, E23%, x7ERPHRRE Z,={Z,2,,Z3},
JQE R ‘FB‘J%% Zx2={ZZ’23} ’
x3 7€ R PHIBRIE Zy=1{Z,,Z5}
T4 XL K RIZHEME L.
1. %#F (selection)
B XA PRI Crestriction). ‘B RTERFR R P IEFRH L 45 2 KRG Cd, BfE
or(R)={t|tERNF(H)="HE"}
Hrp FRORIERFM, e N2 RAX, BUZHEME “1” 3 “|".
ERIEX F AN
X,0Y,
Hrp o RUBZEHETF, EUE>, =, <, <, =f<. X, VVERBHEZ, HER,
SOk R A R BT DU S 1T 5 R0 . TEREAR I B4 L AT LAt — B kT8 48
BE, BHHTRIE (9). 5 (A, B (V) BH. £O4RERXPREEANE 2.5 Fim.

R #2125 FHREAXPWEEF
X1 VAl EE &%
X1 Z; = *F
> KFEF
X Z3
2573 < NF
R o < NFETF
. = BT
e < AT
X3 Z; _“_gﬁ _/|\ 2—5
B 2.3 G BHAF % -

EFIEH LR ERMKRR R Pk EE 4 RIEX F A TCH o X & AT 0 F BE EAT
iz s,

B REREIEE, W% LKA Student, IRFEX AR Course MK R SC.
mE 2.4 Fim. FHEZMTHEG X =AKRIITIES.



24 e
Student
¥5 4 51 ElE BER
Sno Sname Ssex Sage Sdept
201215121 F5H E 20 CS
201215122 xR & 19 Ccs
201215123 Fhig k' 18 MA
201215125 kr L2 19 IS
(a)
Course SC
RS Wan FeATiR #53 ®5 WS AR
Cno Cname Cpno Ceredit Sno Cno Grade
1 Bwr 5 4 201215121 1 2
2 W 2 201215121 2 85
3 HE R4 1 4 201215121 3 88
4 SN2 6 3 201215122 2 90
5 Holl gt 7 4 201215122 3 80
6 Rk 2
7 PASCALfi & 6 4 b
(b)
El24 22-URFEEENE
[f124] BHERR (SR Lfkrit,
0 saepr=1s(Student)
R 2.5a)F R,
Sno Sname Ssex Sage Sdept
201215125 5kar ] 19 1S
@
Sno Sname Ssex Sage Sdept
201215122 =3 kg 19 Ccs
201215123 E & 18 MA
201215125 LS4 5B 19 IS
(b)
Bl 25 EFEEE




Eﬂ 08 LRI M) e D

[f12.5] EHFERADT 20 ZHIFE.
7 sage<20(Student)
iR 2.5b) 7.
2. % (projection)
KA R EWBFERMN R PEFEHE T BUEFIAEH KR B
M (R)={r [4] |t€ER}
Hrh 44 RPRIEMES.
BERAE R TR A BE AT I 5 .
[B2.6] EWMFEMBELBRFER, BIK Student KR L 2EAEMBFTIERENEY
L.
Msname. saept(Student)
5 Rk 2.6()fi .
B ZEAOE TIERR P RFELET, 1 B v] fRHGE e, BOYHUN T KLk
JBYEFE, AT REM B AT, NI IX 58 A0 R AT
[#12.7] #EilFAKR Student FEEAMLER, HIEHIKLR Student L TEEREM L
8L .
Msgept(Student)
S RE 2.6(b)Fi7~. Student XRIFKA 4 Ncdl, MBFLLERIUNETERM CS T
A, FRE=4c4l.

lim | st | | sip
| *B = Bl
| oxm | o 15
e [ w | o
% B i

(@) ®)

3. EE (join)
BT 0 B . TR MBI KT M LA P 2B 13 2 — s 4 P 1 0 4L
o
Ro< S={1, t,ERA1,ESAL{AIOL[B]}
A0B

Her, AR Bo5Hh RA S EFVBARSE BT mIEA, 0 RILBIEHIT. EHHIEHM R
S B R ILER RxS &I R KRARTE 4 B4 ERES S KR B RPELAL LA 2t



24 KFRACH E

BRFR 0 1.
VE BEIE B A PR O BB BN W A IR, — M RHER (equijoin), F—Fi

R HRIEH (natural join),
0K “=" MIERZEHRNEMEERE. CRAXARE SHXEFRILRFZER 4. B

R AR AR L o a, RIS (RN
R < S={it)t, ERAL,ESAL [4] =t, [B] }

A=B

B AR — PR IR RO SR . RN R HEHT LRI 2 B AL R (R 4 @ 4
I B4 R R ER RS 25, B2 R A S vh HAHIFEREMELL B, U KN R F1 S 21k R
A, W ERERRTIAE

ReaS={i1[U-B]| 4, ERALESAL, [B] =1, [B] )

— R AE R —RMT A ETIES, BEHREECTERIHESRS, HrLle R
MATFIFN ) BE AT IE 5.

(28] WHE2.7@)Fb)IHMAXRRFIKLRS, B 2.7(c)hIEFEER R C|><E1 S 4k
B, B 2.7(d)AFMERER <SS LR, B 2.7(e)h BRER: ReaS G R

R.B=S.B
R s ]
Jale] [A[a), [«[=leclals
P ‘ 3 ‘ a \ b (s by 7
o |y, [6 NEl o ide | RSk | a8
[ S i 8 | by | 10 | [ﬁa, b | 6 | h 7
@ | by lz By | 2 | a by 6 by 10
by | 2 \ %az b3 8 by 10
(@) &R (b) XFS (OF 3033
4 | rB c | ss| £ | il et [nBes it 5 7]
| by 5 l—blv 3 \ ay I;l 1 5 3 7
o [ & s T o |t |6 | 7
@ by | 8 | b | 10 @ bs 8 0
e o R o<t |
ENEEENENEN @ | b8 ] 2 |
(d) SR (e) B MRS
(4 2.7 PR A

PINKAR R AN S FEM A RERN, EREMA R RIEA IR M A8 AR S 10 TC Ak O



25 KREAH

FF, BB, XKFR R PILITTAG A REE S PAFLELILEE FEASFR 7O, MG A
R XS AR E AT, R, S pRETAB TR S . XS F T
Bl B2 (dangling tuple). B, 7EFE 2.7(e)ff HARERE T, R I 4 N4l S
ISR 5 AN TCALAR & B & e &V E el .

R R A RS RKR T, MR B (NULL), HAXFiE
BEk U 5 %E4E Couter join), C/FE Ro<S; WR AR ZIAKFR R F B FE LA HMME
SMEESE (left outer join BX left join), icfE R><S; WRHAHAILKR S HEF o4t
| & S EHE C(right outer join 5% right join), icfE Ro<S. 7EE 2.8 th, E(a)2E 2.7
fILF R FILR S WAMER:, B®)RAINER:, BE(o)RAINERE.

y B |c | E | 4 Byl € E A Aol .o = [
. | v AhC e LN S 1 .
RR AT R e e e O I 3 a1 W s opfas - |
a b | 6 | 1 | a by | 6 7 o by | 6 7
| Jige o | e E ===
m [ |8 10| & |5 | 8 |10 o | & 8 |0 |
ay by Bl 42 | a2 b3 8 20l % b3 : 8 2 i
= RT3 i il 5.1 P iheon) MRS
a b | 12 NULL | | @ | b | 12 | NULL ‘NULL bs | NULL | 2 |
NULL | bs NULL| 2 S —
(a) ShEH: (b) AeshEs: (c) fashiEEs:
28 Ahieies bl

4. BBiEE (division)
WRRRBUKXR SR NKR T, W TAEFAELE R HEAL S PR LIE,
H THRAS S cAmPpra &84 R .
i RE K E R
BERXRRWX V) MSY, 2), Hhx. Y. ZhEHA. RO Y5 SHE YATLIE
AR R, EEH B A R IR .
R Y5 SHIBEHAR —MFHXER PX), PR P2 P& CAE X By b
HE: TdEX EARBExMBE Y. O SEY EERENES. 1E
R+S={t, [X] | t,ERNAIIy (S)c Y}
Heh v, x 7€ R PHISRE, =t [X].
PR A 2[Rl AT RN 3 A BEREAT IS 5
[H129] KRR, SHHAE 2.9 Fia)fi(b), R=S 145 HKE 2.9(c).
E%%\R':Pv AWU\HX“/I\{E{GU axs day a4}n ﬁ':F'
a\ IBREN{(B1» ) (b2y c3)s (b2s 1)}



a BT R{(bsr c7)r (b2r c3)}
as B EN {(bsr <o)}
as MBIEN {(b» <o)}
STEB, O LMBEEA{(b1s c2)s (b2 1) (B2s €3)}e
E%/‘j\ﬁ a, H‘Jﬁlﬁ(& C)a]@l'g.T SE(B: C)Eﬁ?ﬁl:ﬂ‘]ﬂ%, ﬁ’fu

R+5={a\}

R L
[ T s c B TC‘ | »
a b (5 b l i 7 .
a | b3 c7 'Tz ‘vc'* T kl
as ] by C6 ’_b}, [ 2 ae -
a l b, %3 g
a | be ‘6 ALl
a l b, €3 F:‘ [
s [ & |

@ (©

29 pEasm

NE LA REREE N B, 4 LA N 2 R RARBGE B T BB T .
[f2.10] EHEDEE | SHREMN 3 SHEREMZEESH.
B AR Ml KR K:

K
Cno
1
3

PYEE
Isno. cno(SC) +K
4580 (201215121} .
KRS H 2.9 KL, %X SC KRTE (Sno, Cno) B EFE, REZE—KHE
—24 (Sno) MBRE, HRKREEXLZERLRELE K.
[Fl2.11] THIEET 2 SERERNZEERNYES.
Msno(Geno=2(SC))= {201215121,201215122 }
[f2.12] HEABDEGET —THERETRY S SRR FEMS .



56 2R KRB

Isname(Fcpno=s(Course)>< SC < [gno. sname(Student))
%
IMsname(Tsno(Gcpno=s(Course)><t SC)>< Tspo. sname(Student))

[f12.13] EwHEE T EWREREESHMES .

Isno. cno(SC)+Tcno(Course)>< sy, sname(Student)

AVNAT 8 FRANREGEH, Hhik, &, BRI, EENEER 5 iy
AREHE . HM=FE, BT, RN, BT S MEAEHEREIE. FIEEN]
HAME SRS, BT LLRRIE.

KARE S, RBEHFLAMREEFHRAREH DX RARKERER.

*258 X REBEER

RABFR UIEEE B 0 FAEE 2 aR . #RERITTHIAR, KREHE AT AT
AR FRBHAEC R . AN AT RRBH, KRG 0 BN AR R .

*2.5.1 TEXREHIES ALPHA

TCARRBEH U ICAZEEN AR THEANR. —FRBYICAXRFEEES
/& E.F.Codd $#2H 1) ALPHA &5 . X—iE5 BARALRLMW, HXREWESTHRS
INGRES &#1FT ) QUEL i& 5 &2 ALPHA &S HI, 5 ALPHA 424,
ALPHA &5 %4 GET. PUT. HOLD. UPDATE. DELETE. DROP 6 %&i&f), i&
[ALUE ¥ N LW
BefEiEf) THEZEEZ (FRE): #IERM
HepREAXH TR EDRRENSR, ERXRLH (F) EBHER, —&KEAALLF
RHRIEZ N KRR, BERMFRE —NEERER, HTHRESRBEENLL
e, BERMETTRAZE . BRIz 4h, EaT CATERE A X 3Emt b b HEFE sk LA
KA e iR Bl e ) R 50 .
1. RFRME
K& EH GET & HsEH.
(1) PR BIAWHEEHHRER)
[#214] EHFTAHEEBHRESHE.
GET W (SC.Cno)
WA TAE 2. XBEMIT, RoREAMRERMN.
[f12.15] AEHIFTH2EEREIE.
GET W (Student)



*2.5  KFREH 57

(2) BREMKZR (RPHEARRZERD
[f2.16] BHFERR (IS) PHFER/ANT 20 Z HFAER Y STIER .
GET W (Student.Sno,Student.Sage): Student.Sdept="IS'/\ Student.Sage<20
(3) WHFHIRE
[f)2.17] ZHHENEER (CS) 2AEMYS. FiR, SRIGFRETFHF.
GET W (Student.Sno,Student.Sage): Student.Sdept='CS' DOWN Student.Sage
DOWN &7 [P HE T
(4) $HEiRETCA &R R
[f1218] WH—MERRFENFES.
GET W (1) (Student.Sno): Student.Sdept="IS'
£ W a6 5 9 i8R sl 245 2 YR B o4 4 4.
[H12.19] BAFERFRERKN=AFENES RHLFR, S5 RICFREFHT.
GET W (3) (Student.Sno,Student.Sage): Student.Sdept="1S' DOWN Student.Sage
(5) MuAZER AR
AU CPFR], JTARREF R LTHZEAF NIRRT AN R . TTHEERER—
RATCHE AR, FrUlthfhiEEZE R (range variable), — M RRALREZAN AT R.
T AR R A W A A& -
@ fifbRR%. MRRRNELFRK, FHERRSERIATE, X E—
B4 F TR R R RS . W 2.20.
@ BAEFEMFERRAN LA TATE. WHl 2.21 EH) 2.24,
[f1220] BAGFEERFEENET.
RANGE Student X
GET W (X.Sname): X.Sdept="IS'
ALPHA &5 M RANGE K WjedAe . AflHh X 2K R Student LH7cE R, ik
AKX RA, B X 4K Student.
(6) F{EAERI (existential quantifier) FIHIE
A 2% o ik P 3 I L 2 JC AL AR
[#1221] #EhEE 2 SRERZEELS.
RANGE SC X _
GET W (Student.Sname): 3 X(X.Sno=Student.Sno /A X.Cno="2")
(fi2.22] MRS TIXFERREREEES, HEERETIRE 6 5.
RANGE Course CX
GET W (SC.Sno): 3 CX (CX.Cno=SC.Cno/\CX.Pcno='6")
[f12.23] BHEDLEBITHETRND 6 SHRENFELF.



Bl 5o xR

RANGE Course CX
SC SCX
GET W (Student.Sname): 3 SCX(SCX.Sno=Student.Sno/\
3 CX (CX.Cno=SCX.Cno/\CX.Pcno='6"))
1E A5 o (TG 20 6 R A AT LA A AT RES (prenex normal form) fYTE:
GET W (Student.Sname): 3 SCX 3 CX(SCX.Sno=Student.Sno /A
CX.Cno=SCX.Cno/ACX.Pcno="6')
#l 221, B 2.22. Bl 2.23 PECAHRRER A GFERIFE B HPl 2.23 FTEXT
PN KRR E, Frolik T 4R,
(1) HWHEBANRANKEANKR
FHEFEAEANG TR, BREANT RS KEZANKRR, WA PATREY LA K
%, BEHALERREXPREARKR. Lh EREXPRTUFEZAN KRN
[f512.24] EHBRSH 90 53U ERIFEELFHSRIEL T
AW BT BRI 45 R AL 2E A2 T RRFEA T, 407 7E Student F1 Course FI MK R .
RANGE SC SCX
GET W (Student.Sname,Course.Cname): 3 SCX (SCX.Grade=90 A
SCX.Sno=Student.Sno /A Course.Cno=SCX.Cno)
(8) M4#Eid (generality quantifier) &
[f12.25] EHAE 1 SRERFEELF.
RANGE SC SCX
GET W (Student.Sname): ¥ SCX (SCX.Sno+ Student.Sno\V SCX.Cno#'1")
A 5] tho 7T LA A7 75 B R KRR -
RANGE SC SCX
GET W (Student.Sname):7 3 SCX (SCX.Sno=Student.Sno /A SCX.Cno='1")
(9) HIPFEIFRER
[f12.26] EHEE T 2MRENSELS.
RANGE Course CX
SC SCX
GET W (Student.Sname): ¥V CX 3 SCX (SCX.Sno=Student.Sno A SCX.Cno=CX.Cno)
(10> HZi#A C(implication) MIHIZ
[f12.27] B#EDEE T 201215122 FAFHERIENEESE S,
AP RAR BB, X Course HHIFTH IRFK A B85 — 1 TURFE, & 201215122 &
BT ZREE, MRREE T, WHEER M FERBBREE TR R T 201215122
Frik R TR Z A AERIE B T, WA R BRI EFT A XA 2




HSR BN 5E R T A8
RANGE Course CX
SCSCX (&, XH SC & T H/ i)
SC SCY
GET W (Student.Sno): ¥ CX( 3 SCX (SCX.Sno="201215122' A SCX.Cno=CX.Cno)
= 3 SCY(SCY.Sno=Student.Sno /A SCY.Cno=CX.Cno) )
(11) LR
F P AEA A 00TE S R B S R B, Bl SR AT A R — AW E SR T4
¥, KEAXKRPHA AR LOEPSMECFSES. BT HERP, KREE
HEEPE THRXKEH M brAER B g .
EEBRBOEHEHRARERKN R A EHH (builtin 726 KRRFFRREEN

function). KRIF P I2HL T COUNT, TOTAL. MAX, RHE | Wik
MIN. AVG SRR, H& Xk 2.6 fir. COUNT | wtzcdlil%
[12.28] #iIEAFifE RIOBH . TOTAL |  Skif
GET W (COUNT(Student.Sdept)) MAX | kEAf |
COUNT &R e vt it 2 B sl HERR R AE MIN K f M
[B12.29] #H#IfEERFAEKFIFR. FT T8 T

GET W (AVG(Student.Sage): Student.Sdept="1S")
2. EEHRE
(1) BsE
& 53% 15l UPDATE i&A)5E8l. HAPRE:
@© 4R HOLD 8 7% B A& o4 i) 7o 240 B P R s 3 T 1 28 ] o
@ G RITE 238 S BT EZS Al o4 R P
@ HJiFl UPDATE & )45 S50 ) 76 20 3% (A1 5008 o
TEEE MR, A REIE(EH GET B RIAT, {84 & sl i i3 o 40 i 4 4
HOLD %], HOLD i&fy24s b3 REHII GET Ea). HRHREBHIMMSKES 11 3
HRERIPEMN4A .
[f512.30] 48201215127 24 N EHLRE: RERIE B R.
HOLD W (Student.Sno, Student Sdept): Student.Sno="201215127"
(M Student ¢ Z& i i 201215127 =A%)
MOVE 'IS' TO W.Sdept CHTE EEF#TBEO
UPDATE W HEAE U I Te 41 32%F] Student 56 2D
7E1% B Fl HOLD & A2k iE 201215127 f%dE, A& GET iEf).
W RAS R A B AS K R IR, 4T P K HOLD-MOVE-UPDATE #:1E 5% .



ot =8 V- 2= Nk HE B
60 W2 HRBAER

7 ALPHA EFH, BECEREBERERIELAD RFR, FlanAFER UPDATE & A)H# 2
5 201215121 &k 201215122, R TFESSENME, HAELAMEBREREMRRZTH, &
JEREAA B ERERNTHBAZRRET.

(2) FEAEAE

FABRMEH PUT IEA)SEEE. PR

O BB ESEIES P ESLH oA

@ RJEH PUT A IZCAFENIREERIX R P,

[F1231] ZFRBBART —172 %5008 “HENAL 5447, HLiRES NS, B
BEHEATIRA 6 S, ANz T,

MOVE '8' TO W.Cno

MOVE "H 8L L5 454" TO W.Cname

MOVE '6' TO W.Cpno

MOVE "2' TO W.Ccredit

PUT W (Course) G W R T4 A $RE % R Course 1)

PUT iEA] A — AR A ME, R HERENDAAEANKERL.

(3) M :

B #1F ) DELETE iEHR)SCHL. BB A:

@ FI HOLD & A4 ZE M B (1) 7G4 N EHR FE P i B T AR 25 [ o

@ H DELETE i&A)MBRi%c4 .

[f12.32] 201215230 2GR, MR %4 TT4.

HOLD W (Student): Student.Sno="201215230"
DELETE W
[#12.33] K245 201215121 Bk 201215122,
HOLD W (Student): Student.Sno='201215121"
DELETE W
MOVE "201215122' TO W.Sno
MOVE '#5' TO W.Sname
MOVE '%' TO W.Ssex
MOVE 20' TO W.Sage
MOVE 'CS' TO W.Sdept
PUT W (Student)
[f512.34] MHBRAH2EA:.
HOLD W (Student)
DELETE W



HT SC XKL Student XRZMAFSHMAKR, ARIESHTEYE, MER Student F
JCA AR M B MHIBR SC rh el CF M BR R i $odfs P i B R 4 8 B AT
HOLD W (SC)
DELETE W

*2.5.2 TEXFREEH

HTHHEHE, LATFXRR (WEHO REREK, REFXFER T e R
WS, REXRBEHEPENSAXERORARKE.

ERMRREHE ARG, Wi |gO I TEREARIER. Hhr RBcdT R, g0l
HEXRRELAR, WHRAR, ChHETAXMZHFAR.

BRFARAUT=2%:

(1) R(t)

REXRRL, t RBITAETR. ROTR t /&2 R A, TR, KR RTERRN{| RO} -

(2) fi10ufj]

tHlu RITCABR, 0 RERUBEHMT. (0w R7-WS “Th e it R5T
M ou 5 j A EWEHEKR 07, B, Rl<u3]R7ATTH  BI58 2 M ENTIH u
M5 3 M.

(3) f[i]0c 5% cOr[i]

XHE e RER, ZAXERUIHE I ERSHE cHEHEKLR 07, flln, (4=3 %
TRTCHL ¢ ISR 4 N RT3,

EXRRWMHEHDEXT “HHIGAZE” f “AHRTAER” POBS. XEESMIFAE
HHETHMSTEE . HEAXPH— D cAZEGE “SREE”7 &R “fFARR”, WK
G ANAROTAER, FUFKEHTAER.

AR LB HE X F.

(1) HNERFARRAR.

(2) g Mg RAK, WAhAg dVé 10 thEAR. HHIER:

© R Mg RN AR, WHApARE, FUHE;

@ R Mg P—ARFENHE, MgV WE, LHg Mg RN HER, 6V
AR

® Hp hH, W4 ¢ M.

(3) Hpr AKX, MInHRAKX . HPFHFS I RFERAFS, J(H)Fr:

LR {EghE, WI(HNE, T3 (HHIh.

(4) FHRAK, MvuPHthRAR. HPHFS v ELKEFAFS, VHHER:

R ¢ WAESHE, NV (HIE, FNY ()R-



PRl ch2 e CEEUEN

(5) FERAEEARD, FHEERFHINERTA:

O HARBIZEF .

@ ‘idkz, HImWLkgET Vv HMRER.

@ BHEHEARC, HA PMESR T ARMRESR, ARRELEETVIRES.

@ hfEESH, FwESPBEEMARE, F—HBSHNNEEAZMELERO, @, @&,

(6) AR Bk 5 £ZMUERHARXETHAXREEAL, HAXASR4
KARMHE AN, ‘

A HBERER {1900} BRT () ARKTAESE.

KARBABHH U X REEREARER (RZAFR). FHAXREERE
ARFER S EAZH.

(1 #

RUS={t| R(t)\VS(0)}
G20 2=
R-S={t| R()/\1 S(1)}
(3) #HFILBK
RxS={""\(3 ") 30" YR@) AS@) A 11=u[1] A+ At[n]
=u[n] N\ t[n+11=v[1]/\ == A f[n+m]= v[m])}
XE MRS R EHER (nrm).
(4) 8
iy iy - (R={EPIFDR@ A =ulir] A - AtlKI=ulis])}
(5) &
or (R)y={t | R()/\F"}

FRAXF R (iBF 25N % i BRKEHAK.

N SRR EE R E 2.4 F AR R B FE AT & .

[H12.35] EHIEE US) Refk¥d.

Sis={t | Student(f) A\ 7[5]="1S'}
[f12.36] AEHFR/DT 20 ZHI%A.
Sy={t | Student(z) /\ 1[4] <20}
[12.37] HEHEERBELRFTER.
81={®|(3 u)( Student(u) A f{11=u[2] A f{2]=u[5])}

FifisE XX REEAFHIALRKR. FlW, {| 1 ROIERFTEABT R ITTA
(GCAMBEHET R EED . TR HIXEARERTH RMA I, Bl bR XS TE
MHIFRIER . A ETRRRNREXR I ZERIEN, FF KB R A 222 BRE .
TARGAE R EX—MERIFSHE dom(g), dom(g)— & iE H BLLE gLL K A 45 B AN



BRE&RNXRZPHIANS (LR ERESFPECE) . dom() ALt/ E.

LR T AR, TR ERER {1 |¢ ()} R ZEN:

(1) R g ORE, W ¢ AR dom(HFHITLE

(2) X F b — AT )W) FRIEX, 3 u i W) hE, W u AR
dom(g)H IICH .

(3) X T gAY iy (W) TRIEX, 2 o W) R, W o BN
PR T dom(g) MFZ, FHul—NEASET dom(h), W W) hE.

[#12.38] WHXZERWE2.10 (a) i, S={t 1 R@t)}, HARITLMRE, WA
e —MNERKR. Fribse X

dom(@)y=T1 A(R)U I (R)U I1 «(R)
={{a1,a2},{b1,b2},{c1,c2}}

| § /& dom() T F AP CEMERILRE R EE. &R WE 2.100b)Fn. EE, 7EM
R LB & AN R TR AR RRR .

FFE - S .
A ‘ B | - #
ali 1 by ‘ cz_
o | b | oa |
R it [ @ b c2 |
4 B il.le ol B |
| @ - e | b e
T T | @ [E
(a) (b)

P 2.10  SCFRIE & R

*2.5.3 BXREHIES QBE

KAFHEM S M AREAERER . HAXAREF U CHAEREN SR (HREE) 1
JEAZE T EEAX . 1975 4FH M.M.Zloof 1 QBE it /& — /MR A fa itk % R
HiES, %ES T 1978 4E7E IBM 370 _L73 LASEH.

QBE /2 Query By Example (E[3@iit 67 3EAT 8D BIMIFR, & moe ks 2 8 .
B R AR R R T R A WIE S, Il 2 R R R AR Y, LUEE R
BT ARE BB, A g R 2 RSB ER, BtdEEER. 55 M.

QBE 1 H7Rfil o FE kKRt 4 Rl GEME 0L, Z”Blc FE LR Lk 2R 8. QBE
BRAEHEZR B 2.11 B



Bl ow xxums

*Tﬁ lﬂrﬁ
Y 7o Y Mo
[ ' ST Een
#femsd Jedl R R A &

{211 QBE #{EHES

T AFE AR IR R R EAR 6, Y QBE HIAE.
1. ERIE

(1) fij 2y

[Bil2.39] RiFEERBHFELEMNLES.

RAELRA -

© HPRHEEX.

@ BHERTARKE.

® HPERLL— AKX FZ S Student.
Student

-

@ RABRZKAKEES

Student Sno Sname Ssex Sage Sdept

® M/ LmtgEE R ER.,

Student Sno Sname Ssex Sage Sdept
PT IS

XE T RRFITR, MR RE . QBE BXRRFITE Fl— 22 FRIZL. 1S REWF
f, AR FRIZ. PRBRER, RRITE (Print), Sk LREER.

CEHEMHPRUERERERT>, =, <, <, =f#, Hh=mUEK.

ARBITCFR XA AP AT RER) —ME, EALERBERGRPHITE. HWMERFERK




GARESSIUN

2, RESHAERR—NFELUT, MALERFERROENFEES.

Xt F 2.39, BT R E AW EK:
Student Sno Sname Ssex Sage Sdept
P EH 1S
X B BRI R Sdept="1S", H “=" BHNE.
® HFHEErEHLSR.

Student Sno Sname Ssex Sage Sdept
[ A IS

RO AR AP B EORR H TR B RKEE%A .
[f 2.40] iS4 2 MEE.

Student Sno Sname Ssex Sage Sdept
P. 201215121 P. 5 PY P20 P.CS

IR A TR T DA S 3 PARAEFF IR RIAER R A b BRI AC R o6 the T DA MR
AU

Student Sno Sname Ssex Sage Sdept
B
(2) Z{FEl
[f)2.41] SKFERKT 19 ZHIZELERNES.
Student Sno Sname Ssex Sage Sdept
P. 201215121 >19

[12.42] RKiF-EHEIFERER KT 19 ZHEER¥S.

AW %142 Sdept="CS'H! Sage>19 B &) “5”. 7€ QBE 1, XRPANEMH
) “5” HHRTE: "

@ #EHEANFHFEER T L

Student Sno Sname Ssex Sage Sdept
P. 201215121 >19 CS
@ EHAMFEMBSEART L, EERHERGRGTEE.
Student Sno Snhame Ssex Sage Sdept
P. 201215121 CS
P. 201215121 >19




o0 X REURE

[ 2.43] THIFEHAIERBRGFER KT 19 FHFAERES.
A5 Sdept="CS'FI Sage>19 Wi PM4AFM) “8.”. 7E QBE THEM /N FMHSIE
AT E, 3 HAERAARRFRPICRE, BRRFER “BR7.

Student Sno Sname Ssex Sage Sdept
P. 201215121 CS
P. 201215122 >19

ST 24T, WFl 2.42@R6] 2.43, SERMAW—ITRERR, AWML
R X AT UARRKEE T TER, H0RE. BHl.

(6 2.44] FMBEES T 1| SRESGER T 2 STRERZER¥S.

AEMEERE-NBIERN “57 XFK, EREEM “5” RFRBEOMBERT,
HIERAT, (HREITCRAME.

SC Sno | Cno Grade
P. 201215121 1
P. 201215121 2

[f1245] &L 1 SHREREELS.
AW KB KFR: SC M Student. 7 QBE HSE LI Fh 5 1 i) 75 32l i AH ] ) 3
BREEIL 2R AREEER.

Student Sno Sname Ssex Sage Sdept
201215121 PZEH
SC Sno Cno Grade
201215121 1

XHIRBITEE Sno RIERIENE, HAEFEP DR P EAF .
[fi2.46] THRILE | SRR FELSA.
X B AW 228 R 75 QBE PR AK LRI SEX RS Tl

Student Sno Sname Ssex Sage : Sdept

201215121 AT !
201215122 PEH

SC Sno Cno Grade
o 201215121 1

b 201215122




5 AW

XA B WL RS ok 201215121 HISFAER T, MiZFEESE | SIREREINE
BE¥E (201215122) fHARBREBEILEE.

[#12.47] #wHAEFHDSAULEBRHRES .

ABEHRE—ADRAERE. XIPERMRLE R RXFERRE L, MU 201215121
s, mHBE S —AFE (4 201215121) EET .

SC Sno Cno ‘ Grade
201215121 i
= 201215121 1

(3) RERE
AT HER ', QBE 24 7T —SeR4Epk %, F MK CNT. SUM. AVG, MAX. MIN

&, HE& Xk 2.7 Fis.
2.7 QBE SRR EZH

&4 e
CNT X LA v
SUM KT
AVG KA
MAX SRl AR
MIN K /MAE
[f512.48] #EHIELRFERTPEFELR.
Student Sno Sname Ssex ] Sage Sdept
| PAVGALL. IS

(4) X EmEs R

XL RIEHA BT, TN “AO.”, BB “DO.”.
WRIE LI, H AOG).8. DOG).Fr, ok i AHEFrsed, il oegms.

[f12.49] BEREFERRES, FRENGREHTERTFHR, xR R K24 1%
TR R .

Student Sno { Sname Ssex Sage Sdept
|  P%EH % DO(2). AO(1).

2. EHRIE
(D) BlaRfF
BEERIERTA “U.". 7€ QBE FRAMEMARFEN, WRTEEISA AR E



63 $ 2R KRBT

1, HAeseMbRiZocd, RJEEmARNEHERTH.
[f512.50] 4201215121 2£2EHI4ERR TN 18 %«
KRR EKERE, AEEEARREN, FHILA UAEMERTE:
@ BERIER “U.” BAER L.

Student Sno Sname Ssex Sage Sdept
201215121 U.18
@ KR “U.7 BAERR b
Student Sno Sname Ssex Sage | Sdept
U. 201215121 18

IXH, 1201215121 FAEENMCH . “U.” FRPEFTERTRESUSHFE. dTE
HRAGRES, FeANEESR —MEikd, REUASEBEEEREE.

[f52.51] 4201215121 2#4ERERTEMN 1 % .

EAMEBERIEW R RIEX, B AEKHRIER “U.” BHEXR k.

Student Sno Sname Ssex ‘ Sage Sdept
201215121 1 17
U. 201215121 17+1
[(#2.52] ¥irEHAERAALERERTEM %,
Student Sno Sname Ssex l Sage Sdept
201215128 | B’ cs
u. 201215128 |18+
(2) AL

WABRERF A “L7. Frif AR AL BE G0, Heab@rEwEarel has.
[#)2.53] (58 R L4 201215801, &k =, F& 17 ZENEIEED.

Student Sno Sname Ssex [ Sage Sdept
L 201215801 %= i ' 17 IS
(3) MIBRERAE

MEREAERF A “D.”.
(f512.54] MHER2:4E 201215189,

Student Sno Sname Ssex ’ Sage Sdept
D 201215189




BT SC XA Student X RZ B EFSMWXR, IRIESHEEME, MFR 201215189
S, GEEIE N 201215189 24k ME A TR .

SC Sno Sname Ssex Sage Sdept
D. 201215189

2.6 /) vt

RABEERRRABNE R, XEEAXRMEER R B AR ZoyREE
A%. 20 L 70 FRUEFRNBEEFERGTRILIHRETXAN. EREEXR
Rkt REEHRHKZ —RXAHA.

ARBEERAGEFXZBEERGNRAR, XEARGRH “&” X—HHELH;
TidE xR REERGEALMBEEH, DB e B 4 3R 1E.

AERRHAMR T XRABEENEEIMS, QEXZEENNELY. XZBEUR
ARMZXTEN, METARET A EETARRENXZETHXARYK. T4X
RABEEABARZET. EXARETENFTERHIEST ALPHA (TAX R HHES
TR TAXREE, RENET QBE (RAXRAHHES ).

2 &

1. BRI RBER ) =AU -
2. (AR R AR BARE & R s 4y 2.
3. GESOFERFHIARE, HEENZmMKRSXH:
() K, HFILBL, XR, o4, R
(2) X5, RiE, AMY;
(3) RAKK, XR, RRBIEE.
4. B Ok RN E R KX
5. WMARARBRTEEMMN . ESMeBbEh, A0TSR T LUh 2 1 ?
6. WA SPJBUlEFE, @FES. P, J & SPJ4 M RABR:
S(SNO,SNAME,STATUS,CITY);
P(PNO,PNAME,COLOR, WEIGHT):
J(UNO,JNAME,CITY);
SPJ(SNO,PNO,INO,QTY).
PNRTER S PtV TIRES (SNO) « AN Fi#E4 (SNAME) . RN FIRA (STATUS) . {5 # AT



70 EEEIPEREES SR

FEWRTT (CITY) 4lhk.
TEL P B (PNO) . E44 (PNAME) . #ifa (COLOR) . HEf (WEIGHT) 41mk.
TR HZ ) b THRBH A ONO) « THRH4 (JINAME) . T#%HFTEmT (CITY) 4.
PR L SPY i AL R ARFS (SNOD  ELHFS (PNO) « TFH HARES (JNO) | i (QTY)
ARk, Feor PR i PR RN (R4 3 TR H 8RS QTY.

SaETHIWT. :
S % SPJ #
SNO SNAME | STATUS | CITY SNO | PNO JNO QTY
Sl Fidh 20 Kt S1 Pl I 200
S2 %) 10 dext S1 Pl 13 100
s3 I 30| des sl Pl 14 700
S4 a2k 20 Kt - S1 P2 12 100
S5 M 30 Lig $2. |4 P3 I 400
P& s2: | 73 ” 200
PNO PNAME | COLOR | WEIGHT S2 Jr P3 14 500
Pl R LR a 12 S2 P3 5 400
P2 e 5 17 s2 | 5 | m 400
P3 e ) i 14 2 | Ps 2 100
P4 WRe J) a 14 S3 Pl I 200 |
P5 Lt [’ 40 83 P3 I 200
P6 ik a 30 sS4 P5 J 100
I & s4 | P6 13 300
JNO JNAME CITY S4 | P6 14 200
i} = B[ ss | P2 4100
2 —a K& | S5 uleiens i) 200
3 SR Kt | S e ve 32 200
14 s | Ra ss | P6 14 500
J5 BLES L1

J6 ToskH) i M

37 T B

WX R ALPHA i35 . QBE ifi 5 5¢ /%0 T £ i)
(1) SRAER TFE 31 B EEY 569 SNO;
(2) RN TR J1 45 P1 I HEN #5569 SNO;



et ' |

(3) KA TR 11 TR G RN R 555 SNO;
(4) KRB REHE N A= A BT TRS INO;
(5) KEAHTHRR S1 FTHEN 2B EH) TR S INO.
7. WRIREMER Y HARERE X AR -
8. XABIOIABHATIRLE? o] F X S I A s SRR AIE 72
X W

SRR A

S0 v % A 3 S 0 PR R R SO0 B M A% P A A SR PRI HE R AE A I A & B B
P A4 KingbaseES B A . #LFAR A ZESORIBFEE MRS, WEHIEE TR, Wi
HMEKERESY, RBEEFEERRENE mERBERE TR, CREIEHER FEH TPC-H
Chttp://www.tpc.org/tpch/) i FERESR, #IFA MK TPC-H AR FERI, T MR S48 JURN SE 50 20 =4
T AR (WfEi ] DBGEN F=/EBHUEEE) , @7 TPC-H BURFE, FEAER SO HIRE, FIHE
0 P B R T T LS TPC-H SO, B AR SR P vh 2008 03 SCR B Z Bl B R, A EESERAT T
RAF LR

WEE (BURFE R G850 ERIES S IEMNT) M8 - SLI0 R s =%k
560 R HE %
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BARPERGW R EAIET, 30K [11] fi5k T K%M INGRES R4 QUEL i85, ik [12] M4AT
i it INGRES ¥4 FE RS QUEL 5. )

[13] DATE CJ. Referential Integrity. Proceedings of the 7th International Conference on Very Large
Data Bases, 1981.

[14] DATE CJ. Why Relations Should Have Exactly One Primary Key. ANSI Database Committee
(X3H2) Working Paper X3H2-84-118, 1984.



#=3E N\ EERHIEEREES SQL

4k Fy 4 B W)E S (Structured Query Language, SQL) 2 X REMEENFHFHEES,
SN SHREMR SR (026 RACHE FEVE & . IR A f), 1M 2 0 966 s e i
KA. BHREREPBASBR. BiEE 2w e L S5EHE - RID6k.
ATEVEAI A 4A SQL MIFEATHAE, FHdk— ik X REIE R A S .

3.1 SQL # &

H SQL ik HErbrtEiE S LUE, & NEIEE] KaH#EH S HK SQL HfFsky
SQL 14 B o 3 it A A 2 HOH0 i E 2 ) SQL 1 3L [ ) B4 A BT 5 Abr 3 01
A FIBEE E R G Z A LR AER T 3L RIR R . SQL C ph o B sl o 19 i &
F HEXTAEKR. G AEHSL SQL 4K REUEFE S hrE LI G KRR AR —
i

3.1.1 SQLMI=E5%R

SQL J&7E 1974 4E i Boyce Fll Chamberlin $#2H (1), H410Y Sequel, H7E IBM 2 &l Wi
% REIE E B R4 IR %Y System R _FSEHL. T SQL fiff 5%, ThitE®E, WZH,
Rt SN A, B g 5 ) BT R . 28 AFKAKEE. ¥ REMEE, SQL
BENEF AT, 1986 4 10 H, EEEFKF5#ESS (American National Standard Institute,
ANSD) W% EZR fi 2 X3H2 #ibAE T SQL AE K X REEPETE 5 € EARE, REIS T
SQL Fr#fECA (fajFR SQL-86). 1987 4, [EPrtrEfb412! (International Organization for
Standardization, ISO) tHifiil TiX—#rifE.

SQL HrE M A A LUK b HHE FE R R R R AN R . AWiEE . % 3.1 & SQL #5#fE
FR3E L R
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F 3.1 SOQL tRERHERIETRE

it KRBT KA AW Pk KRBT HcAii H Y
SQL/86 1986 4F 10 H SQL 2003 3600 T 2003
SQL/BY(FIPS 127-1) | 120 7T 1989 4 SQL 2008 3777 W 2006 4
SQL/92 622 T 1992 4 SQL 2011 2010 4

SQL 99 (SQL 3) 1700 7T 1999 4

2008 . 2011 4 XA SQL2003 fif T — L& Sfsh 7. nTLLKRIL, SQL ArifElr i 25tk
K FEE, BRI Z. SQL 9 A il 1700 1. SQL/86 Fl SQL/89 #fi /& Ak .
SQL/92 F1 SQL 99 CL&4™ &k — RFUIT I 4y« Hlhn, SQL/92 [T SQL FEAFH 4 4hik
HahnT SQL ME: 0, SQL ik AfFfl#sE; 1 SQL 99 MIiE—H4 g HHESE . SQL FEfti ¥
4%+ SQL i f# 1. SQL /K A7t kit . SQL 1 18 S 40 « SQL Hh#BEHE (4 # A1 SQL
MNREZREELZ NS

EAT, WA —N800 B R SRR S S RF SQL bRk () BT ME& RIERPE . 30 00 B E R 48
AESZRFE SQL/92 Fiiferf i KB 2r ThRE LA B2 SQL99. SQL2003 T &4y itk ax. RN, &%
BAFT RIXT SQL FeA My A HIERHEAT T A RIFERE Y RS, SCAT LS FEFRUE LLAR ) — 2
DhfetstE. AP RNHEEN SQL, M2 SQL MIMEAM SMIEA . Fik, 76
i R A R G AT I %7 S O P T

3.1.2 SQL 4SS

SQL 2 Fr LAfE % A F P Rl 5T 86 52 3 1 o [l Rk, RN E R — AN A 1. TRk
e o [ B S TaT 3 5 27 7 5 - SQL AR %4 21 1 (data query). %444\ (data manipulation).
45 € X (data definition) FIEHEHEH| (data control) ThfgT—44, H T4 SAHFELLF
JLER Y o

1. ZK&%—

B 12 2R G0 0 2 B ) Rl i I SR R B 3 S RS B

FERABER R, PPREERD (ERE S — B0 N -

(1) B ¥ € iEF (Schema Data Definition Language, #3 DDL).

(2) AMEXEHE & X357 (Subschema Data Definition Language, #M&s, DDL 8% 744
3 DDL).

(3) HIEAFiEA RAMIARIES (Data Storage Description Language, DSDL).

(4) ¥ HE#H)iESF (Data Manipulation Language, DML).

BN T B MR, AR TR (O I S A . 2 P S



3.1  SOL ik

NEBATE, WMRFEGHER, BOE EIE KR ERZAT, HAEEUE, BouEFgmiE
JE R ERBIRE, 1.

SQL ¥ & GE S . BRMAIES . BIEEHES KT &, E5AE%E—,
AT LABST 58 AR B A i R R i 2 80E 8, AFELL N — RIEREEK

o SESCRVE S, MIBRERBR, & SCRURBRALIE, FAKEE, & r8dEE.

o St HHE FE rp A B AT BRI SE

o ¥ PEE LS

o Bl e, e, DURHESER

* ik A3 SQL FZh7 SQL & X .

Xl BE E N R T RAR G T RAFRIEREE . Rl P R EURE E REBRNEAT
JE BT HRYE T BB, Z P HAE S, A EERE ERE T, W RERF R
AP etk

A, ERFBER PSR MSCRR R R RE R, XFEE SR —
KT BIRETHSE M, &R B MR, EHEE—FEERRF —FERER,
M vE ik TAER R ARG TE B3R R 2w R EE 2. B, 78 DBTG
AR B S E R Geh, T E PR IEAERIESRT: STORE HkATiCRIEANEIEZE, CONNECT
R ERIEARME (RELPOREIEFEF ERZ B —FEER TR LB HHE 2 )
HIBR R .

2. mEIEEEL

X RBIER PEIERAE S R “Hmdf” WES, B “JdfRe” 55 et
WKL AHR EAF I 2. T SQL MEAT £ e fE s, HZRH “Mft4”, MLt «“ &
27, BMTEA T AR . AU AR AR AR SQL (IR 72 th R 4t E 3 58 ik
EAME R IR T H 2 548,y B RT3 v B o i

3. MEESHIRIESRX

A5 R AR R A G i e SR B AE T 3, R R R — il st BB RTE
SR RSTE 80 4y UL BRI ZEAE M, FH P b — 4k — 4 4T 2 S 0 AR e SRR ok (G
R R RE, BRI, WA M SQL RAEE&#MEFA, A
EREXN %, B RATUURICHAMES, mH KA. MBR. B ERE RS T L
RTTAHRES .

4. LAE—#EESHRESHER AR

SQL BERMAILMIES, XERMANES . ENMIANES, BT A TBEHLAL
BT, H AT DAFE i E E BN SQL iy 4 X B FE AT B AR MR IR
5, SQL AW AZEAIES (Hlin C. C++. Java) T, HEFARIHREF
AEH . TMAERFASERER AT, SQL FiEEgMEEA R8I, XFhLLgE— 15




m B3 CRBARFERRES & SQL

A KRR BE B B AS AL 7 K e, $REET 1R #32 SQL &5
KRGS 7 . SQL Thifit il
5. BsEmE. 255H ¥ #ri) | SELECT

SQL TheeHk, EETRHTY, BEETH  [TmgEex | CREATE, DROP, ALTER
ik, SERBLIRERA T 9ARA, WRI2H [y
7o SQL BIEAHETIE, BUULS) T2 IR

3.1.3 SQL B9EAXBE=

T HF SQL % 2 B FE 4 B R 40 [ RE SR R AU e = A5 i . & 3.1 B,
HrAMEAEIEE THE (view) FIEE AR (base table), K FERBIEE THARE,
AR BLIE T T A7 S (stored file).

SQL

ol __:AT ____________________

WAl P2 HMER
/ | 7
LS i 2R i e e  eipiy <yt

INSERT, UPDATE, DELETE
¥dE4E% | GRANT., REVOKE

HAE] AR HAR3 HAKL B
\\ ] // A
________ P B e B e s ol e Ty e o e i RSP
\\ &
fEiESC L 2 | aEk
P 3.1 SQL X 3R Hidi Rt 1 3 FF

R AT AR SQL X 3 A R AL B EAT B W B IL A 2 1F , ZEARAILE — 1, MR KR

BEARRABBUIAFAENR, ERREEEETHERES N RKRRTN M EEE,
TANBEAFARRI N —NEECM, — DR TR, RIIWFERAEFAAE .

TARESCHF R B AHI A I T R R B R B AR SO I B A R ) B 28 L P 2
(STTioR

MERN DB AN EAR TR, ARG AMAFEERIRED, MEIRRE+ R
TERRBE R ST AN TSR B N R « X S BRI 77 E 5 AL B B AR R, BRI
—RER. YWEEMES ESEARER, A LA B A .

NHHE — % SQL BRI ThRERIR o 0 TR IMEEAMSIEEAT)fE, W% T 1
ZARIRANTT . B RRYE G B ARG e IURME SQL I %A 251, 5 SQL AR
HEREWAME, —BAE 85%LL £ ik, AR CREIE S B RS 5,
ENZ RSP KT



sz w-wincir [l

3.2 SHFIEHUERE

A3 DL A - UR AR B E 0 BIR VR SQL IEE & . BaRERA. Bul B EEEE
&R .

ik, B A AR S-T (L 3.3.1 Al 3.1). EA-IRBEEIEE
P F=AK, ENE X 3.3.2 i) 3.5, # 3.6 Ffl 3.7,

o 2:/E 2. Student(Sno,Sname,Ssex,Sage,Sdept)

o iffi#: Course(Cno,Cname,Cpno,Ccredit)

o 2R IRE: SC(Sno.Cno,Grade)

KA G FRILERR. SR PEOEHEREIME 3.2 fros.

Student
$5 | i 3] FRE FER
Sno Sname Ssex Sage Sdept

201215121 *=5 ] 20 cs
201215122 X2 #«© 19 Cs
201215123 Fig i 18 MA
201215125 gRar 5 19 s
(€]
Course
wEs BEA SefFiR #45
Cno Cname Cpno Ceredit
1 wmE | s 4
2 w0y ' 2
' 3 e i
4 BERKE | 6 3
5 wmegwm 7 4
6 Hiwab 2
7 PASCALiE & 6 4

(®)



m #3E RFEHS il S SOL

scC

I F

#5 HWes 7%
Sno Cno Grade ]

201215121 1 92

| 201215121 2 85
201215121 | 3 8 |
201215122 } 2 90 |
201215122 i 3 80 |

(©
[¥3.2  2EA=—BFE 20405 PR RO Eak A i)

33 HE/E X

KEABIEE ARG SR =g by, OB, MR o rb i B A 0 A 5K
x. MEMEG|5E. Eik SQL M & X ohaeafEsie X, e X WEMET| 1)E X,
n# 3.3 fis.

F 3.3 SQL WMEUEESGER

BAEX % T i —
: i | S , 5
s CREATE SCHEMA | DROPSCHEMA |
x CREATE TABLE \ DROP TABLE ALTER TABLE
LB CREATE VIEW ' DROP VIEW |
%3 CREATEINDEX | DROPINDEX 77 ALTER INDEX |

SQL PR AN $R (A SOkt 2 sz URME SO s SCROBRE . S i RARS BUX S %, R

HESE R E N IR AR G TR . SQL AR b A R AL RS I ML M0EA), (B0 TR EWRE,

78 FH O 2 R PR A T R I 5 2R AR AL T & 3 HL A

FERITES], W% 3.3 hald. MBRAEKESI%. "**‘ﬁ“‘ﬁ**ﬂ""“)
TE R WIBARE R h, i SR X AR T 4

— AR, R R AR 2. B i

FHOE PR B R GAR A T — 2 TR A 1 8008 % % i L -

MAHLE, W 33 Fir. —ARREBESHRS ‘

HI5EH Cinstance) PRILAEESLZANEHREE, —NEEE v o u e s b v b




B 5E X

PEp A LA 2 MER, — M FIEFEAFE SR WEMRGISFEREX 2.
A BT XA FEARMES], PE RS & T ERAE 3.7 1€

itig.
3.3.1 BB EXSME

1. EXER
76 SQL H, AR SGEAIW T
CREATE SCHEMA <##3X #> AUTHORIZATION < /' >
mRBRA R E<BAL>, Ba<@XL>BE <M 4>,

EIRBI, VA4 I P L A R B B AR, B IR T B P R
42 F ) CREATE SCHEMA LR .

[#13.1] AHF WANG & X — A F4- IR S-T.

CREATE SCHEMA"S-T" AUTHORIZATION WANG;

[f13.2] CREATE SCHEMA AUTHORIZATION WANG;

B EA R e A>, Frel<ti:Na>EE b H P4 WANG.

& XS bR g T — AN AR, e A2 () o] LUl — 25 e SOZ A& 1 3
WX %, PlinkeAR, ME. B51%.

X SEHE PE T % 0T LA R 3.3 JAH N ) CREATE & Aok 2 .

H i, /£ CREATE SCHEMA 1] L1252 CREATE TABLE, CREATE VIEW I GRANT
Tt U A P R DATE G R KA R i 7E X AR e bt — PRl e A R . ML,
& XL B

CREATE SCHEMA <#:{ 4> AUTHORIZATION <] J* > [<# & X T a)> |<¥ B 5E X 1)>|
<BBUE X FH1>] ;

[613.3] NH ZHANG I8 — /M TEST, FF HAEH e —4 % TABI.

CREATE SCHEMA TEST AUTHORIZATION ZHANG
CREATE TABLE TABI(COL1 SMALLINT,
COL2 INT,
COL3 CHAR(20),
COL4 NUMERIC(10,3),
COL5 DECIMAL(S,2)
i

2. BRI
£ SQL 1, MIEREAE AW T -



B s xsEsdmmbin s soL

DROP SCHEMA <## 3 4 ><CASCADE | RESTRICT>;
H.' CASCADE # RESTRICT P& bk —. %4 T CASCADE (), FaRLEMIFRE:
2X0 R ) s 30 2 2 o A 0 R 2 X R A E M B 4R T RESTRICT (PR, RominRiZ
AP O ZEX T FROEIEENS (k. E%), MHR4ZMERE R IT. REH
A P B AR R R 0 B A eI T DROP SCHEMA 41 .
[#513.4] DROP SCHEMA ZHANG CASCADE;
ZEAIMIEE T X ZHANG, R, ZEEh B4 e LR TABL tmikk T .

33.2 EAXRFRENX. MESENR

1. EXEEFE
g T MR T AN IR 2 A, —ANMESE. XA P
SR A B (B PR AR R
SQL & =1 /| CREATE TABLE &) XA R, HILAK AT
CREATE TABLE <k %> (<5 &><Hli 8> (5| H et 2R &)
[,<H Z><HmA > [F1g et 4w a-1]

[<RESTIELREFM>D
3 2R 14 [ B 3 e ] DA AR R e B A R, X S SE M 4 SRR A AT
ARG BT, S RER PR B REUEEE B RS AR T X IRERT
B IXE TR ARG . RSB AR R xR Z A B, W5E XER
& b, ML LLE AES Bt v] BLsg AR
[#13.5] #E—A “%4” & Student.
CREATE TABLE Student
(Sno CHAR(9) PRIMARY KEY, P*FNRSEEME LIRS, Sno J& E %/
Sname CHAR(20) UNIQUE, /* Sname HME—{&*/
Ssex CHAR(2),
Sage SMALLINT,
Sdept CHAR(20)
):
ARG AT1% CREATE TABLE 56 J5 , 57E 20408 P o 2 32— /N BT ) 25 22 4 7K Student,
HEARK “FE” RIENIE RO R AR F .,
[f3.6] #Ev—A “ifFE” & Course.
CREATE TABLE Course
(Cno CHAR(4) PRIMARY KEY, PN HENEL R A, Cno & A:1E*/



33 HiEX 81

Cname CHAR(40) NOT NULL, /B2 M 2R A, Cname ANREHVZS{E*/
Cpno CHAR(4), /* Cpno 8 SURSEBIR */
Ceredit SMALLINT,

FOREIGN KEY (Cpno) REFERENCES Course(Cno)
[ e R4, Cpno 24ME, B E I Course, #ZHFJE Cno */
);
AU B RS R AT LU A — K
[f13.7] #I2AEREK SC.
CREATE TABLE SC
(Sno CHAR(9),
Cno CHAR(4),
Grade SMALLINT,
PRIMARY KEY (Sno,Cno),  /*:F MM EIEHI R, UAUE R RH e BT X/
FOREIGN KEY (Sno) REFERENCES Student(Sno),
PRB T LIR A, Sno ST, WSIE R Student */
FOREIGN KEY (Cno) REFERENCES Course(Cno)
PRI TN R FZAE, Cno ZHMT, #iS ML R Course*/
KABR D —MREZEMMS R, - PMEEKA 1, ERIREL IR 1E.
76 SQL sk Mt FH B AR S Bl o 8 SRR & A B M I 75 AR WA LB R R R K
FE. SQL FrHESZHFZFHEEAR, K 3.4 FIH T LM HEI AR, TER, FRKXR
B P B R G h SRR BAR KRB A e 2 AR .

F34 HBE R

e Epd
CHAR(n), CHARACTER(n) | KBEHh n H5E KT 558
ggﬁg*;gf;g;vmmw y | KIS n KR
CLOB FR A%

BLOB TIEHERN S

INT, INTEGER KHE (4 59
SMALLINT MR Q2 FD
BIGINT K¥EH (8 FH)
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a4k
B AR HX
NUMERIC(p, d) ﬁgg Hop MET (AEFEFS. DESD A, PRAFTA d
DECIMAL(p, d), DEC(p, d) | [il NUMERIC
REAL R T-HL AR E 1t SR FEVE U
DOUBLE PRECISION HR T LA A JEE (1 0RG BV i B
FLOAT(n) AT ERSBETE 8L WEER D n (BT
BOOLEAN JGHRAT /R
DATE H#, 8&F. H. H, XN YYYY-MM-DD
TIME I, AE—HEE. 4 B, R4 HH:MM:SS
TIMESTAMP I [ R A 2Y
INTERVAL B 1] ) B 2 B

AN IR A FH R A B D Y AR SE PR LR R, — BN RS, — 2
BETER, —REMRLz. i, X TFHE (Sage) BYE, "TLLRA CHARG)ME N3
KRR, B BB BALFER LM RIBEE CURFEIER), BT LIS 8 50/ h Bl 257,
Kb 7E CHAR(m)BHE KB EARERIT B ARIZH . BE O KR E PR, Bh—4
NHVERTE T 2 Ay, BT LA Y B B0 A 4 8 i B 5 Y .

3. BR5%

B AEARERETE RS, MG IEAR. A8 VEARN —&T
LA =Fp 5k e T @i Blansesl 3.1 thig X7 — -3 i s-T., BiE
7E S-T 5 X Student. Cource. SC Z3EAZ.

Jitti—, TERATY BHL 4.

CREATE TABLE "S-T".Student(***); /* Student BT J& (940 2 S-T %/
CREATE TABLE "S-T".Course(***); /* Course FITJ& I8 2 S-T */
CREATE TABLE "S-T".SC(++*); /* SC Fr)@m kil S-T */

T, fEIEEGEA PR GIEER, W 3.3 B

TiE=, WEFBMEN, XHEERN KL T ALE B4,

M P RIREAR GUMBIEENZE—F) NERAREHESL, RERIERRS%REZ
(search path) i iZ %} % 7@ A=K .

WREROE AR, KRR EEH RE SRS R D E— e
KA BN R AL . HEHRBBETIERLEAGEE, REEL TR,

A3 T AR E DT LA SR R M RTE R 4%
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SHOW search_path;
2% B4 4% 10 24 BT BR A (8 & Suser, PUBLIC. H.& R H e RS H - MR (4,
Rz A AFELE, I PUBLIC #550.
B R R A T LR B AR kAT, Bl
SET search_path TO "S-T", PUBLIC;
WG, & XNFEARR:
CREATE TABLE Student (++*);
EPRGE R EFE L T S-T.Student FEA K . K4 X BB FEE B ARG KB R —
MK A S-TAFLE, B Z/E EE A K Student )& I
4. EEERFE
B B EA SR N ok AR, AN RES R OB LA AK. SQL EEH
ALTER TABLE EA)fE AR, H—Hgh
ALTER TABLE <% %>
[ADD [COLUMN] <#iF|#><$dii %> [ Seept£ysR 1]
[ADD <% 568 H4H>]
[DROP [COLUMN] <%1#> [CASCADE| RESTRICT]]
[DROP CONSTRAINT<5E 84 H 4> [RESTRICT | CASCADE 1]
[ALTER COLUMN <#1| & ><¥{{E27>] ;
Hrp<RAZ>RBEEHINIEAR, ADD THIH THIFF . B 5 25 $rE: L a4 A Fn B
IR HEPE LI R %14 . DROP COLUMN A1)l TR E %], Wnf4sE T CASCADE
RE, W AESIMERTIH T2y A%, B W E 7 RESTRICT %Hi%, Wt
RAZIN ALK S 5], RDBMS K445 ER %% . DROP CONSTRAINT 1A F T Ml i i
SE I e LR S5 . ALTER COLUMN FH) TS SURHE & L, BB 4 %
PEAAR,
[ 3.8] [n] Student FIhN “ N2mfla ™ 51, IEHRAM4 H R,
ALTER TABLE Student ADD S_entrance DATE;
ARFEAL D FRER CAH IR, BFnis—ah 2 Y.
[$13.9] HFERIIBIRRB BT (REECRIEIRRI R 7)) SO,
ALTER TABLE Student ALTER COLUMN Sage INT;
[H13.10] 3G hnisFeE 4 ko0 20 H ME— (5 i 20 R 451
ALTER TABLE Course ADD UNIQUE(Cname);
5. MipREAR
HREANEARAFTTER, A LHMER DROP TABLE &AM E . H—8s 4
DROP TABLE <% #> [RESTRICT | CASCADE] ;



m ¥ 38 KRR a5 SQL

%4 RESTRICT, WIiZ& MRS 2 BRAEIAAFI . SMIBR iR AR A BRI b R 1
455 Al (I CHECK, FOREIGN KEY 4130, AReaHLE, AReF k4% (trigger),
Aae B PR R 2 . W R X LKA R AT 5, W R A RERMIBR o

#71%+#% CASCADE, WiZE MM REIKM. EMBREARGFER, HCHIHKS
X%, PlandLE, #BFs g meR.

ERIATE O /2 RESTRICT.

[#513.11] MiBR Student % .

DROP TABLE Student CASCADE;

FEARKE X — BB, AP AR & O MpR, M B ER B
Rl fill R AEN S — AR . AR KRR EEHRARIE S F BRI R b
LAV . SRARN PR A AR R A EE AR T g |, WX 2R AT e ibR . $ildn SC
FEilit HMY Sno 51 Student, NIFATH 3.11 J5 Student L HMIFE, SC LB FBEME. H
AT I PR BE AR (1 3 — 2 EERG AL

[f13.12] #FE L@EME, %P RESTRICT i RAHEMIBR; %4 CASCADE i ] LA
Mk, B B M.

CREATE VIEW IS_Student /* Student 7 - 7 37 L & */
AS

SELECT Sno,Sname,Sage

FROM Student

WHERE Sdept="IS";

DROP TABLE Student RESTRICT; /IR Student F&*/
--ERROR: cannot drop table Student because other objects depend on it
/* RARFEIREE, FFERBIZERIINSR, HRAHEHMER/
DROP TABLE Student CASCADE; /*MF3: Student F*/
--NOTICE: drop cascades to view IS_Student M RGIR R TR, 3R BRIV A A p

SELECT * FROM IS _Student;
--ERROR: relation " IS_Student " does not exist
EE: AR B E A SR SQLAFEN A LA R T A M L ERBLL
AREA EA .
AL SQL 2011 FREXT DROP TABLE f#E , XJ Li 434/t Kingbase ES. Oracle 12¢ Release
1(12.1). MS SQL Server 2012 3X = F{¥#i& 7= i X DROP TABLE /S [ &b # s .
#* 3.5 7/ R #&/x RESTRICT, B DROP TABLE <34 # 4> RESTRICT, C %/~



33 i X

CASCADE, Hl DROP TABLE <3t #& % 4> CASCADE; H.*} Oracle 12¢c %% RESTRICT i%
Ti; SQL Server %4 RESTRICT fl CASCADE &7 .

3.5 DROPTABLE ff, SQL2011 53 Mk ZNIEESEZHALEERILE

= A S AR P SRR Uy X SQL2011 | Kingbase ES | Oracle 12¢ Sz_[vsef%‘lz
1
wmAxmne 0 — | R|C R |cC ¢
1 &5 T e J v 1/ J J
- o J J
2 [P X o X J me | e o
DEFAULT, PRIMARY KEY, CHECK
¥ (R Ei%EM%)) NOT NULL 45 N o v i / ! a
4 | 4M4 FOREIGN KEY X v X 3t X J D
5 | fih% 4% TRIGGER 3¢ J X -7} J J J
= Par J J q J J
6 | BRI R %, | B | e | | R R

OX7 RARPREMIBRIEARE, “v” RORGBEMPRIEAR, “RE” RrMBREARE, &
TRB R % M EL A AT LA %niE -

(D XNFRT, MBREARE, X=EAKREEEEH AL E MR ZEAE LC
SEMIAR.

(2) XTFHE, Oracle 12¢ 55 SQL Server 2012 ZMIFRIE AL G, IR HIIEA K LY
YLEE X, B2 B4 %K%, Kingbase ES 4 Bifh i, #5MIBRHEA KN4 RESTRICT %5,
WA T AP I AR 5 MIBRIE AR I H CASCADE 3E5, AT LAMMBRIE AL,  [RFth
FRPLE . Kingbase ES HIXFP 505 & SQL 2011 ARk,

(3) M TR EE, MREARE, X =NEEEE S EA A SR L 7E
HEAR LWL MR, HEECERM.

(4) W REMBR I REAR EH R, SR ARNAFRITSIH (CHECK,
FOREIGN KEY %), 53 vl LM R PR EIX = R AT FEnE, XBEMA BT .

[FIFE, X IARE SQL tEA), AN[E %o = Sl fE AL B s E & Shrea =R, H
B, SRR IRAA AN F A B P S AR, iR S WA
FFEM, & s .

3.3.3 ZR3IMEIISMER

FAR B B LUK, PR o LURRERT o #3235 R IR 2 5 B A T B
BARER IR T EBIEHZR ], Al 2 B A i 2. P T LUK S R 37
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B R EAERAR LB A REANRT|, LIRS AR S, IR .

BARFERS | ZFER, & WERS BT 4 LIRS BHMZES]. #51 (hash) &
gl MG WA LRGSR ids B ETHY SRR P A X R, fEixE
RS —ANGE RS M, RS0t M E A A R AL . BHI R SRR TR
ALk B+ B, BRI 48 pn o SR A RAH B (R C A FR B . B R G L R A B &)
PR, BAIRGEEE T, KRG E M4 B A o B WS SN AR, #P AR
Rl B EEAA N oA fa s . SRS BA BB AR A CLEERSE AL M &l %
Z|BYEhRT e IR, REAMOL ) BN — AN T RE

F5| BARGE IS A, BFEESH e an, HEARERN, R5|®
BEATAH N B AE , IX LB 23 I8 A 1 G 48, DRl AR S o Y. 1) 75 B e e Bt 22 5

H#7 SQL drfEh AW R &S|, HEHXREEEE RS — AL FRTIMEH, R
AN [ 1) 5% 2R 28098 P B R G SRR IR R 5 | R B AR )

—RR, LSRR hBdE EE B A SRR E (owner), EIENIRMBIAN, T
Teke. KABIEEE FRGAENT BN 2 BaEFEERN R MENGFIRR, HPALE
At BAHIERERT| . RO XREIEE B REN AN MLIHEA, 8T A,

1. BiEs|

£ SQL 55+, # L K5|{FH CREATE INDEX &), H— N

CREATE [UNIQUE] [CLUSTER] INDEX <% 75| 4>

ON <R &>(<H 4> [<ikFF>] [, <Hl4> [<ikF>1] )
Hrp, <RE>REFERGINBEARNLTF. RIITUE L ZRN SR EH L, %54
ZIE 25 5B« BEAS<FI > J5 8 W] L <R P>H6 & B 5 AR HES KT, ik ASC (FF
J¥) 8 DESC ([%)%), BRIl Nk ASC.

UNIQUE R W EZR 5] i aE— N2 5 i X I M — FR Bl i st

CLUSTER £ BV RIIREERT| . ARBRRIIMOMESES 78 7,52 ik
RABAAF RO LGN AE.

[ 3.13] A2 A-REEdEES K Student. Course fil SC = FR@E &S|, Hrp
Student K345 5 TP ME—3R 5], Course RILIRFE S THFHME— K5, SC XIL¥STHF
MR S PR atE— &5,

CREATE UNIQUE INDEX Stusno ON Student(Sno);
CREATE UNIQUE INDEX Coucno ON Course(Cno);
CREATE UNIQUE INDEX SCno ON SC(Sno ASC,Cno DESC);

2. BMES|
MNTFoa@E MRS, MRTENHERGS, 7L ALTER INDEX &), H—
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kg =Xk
ALTER INDEX <IHZ& 5| 4> RENAME TO <#Z&5|%&>;
[f513.14] ¥ SC #HY SCno &5 4 X4 SCSno.
ALTER INDEX SCno RENAME TO SCSno;
3. MIBRZESI
5| @ L RAEHMYgEY, AFRHP T &R T b ERRER
mhal, {HunREEE. M. SOR%E, RESERTFEIERYET RG], MK T &
Ho XA CUMBR — AL BRG] .
7E SQL 1, MiIERZ 5|44 H DROP INDEX 4], H—BXh
DROP INDEX <& 7| 4>;
[f513.15] MiF& Student %[ Stusname Z 5| .
DROP INDEX Stusname;
MIBRZE S, TG4 A WEHE 7 s i £ %R T | IR .

334 #HiEsxs

Hlli P HOE R AR B A RGN — HRARR, Tl T BIRET A K X5 8.,
BRERARBAGE . EE . BRI CRMEARE . BHH 3 A R B
GErtE B . RABIEAEE B ARGAENIT SQL I E SGERIR, SEhr bR 76 8 BiEuE 7
JUERPHANAR S . FESATE WAL E AR, B T b 5 B R

34 HEEE

HOHE 1 v B R %08 /E . SQL #24t T SELECT & aJ TR & W, ZiENESR
REWER T XMEE R DR, H—Bg=lh
SELECT [ALL|DISTINCT] <H#3RixX> [<HIirFIRERS]T -
FROM <R Z M B 4> [ <RARVEZ>] | (<SELECT i&fJ>) [AS] <Hl %>
[ WHERE <% & ik {>]
[GROUP BY <%1|#% 1> [HAVING <% &ik:>]]
[ORDER BY <%14 2> [ASC | DESC]] ;
> SELECT &R U2, R4 WHERE TA)fI4# 5 FROM FHj¥55E 1
FAR ., WERBIRAE R PR L &M C4, B SELECT 1) i H k751 #ik ik
TCA R R TE Es RE .
WRA GROUP BY 1), W45 RI&<F % 1>MET 241, B R Ta
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H—ANH. BESEGHATEHARERE. WHR GROUP BY FfJ# HAVING #i&, WA
AR TR A AA T LR .

WA ORDER BY T, W4 RRLTL<H|Z 2> KM K FHT B 7 HEF .

SELECT &)L T PASE i fa] B i) S R 2 v, th o] DASE e 2 e A vl TR S 25 i
T A2 A VR R A i Db 9 6B SELECT 8 6] 9 & Fp 25

34.1 BEEH

BREMRENY K PRAOEN.

1. RFRBE T

EFER T B AR 5 B R R ARH B H

(1) &EHHEES]

ERZHEOT, HA/RRPE—EH2 RS, Xia] LLd@d e SELECT T4
< H Fr3 Rk > 46 2 B A W RS .

[f13.16] BEHSEFERFESSHA,

SELECT Sno,Sname
FROM Student;

A AT L FE T LR IXFER): A\ Student RAPHUH —AJo4l, HUHiZIG4lE )& i
Sno Al Sname EMI{E, R —FITTAE St . X Student F i FT A A HOH R
W, BIEEHR—AERRAE .

[B3.17] BHEEHFEENYE. 5. TR,

SELECT Sname,Sno,Sdept
FROM Student;

<HARFIFRIE > E AT S G MU 7T LA R o A — 8. F P T LU v FH
TR BRTI BRBUT . ABIFErhekE, By SHFER.

(2) EH2HS

R RS ERE M RA PIFN T35, —FhJ7 ikt &4 SELECT K47 )5 71 i B
A5 RN BRIF 5 AR A BBUFAR R, AT AR S ks < B AR5 ik > 15
EN *,

[$13.18] EHSEEEMEMEE.

SELECT *
FROM Student;

ST

SELECT Sno,Sname,Ssex,Sage,Sdept
FROM Student;
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(3) 'SR RE
SELECT TfJHI<H AR AR>S LLUER PRI E TS, tn] PLERE.
[f513.19] Zrifaihs i w4 R AEFE4 .
SELECT Sname,2014-Sage AEWEE R 2 SR — DN EARFERY
FROM Student;
BHERPE 2 FIAZFI AT RE—MHERERX, RHLSNBERS (&R 2014 F)
WS . XTI 2 AR AT . MHAE Ry

Sname 2014-Sage
% 1994
X jg 1995
E# 1996
[ A 1995

<BWRIREASAMNTUREARLKEX, ETURFHEEE. RE.
[f13.20] EMLEFEENESL. BEFHMFENRR, EXHNEFERRRAL.
SELECT Sname,'Year of Birth: ,2014-Sage, LOWER(Sdept)

FROM Student;
SR A
Sname "Year of Birth: ' 2014-Sage LOWER(Sdept)
5 Year of Birth: 1994 cs
Xl iR Year of Birth: 1995 cs
Eh Year of Birth: 1996 ma
gk Az Year of Birth: 1995 is

F P AT LA IS 4 2 0 2 R R M A R FIRE, ZNTEEARAREX, HE. B3
ZHApRFNRIEX T AER . Flimxt T8 3.20 w7 LLz SR 5504 -
SELECT Sname NAME,'Year of Birth:' BIRTH,2014-Sage BIRTHDAY,

LOWER(Sdept) DEPARTMENT
FROM Student;
iR N
NAME BIRTH BIRTHDAY DEPARTMENT
=5 Year of Birth: 1994 cs
A j Year of Birth: 1995 cs
Ef Year of Birth: 1996 ma

5RNE Year of Birth: 1995 is
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2. EFERPRETTE
(D) HEREEER T
FANAK A 8 M R R C A B B4R e T B, wTRES AR RAHE 4T WT
LLA DISTINCT #EREA1.
[#13.21] #EwHESE TIREREEES,
SELECT Sno
FROM SC;
AT LAY SELECT iBf) 5, 45%H0

Sno

201215121
201215121
201215121
201215122
201215122
ZEWNSREQETHLZHEENT. WRERERRIWELT, LHEE
DISTINCT:

SELECT DISTINCT Sno
FROM SC;
WATEER A
Sno
201215121
201215122
W REA R E DISTINCT XK 8#ial, WERIN K ALL, B BE 45 52 o U 7 5 4T
SELECT Sno
FROM SC;
FMT
SELECT ALL Sno
FROM SC;

(2) Eif e &R
B 2 18 € &0 JC 4L AT LAl iE WHERE F4)5280. WHERE 148 B i 25 ) & 14
W 3.6 Fix.
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F3.6 EHMNEAFH

i) 5t 1]
B3 =, >, <, >=, <, 1=, <, 13, I NOT+ ERHBHEHAT
fif E Y5 [ BETWEEN AND, NOT BETWEEN AND
e s IN, NOTIN
FAFUCH LIKE, NOT LIKE
ot ISNULL, ISNOT NULL
ZEEKM CEZHRIZE) AND, OR, NOT
© KA

T >ATHERMEEF —REH= (FT), > (KT), < UbF), >= (KTFET),
<= UMTFET), =< (RFET), > (RKF), < (FhF).

[f13.22] BMTEHAERSEEAEMNZR,

SELECT Sname
FROM Student
WHERE Sdept='CS';

KAV FEERRGIITZE M —F A REd A2 R: X Student RHTEEHM, W
H—J04, KEIZICHALE Sdept FIHMEREZT'CS', MBI, MELH Sname ¥
TR —ABr i e i 5 WIBkid oo, IR —ANcdl. B %ISR, HBAE S Student
R FTA 4.

WRERFE AL, WHHIROFEENSR SR FEEN 5% 45, W LAZE Student
R Sdept 5| VRS, RELFIHIZETIHKH Sdept="CS'HITCH, MPHEUH Sname 3
R RARK R X% T3 Student RAGSREH, Mtk T EWEE. FEWBEE
B, RIBERA—ERRBAETHRE, RENSEHLSRAM. KBRS KR
SR AL THRAT A R A A

(F13.23] EMPTHFRLE 20 & LUF 25414 R AR

SELECT Sname,Sage
FROM Student
WHERE Sage<20;
[613.24] FMELRGAR KM EENES,
SELECT DISTINCT Sno
FROM SC
WHERE Grade<60;
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X B4 T DISTINCT fii&, JZ—MEER L TREAS LK, i 5 th A5 —K.
@ e
1Hid BETWEEN:+AND---fl NOT BETWEEN---AND--- 0] LA\ R & #RIBMEEAE (A
7E) TRV f 4, 3+ BETWEEN JG 23 FR (MK, AND /&2¥EH K L
M CRPEED.
[513.25] ZHEFEIRTE 20~23 % (45 20 HH123 %) ZIAAIFAERIES . RAUMEELR .
SELECT Sname,Sdept,Sage
FROM Student
WHERE Sage BETWEEN 20 AND 23;
[f13.26] AEHIFERALE 20~23 ZZRIKEAERA. RAIFIFEER.
SELECT Sname,Sdept,Sage
FROM Student
WHERE Sage NOT BETWEEN 20 AND 23;
® WEEs
1A IN AT LA R B E M (E R T 2 R & HI .
[$13.27] EHHEHFER (CS). HFEFR (MA) FEER (US) FEAEMLELFME.
SELECT Sname,Ssex
FROM Student
WHERE Sdept IN ('CS',/MA"'IS' );
5 IN MXT #9187 2 NOT IN, M TEREMEARE THREE e Tl.
[#13.28] EMEEARHHFZER, FER, BARG BRI F AR LEZ AN .
SELECT Sname,Ssex
FROM Student
WHERE Sdept NOT IN ( 'CS',MA"'IS' );
@ FHFILAEC
ifid] LIKE "] UL SREAT FAF S RO UCHC . H— BB A T
[NOT] LIKE '<ILAZ#>' [ESCAPE' <#tfi 775> ]
H& R Bk IEE MRS E S5 <UTHC s> AC A T el <UTRCH>7] LLE — /N e 7 5F
B, WATLEHERT%M _. K.
e % (A S NTBMEBKE (KERTLLA 0 MFRFH. Fltna%b Kbl a FFk, LA
b 4 RMER KR FRFE . W acb, addgb. ab SF#RiH L% VLA & .
o _ CTFHEZ) REMERBNFER :
Bltn a b RmLla Frk, Lo SRIKER 3 MAERFFFE. Wach, afb 5L %
ILFcE .
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[13.29] WS K 201215121 HI2EEKEAIE N
SELECT*
FROM Student
WHERE Sno LIKE '201215121%
EMT
SELECT*
FROM Student
WHERE Sno="201215121%
R LIKE J& i A VCAC 8 P A 2@ me R, WIRTUAH= (5 F) i@ 8 AP IR LIKE i,
M 1= (AT BT NOT LIKE ifid.
[B13.30] WA EXIRMFEERNZRES. F5HER.
SELECT Sname,Sno,Ssex
FROM Student
WHERE Sname LIKE '%I|%!;
[f13.31] & “BkFH” HAEBA=DFRFERYRL .
SELECT Sname
FROM Student
WHERE Sname LIKE '#kFH_;
AR BEAFHEN ASCIH—ANRFEEAAN ; SFHEHGBKHAFTE—A
($13.32] HMBFHEAFHR “BH” MEEMGLZRIES.,
SELECT Sname,Sno
FROM Student
WHERE Sname LIKE ' FH%";
[$13.33] EMFIAEAEXNREEMREL, FS5FHE.
SELECT Sname,Sno,Ssex
FROM Student
WHERE Sname NOT LIKE 'XI|%';
WRA P EERK P REASREFERT % 8 _, XNREMH ESCAPE '<#
M FF7> FEXER AT X T .
[ 3.34] 75 DB_Design ifF2 (IR 5 M4,
SELECT Cno,Ccredit
FROM Course
WHERE Cname LIKE DB\ Design' ESCAPE '\
ESCAPE'\" 7R “\ 7 QIFHF . XPEICHL B P RBRTE “\ 7 SR F/F “_7 R
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HAAERFES S, HOEEK “_7 715,
[$13.35] ##LL “DB_" FFk, HBEECE=AFFNh i REIERTE L.
SELECT *
FROM Course
WHERE Cname LIKE'DB\ _%i__' ESCAPE '\;
XERUCE R A “DB\ _%i__". HB—A_ATHEA RS\, BTl e OV EE
CF. T SR EEA_ AT AR\, BTV e iR .
® WEZFHENEH
[f1336] FLeARBREBFERASNER, FUFERICR, EEAH KNS
AR D> G 2 AL S AU A ERAE 5 o
SELECT Sno,Cno
FROM SC
WHERE Grade IS NULL; [*45} ¥ Grade R {H*/
ERXEM “IS” AiEHES (=) .
[$13.37] BEFHAKRSHIEES SHRES .
SELECT Sno,Cno
FROM SC
WHERE Grade IS NOT NULL;
©® ZEFMHEM
EHIZE AT AND F1 OR 7] A REZEZ AN EIELM. AND H{LE%& T OR, HAF
TR S R K .
[f13.38] EHTHHEHIRIERERTE 20 ZLUTHEELES
SELECT Sname
FROM Student
WHERE Sdept='CS' AND Sage<20;
fEH] 3.27 i IN AR E&Z A OR BHFFMAES, Htie) 2 gty LA
OR 2S5 st F 4K
SELECT Sname,Ssex
FROM Student
WHERE Sdept='CS ' OR Sdept=' MA' OR Sdept="1S ';
3. ORDER BY F4]
FA P 7T LA ORDER BY T34 & if) 45 s — AN s AN BT THF (ASC) Sf4 /7
(DESC) ##31, ERIMERTHF.
[$13.39] HMEE T 3 SREMFENS S RIRS, Bils R BB FHES .
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SELECT Sno,Grade
FROM SC
WHERE Cno='3"
ORDER BY Grade DESC;
ST, HPEn BRI R R ARG ELIRIGE . FladeTtpdE, S ENA R
G BT, BEMATCANEERR. SNREREIAUAR, HERREB6T.
[fil3.40] HHSEEERE, BRSEREFERNRSTHFHS, RA—RPHFEE

TR B HES o

SELECT *
FROM Student
ORDER BY Sdept.Sage DESC;

4. BREERY

HTHBHER, MR RERDIGE, SQL Rt T A RERE, FEA:
COUNT(*) E2 0 e 41 i
COUNT( [DISTINCT|ALL] <%14>) Geik—FI P EK A
SUM( [DISTINCT|ALL] <%144>) HHE—FIEREF S0 BT
AVG( [DISTINCT|ALL] <%14>) T —FIE R FSE RE] A0 EE R
MAX( [DISTINCT|ALL] <%14>) SK—FUE R AE
MIN( [DISTINCT|ALL] <%1/4%>) SK—FUE i R/ ME

WREE DISTINCT FiiE, WIR/RTEEMNZEIHEE P HESME. WRARE
DISTINCT 4iiEE & ALL 5515 (ALL AERAMED, WIRRARNER .
[13.41] FEH2EERAL
SELECT COUNT(*)
FROM Student;
[513.42] #E#EE TIRERSEENE.
SELECT COUNT(DISTINCT Sno)
FROM SC;
FAREE TR, 75 SC P#H —FAMHNMER. M EEERBZ TR, i
RER AN, LIIfE COUNT i % H DISTINCT 4ii%.
[#13.43] &S | SRERZEE YRS .
SELECT AVG(Grade)
FROM SC
WHERE Cno='1";

[fi3.44] ThGEE 1 SRERFERETH.
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SELECT MAX(Grade)
FROM SC
WHERE Cno="1";
[ 3.45] Frii2EA 201215012 B RER B 2E 05
SELECT SUM(Ccredit)
FROM SC, Course
WHERE Sno='201215012' AND SC.Cno=Course.Cno;

MBEREOBRF|ZMEN, PR COUNT (*) 4b, #PBkid =2 (Em S HEa . COUNT (*)
X TCAEAT L, AN TA I — A EEE A B E AN COUNT 4ETH45 R .

&, WHERE TaOPRFEARERBMEAZTHRAXY., REJHLARAT
SELECT F & # GROUP BY ¥ # HAVING F ¢ .

5. GROUP BY F4)

GROUP BY FHJ¥ B4 Rk —HIsl 2541, HAHSN—4.

XPE WL R AN H RN T AR ERBIERN SR . WRAN ML RS, B
HEREGER TRAEWLS R, MTHA 3.41~3.45. 24 EREREEEHTHF A
4, HEg—A%E N REUE.

[$513.46] SK&ANURFES BAHR % R AL

SELECT Cno,COUNT(Sno)
FROM SC
GROUP BY Cno;

R B W45 R A% Cno ME 4L, B REAFE Cno I CA AN —H, RIGxHE—

A 1E SRR COUNT BT, BUKRTHZA M A - AN

SR REN
Cno COUNT(Sno)
1 22
2 34
3 44
- 33
5 48

an SR 53 40 5 IR SR A% — 5 ) A X IX S AT I, R AR LS R A R A 4L,
AT LAl HAVING %835 5 52 ik 414 .
[ 3.47] i iE T =1L EIREMEAE¥S .
SELECT Sno
FROM SC



34  HRA

GROUP BY Sno
HAVING COUNT(*) >3;

iX B 5EH GROUP BY FHJ4% Sno #7404, FHRE K% COUNT x4 —4H it %
HAVING 584 TR BEA &4, RAWLELN (XA $>3, RoribFEERE R
M3 1) A SHET K.

WHERE T4 HAVING i8R 576 T1E XS AR, WHERE Fa/EH TREARR
P, MR G4 . HAVING 55 1R T-41, M rbak £ 2 &4l .

[f13.48] EHPFHIRRGTA TS T 90 43 2422 SR K 4:.

T E ) R AR

SELECT Sno,AVG(Grade)
FROM SC
WHERE AVG(Grade)>=90
GROUP BY Sno;
(514 WHERE F-f) % @A Gk R AL sR U1 E W R Rk 0H), BRI WE AN %2 -
SELECT Sno,AVG(Grade)
FROM SC
GROUP BY Sno
HAVING AVG(Grade)>=90;

342 EiEEE

AT R B W X — D RIETH . H—ADERFRNEEFEADU LR, WKRZ NE
EEW. EEEWLXREEEPREFENEH, AFSMEEESH. AREREHN. 3k
FEEEREH. B REET. INERERNNE A K IERENS.

1. FES5FZFEEESNA

EEAE WK WHERE T Ao HRERRN RO RO A EEFRGIOEREBR, %
i 5w

[<X£ 1>.] <Fl4 ><HUBEHF> [<R4 2>.] <54% 2>
HPUBREHFEER=. > <. >=, <=, = (H<) %,
I A% 2 1] 5w LA FH R K
[<%4 1>.] <¥% 1> BETWEEN [<®4% 2>.] <514 2> AND [<% % 2>.] <54 3>

HERB =0, FOAFEER. AL MEE RO IESEEE

R P F B RO EET R . AP SR T BB TR, (B4
FARHFE .

[f3.49] HEMREANFAERILEBREOFN.
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NG PLAFIAE Student Ko, FAEIERREOULFIRAE SC K, FrbAAE#sehs L Kk
Student 5 SC FIM K. XK Z A B AR 2l AL P Sno SEHLHT.
SELECT Student.*,SC.*

FROM Student,SC
WHERE Student.Sno=SC.Sno; /* $% Student 5 SC i [R—=24: ndlE Bk ok */
{Bi ¥ Student F. SC KMEIEME 3.2 FiR, ZEHBIPATE RWE 3.4 Fis.
Sname Ssex Sage Sdept -~ SCS Cno Grade

k3 ] 5 20 Cs 1 92
ET ] 5 20 cs 2 85
E3 ] 5 20 cs 3 88
b] - % 19 cs 2 90
)3 * 19 cs 3 80

3.4 ) 3.49 A4 R

A, SELECT Ff]5 WHERE Fa) 1@tk Zar#iin b T RAATH, XN T8
RIRVE . WRBHEBESINERER SR EME—K, WA LAEIERZ TR,

KA S ARG PIT OERIREN — Rl RERLF2 2 : 7R Student FIRFE
—ANTCd, RGN KIFEREHE SC R, B — &5 Student 25—~ JC41H Sno HI%E [ SC I
4, #HBEHMK Student FHIE N4l HizoAPHER K, RS REF A td. SC
i ERTE, K Student T AT, RIEFFMKIFEEH SC, & — Bl L ERE
UM cdl, KEEMK Student I AT SiZuAPHER K, HREREF 4
JCl. EH Lid#E, HF| Student AT A SEEE N b, KB RE TR R
SRR B, & 3.5 Frok.

Student SC
35 g | W | e | RS 35 wRs R
Sno Sname Ssex Sage Sdept i Sno Cno Grade
201215121 | FH | B | 201 CS i ; 201215121 I ”
201215122 | xR & 19 cs { 201215121 2 85
201215123 B 4@ 18 MA : 201215121 3 38
201215125 A 7 19 IS } 201215122 2 90
* { 201215122 3 80

3.5 AR Bl e A% TR GG AT 4 b1 7 P
WARAE SC K Sno LR T RGIME, MAMBREEAM SC KT, LR Sno
(HIHL 2R 5 H IR SC yudl. MR EH SC iR A& M I 7o — & k2 Rk .
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HE S AR B b A AR P 24k B AR
[f13.50] x5 3.49 Fl A ARERTE MK

SELECT Student.Sno,Sname,Ssex,Sage,Sdept,Cno,Grade

FROM Student,SC

WHERE Student.Sno=SC.Sno;

A+, T Sname, Ssex, Sage, Sdept, Cno Fl Grade J& 1% 7E Student £ 5 SC £
R ME—f, BEE|HRTT L ZR R AR 1 Sno ERAREHBL T, BT A 2420
n_ERAFH -

— % SQL &) ] LAR] i 55 ek F R B 253, IX I WHERE 11 /2 HOE R i fliE#
(EATE VA= S E

[f3.51] HEhEE 2 SR HRSHE 90 20 UL LRI A A LR FE S M4 .

SELECT Student.Sno,Sname

FROM Student,SC

WHERE Student.Sno=SC.Sno AND PR A */
SC.Cno='2' AND SC.Grade>90; 1A PR & 44 */

ZEHN R GEEO BFIPUTERER, SEM SC Fkikt Cno="2'3 H Grade>90 )7
MR —AFEHKFR, B Student il EIERFZ M HITCA B TIER B BB A ML R KR

2. BEEE

HEEBREARN AT AER AR Z T, WalLLRE—NRE5H A QM TiER:, AR
B5iEE.

[#13.52] #ifIg—TERMBEEEGR (BIEBRRPEER.

£ Course ® R A TR EBEABRGE R, MKRALBRKLEIR. EEERXAME
B BFUEX— T TR B A BR, B eBIRMIERES BEHRERABIRAE. X2
Course X5 H B &i%E#.

Jt, Bk Course BRI/ NHI4, —/N& FIRST, 5 —/ /& SECOND.,

FIRST % (Course %) SECOND % (Course %)

Cno Cname Cpno Ceredit Cno Cname Cpno Ceredit
1 Hdia e 5 4 1 Hdia g 5 4
2 Her 2 2 Bt 2
3 RERRZ 1 4 3 BRARS% 1 4
4 BERS 6 3 4 BIERS 6 3
5 Hdfi 454 7 4 5 Hhi 45w 7 4
6 Hdh a3 2 6 Hdl ab B 2
7 PASCAL i&5 6 4 7 PASCAL &5 6 4




100 ETEESRP E3 ¢/ i AT A= 0)]

SERZE IR SQL E A
SELECT FIRST.Cno,SECOND.Cpno
FROM Course FIRST,Course SECOND
WHERE FIRST.Cpno=SECOND.Cno;

BN
Cno Cpno
1 )
3 5
5 6
3. ShERE

B F EREEh, RAWAERFMRITA A GRIEN S R . W] 3.49 4R
KA 201215123 F1 201215125 A EAERE R, REETRITRAER, 7€ SC X+
BEMNITTA, S5 Student PIXLTTAEEREMNBEEF T .

AIALLL Student A EMFIHGAN ARG R LIEREN . HFHEANEFEES
IER, {8 Student MIBF CHAMRGFEL RXR P, M SC L@ L6 NULL, X
B T IMERE. AMEBRNBESEARES % 24.2 M@, TS HEE 3.53
S5 3.49.

[#513.53]

SELECT Student.Sno,Sname,Ssex,Sage,Sdept,Cno,Grade
FROM Student LEFT OUTER JOIN SC ON (Student.Sno=SC.Sno);
MHATLAEH] USING sfZchigs e fy#E{E: FROM Student LEFT OUTER JOIN SC USING (Sno): */

PATE R F

Student.Sno Sname Ssex Sage Sdept Cno Grade
201215121 e % 20 cS 1 92
201215121 e 5 20 (o 2 85
201215121 5 % 20 cs 3 88
201215122 X fg L'8 19 (o 2 90
201215122 Xl % 19 CS 3 80
201215123 i X 18 MA NULL NULL
201215125 A % 19 IS NULL NULL

ESNERIIHAUKRR (INAH] Student) PHIHMICH, HIMNEESHAUKR P T
.
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4. ZRIEE
HERERAERR T LR RRERE. —AREH ASEEN, SRR LR
RN B REE.
[f3.54] EHENHERES., BA. BERRIESL NG
AW K =AFK, TEHRIZEHI SQL AWM TF:
SELECT Student.Sno,Sname,Cname,Grade
FROM Student,SC,Course
WHERE Student.Sno=SC.Sno AND SC.Cno=Course.Cno;
REBIRFEEERBEPATZREREN, WHREEATH O ROEERME, FEHLE
BAR G B =ARBATERE. KO —FTRERIIAT A2, JokF Student R 5 SC RUEAT
ER, BN FEENY S, BA . PRI S AN MRS, )5 FRHS Course Fit
TS, [ERAER.

343 HELH

7£ SQL 5=, —4 SELECT-FROM-WHERE &)k — P2k . 45— N2t
B S — A WHERE )8 HAVING 5018 (&P B Wk A R E i (nested

query). 5l4n:
SELECT Sname [*5h JE A ER AL A )/
FROM Student
WHERE Sno IN
(SELECT Sno /N R W BT A
FROM SC

WHERE Cno='2");

A, FE#&i#)ER SELECT Sno FROM SC WHERE Cno=""&HE7E 2 Atk
SELECT Sname FROM Student WHERE Sno IN ] WHERE %147 ). |2 F 2T IR b 4
BEANRES, FERARKINBEEENFEML.

SQL & F AW Z ZkEE#, B—NFEMEPIE LUkEL A F A& #l. F7ZERHES
&, FE#) SELECT &) A gE{l ] ORDER BY %), ORDER BY ] H et £
45 AT

RE A WA AT LU 2 (e S A A s R A i 2o, A58 SQL R & MaE H. LA
2R RER T XORMERFIE R SQL HF “&5#fk” & Xt

1. &8 INBiRNFES

EREERT, TENNSREERE—ES, FLUBRE IN ZREAANTRLESE
FH 83
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[fi3.55] #S “XIR” FER—DREAMFELE.
Seorsb ke, ARG TG IRE .
@ #E “XR” PFiHERY
SELECT Sdept
FROM Student
WHERE Sname="XI|/®";
ZiRN CS.
@ BERIFTHAE CS RFEIMFLE.
SELECT Sno,Sname,Sdept
FROM Student
WHERE Sdept='CS ';

“iR%N
Sno Sname Sdept
201215121 i cs
201215122 X iR CS
W PEWIRARSE P EWKENLT, WIEKREE R T:
SELECT Sno,Sname,Sdept 1*6] 3.55 FfifiE—*/
FROM Student
WHERE Sdept IN
(SELECT Sdept
FROM Student
WHERE Sname="%|/&");
Afirh, FERAKERREARETRENR, HRATHEXTFER. —FkgEh R
[ SMALEE, BISERAT FEW, TEMMS R TEIRERMERS . B2 T EA:
SELECT Sno,Sname,Sdept
FROM Student
WHERE Sdept IN ('CS'");
WG PATZIER]
A e i A AT DA B B R 5 R
SELECT S1.Sno,S1.Sname,S1.Sdept /*5 3.55 HIffE— */
FROM Student S1,Student S2
WHERE S1.Sdept=S2.Sdept AND S2.Sname="XI|/=";




14 HIREH E

A, SEBE A EWIERTT A 2R AL, SARARTERPITRERATREA E
W, BESENRK. X258 ERFEA RN ZEROSER EERRNEAR, A 2680
R AT LS 25 A BAH O SR P RLALR 447 i B M RE IR AL 7 125

[f13.56] BHEETRESLAN “FERL” WEEFSHHA.

AEWY RS, GEMERL=EY. FSNULHFMAE Student B, HES
TEIAE Course & H1, {H Student 55 Course P MR Z )& A HEBR, WL/UML SC RE L
EMN=FZEPBRR. FTURERLREF LY R=1KR.

SELECT Sno,Sname @ )57t Student KR
FROM Student H i Sno #11 Sname
WHERE Sno IN
(SELECT Sno @ MRJGTE SC K FEbk
FROM SC #BT 3 SEREREA
WHERE Cno IN *5
(SELECT Cno @ ®%AE Course X R H
FROM Course &b “EERL” MR

WHERE Cname="{5 S\ &%’ S, 4RA3 5
)
);
A [ AT DA B v S B
SELECT Student.Sno,Sname
FROM Student,SC,Course
WHERE Student.Sno=SC.Sno AND
SC.Cno=Course.Cno AND
Course.Cname="{5 & &4
AL Eae DUHEREREEN, FLEABMRK. WFl 3.55 fpl 3.56 iTLUE
B, WP ERENORAN, HRETRNESKBZRERE, HTHE RESHWEEFR
T A (BRI TIERGZHE, Bl Mo REEE EE B R G RHRE B AL EE
A5, FrolfEschr N, AR ARG HRK R BT RER Al iE s .
1 3.55 Fiffl 3.56 FFEMEM KA T XEM, XRTHEARATHEXTFE
. DX FEMREHEEN—ATER. MRTEANERHRARBT REH, XET
HFR X FEE (correlated subquery), #/NEHIEAFRANEXIRESH (correlated
nested query) &%,
Bl 3.57 g2 — KT EREE T

-



Pl fE 3T G AR EEENRES T SOL

2. FEHBEEANTEN

WA IREEAN TERRIEXE NS 7AW L BEF A TiERE. LA 6
WP EE A ZE IR EIF R EAMER, FTTUH>, < =, >= <=, =#l<>FLEIEHAF.

BlngER] 3.55 ., BTN EERTRE-NREN, UHLHATEANSERE 1
fH, BEUbAT LUA=AUEF IN:

SELECT Sno,Sname,Sdept 1% 3.55 fAfRE= */
FROM Student
WHERE Sdept =
(SELECT Sdept
FROM Student
WHERE Sname="Xl//Z");
[f13.57] A EAEBTME CEBRE FHRSHRES .
SELECT Sno,Cno
FROM SC x
WHERE Grade >=(SELECT AVG(Grade) 1R BRI RS/
FROM SCy
WHERE y.Sno=x.Sno);

x R SC A4, XFhuaZ®E, WLLHKER SC H—Jcdl. NEERREK—
ANEEFRIEERIEFERE, 2T =W LRV RSEE S x.Sno (E, X
HRESRERAHRKN, FHXRERNFRAEXTFES.

EAE AR — M R IT SRR A UL =A PR,

@ MSHEEHTERE SC #—AN T x, 7Tl x 9 Sno {8 (201215121 HELLAEEM.

SELECT AVG(Grade)
FROM SC y
WHERE y.Sno="201215121";
@ ATHZEW, FFE 88 GELME), AEMRBANEER, [ H:
SELECT Sno, Cno
FROM SC x
WHERE Grade >=88;
@ PATEA M, G35
(201215121,1)
(201215121,3)

RESEEHRY T PN TAESH EEROZ@P WA, HBSMNZM SC tdl4

HAbESEE, RN



S o |

(201215121,1)
(201215121,3)
(201215122,2)
SRARAR R F B WA RRGSKRAH T ERIEE U FERE Tk, RERMLE
We. WEBHHBTSINZERNEXR, FEIXAHRERE.
3. %% ANY (SOME) = ALL A/ F&Eif
FEWIR B RN T LA B ER, RIREIZENZER ANY (B &% A SOME)
8¢ ALL BRI AT . Ml ANY 38 ALL 18 i i )06 430 =) i L g 4 . 3038 i
FHR:

> ANY KT FERLRPrENME

>ALL KFFEMLGRPAE

<ANY NFF AW R P RENME

<ALL MFFERYGRPEE

>=ANY RTETFaEASRPEANE

>=ALL KTFETTFEALRPOFTAHE

<= NFETFERLSRPRENME

<=ALL MFEFFENSRI A E

=ANY FTrEagRPoHENE

=ALL FTraEAgRPHRAE GERREERFRESD

I= (HW<>) ANY  AETFFRmLS R A
I= (R<>) ALL  ANSFTElL R e — M
[13.58] HEHAETFHRFERP LA FHRE RER - DEEFER DR ZELE AR
Fie.

SELECT Sname,Sage
FROM Student
WHERE Sage<ANY (SELECT Sage

FROM Student

WHERE Sdept='CS ")
AND Sdept<>'CS '; /* EBXRER EWPR KRS */

ZiRWF:
Sname Sage
Ef 18

[ AV 19
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REBEEEHRAGEMT A RN, BAAs F&EW, Kk CS RPira HAENFER,
HIR— MR A(20,19); RJEEEH, LITAAR CS RHEFR/NT 20 219 H%4E.

A ] DU R R BOR LB, EEH T ERERE CS R ERER (200, RIGTE
REMPEFMAIE CS RHEFER/NT 20 F#4E. SQLIERIT:

SELECT Sname,Sage
FROM Student
WHERE Sage <
(SELECT MAX(Sage)
FROM Student
WHERE Sdept='CS ')
AND Sdept<>'CS ';
(513.59] EMAETHRHURN AR HvH SEHUR S R 22 R A N2 A 1 42 S ik
SELECT Sname,Sage
FROM Student
WHERE Sage < ALL
(SELECT Sage
FROM Student
WHERE Sdept="'CS ")
AND Sdept<>'CS ',

KEABIEEEHERGIAT BRI, HEABETER, kil CS RPIAFAERFER,
MR — MR E(20,19). RGREREN, KITAAR CS RAFREEANT 20, T 19
Mt BRI RN

Sname Sage
B¢ 18
A AR T LU SRR BB, SQL #ERjan T
SELECT Sname,Sage
FROM Student
WHERE Sage <
(SELECT MIN(Sage)
FROM Student
WHERE Sdept='CS")
AND Sdept <>'CS";
F9 b, ARSERBCEIL T &l L EHN ANY 80 ALL EHBHRE R . ANY. ALL
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LR BRI MR RN 3.7 B

# 3.7 ANY (5 SOME) . ALLBR5BEHHE. INBEANSENERXE

\ = <mfl= < <= s > >= |
ANY | IN | - <MAX <=MAX >MIN | >=MIN
ALL = 4 NOT IN—_ _<MIN ‘ <=MIN >MAX | >=MAX

* 3.7 %, =ANY T IN i, <ANY % F<MAX, <>ALL %1 NOT IN i
i, <ALL % T<MIN, %%,

4. %A EXISTS BiFMFE#H

EXISTS AFEFFAE RT3 . W4 EXISTS il i 7 WA IR MET HdE, R
{8 “true” BOZRMEUE “false”.

Al LAF)FH EXISTS KA x€S. ScR. S=R. SNR IEFL%ERE KT

[3.60] HHTAEET | SEREMFELEES.

AL K Student Fl SC . T LALE Student FK RIUAF /N T Sno {8, FH A 2=
Ko SC . #7 SC FIELEIXFEMIITZL, I Sno 1425 Tt Student.Sno 18, Ff HH: Cno="1",
JHY I Student.Sname X A5 R K. FIARES & SQL 4] &

SELECT Sname
FROM Student
WHERE EXISTS
(SELECT *
FROM SC
WHERE Sno=Student.Sno AND Cno='1");

fEAFAE &7 EXISTS J&, #HWEAWE RIS, W4HE K WHERE 14)i% [B] EAH,
73 D) [ B

th EXISTS 51 HHfyF &, HHEARSIREAGEREH *, FhH EXISTS i F# 2
R A RS, 25154 bR L.

A FERREAFKBTNERXE RN B (Student ) Sno ), Hit
WRARTEM. XM TFEMP OISR EEDSNZERD Student EHIE—A
JUdl, WRIEES5NEERMHLKEMEM (Sno {l) 4ABEKNZE#H, # WHERE T4 [A|{H
HE, WEAMNEE R 1Z G4 Sname TS RE,; K5 FHL Student FHF—N 04,
EHX I, HESZ Student BB I 1L

A i AR T DL FDE RIS HORSEEL, $EE T LS A K67 A 48 AN I
SQL i&f].

5 EXISTS B A% .2 NOT EXISTS ifid. f#i fi#¢7E &7 NOT EXISTS J&, £W



m H3E KRR RHER T SQL

B R A, WANZK WHERE FARFIEE, 7 NREEE.

[fi3.61] HHEFERS 1 SREMNAERS.

SELECT Sname
FROM Student
WHERE NOT EXISTS
(SELECT *
FROM SC
WHERE Sno=Student.Sno AND Cno="1");

—4b3y EXISTS Bk NOT EXISTS iff i f 7 B A Re g b E i F E S & #, 8
FrfH IN i, RS E AT, ANY il ALL i8] i 7 & W E8RE Al 1y EXISTS iHiA i F & il
S B, Bl IN IR P 3.55 AT LA W R EXISTS i i) i 1 & g e

SELECT Sno,Sname,Sdept [*451 3.55 HIfREEDY */
FROM Student S1
WHERE EXISTS
(SELECT *
FROM Student S2
WHERE S2.Sdept=S1.Sdept AND
S2.Sname="XI/');

T EXISTS &l A T B/l GO A E Bl R AR EIE, AT EERMKME,
BRI — @R T AR T W, AR 80 7.

[f3.62] ks T 2MRERFEMS.

SQL & A 2FFEiE (forall), {HZ AT LA A 2 FRE I K 1717 Fe i h FM 7 77
E ] (1 18 1] -

(VX)P=7 (3x(7 P))
HFSAERER, R E NS EERREN M AAERANER: T
e, B TTRERMAEER. 3L SQL ERW -
SELECT Sname
FROM Student
WHERE NOT EXISTS
(SELECT *
FROM Course
WHERE NOT EXISTS
(SELECT *
FROM SC
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WHERE Sno=Student.Sno
AND Cno=Course.Cno));
M T B EXIST/NOT EXIST K S2 Bl 4 FR & 1] (1 25 1) .
[63.63] THEDEE T ¥4 201215122 BB IREREE ST,
AT i) n] LA B R AER R RIA: Tl 500 x 284, ST A R y, HEE 201215122
FAEEETRE Y, Wx MEET y. B4R RWT:
H p Fonilia “4 201215122 &6 TR y”
i q #oRilia “#F4E x EETIREy”
b2 )k
(Vy)p—q
SQL & F A %R (implication) HIZH, (H2 nT LR AR 6 5ok — B H4
TR BV 1 S e 4k
p—~q=-pVq
A AT DUk 4 AR B K
(YYP=q=1 EyE e=a)))=1 3By G pVY)=1 Iy(pA1 9
EITRIENE XN : AFEXFERREE y, %4 201215122 16T y, MiEE x BF
. M SQLESRRWTF:
SELECT DISTINCT Sno
FROM SC SCX
WHERE NOT EXISTS
(SELECT *
FROM SC SCY
WHERE SCY.Sno='201215122"' AND
NOT EXISTS
(SELECT *
FROM SC SCZ
WHERE SCZ.Sno=SCX.Sno AND
SCZ.Cno=8CY.Cno));

344 H58H

SELECT i fJ I B )45 RE TAMIE S, BTl £/ SELECT B a4 Ral st iTE S

Be1E. £EHMF I EAIEIFERME UNION. Z#:4E INTERSECT #2#:/£ EXCEPT.
ER, SSRGS TG RATIBCMARR; 2 TR 4R LR b L AARE .
[f513.64] AHITHENEERIEEREBRAKT 19 F %4,



Bl 636 OCREUEFEERMER S SQL

SELECT *
FROM Student
WHERE Sdept='CS'
UNION

SELECT *

FROM Student
WHERE Sage<=19;

AR LPE LRRIFNR S ROFTE ¥ ESFRAKRT 19 ZHFERNIFE. EH
UNION ¥ AN E MG REFRKN, RESHZERER 4. W REREEZOAN A
UNION ALL #4E4F.

[f13.65] EMEE TIRE | SFEIEE TREE 2 M#4E.

AR RS TRAR 1 2R A IR 2 A E R S HIFE.

SELECT Sno
FROM SC
WHERE Cno="1"
UNION
SELECT Sno
FROM SC
WHERE Cno='2";
[f13.66] EHIEHAERNFEEFRAKRT 19 FHFERTE.
SELECT *
FROM Student
WHERE Sdept='CS'
INTERSECT
SELECT *
FROM Student
WHERE Sage<=19;
KPR LR B ENRE R PERAKRT 19 H .
SELECT *
FROM Student
WHERE Sdept="CS' AND
Sage<=19;

[$13.67] HWELEG TRE | &G TIHRE 2 M¥4E. EEREGRE 1 %4

A HRBHRE 2 KEEESHTE.



SELECT Sno
FROM SC
WHERE Cno="1"
INTERSECT
SELECT Sno
FROM SC
WHERE Cno="2";
At ] AR
SELECT Sno
FROM SC
WHERE Cno='1"'AND Sno IN
(SELECT Sno
FROM SC
WHERE Cno='2");
[f13.68] EHITEHBERMFAESFERAKNT 19 ZHFENESE.
SELECT *
FROM Student
WHERE Sdept="CS'
EXCEPT
SELECT*
FROM Student
WHERE Sage <=19;
2 BT EHURFE R R KT 19 Z 4.
SELECT *
FROM Student
WHERE Sdept='"CS' AND Sage>19;

3.45 ETFTIRERHES

FEWMANAT L ILAE WHERE T a), 0] L IL/E FROM Fa)9, iXi-F&#E
I RAE SR (derived table) ph LW AEMXTR. G, #)3.57 Kb 408
fih B CIBERE T RGHIRTE S, WaT LR R &5k

SELECT Sno, Cno
FROM SC, (SELECT Sno, Avg(Grade) FROM SC GROUP BY Sno)
AS Avg_sc(avg_sno,avg_grade)



m W39 X ASIEAEERAEE S SQL

WHERE SC.Sno = Avg_sc.avg_sno and SC.Grade >= Avg_sc.avg_grade
iX B FROM T ) T B HR A il — MR R Avg_sc. %K H avg_sno Al avg_grade
PN B, 03k T BN FERNES KPS, EER SC RS Avg sc &5 SHI%E
BHATIERR, EH B RSN T IR SRR S .
WRFEMPEERERL, IRERTUATEE RIS, 7 SELECT FHJEH 5]
LRI EYE. Bl 3.60 EHFTHEEE T 1| SUREMFERS, AL FERTER:
SELECT Sname
FROM  Student, (SELECT Sno FROM SC WHERE Cno='1") AS SCI
WHERE Student.Sno=SC1.Sno;
WYL, i FROM TR)AERIRAERT, AS K87 AT I, ELAAIRE
KARIRE M4 TR TIRAZR, 4R TR,

3.4.6 SELECT iEqf)—pgtEx

SELECT & #J /& SQL fi%.0E R, MRTHHIE+ o] LA B LB Ry £ 5 24, T
B — T eI —Hg .
SELECT & f1) i1 — A& 3L
SELECT [ALL|DISTINCT] <H#rFIFRENR> (14 ] [<HIrzIZRER> [H14]1]
FROM <& & 8E 2> [H14] [<RE8XE %> [4]1] - | (<SELECT i&fy>) [AS] <Hl4>
[ WHERE <% f-#&i&X>]
" [GROUPBY <#1|% 1> [HAVING <%} &ikt>]]
[ORDER BY <%14 2> [ASC|DESC]] ;
1. BFRFIFRER A ATIEMER
Gy
(2) <RZ>*
(3) COUNT( [DISTINCT|ALL] *)
(4) [<F4>.] <BHnLRELS [, [<R4>] <@L EREL>] -
Hep, <@t 2REAST LRGBS (T RESREREMNE BNESEAEZ
H (+, -, * ) ApEE AR
2. BERHA—AEt
(COuNT )
SUM
< AVG > ( [DISTINCT|ALL] <%14>)
MAX
| MIN

~



3.5 HdEEE Ik

3. WHERE TaIBIE 4R AR ANLERRN

@D
<@ ti3 4>
<@PEFH>0 < <>
[ANY|ALL] (SELECT &)

(2)
<@ 32> <@ 4>
<J@1E5) %> [NOT] BETWEEN << &> AND < < fit>
(SELECT %)) (SELECT i&#))
(3)

(<fE 1> [, <ff2>] )
<@tF4> [NOT] IN
(SELECT &)
(4) <j@t%|4> [NOT] LIKE <JLf &>
(5) <@t%)4>1S [NOT] NULL
(6) [NOT] EXISTS (SELECT i&f))
@)
AND
<FfFRiEA> <FAh Rk K> [
OR

AND
<FAFFRIEX > ]
OR

35 HIESEH

BAREFRAEE =M RPRINAETITEIE . Bk ORI R L b i T4T
i . 75 SQL A MK =HKiEH.

3.5.1 WAKEE

SQL ¥R 46 A 15 £) INSERT A AR, —FREA A TH, 5—HREA
FTHEWSER. FEWTU—KEANLZI L4,
1. fEATTE
A TG Y INSERT & A k& R4
INSERT



REW 3 5 K RUAEFEDAES S SQL

INTO <% 4> [(<@tE3) 1> [<@iEs 2>] -]

VALUES (<# 1 1> [<#fE 2>] )
Hige R FcamARE R HhFocdmErs 1 mEhFE 1, B 2 ’MEHR
W2, . INTO A& HIKEYES, Biocdlfeix ey M. HUa0ERR
&, TERE UL T NOT NULL f@ 5 A eI 28, &< tis .

R INTO Fa) & A e AR R 5 4, W i A\ 1 e 240 26 2 AE B @ %1 B3y
A1E.

[63.69] ¥ FraEdndl (5. 201215128, &4 FHR&, il B, ER:
IS, “Fi: 18 %) ffiAF| Student £F .

INSERT
INTO Student (Sno,Sname,Ssex,Sdept,Sage)
VALUES ('201215128', 'Br4&, "5, IS, 18);

7E INTO Fa)h 45 T R4 Student, FHEH 7 HE MY CHALEMRLE B yE EEWE, 8
PERI AT L5 CREATE TABLE = Ml AN —FF . VALUES -6 X8 87 o4 i & & PE R {E
FRPERHHER RS (XD fhEk.

[ 3.70] Ke2eE ok R AME B4 A3 Student K.

INSERT
INTO Student
VALUES ('201215126', "5k & %!, ' 53,18, 'CS");

5] 3.69 AN FRTE INTO FRIFF IR TRA, BEHRHEES . XRRHFCAE
ERMI A B Y E#fs e, BHE5IKT5 CREATE TABLE # 11X 5 4[7 . VALUES
TAPPH O CAHR & B FIRE, — R ES B E ——X R, WREHE 3.69 I,
BA('201215126', 7K B, 55, 'CS,18), & SUKE'CS' T T 1| Sage, ifii 18 Wi F T 51 Sdept,
TR T2 R A B S 2R AN DL i o

[#13.71] @A —FKiEHICTR('201215128"'1").

INSERT
INTO SC(Sno,Cno)
VALUES (' 201215128, 1),
KRS 8 RGOSR BT AL R Grade 71 | H 3 i 2518 .
[
INSERT
INTO SC
VALUES (' 201215128 ', 1 ',NULL);

BB R SC HIEYES . 7 Grade 51| EZE R4 5 F .
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2. MATFEASGR
FEWAN AT LUREE SELECT 4]t Fl LLAiE R & Wi & F (n 3.4.3 Pk,
AT LARKEETE INSERT 5 6] o A LA s B4 A\ ot 2 20
AT A )45 R INSERT & AJ#% 0N
INSERT
INTO <% 4> [(<@tEF 1> [<@iEs) 2>---] )
T,
[Bi3.72] xHg—AR, KFEERTFRFER, HOGREANBIEE.
HCEEHEE TN AR, b3 FIRRE, 55— F B0 R 2 2 P 4R
CREATE TABLE Dept_age
(Sdept CHAR(15)
Avg_age SMALLINT);
WGt Student RAZ R DA R VHFER, FLRE M TFHFERGFEATES .
INSERT
INTO Dept_age(Sdept,Avg_age)
SELECT Sdept.AVG(Sage)
FROM Student
GROUP BY Sdept;

3.5.2 & ¥E

1B B AE X PR ER e, JLEAN— Bk AN
UPDATE <% %>
SET <#l|#>=<Fik > [<Fl#>=<Fit>] -
[WHERE <%&ff>] ;
HIWGERBSERER P2 WHERE THRI&MIIG4. Hrh SET T H<FER>M1
M T HACAR R R B PE S . WS4 W WHERE 14U, )25 B8 sk b i i 4.
1. ¥R —PrEE
[$13.73] Ks2F4 201215121 BRSO 22 %
UPDATE Student
SET Sage=22
WHERE Sno='201215121";
2. B Z A riARE
[f53.74] M 2eAEmERmm1 2.

UPDATE Student



R i3 i CREdRERREE S SQL

SET Sage=Sage+1;
3. mFERMNENER
T AW AT LUK ETE UPDATE B9, F LAEE S &4
[f13.75] KikBEHEE RS ERRSGTES.
UPDATE SC
SET Grade=0
WHERE Sno IN
( SELETE Sno
FROM Student
WHERE Sdept="CS');

3.5.3 fHREE

I B v ) ) — M =Xk
DELETE
FROM <% %>
[WHERE <£&A44>1 ;

DELETE & ) () Th i & M8 & & M B& 3% 2 WHERE 1 @) & F 005 odl. w4 ng
WHERE )R s MR R P 2adl, BREKEXNETF RS . ik, DELETE i&
FIMIRR R R P B, AR R TR E Lo

1. MIRRE—TENE

[f13.76] MIER2E5 4 201215128 [T %

DELETE
FROM Student
WHERE Sno='201215128";
2. fFR % 4 sHEME
[613.77] MIBRPTH F2E A RS ® .
DELETE
FROM SC;

X% DELETE & a)¥{# SC =R, EMIBR T SC BT A Jt4l.

3. HFEHRMERESR

T E MR AT UK ETE DELETE 6], F LA S PAT M BR800 14

[$513.78] B VHEHURLE RBTE A g D%

DELETE
FROM SC



3.6 TR ek

WHERE Sno IN
( SELETE Sno
FROM Student
WHERE Sdept="CS" );
SFEANFEAR PEIRA0E. M. SEREATRIBIASEEEM, B5FES2H ZH%
VNS TE AN VR AN T REAT 2 R S R B R 2

3.6 ZTENVLE

Hi S22 ARFF M (NULL) MBS MSHELEH, XEFRENH— FiXA
o FTEEEBRE “AEE” 8 “AEE” 8 “BEX” M. SQL E S P Ak
R B — L PV (. — A LU JLRME ML :

o ZRHNZA—ME, HEWAMECHEAE. pl, EEENERBRYE, B
FAREGUWRIRET, AONEZFAEER, FIRE .

o ZBHEANZAE. B, BEEAENRSTNE, BhibEsSnER.

o HTRMRRAETIHG. flin, —MARRESHAEERRANE, N,

Bk, EE—MREF®RAE, SEATEN, X XREEWREEHR 8, FEM
FERR AL BE o

1. ZEN~%

[f13.79] W SC RAFFHEA AL, #4ETR “201215126”7, #ESE “17, B4
HE,

INSERT INTO SC(Sno,Cno,Grade)
VALUES(201215126','I', NULL);  /*7Efi AR %5 A0 A % o, EUE{iY

5%
INSERT INTO SC(Sno,Cno)
VALUES('201215126', '1"); AEEARAE AP R AR R, E R B
[f513.80] #f Student #2455 K “201215200” 245 T8 i) RSOk 254
UPDATE Student

SET Sdept = NULL

WHERE Sno="201215200'; -
Tk, SMEBBATAESE, B0 342 /0. BEBLREHEBSAETE.
2. Z={EAYF T
T — A B IE RS A2 EH, H IS NULL 5 IS NOT NULL X# 7.
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[#13.81] M Student Fh#RHIRIH T HHE K #EE B

SELECT *
FROM Student

WHERE Sname IS NULL OR Ssex IS NULL OR Sage IS NULL OR Sdept IS NULL;

3. EEMNAREN

JEi e X (3 EE L) A NOT NULL
LRI REI A {E, I T UNIQUE PR il i) &
PEARER A, RIS

4. TEMNEREE. (LIREEFBEIEE

FHEEH—ME (AR — D2 E) HER
BHOSGRIZHE, ZHS5 M (BiEH—
) MEBIEH R UNKNOWN. f
7 UNKNOWN J5, 64 ZHiEH b —H
(TRUE, FALSE) #ZH gy Rk T ={HZ 4.
AND. OR. NOT WJEfEE W& 3.8 fin, Hi T
#7~ TRUE, F &7~ FALSE, U %78 UNKNOWN.

EEWIER S, H15 4 WHERE fil HAVING

#38 BHEEHTEER

X y XxANDy | xORy | NOTx
TR T F
ST (S T F
B
b bt 57 =l Tl

U b - U U
EEEE EE L EEr u
[ L p L T T

F: U F U Ti

F F _ '—F F T

TRIPHIEFEZAT J TRUE (e A 0% tHAE At 45 R

[f13.82] Kik(E 1 STREEMA AR HEL.

SELECT Sno
FROM SC
WHERE Grade < 60 AND Cno='1";

% B2 RIS N T %K (Grade JEMEAAERE) WA BAGHI2EAE, NIEHRE
e . B ATE 45+ Grade<60 ) TRUE, JG#&{#4FHI{E ) UNKNOWN,
[ 3.83] JEHIEME 1 SR AIA B 24 4 UL R i 25 i 2 A

SELECT Sno

FROM SC

WHERE Grade < 60 AND Cno="1"
UNION

SELECT Sno

FROM SC

WHERE Grade IS NULL AND Cno='1";




SELECT Sno
FROM SC
WHERE Cno='1' AND (Grade < 60 OR Grade IS NULL);

3.7 M &

ME RN AT EAR (BUED) FHOR. EE5RARAR, 2—PER. X
8 v A A B 5 S, T AN A TR B 00 2 B a0, X S B 5 AP TR SRR AR R
i LA— B AC R B R AR, WAL T B A BE a2  T . AEAE X
EUF, MBS —AEO, Bl e UEBIEEEE T B QBRI EEE KR

B —285E X, T ARG AR —FEp ). BelibR. LB Z EfE X
B, EXRERER (. B, S0 BAENH—E RS

AL B R E X B AF R AER .

3.71 EXIHE

| = v/
SQL %4 &5 fl CREATE VIEW 4@ K, H—Hign
CREATE VIEW <t > [(<F)&> [<F%>] )]
AS <T-#rif]>
[WITH CHECK OPTION] ;
L, FEMATLUZ(ERM SELECT i#E4], &% LAEF ORDER BY f#)fil DISTINCT
B, W BAR RS S
WITH CHECK OPTION %7~ X #1 T UPDATE. INSERT #1 DELETE #1f it 22
PRAUESEHT . 4 N\ SO B 1 47 96 2 P B 5 SCrb 8 ] 4t (BRI Bl R i R R A 0D .
AR ) R YRS B A A S B AR, A R R A T
& B4, MRS ZME T 2 SELECT 1f) Hins g AR Amk. BT
F=Fp BT 20 B 48 s 4L B I BT B 51 44 -
(D) FEANBWIA R RS, 10225 Ry Rk X
(2) ZREFEBENT LRSI B 7B
(3) TEAEME S R HEAFE B EEIER 4T
[f513.84] #(EERFAEMME.
CREATE VIEW IS_Student
AS
SELECT Sno,Sname,Sage



120 ECARR I S e LR TR =N 0) B

FROM Student
WHERE Sdept="IS";
A4l 456 T YL 1S_Student (%142, Ba& T d1F &+ SELECT TR HI=1 514
A
X R B PR R YT CREATE VIEW &) 45 1 22 LB & A7 A8l 7
g, FAPATH A SELECT #E6). HEEXNME RN, Al B e XMERL TR
HoEA .
[f513.85] @fFRRFLEMME, HEREATESAHEABRIERE RIEZ - R
AR ERIFLE.
CREATE VIEW IS_Student
AS
SELECT Sno,Sname,Sage
FROM Student
WHERE Sdept="IS'
WITH CHECK OPTION;
HF7E & X IS_Student #LE i i T WITH CHECK OPTION 1, LLJEXfiZ4l &
TN BUmRERERER, RREEFEEE RG2S AN E Sdep=1S'#) &1
HANERNBEAEARTHEG, HFERREM T EARPLIT LS, A
REE T M, WARXRYE AT FEME. 1S_Student ¥ H & —MTH THEME.
MBI AT AR S AE RN FEAR B, WATAE I AE 2N RAR b
[f13.86] RIUfGFRAREMET | SREMFENNE (BIFES. 4. K50
CREATE VIEW IS_S1(Sno,Sname,Grade)
AS
SELECT Student.Sno,Sname,Grade
FROM Student,SC
WHERE Sdept="IS' AND
Student.Sno=SC.Sno AND
SC.Cno='1l";
T YA IS_S1 MR 5 & T Student K5 SC K [F 45 Sno, FrLLAAIENLE
4 J TR PR U A AR B ) & A IR 51 4
MEAAT LRV — DB EEARL L, WAl NS — a4 O A e
L, BEBVEEARSUE L.
[513.87] BVfEERELT 1 SUWREERSHE 90 4L ER#EA M E.
CREATE VIEW IS_S2



AS

SELECT Sno,Sname,Grade
FROM IS_S1

WHERE Grade>=90;

XHEPLE IS_S2 iR L EME IS_S1 Z £,

B NIERRE, AT HOBIRES IR, Rebh AEBEAREE, mEARIES
SR SR A B — R AR . i TR P B AL bR TR, BT LAE XA
P i T ARR B A FH ) T BB — SRR A SR A o IR ERIR A R M TAE SR AR AL B A
1€, WHRElARME. GRS R R R i RIE UL .

[f513.88] & XAz AF 0 rIYLE .

CREATE VIEW BT_S(Sno,Sname,Sbirth)
AS

SELECT Sno,Sname,2014-Sage

FROM Student;

XEHE BT_S &M RiA AL E . PLE A A e 2l v AR 2 .

AT AR BREE R E0A1 GROUP BY FAJREEWIRE AL, XA R Ch B IE .

[$13.89] W EAM%¥S RPFEIRSsE o — A,

CREATE VIEW S_G(Sno,Gavg)
AS

SELECT Sno,AVG(Grade)
FROM SC

GROUP BY Sno;

T AS T SELECT &AM H #5535 et il il 1 F SR 4 ol B9 2R, BT
CREATE VIEW b U & A S_G MBI &AM @S| 4. S_.G R— 4 4l0AE.

[#13.90] *#f Student £ FTH LA idxE Ch— M HE.

CREATE VIEW F_Student(F_sno,name,sex,age,dept)
AS

SELECT *

FROM Student

WHERE Ssex='%";

X B YL F_Student s ¥ & #“SELECT *"# LK. F_Student ¥ E 1] /8 ¥ 55 Student
RHBPED]— XN RGBS T AL Student 14544, N Student X5 F_Student
MBS X RSN, SMERARER TET . Sl I NE, RIFEs
BEA R MBS R ZEAR T HOME, REEEXUAE.



PPl 3 OCHRUMAREEIRER S SOL

2. MBRILE
%A A
DROP VIEW <#i[# 4> [CASCADE] ;
P00 3 5 PR R £ s SO AN B 7 R B . A SRR AL LAk T T SCA AR, A
Jl CASCADE I 8 A0 4t 1240 BERN e e 5 P P A P ke A e
HEARMEE, hiZEARFHEFAEUESTLEMEH T, H2 0 E R E A A
FHPIERR . BRI LR e X2 B ] DROP VIEW 1.
(#13.91] MHERME BT S FIRLE 1S Sl1:
DROP VIEW BT _S; PR AT/
DROP VIEW IS_Sl1; PAELENAT*/
PATHE AN BT IS _S1 M b S T IS _S2 ¥, B LB AR 4adh AT . R
fiff o B B, VU R R ok v ) -
DROP VIEW IS_S1 CASCADE; FEMBR T LR IS_S1 i H e T B A LR/

3.7.2 EHRE

P E G, FP AT LA E AR — L AT &l T
[f13.92] 7EfF BR¥HAERME R ER /DT 20 B 19574
SELECT Sno,Sage
FROM IS_Student
WHERE Sage<20;
KA EHERGMIT R B, Eedr AR s, BTy &m
R MESEREF. R, WA T P B AL A E S 8 SR i1 A
HPRERgaER, FHRiENRNEARNEN, REHMTEBIETNEH. X
il FEF DB ERR (view resolution).
A S 1) AT )
SELECT Sno,Sage
FROM Student
WHERE Sdept="IS' AND Sage<20;
[$13.93] &ML T 1 SRENFERRYA.
SELECT IS_Student.Sno,Sname
FROM IS_Student,SC
WHERE IS_Student.Sno=SC.Sno AND SC.Cno='1";
AT KA IS_Student (HEFHR) FIHEAR SC, Wi XA RMERR T F1iEK.
FE— RGO T, MEERREREER T A0 . BHEE T, XA GeE Bt
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11, Al ss i ELRE, ) 3.94.
[$513.94] 7S GHLE (] 3.89 e LHRLIED R # )7 3 BGRHE 90 4 LA ERI4EAE
SR G, ERA

SELECT *
FROM S_G
WHERE Gavg>=90,

il 3.89 Fh5E X S_G ME T EH A
SELECT Sno,AVG(Grade)
FROM SC
GROUP BY Sno;

F A rh i TE ) S e X S_G MBI T &L &, B FoIEWiEa):
SELECT Sno,AVG(Grade)
FROM SC
WHERE AVG(Grade)>=90
GROUP BY Sno;

(X% WHERE - 2 A fie FH 2R S R M0 g 2 A 3Rk 5K, BRI RAT G TE )5 1 25

¥ o HBERE R . IE0 R 1) 2 G A N %2
SELECT Sno,AVG(Grade)
FROM SC
GROUP BY Sno
HAVING AVG(Grade)>=90;

H A 2 806 REE E RS XHT 5 7 50 B (1 A v 2 e AT IE W 4 . (BLXSRAT 5
THREME M E W (WF 3.94) MA—EREMEENR T, HILX KRN IZEENEAR
HEAT -

1] 3.94 L rT LA W R SQL 5 4) 58 ik :

SELECT *

FROM (SELECT Sno,AVG(Grade) PFEWAER—MNIRAER S_G*/
FROM SC
GROUP BY Sno ) AS S_G(Sno, Gavg)

WHERE Gavg>=90;

B ALE W E 55 T IRAERM B R AN WE—HE X, HE Xk
ARAFAE R b, 2 5 M PT A B AT DL E 85 | A . o JRAE R R AR B AT
WIS 5 S, T AJHAT I % RIS .
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3.7.3 EHME

HEEE LRI Y A (INSERT). ff% (DELETE) FM&{ (UPDATE) #ifi.
P T 0 PR R S S o A i B O R R, Rt 0L PR T A B 4 Ay N B AR R Y R
B BERPERAEE, X0 K 5 R Rl P B AR, Fei A AR A E B R IE.
Ja 9 1k FE Pl ek A B B AT I . MRR . B, A EREHX AR THLE G
A FE A LR IAT B, AT7E e XALE R N WITH CHECK OPTION 4. iXFE7EM
B s, M. SRR, XRFUEEEHEARGSOEUWE e LR REL, B WL &N
fEA AT R E .
[$513.95] Kifs BRFAEVE IS_Student F2£ 54 “2012151227 H2EE A SN “XR”.
UPDATE IS_Student
SET Sname="XI|J&'
WHERE Sno='201215122";
WS B BB E ) R
UPDATE Student
SET Sname="XI|/&"
WHERE Sno='201215122' AND Sdept="1S';
[f13.96] FifsE R2A4ME IS _Student AN —NHIEARFE, Hd%Sh
“201215129”, 2K “BF”7, FidHh 20 5.
INSERT
INTO IS_Student
VALUES('201215129','&437',20);
XA R
INSERT
INTO Student(Sno,Sname,Sage.Sdept)
VALUES('201215129","##7',20,1S" ):
XHE R % H ks R LTSN VALUES ¥4,
[13.97] MEREEREAEME IS_Student F25 4 “201215129” H1id5%.
DELETE
FROM IS_Student
WHERE Sno="201215129";
e i g 3o REAR SR 1) T
DELETE
FROM Student



S o |

WHERE Sno='201215129' AND Sdept="IS";
TERABARES, FARITA ML AR AT SRR, 0 L B 4 ST A AEME —
A T S 38 s A B A 3R F) SR
g, %l 3.89 EXHME S_G &% SH B S RIESIA MK, AP
Si—Ti & ih Student R 3 TC4L AL G VI EA R -
CREATE VIEW S_G(Sno,Gavg)
AS
SELECT Sno,AVG(Grade)
FROM SC
GROUP BY Sno;
WRARIEALE S_G 54 “2012151217 (53 A 1P B S B0 90 43, SQL HEAJ I F -
UPDATE S_G
SET Gavg=90
WHERE Sno='201215121";
(B A ot U0 P B A T e kB BE AR SCIETNY,  BEA RS B &k
i, LMEFERSish 90. Fril S_G #LE R AT EHH.
A, 4T3 FRME R ER . BRITY T EMES, AL bR T E R,
{E AT VIR AE D 2 AT S R A S B BRI b st R AN ] ST 1) o
HAT, &N KREEEEEHERE B R AFTHFERERATES, &N RS
LB R SERE R P HIRE. TR RGEEME LER, XEE hARAHE .
Biltn, DB2 M-
(D) FHERBHALL EEARSHE, WEAREAR RV EH .
(2) FHENTBOR B FBRZEARFEE, WA RV L EHIT INSERT F1 UPDATE
#1F, {HAVMIT DELETE ##1E.
(3) FALEEFBOR A RERE, WL EAR RVFEH
(4) #FHMEE X+ &4 GROUPBY F4), WIMLEA o iF &
(5) HVEE X P EF DISTINCT 45i%, WA EA o vF EHi.
(6) #MEE X P HRERR, I HNEEME FROM T KR4S H %0
B AR, WHREARFER. Plin, & SC R MS7E-FHgiZ Lrea e Xk
—’I‘W GOOD_SC:
CREATE VIEW GOOD_SC
AS
SELECT Sno,Cno,Grade
FROM SC



WHERE Grade >
(SELECT AVG(Grade)
FROM SC);
SHPE GOOD SC MHEARRE SC, AEEHTWARKREZE SC, FrLldlE
GOOD_SC A SV EHi .
(1) —MAAGFEFHE e LB EA LT ER .
A, A EFIES A A EHIE RN ARMSES. frERiEe ko
B RATT B A . 5 & IRERR RGP A SRR, (HeA S a2 EH LA .

3.7.4 #MEHIEH

VLI B s AESE AR R Z By, XT3 P ) — U B 1 5 2% th B 0 0 o e AR ) 4k
Ve i BT AEA7 5] 7 S B BEAT 25 0 5 BT IR A AT REH BRI . BEAR WM, hft4ik
e CALEWR? X B & BAE A P RS i R VP 2 i Ak

1. RE eSS E kA P AIRIE

PLEHLEIE F P AT A B PR O BEE . W RX e BE AR HHEok A3 A
&, W] LU e SCHR PR B P R SR & Ry 1) B2 ST, JF LT LATRTAC R ™ O BScai B s A
Filtn, At X T HTIREERNPLE R R 5 R B R P R R T . Bef)ih
i, F PR R RN — A ERAFE AR, TXMERZERRN, HP LT #.

2. MEERPEUZMAERER—LE

MEHLHI AR A P ARG &R R R, S92 ARFEH P ILER
AR, XA RIS AR EE N .

3. MENENEREERLT —EEEMZEMRTYN

%1 T B2 4 B Y E SLE S BEMLYE RORE S . B A B A R
F 7 06 O PR P AN T B4 R RO PR G5 b o B0 13 4 0 S 4 2 3 1 B0 P A I
B3N A K R BN SR A SR RN T BGE, RN AR AR . 2 IR
0 R B P2 — AR BB b STHRE S A B A ST, T 0T A T A e 5 4 Ml S

TERREARES, BRI EMELERA TR R . TR B B W — AN 3
A “HEH” MARENHEAR. B KELERR

Student(Sno,Sname,Ssex,Sage,Sdept)
4y A SX(Sno, Sname, Sage)fll SY(Sno, Ssex, Sdept)iKZF. iXHfJEZ Student ly SX
KA SY RAREEMLER. WREL /A Student:

CREATE VIEW Student(Sno,Sname,Ssex,Sage,Sdept)

AS

SELECT SX.Sno,SX.Sname,SY.Ssex,SX.Sage,SY.Sdept



FROM SX,SY
WHERE SX.Sno=SY.Sno;
XA REHAR RS R A WA T (h SX M SY BANKR), ENHEFALEE, HA
WP AR E SR P RS R, AR SMB R AR, N R e A
ET oA B 6 2 HR B -
24K, VLB L RETE — AR IR OB B R L, Ll O R O SE TR A%
P, BRI FH R P A8 XCBOHE B T8 ) 7T RE AT 2 DRI B AR 3R 495 1) ) e 3 i 7 B ARAH I A
4. MEEBHINBHIFERBRZRT
A TS, HERT PATE B vt S P I Y R 8 I ASR] ) P 2 AR AL, AL
HHAEA HIAEA N F PX BRI PR b SXFERLEPLEIEE B s34t T XL B
M2 i, B, Student X KA 15 ANBERMFAERE, TOAER B 154
WE, SMUEREE - PMERARSEEE, AT ERAN TEERAESARR
fr2E AR .
5. & FI AL E AT LUE B M b 3RA i)
Blm, 2% HERAT AR R [F] R ARG & R RS R SRS 7. T LA
SeiE X— AL, SRR R 22 3R 19 Y f e B
CREATE VIEW VMGRADE
AS
SELECT Sno,MAX(Grade) Mgrade
FROM SC
GROUP BY Sno;
R JE T R B WA e R A
SELECT SC.Sno,Cno
FROM SC, VMGRADE
WHERE SC.Sno=VMGRADE.Sno AND SC.Grade=VMGRADE.Mgrade;

3.8 /) =

SQL T UL AHER X, BEEH. REEH . KELEHEAHL. AR EHE
EHFHABERN, JEREEASREERERAKERN. AERATFM0HRT
W= HrHAE.

HEEHFOREL LM R EE B REE SEME 6 TP M. AKX SQL.
WM SQL 5 F AR MAER 8 TP k.
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RELEHMSQL R, H—FHM T XABEERGHELME, EXZLEEN
HEMEEMAKR. EMFE.

SQL R XA HEHEEFT W T LARE. BH, AHOBREEEER L™ B4 SQL
92, {E R £ H4EE % %R L 45 SQL99. SQL 2008 F1 SQL 2011 WM 4FIE, EHMEHA
— N ABE R ARk T4 FF SQL 99 UL E#ARE.

SQLAMEE M ARFE, LRARERY, EHNMELHET.

2 &

1. ik SQL [IHF 4.

2. i%WI7E DROP TABLE if, RESTRICT fil CASCADE #[X 3.

3. HHAKR S(A, B, C, D) T(C, D, E, F), Bl 5 F3 & M4 ) SQL &k

(1) oa-10(S):  (2) Mag(S); (3) SBAT; (4) S B T; (5) SBAT;  (6) Mep(S)xTe

S.C=T.C A<E

4. il SQL iEAJESLEE 2 TSI 6 P 4 K EFXTRRALM 4 AN SQL SRR 2 FE31E 6 Rl

5. xS SIE 4 Pt 4 AR SQL SERL LT # TR AF

(1) R BT BLRY 7 B ek 42 A0 2E 3R i <

(2) RHFAZHMERHE. Hits. i,

(3) A FIGLR R ST FT AR T (K TR 5 55,

(4) R TRBH 12 (&R 200 2 58 RILER

(5) R Lilg) i YL B T S,

(6) R LWgr= i Z 0k i TREAE 7K

(7) $RIMBA FEH RN TR S,

(8) AL EF/-HBIE SURIE B

(9) 185 k45 14 (24 Po Bkl S3 B, ML BB G

(10) MHER R R P MIPR S2 (g%, JF LN % 150 5% 2 M BRAE R e 5%

(11) ¥ (S2,J6,P4,200) fli AR AL LR .

6. fHaRIEAR? fHaRWE? BENXHMKRRZMNA?

7. IRV IR .

8. WBASHLE R LA F Y ? MRS A AT B 2 Fa— Wi .

9. WA= TR AL — MRS ME, SFMENFERTE (SNO) . BRI (PNO) . fit
R (QTY) o &% izl B 5e i F 5 2ty

(1) =2 TR E A S S L &,

(2) FRHBGERRT S1 AIEERE L



SR 1)

KL 1 HIEEENSREREES

BEARFOHEAR S R YRR R E SQL S, AEMIMERMIT SQL ¥ & 58 AR SR PR SR 1E A BT S5
@354 SQL DDL iEfIaE. S ScRIMER SR, BAMIEAR: (@ SQL il fU el & K il
1 CRREM, AW, HEEH, REEW) . /] SQL DML i§ATEM SR EH Bl (AL,
B ockdE, MRS  FEMMEGOER, SEREGOIE, ERMMEREEATRE: BN ERRS
M. g, A4 EEE, ARERII T AR ERRCERM OB BERAEETHRLR
BE R Ty v

P

o

Z /R
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waE N\ MEERSH

ES—RP CEURR], Bl AR 2 — 2 i Bl P B AR e g — M B IR 47 Th
il A CRALE B 4 22 4 T SE RN E A AT 2. Hcdla R 1A 00 O T A0 456 Hidls 1) & S PR e
M. AFEEENBEIRERZEM, B 5 TR ER R e .

4.1 FIEFEZZMEBIE

B P B 22 A RS DR P RS 2 LA BT L AN 725 A P 3 Pl ) S O B SRR

ZetEREAREIREREIMAE, FTATENRASHFEAS LSRR, HEEK
WPERGH T REBIRE P, mH N ARZ REM P EEICE, M2 2Pk ) 8
AR REZERIPIEIZE AR E RS EEREAREIRZ —.

4.1.1 HREMIREEE

XA P 2 A e A U A R R A LAR L

1. JERAE P X 3R B A0S B AN R A

—LR% (hacker) AR 7> 176 /1 AFEUEEE FE RS IR P 2 AUH 2 D4, ARG 1R
BEEH . SuEE B aA A P RdE . Rk, D620 B A 5 B P e A i AR VR B A
CACRUEHCHE G 52 R BBV 1) MBEAR, Bl e B R e iy 2 1 L AR P &
(5 FEIGE AL E S B .

2. HERE P E R A B R AR TR

B VO 5y 7 T 07 vk ST RO P I R, R HLE A BB Wb
L BOHE i R, SO P B AR G it A0 3 TERORAT S B A AR B o o A A
e i 55 o

Sesh, fERZeMEEREE MOt v DRk, ML b vk H &, T LA R R R
U BT R A 0 CABG ¥, 6 BB 7 B NARAT b B B E BLREWS AT ER B, By ik
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X B P & 2 SRR A A

3. RENEAIAESE

HIRENZEUSHENRGEM 22, IS, RIERE. NERRAFH
ZENREFKRAN. BIERALEMNET, M ZLRERALEFHIEREHEE
ZAMEMBIAR. FEik, BANETEPLRGEN ZEMERIE. B% Internet HIARIIARE, it
SN A ] R ), BRI R = g (R B ARG At TOREOR
Ho A, EHENZEEARTHESKEEL T —EAE (tusted) THHEHLREKIMS
FprE. RS T 568 M EARHERD 22 bR, A REMTEATE T L 2T SHL RGN
PEE, BONHER I E e i ) 2 e tE R TR AR, WA RATMER AR TG E .

4.1.2 L2FREEN

THEHLEAE R LSRG HA — RN L2, BB EmE 45 TCSEC il CC X
PN bR

TCSEC /2#5 1985 F 3 [E EPL# (Department of Defense, DoD) ERMMAifK] (DoD
A5 EHL R GV AEN ) (Trusted Computer System Evaluation Criteria, TCSEC &Y
DoD85).

7E TCSEC #EHH S/ 10 8, AR EKE 4 S 30 FF R LFE TCSEC ME& EHIvE
fHEN, G BRHN RS E BB AR 2 A VS HEN] (Information Technology Security Evaluation
Criteria, ITSEC). MNEE XM A5 T SHL & VEA#EN (Canadian Trusted Computer Product
Evaluation Criteria, CTCPEC). X EM{E BHAR Z 2B r#E (Federal Criteria, FC) FLE
Fo IXLAENILE TCSEC IR G, &M T IT SRR E.

AR IT i3 EE AR 2 2 VP 45 RIW T2, CTCPEC. FC. TCSEC il
ITSEC M ABRALR T 1993 FilRIF IR EATH), MRERETBMEMER ENER, B&
H ST I AE SR & — 48— RBBET VA IT 2 uEN, 3X—47shalx il Bl vE
) (Common Criteria, CC) HiH . Wi H RERALKAERE L T HIINERSKIFREH
#EN, 22T AMEIT, CC V2.1 MT 1999 4E4 1SO K X E Brbnife, 2001 F#Tk
R A [ S bR :

HAl CC ELIEAMA T TCSEC, el iFAtifE Bre il 0k i = Ehndk .

BB — R HERIR R P S 4.1 s, AR TCSEC Fl CC V2.1 A
SE N

TCSEC XFRHS B 151991 454 A, F [ [H 5+ 5741 % 4 > (National Computer Security
Center, NCSC) Wi T {5 vF 5 4L 2 S8 V¥ fit ¥ W 56 F W7 15 B088 2 &R 46 0 M Rk )
(TCSEC/Trusted Database Interpretation, TCSEC/TDI, HI%£545), ¥ TCSEC ¥ & 5 ¥t
PEE B RSt . TCSEC/TDI & X T HE FE & B R 4L 00 ¥t 5 SE B o 536 2 A1 ABE T %2 4
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PEGR M VEAG BRIARHE, N 4 ANT7 R FR 2 AR AR 0 Fa bR, B FHUE. ORIE
FISCRY . BEA 7T LA 2 A T30

19934F m 4 K v]
faH JAL™ &
VA AEN

(CTCPEC)

A A
gﬁﬁiﬁi (CO) 19994:CC V2.1
GV AE AN V1.0 1996: A R AR
(TCSEC V2.0 1998 0O 15408

) V2.1 19994 as )

Bl 4.1 {56 24 bl G Aol iy o

A AL R GEXT & TR AR IS RFIR B, TCSEC/TDI ¥ R4tk 5y % 4 41 (division) 7
NEL, KR D, C (Cl, C2). B (Bl, B2, B3). A (Al), #&RZAEF{EFRRE

B, WK 4.1 Pizr.

F 4.1 TCSEC/TDI 253184

WAL 5E S
Al BAE#ETE (verified design)
B3 244, (security domains) N
B2 SEFIARA" (structural protection)
g Bl Prid %2 f#9" (labeled security protection)
C2 ZREFIAFHURS (controlled access protection)
Cl HEZ 2P (discretionary security protection)
D /MY (minimal protection)

D &: ZHRRICHN . RE D HrHKRN TH—UIATTEEmbrMEf RS LA
T D 4l. W DOS #R#lE RGP LA D HAMAF] T, ERAREREHIEAT)
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g, WA, HFRRRES, (BEREMHHEILFRA A% TRHLHIR R

C1 % %4 R4 T AR A Ly, Rl sScBit F FOREEE 4 8, 31T
B =S (DAC), R4Sk PR A - BUBR A 4 . A R R b R GE R AR R £ Sl R vy

C2 R % br FRL AP MR, RIEZEHFRRY, BK C1 %1 DAC
gk, UM ANSOFEM R TT, LA R R S . AH C2 H e AEIL AR
PAEEARE “%4” (security) X—4F, WEMERL T 1) Windows 2000, U %= i
tF ) Oracle 7 %.

Bl & brid 42 ffdr. 4 RGERIBE N LAARIC, FFREER I 3 (AR 25 44 S i 98 il 77 B
Pl (MAC) AR #2522 4plH]. Bl ZRIIPSA BN R B IER X ERer™ i,
WA R AT — B Z R Ll “ %427 (security) BX “AI{5 /9" (trusted) FFE, 1ENX
Sl 100 7 2 AP .

B2 : 5Ky, @Bk 2 & NS HE R, FE3d R G0N T AR R RS
DAC 1 MAC.

B3 . w4, %% TCB (Trusted Computing Base) A2l /2 i ) I 25 4% I 2K,
HHERERRE S oR, JHRHERGE MR L .

Al F: KiFEvw i, BRERME B3 B4R B[ IS R G e AL v U ASRIE, LA
BEE LR EIESENR.

CC JZAE_ IR A VP A v ) B EL A4 i B 0 5 L 300 ok 4 B 445 0 b R T SR A o N
WP AENAHEL, CC RAEHITIN. Rk ol SR A CC M T HarEpr L2k
MRIB(E B HARZ SRS, BHENE B 7= G 2 2Bk 4 4 D RE R & A fRAIE
BOK. ZRTREEKH ULTE MM BRGRR Z 2T R, A PRAIEE R U ] IE#A 2oth
LX) . ZAeTHREE R M Z A RIEEREBLL “K-THR-AM4" WEHWERR, AMRE
GARTRK B M.

CC M3CA M =B, =MBoMERAE, AR,

F—EB R T RBIR, A CC P RARE . Fe AN SR — AR Y DL K 5 9F
) —LEHESE,

B R ETIREESKR, I T —RIK, FRMAM. B 11 KFK, 66 N THM
135 A k.

BEEr R L ARIEESR, FIH T —RIMRIER. TRMAMH, G5 7 K%K, 26 71
KA 74 ANAE . HRYE TR G0 4 ORAE SR (1) SRR AR T A AR IE 2% (Evaluation
Assurance Level, EAL), M EAL1 % EAL7 3t4r20 7 %, G{RFFEEZEHTNE. WK 4.2
FR.
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#F 42 CCiHHIRESR (EAL) %45

y TCSEC %49
R 2 X At
EALI mﬁﬁﬂﬂ‘iﬁ (functionally tested) et :
EAL2 it Cstructurally tested) Cl
EAL3 | ARGHMRAEE (methodlcally tested and checked) Cc2
EAL4 | R4 WAME A (methodically designed. tested u
and reviewed) iR
EALS e 7 Ak B v Rk (semlformally designed and tested) B2
EALG 7% R Mk B i §9 #3F 13 A semiformally verified .
design and tested)
e tffiﬁ’)ﬁ!ﬁﬁﬂ‘]&ﬁﬁ]ﬂﬂﬂ (formally verified design and | &

CC P %55 £ B A A R4 BE (Protection Profile, PP) 1% 4 H #7 (Security Target,
ST) [IFEANZ.

K=o RE NS & BARERERPEENZEBRT, CC RENZETREE R
GARUEZ SR AT LAFE R R ORIP R BRI 2 4 B br bt — ARy e, XA IrmGlm g
MR E NG B R B ARNEIE. CC 1 EL AR = ik R4 56 BN 22 4 H briX B 45 1
RSCHLH .

FLEE T 5, TCSEC 1) C1 il C2 444 5l4H4 T EAL2 f1 EAL3; Bl. B2 il B3 454
4F EAL4. EALS fll EAL6; Al X}NT EAL7.

HX CC WAMKERXEARFMET, AMNBHNEEESRAZEHHNSH R
[10]. :

42 HFIEEFEZE=HR

fE— B HNARSET, LeffliE % - REEREN. fl, £ 42 irKnizse
BRp, M EREATENREN, REEHEREHAGR S RRETHF 0%,
REGEHAPAWFEATTNRS: NEHEARGA P, BAEFEEHE REEEHRT
R, RAVHPIITEERME; BRERZULSH 8 CRRPEIE: BUREEETL
LB A EBIEEET . RERENZLATR/ETSERIERENEXBE, X2
AEER. B W TIRDEEETR 4. W07V EAAE R & AT R 10 R E M R 2 s e
Bl APLEE D 85, WAEXRiTiez 5.

THR SEIRER R Eet, ETRAFERASHEN. ZEFIES. Fik W



BB »¢n summust
I K HE s A2 R

| ARl m RG] #ERG R
FPAERREN  BEERLSRD  WMERALLRD  HEEREN

B 42 THEHL RS SR

RSN Wit
. L
/ . e 7
/ 4 \
/ - g i
/ i S\ sEamEwRs

o el 3
~y SQLE )

|
|
|
[
|
|
|
|
|
I
|
|
|
|

M43 MR R0 S PEEE AR

4.3 REIRE 2R — D ERIERIRAE. 8%, BREEE ARG SQL Ui
I 37 SR A B4 P R P AT S, BB WIE R P R RS ARG, 7E SQL AL HRHEAT
H E AR I AR A B, —BaE n] U AT HER . A M ERERE VI, TR R
e TORECEH N, X R U5 AT ARG BRAE AT 4 . R R E R AR
RIUHIN, 5 % P AT DA TR AR . ERE AR, SR B R R AR
PR, S ZEA RO HER (FRALEER, ROFEINE RS .

4.2.1 HRBRE

F P 8 43 %500 2 BUE FE L R G iR It MBS 2 2 2R EE. SN ERSG R EE
—AMHPWIR. SN WRIRBEE 4 (user name) FH P HrIRS (UID) BHEBO4H K .
UID 7E R G A Ed AN ZME—. RAENTICRE R SEAP R, RE%EN
RIFH ARG — e m 7 Uik P AR A SR F G 0. FIRH P ERIEN RGN,
RGBT, Wit %€ J5 A TR R P B R A AR

AP S EMNTERRZR, mEE—NREPEERZSTIES S, UIKEER
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g4t & FIE P50 %0 %A LU LA,

1. BSOS E7

xR R AR RS k. BAD4S - RBAEP B ORE, B REHEK
WMANEMKIO L, REGAVFHPERBIEEE RS, XS04 2HEAEN, ELF
M, APEEHECKER. B, RRSidnBTFENEEIDL, RESBRE.
o — B, AR sieT LR sz A P . Rk, X Ry U BRI, A
S B, w2 AR,

O4 S SExt iR E 2 ki B EE ., Wik, BURESHEAENOLSNE I,
AR EE ., 6k AR5 2 D7 R R R A 2 A n . plin, BEROSKEEDRE 8
N (EHEEL) P/ OLSERREFR., JANFRFZFRS, P, FEREFSEREA
Fi JECFRE, S REFAMOPITE AT AR FEARIERE [, A A AR A T R
RIGHBE O AR, Plin, &E D4 PH7E. FHEFRT S REOLSRET
U R Wi, 2B ATFOL 5P 2R B &R 04 5/ 18] 6 5E % .
UeAh, TEAFE AL FE R OE BA T I, Ll ch K FE. AP %Rl Es
E2/ &

2. BIBALES

‘B AT 2 e 77 3. xR 75 3 022 AR, ATk % 5 i1 75 4
A ERNF O GREEET RS, WRH—R—FM k. &Arh ks sn
BN A2 T, AU S R A P A P o 1 B A R A AR AR B 114 B
FEER RS . 5O KMME, XFAEF R8N T 04 s i ISk ik RE, %4
PEARR B — 2,

3. EYIEELR

BRI AR EREAT UG BOR, Hoh, AW e R Te ik — BA W, W
Mg PRI FE E AW AE, RS, ML R L xRk oy i SR A A Ak B
IR B SRR S T 3 T AWM AGE, 544404 %M, R4 T R
KK, wetRE.

4. HaeFE5

B R —FATEH M, ABEEREBRNGH, BEEENEGE. Sk
e P P i B 45, 6 R O T B AR G R e R A N IR ST B 0T .
BT O R RE o A B R AR R, T P A A R % A W R R O R T R
WEH S BRIER R, FELSRBE. Fik, SChENAS—BEHANAS6 IR 55
(PIN) R RERALGH 7. XRE, BI{E PIN SR RE £ E — R oi i, 2 G440
AEpiER.
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4.2.2 7FEUZRH

Bl e 2 A R BN — p SR IR RS A TR I P U ) B P RO AUER [
AT RN RTC B 5, X 3 B8 i B A R G0 A R AL R S .

ARz AL ) = B4 s SCR PR R R A R A A A 5 4

(1) &SRR, F66 R P B 8  B 8 g

FH P 0t 5 — M 0 5 AR R R AR AU . S5 P N % L A (] A PR R A R el
FBCR R, fARBARN . ¥EEEERE NG RRUEX LR ERPIT. Ak, 3
8 P P R G b AR PO 4 O R R P AR, X g 20 i G S A 0 0 BN - L
o, PR A A .

(2) BEBPRE

B2 PR AR R R Gl R — RN AR ER e A R fEXT SRy
R SR RO, o e i R G B R BEE 0, AR 2 AT SvE SRR B, P
PR T IR, REURHE L BT AR At

5 SR AL RN A 2 A B A B AL — AR 4 R T 8 P L R A R IS R 4.

C2 I E s 1 B R 40 S FF B A7 HUIE 6| (Discretionary Access Control, DAC), Bl
S P B R R R G SR AP ] (Mandatory Access Control, MAC).

T 2 T ¥ ) 1 B LS

(D B EFEREESITES, P T AR S B N 28 AR SFEBRRR, ASFEE
F P 0k [E] X A A R RIAR, i B E o] AR 7 U PR 2 4h oAb . R
B EFRUEHIEER RIS .

(2) {EEBIFRERI &S, B ABIEENZPIRLL—EMER, F Mk
TFHEAZNOFTHE. N TEE X%, ARG ARG SEFHERNH P A T ARG
53 o) A A ) T b %o Bl e A

T A X P R A O i

423 BEFEUEHIA*

KA EE PR R RG0S FF H EAFBUEEH], SQL Frd st @ AR FIR gt 8, X
F25Hid SQL ) GRANT i f1) 1 REVOKE & )k 553l

P BURIE P A B AR B PEX SRR . 52— P A7 BB PR
T B SE SOX AN F AT CATE VR EE K040 e ot 5 bt AT Wb e 2R R . EBURIE RGP, X
I B FR 9 #3240 Cauthorization).

TEAER R ARG, HP R REXTBOE BEAT 3R , A7 H00H il P B0 008 12 %ot 5t S R T4 A ¢

FERREARIERG T, FREHIRS AN ERA S CGEARPROSHE. BHEs L




a2 g senrs (R

R, EHBIRERN (QFEBIRE. EAER. WENRSIMeERSE), R 43 50T
EE AU PR -

®43 XRMEERAZTHFRUR

pol & i) X% L)
R CREATE SCHEMA
Bl e HAR CREATE TABLE, ALTER TABLE
i YL CREATE VIEW
%5 CREATE INDEX
SELECT , INSERT, UPDATE, DELETE, REFERENCES, ALL
i HARFLE PRIVILEGES
@ SELECT, INSERT, UPDATE, REFERENCES, ALL PRIVILEGES

# 43, FIRPRAHS SELECT. REFERENCES, INSERT. UPDATE, H& X 5%
PR . 77 ZE U0 R /2, X 51 ¥ UPDATE #BR $8 ) 2 b A7 76 (4 5 — 51 i 4 T LA AT 8 24
2R, ATRAMBRZSE, 1E6 S FE ook 208 57 R e O @ i s X 365 R HoAh 29 3K .
%i| L) INSERT AL FRFEH /Al AR A — AN el AHFHARITA, #8UH 2 ] s A E
BME, HAhs) ek b2, BE HBRIAE. EL /#2751 INSERT RN, —EEQSE
&) INSERT AUPR, 75 W F 3@ A shE 4 B 05 4 25 o g i 4

424 B BY5KE

SQL | GRANT #l REVOKE &) [i] F F* 4% s e [7] % $ s i 8 LB « GRANT
A [a H P B TFAUR, REVOKE B Al & 242 7 H 1 AR
1. GRANT
GRANT & A it —eas Xk
GRANT <#U P> [[<AUfR>]--
ON <X B EH> <R H> [ REES <R E>]
TO < F'> [,<H 1>+
[WITH GRANT OPTION];
il SO : Rt i AE N R e B ERUBR 2 T F . &R 1% GRANT &A1 Al LA
SRR PR, T DL ZEAREEXT S A (B owner), AT LU C2HE AR
HIF P . BRI P Al LU — AN B A BAAH /1, thal LU PUBLIC, B4R .
WAR$EE T WITH GRANT OPTION ¥4, TSR3 FhAS PR () T ™ 3 AT A 3 i A B
BT AR M WREATRE WITH GRANT OPTION F41), TR H AR i
HAEMEFZAUR, ANEEALE %R .
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SQL #r#fE o i B A5 WITH GRANT OPTION (1) FH /40 AH WA R 3 H 74 4% 8452 - Hofth
JU, BRI, B RE AR PR P FZ A1 A B2 B AR S, I 4.4 B

Ul U2 U3 —— U4
T |

4.4 A mITHFREAL

[ 4.1] 475 Student FHIFLRFZL HI ™ UL,
GRANT SELECT
ON TABLE Student
TOWL;
[#14.2] x4} Student FKF1 Course 7% 4= /AL R #2 T 1 7 U2 1 U3.
GRANT ALL PRIVILEGES
ON TABLE Student, Course
TO U2,U3;
[f514.3] Hx3% SC (MR PREE T T .
GRANT SELECT
ON TABLE SC
TO PUBLIC;
[ 4.4] IEEW Student RFUE K42 S AR HI /2 U4
GRANT UPDATE(Sno),SELECT
ON TABLE Student
TO U4;
XH, Sebr BESZT U4 RPN A AR Student [ SELECT AXRFI%HE M5 Sno
f) UPDATE AUPR o Xof Ja& 4 51 F52 ASL I LA 200 W R i 4 AL F Jad 2 %71) 42
[f514.5] %+ SC ¥y INSERT AUFR$Z T US /7, 3 AVPE AR T2 7 HAb /o .
GRANT INSERT
ON TABLE SC
TO U5
WITH GRANT OPTION;
PATIE SQL iEA)JE, US RIHHA T X SC 9 INSERT B, A m] LU I AR,
Bl e US fl /& Eid GRANT &4 iqt fl /. #lin Us o] LU A IR T U (] 4.6).
[f1 4.6] GRANT INSERT
ON TABLE SC
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TO U6
WITH GRANT OPTION;
[[#E, U6 ¥ AT LA AR EZ T U7 (B 4.7).
[f]4.7] GRANT INSERT
ON TABLE SC
TO U7;
Bl U6 K4h UT B BRItk U7 A8 P A& 3% AL PR
th L 949 7 7T LLE 2, GRANT #EA) ] LA— R — AN H PG il 4.1 fis, X2
5 ) B — PP BUEME: ATl — R 2N PR, Wl 4.2, 4.3 Fros: B BL—kf%
LA FRZOBR, WF) 4.2 Fiw; HE—RKAT LSS pex 5 A R R0 @ M 511X L8 A [ f
SFEA, WPl 4.4 iR, £ 4.4 AT T 61 4.1~4.7 B8 A) Ja 4R FE B0 R i A P
PR & LK

Fdd4 HTTH 4147 EARFE-EREEEENRPIBRENX

B4 | WEAHF 4 X % 4 FVFRERIERT | RETRFRI
DBA Ul J< % Student SELECT AN
DBA U2 JKZ Student ALL AR
DBA U2 K% Course ALL ANHE
DBA u3 K% Student ALL AN
DBA u3 HKF Course ALL A
DBA PUBLIC K% SC SELECT AN
DBA U4 J<7% Student SELECT ANE
DBA U4 J& 141 Student.Sno UPDATE N3
DBA us K% SC INSERT fig

us U6 K% SC INSERT fie
U6 u7 K& SC INSERT ANiE
2. REVOKE

T P BOAS B BT L ey S0 2 A 2 5 s H A B2 AE | REVOKE #5 fJi[Al, REVOKE
AT — MeAE N
REVOKE <#Ufi> [, <t f>]--
ON <X HER> <t R 4> [[<KH RHER><H L Z>]
FROM < > [,<Jfl J*>]--[CASCADE|RESTRICT];
[f514.8] HEHF U4 BEe#4 25 KRR R
REVOKE UPDATE(Sno)



m WaE BARA A

ON TABLE Student
FROM U4;
[f504.9] elEpTA xR SC A AR .
REVOKE SELECT
ON TABLE SC
FROM PUBLIC;
[ 4.10] HEH ) US %F SC FH) INSERT L FRY ]«
REVOKE INSERT
ON TABLE SC
FROM US5 CASCADE;
¥ P US 9 INSERT AUPR#IEIR R, Z¢Ek (CASCADE) Y[El T U6 # U7 )
INSERT #UfR, BN RGKIELMITIZMmS. FRHER 4.6 1, US ¥xt SC F) INSERT
WR#E T T U6, 1 U6 SUKHE T T U7 (4.7,
EE: X EBKIA{EH CASCADE, # #9443k &% % Z 4 %KIAEH RESTRICT, #
B B AT EBEIEAE . o R U6 X U7 M HE A P & K AF 2T SC & &9 INSERT &R IE, 1)
oA A7 B A SUAR PR, & %o Rk =) A3 SR dE AN US &R AT 6 AP .
R 4.5 AT T B 4.8~4.10 (15 A) 5 22 8 R 2 () P AU 52 X

F4S5 T THI48 410 FAIRFE-RFIIBERIF PIURE X

BT S | BRI S | BORANRE | AMRRERD | (SN
DBA Ul KA Student \ SELECT ] AN
DBA U2 X7 Stdent | ALL- | Fm |
DBA 2 X&Couse |  ALL R
DBA U3 %% Student | ALL | T
DBA U3 %% Course ALL | TR
DBA U4 %% Student SELECT |  Afig

SQL $efit T AFH RIS RIBEAUHLAG o Hodhs e B2 530 A 08 HOH P v B A 5T R 10 B A A
PR, AT AR SC Bt SLKE AN R A PR #2 T AR R

FUP Xt B SR LR AR A E A MR ERUR, Jf HTLUH GRANT iEa)deH
R EAL PR EZ T IAL T P o BRI R P R “AREERER” VFRT, B AT LA KA AL
PR 2T SLAt 7

P27 2 B A6 A6 B2 SR AT LAA] REVOKE i A i [m] .

AT, RIFARTEL “ B 3" g R HOE AR BUR R TN e A <R



a2 gt [T

IR BRAZ TN o DRI R (A7 B 2 B = AR o

3. B EIEEEAAUR

GRANT #il REVOKE % 1 [ Fi /2 % 55 [50 68 EHi8 () S5 E AR o %o ) s el P B —
5 B0 ot 5 () 2 A ) ey 0 P % A B P e s B

CREATE USER i& i) —fiehs 2 -

CREATE USER <username> [WITH] [DBA | RESOURCE | CONNECT];

%} CREATE USER & @) it B F -

o RERGHBEH P AGREE DR ER .

o HONEREGEER P A =FBE: CONNECT. RESOURCE #i DBA.

e CREATE USER iy 4 " a1 SR % 6 18 & 6 &m0 H 2 s, B0z Pl
CONNECT (PR . #1#5 CONNECT Rt F F* A el af F -, AeeflEeis, wAREe)
@EAR, RS EIEE. hidEESE R bE & TN E R R, RERSEH
FAUNG 0 A AT A H0HE X S AT A PR 3 B P A 484 o

» #llf7 RESOURCE AR ge G REARAAE, sohpral@xs g @E, HA
ARG, ARERIEFI A . B XS0 )E 0T LA GRANT B a4tz % B
AU PR 42 7 FCAth FH P

e 17 DBA RURMH P ARG HEZEH 7, aTLGIEFIAEF . Gldsist, ot
ARAMLEE: DBA #H A Bl FEAT S i OBUR ,  3ds mT A X S A BR$Z T — M FH 7 o

PLEU R BLH R 4.6 SR E 45 .

F 4.6 WIRSAMHITHREETER

] AT R
4 AR = e
CREATE BRI, PUTEYE A
Tkl CREATE SCHEMA | CREATE TABL_E AR
DBA af LA aJ LA 1Y\ A LA
RESOURCE ] EL ZNGIDS Ayl ] LA
CONNECT ARarbl AT ARATBL ;gu B 5N

i¥E: CREATE USER #%4) =~ & SQL #74, HIAF o)X & B E £ E %6415
ERAZAMELZR, XENBIZEGHBHAHAN THRIEEBX X —LHET R L
HEZEEHNE R, LRZERY.

4.2.5 HiEERE
Bl P A R 2 1 — A S R R AR R IOBUR, A RAUR S . Bk, o]



Meﬁ 4% BuRpEiEA

BAKh— 20 LA AR R R G P B — AN fa e, A P A 68 o A TR s PR AU v LA, A SR AL )
£ SQL 14 5E 1 CREATE ROLE &M@l f fo, R )5 GRANT A 45 M (AL, H
REVOKE & A) it [B14% 7 £ (L AL PR
1. ABRAEIE
A 1 5.1 SQL & AJfs =2
CREATE ROLE <ffi f&.4>
NI ER F A R 25, AT 2. ATLLAH GRANT 4 ffi (A4 43 .
2. BN
GRANT <f > [<#LfiE>]--
ON <t SEB>H %
TO <fifa> [<Mfa>]---
H e S B 5RO £ AT LAR B GRANT & AR AU PR 2 F 5 — e 2
3. B— 1 AGETHIENARIAR
GRANT <fff 1> [,<fiff 2>]--
TO <fi 8 3> [<F/ 1>]-
[WITH ADMIN OPTION]
ZIBRIEAAR TR, R TRt X, DA Blnfka 3) i
AR 2R TERESMAE (Flnft 1 MAE2) rEdrsURrER.
TP HEFE EAONEE, SEHA X6 L ADMIN OPTION.
WIR$EE T WITH ADMIN OPTION T4, W3k R AL PR ) 1 (.88 F 7 38 AT AR X
FhAL PR P42 T AR R A .
— A AL BB R G R T AN A ) SRR I b Al £ (% T XA A
1) 4 A P
4. REMRAKE
REVOKE <[> [, <t fR>]--
ON <X HH> <t % %>
FROM <ffi &> [<ffi f>]-
FH PR LA ] £ A AR, AT o5 C A XA IR
REVOKE Zh{E #7388l 2 M s, st ilfaExA (4 fa L) ADMIN
OPTION.
[l 4.01] @ f kLI — 4UBREE T — N .
HIRUNE
O EEBIE—MEE R
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CREATE ROLE R1;
@ SRJE{EH GRANT &4, ffifafa R1 #45 Student %) SELECT, UPDATE. INSERT
PR .
GRANT SELECT,UPDATE,INSERT
ON TABLE Student
TORI;
@ ¥IXMAEFT TV, ki, B, HMIAEMHAEG R A EH2HRIR.
GRANT R1
TO £, 5k,
@ R, AL RpEHOE I R1 RIS TP X = AMUR .
REVOKE R1
FROM FE°F;
[f14.12] fAEABIRES.
GRANT DELETE
ON TABLE Student
TO RI
iR 8 R1 FEJRREOEERE B39 IN T Student ¥ DELETE (.

[ 4.13]
REVOKE SELECT

ON TABLE Student
FROM R1;
fff R1 92> T SELECT AR -
ATLAE M, BUEEMOE —APRKES. 8 AR B EE R AT BARI{LF2 AL
HEFE, 8 ERNEPATEMRE, HE.

4.2.6 SEH|TFEUEHIAG A

B EFRIES (MAC) REW I FAHL I Rt 42 i SUREE o F B B h T
PSR RRZ “BE” 19, FPATLLE e K 5 i F OB 2 AT A, B
BRE A WA “BRA” ISR TR FEXFEBLE T, 7] fefF 8 m “ B
HtE% . Holn, FOHE E COBURR T P9 A LB A R B2 S 2, BB e 2 A
ABRHIX LR . B X 2 2 VEEORIF A REA BIORAE, B0 40— ELIRAS T X BediE (A
PR, AT UK HO A ), IR B SOBUR N BEIA, IFTEAER Y[R RE  AT4E T A a4
3 PCIX — [) FL ARAS R R AE 5 S AL S A G et o 504 ) A7 BB PR et AT 2 A4
11 H4is A< 5 HTE AR L. TRRYOX — I, R R G R T R A S o



146 N € P i

A HRCAS Tl s

B s bAF I R 1 R A RE S AR i 2 &4k, 4/ TDUTCSEC brtfErh 24
S (SR T B SRR AE U A T B AN P AR E B A s AT 0 . SR AR
FE 038 A T R e %o A A 7 1 [ R Ay SR Y, B ZE ) BRIBURT R D

FEsR AP IR IR, B A P AR G T B )4 R SR o A AR AP .

FERERSE TGS LR, AR EEHE ARG ERNLEA S, hafEREH
P& . BHREREPRBEIEE, 22 EMENN, OFE M. BAER, &5l WU
P25 3 R AR A4, B PR B R G e AN S5 ) (D $R IR — B E AR (label) .

BUR bR IC o B T45), Bl (Top Secret, TS). #l%F (Secret, S). AI{E
(Confidential, C). 2FF (Public, P) 5. WHMIRIFR TS>=8§>=C>=P. LMK
FEARCHR A VF AT IE 25 (clearance level), 2 14 AIHEURR FE A i Bk 4 %5 2% (classification level )
548 o) 7 A2 SRITL ) it R A e o0 B =AY UK BE PRl R AR O UK B b, e e 1R 2
RS AF A A .

ME—HP (ST LRI label FEMARGR, 2G0T R fth o o] 244 ) 77 HY
DA EAE T R <

(D AU EARRVFRES A K T B T 2R BRI, 1% EAA RE B N ) 2 44

(2) (A ERBVFRTESR /D TS TR BN, ZEEA SN RE.

B (1) RESCRIER, RN (2) TEEMRE . BN (2, APl
BEAMEENSR T & T B ESMMER. XN —BEEHESN, 2/ ECH
AREFFEIZEEE N S T MBI R TN (2), A AIEEE & %M B s, &
ARt . B, A TS HHWERE—NEHN TS MR SEHFK L P, REHE
EEH. XFEERE TS FHMEIE KK I LLEH T, T TS 538 90 MR .

e S L o) e O A B AT R bl EiR SQLIBIE ST &8 e
Bl anfar s, bRl b B R — AR Rk, H !
AR BRI TR P A AT LR EE, M DACE:#
BT EEEAN L. AT aSRs, Bamest RakHE ¢
R 2 2 R EQ S BREN WA Ry, B MACR %
1M T S IR 56 A A B ) B B S S B 3 A A A I
(DAC), B 3= A7 0% il 5 o il A B i 3 [A)  ple B B MR

WETHARNZEIE, WmE 4.5 Fin. REEE
HEAT B EFREESIGE, xHEd A EEBEEER AR
SCVFAF I B Xt 75 o R A8 A S AT o AP I R 2, A 30 ol 58 o 7 A A
9 B8 P X 5 T3 AT A7

¥l 45 DACMAC L4 R E
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43 W B M &l

B AT LA A ) A P s SCAS TR, il o S BRA/E — e Va9 . i e,
308 3t A0 P AL ) 1 B o TE A I L P Badie >k, AT E B B SRl — e R R
2R .

PR P AL ] ) 48 S O S R A A B FH P AR E L. B, AR OR A R E £
ZMAREERTENRARFENGEE, REARKUAFGRRANEMNEHENRFZERFR
I A RLBR . X BB R RS AL FF “ FHUHE” M BURE . fEAHEZRFFR
WM ARG, TR RN R A MAYLE CS_Student, RJEEME Eidt—F %
SCAF R

[ 4.14] @ HENRFANUE, 5 ZME R SELECT BURE T £, il
B L BT A R A AR T 5K B .

CREATE VIEW CS_Student /e LA B CS_Student*/
AS

SELECT *

FROM Student

WHERE Sdept='CS';

GRANT SELECT /* EF2 I AR R HHL R ARG B
ON CS_Student
TO EF;

GRANT ALL PRIVILEGES /* & AT A4 K Z AUE M 0 S HL R 415 B T A BUR */
ON CS_Student
TO 5kHH;

4.4 TE it

ATV P S0 55 FREEHE R BIEE LS FP N EERAR (LLEB ),
EARLEH. I THREETHEREAT — E ML EHH, 7B A R AR N
SCFF. PlintZIE TDUTCSEC b & 2 Hug M EoR, #it Caudit) JhAEWLEER e M
RGIEF] C2 VA L g b AT D ) — IR FE -

B AR R R L2 R R I R e X LN, FRED . BREIRMA SR



|=iim4a HCHE e A

BEVEAT R . o T h REIE R s B E i B R AE B ahid & FORBONE I H & (audit
log) . v 53 AT LARI A o of H B M 80 e T & Fh AT b, E IS B8R LA RO
—ZINF, REEAREFIEIEO A BRI A S & nT PLE R H A,
7 1 JER P i SR U e o LA B

WU R AR P () RS ] B, B DA P P AR A A s B v ¥ B D AR AE
S B P B B AR B A P ) 2 A M I R RGE R T FF SO AT R vETh g . S TRThEE
B T ERB .

A EAARSSHM. RENR., EFM N2 F:, EQFEH S5,
B U ) 4% R G U ) A . BeriE U, B ARl AR AU P AT O . SRR R
B %50 B R0 GV 4 S R AT R e BEREH IR AE, AR TR
B,

1. HitEH

HIHHEG—RE 2L, Flwm,

o RFAFAF: HUHEIEEMRS SR AR FEM, BEEIRERS SNBSS, ik B
5 12 Ml 55 45 e B SCAF 0 FE 8T n k.

o RGMPR: X RGEHA MG ST RER S T, BRZE A A0 PR A
it RGAPRIRTF

o iEf)#M: % SQL #EfJ, W DDL. DML. DQL (Data Query Language, %#i ¥ i
B5) & DCL EAME it

o BT REM: MR EEANS ETH SELECT 5% DML #4ER 8. B35
AR, E. FREERE. RS, BRI TRIORS . 4. ik, 5
X&%.

2. ®HitIhEE

WD e EEAHE LT L7 A 2

o FEARTHRE, RAZFFE AR AR, AR, R, 84,

o PRUEBEH MM, &N — BRI EYIHN e, O @S R,

o AL THTREIREZ I AR

o Wik HAEMIIGE, G5B L9V R A, B H AR5 4 S RS
Xof B il B o D RO IR B S R M AR B R Y R AW BB PR S e, A
RVHEfTH P B e s vl F5%.

o RGRMEERHF T RELFICREROEIIME. ST RERREH . ERRH
FAER O G ) o v s AR A R R AR S .

3. AUDIT iEF@F0 NOAUDIT 154]

AUDIT &R HR & & & i+ ThhE, NOAUDIT & ) WEGHY % i+ Thfk .




45 HdnnE RS

AT DAAY S B i v MR Gk i . B R T RAR AR P TR R O
FERH X OO0 R HE R s B AT U, SRR R P o X e R e L
PIRGIhAN (B2 ASm U i) Bk DA K & Fh A1) SQL #845 .

R T R RE AR PR B DR, DU pl Th B R R SR K L I BB
W [ A4 DA B LAt 50908 PE AU PR A B 1 &

[#14.15] B SC RIS 2L SC REHE IR MEREATH i

AUDIT ALTER, UPDATE
ON SC;
[ 4.16] Huxt SC RH—PIH .
NOAUDIT ALTER, UPDATE
ON SC;

BTV B LUK v A R AR R ek . M AURE IR RAT I (R R% S
¥ audit_trail B4 true), A FLAE RS SYS_AUDITTRAIL  #%& 25 115 B

B EZ ST RERME T —FFEREMOZEVH . A H YL R e F a8
FEEN BAHK BRI C R B RGEH TF HED, 60 5850 8 E 1 2 18 0 41 RLE B R
I H LR, AT AL A PR AR R R R

4.5 B M0 &

X R A URYE B, Bl SR . FEREEE. EFHERIES, BRTHAAR L
EPERR S, BT DR A BRI BOAR o B I 2 9 1 H e P B A o A o 2k
HIA T B INEIREA DA AR — & WS008 R R B —— Wi 3C (plain text) Z&#y
ANH HERI A% ——33C (cipher text), AT {345 AN % il 85 S0 60 A TG vk 3R dn 2 dis
IR

HoHe e 3 FEALAE Ak A A

1. FiEmE

XFAFfE N, — AR ALE AR E B PR a7 s 3B B AR B R U
O, S EAEN; AEE Y TE I a5 IR i 2N ek B I .

325 WA ff 0 2 B A2 S 2 A o B AT N, AR P BB I T kAT
fiE . TR EY, B RN AR AR E RS, AR RE
AP BT INE B BRI . AXE N RS T . M. % EERER, BOREEHER
GiXs BB SR BTN MR AR B T 5O R B e R L A Dy v R AT
LR MR,



BB »+0 samus

2. fRHiInE

TR P RS 2S5 eh , B E P P 15 R 45 2% 2 D) 2 SR W SO A B, 5 5 e
TR PR, AR Rk, AERIE A Z MR SRR e, BUEE
EH ARG T AN E ThRE .

W FE B A n X e B o 3 R B g . P, BERR IR AR ERE RS 2
BHTINE, ERE S B SRR SCH R Ak, ATE R BERER, mEERLE
FE S B o R sURHR SRR LI N o AR, i 380 i o 2 X A A A5 E ik i b
W, B . T RMERSC, AnERL. SEEEMEML, &R TERE R
TEEL &, PR SATEEL RS, HWERHELR&EEMRTED. HXF
HAAMER S, 02 S # R W A A SRR B

B 4.6 & —FhE TR T 2L EREZE Y (Security Socket Layer, SSL) IR FEEH R
Gt K. ERAK R —Fuw B frammE n . EXNHRERP, BEXTHE
BAAEIERE, —RSERH-EY, R R Em N, BlUnRE, AREK
T HERBGERE R SRS . oAb, TS MR RE, XA S0 Nl N R
P& . BEREILERAET =

B, GIIEER

LA

a | Bt BRAEIERU AR T
Q_—ﬁ

fi ———————)
” it B=H. ENENERES
fi

& = ¥
e | SR Al A e R ]
*‘L PAEE . KPR e ey
% =
h L]
Bl 4.6 iSRRG (E sk

(1) WS XU i 3 ] Stk

KR PR B R G0 K F B T 30O UE 5 10 IR 45 28 A0 2% 7 st WA IE 7 3 S B3 15 XU 0 7T 4
PERIN . FH P HUIRSS 28 % BFFA AN B EFIEBINE (Certificate Authority, CA) HEX
I AE CA MR FEY, X TEEN S E LR FRECTHIES, REHEH
A CA fEAEFIRFE B4 (Certificate Revocation List, CRL) X4t 3 iy %t 5
EBHATRAUE, LABCRIED &R R 2ok, 3 i SRAE T 5 8 R 815 1 H %5

(2) Py SRS

WA XUy S e B PTSE PR J S8R X7 B A AR O 2 13 B9 0 2 5092 5 0 4 . AEIX ANt R,
1815 XU H AR (Public Key Infrastructure, PKI) J5 sUARIE T RS 22 F1% 7 i



F P 7 2o PR f) e A T S

(3) AI{EEHE A5

FE N S A E R B e UG, BAE RN FFRHEAT I & B R AR . 5% EE R R A
G 2, 3 el 45 B 7 e R 3 22 WP A P i — 2R s 10 5 B EAT n R0 R 5
DA I AE 48 Akt 24l 5 B i e e (i it 4, 35 FRAH ] — 215 2 10 36 BH AT R o
AR PriBRE e &Y, RBAINEGFENERIER, BT ILE, B
W2 AEIEEH . B=EEIEME L, FESEBEHBRERNEER. — BB
E A ESCHATAE MR, S S LBy B R R, S5k, KRB
Ay RBUR FAKGESRE, it EHUGEEITRANSIEE SRR, Fite % T 6864
SE BT 5 | 0 B B A S e L

KR 05 A FH 7 110 2 R sl A R B v 0 A e Ak 1) R R A o £ B AT R
o N EEAE e e Rt — bR R . BIME B SRR R S, R AR SRR G
lE. B2, BAREMFERMT e RE i, EHNELSZIRW. N8N E
BRSBTS o B %o N R ) v A 2 o s R o 7 S R 1 )

4.6 HWZ=EERIF

N Z e F R AR 2 AR EK, 78 B 3 H s R SR s 47 X
2 Ab, EATHEIREEHI LR R N R RS E A B R PR AR PSSR

HEEIZH Cinference control) Ab i) J& 56 il £7 B2 i AR AR DR () B . Bl dw,
FUR) R BAKBC R, HI P BE AR %2 255 5 B S L BB) ) M m 2 2SR E R,
HETF BE Bl % .

e P2 HE R LA PR SR 3RE G R A L BB 5 U ] f 500 4 A B e S G A B, B
PRARGARFRZRERANGR, &EHXMTURTE RARU R RHAR, #S
H AN BRI BB o AR 0B 7 1T P K0 75 0 e R AR R 4 o R
RERERAIHER ZEHI3E . g, ARG ESRE TR LIRS E TREEER (nn
) R, MIERETEZ2%E% (hlE) FE. AP A NZEFHBE, il
UEME ST, 48, RE, LA 0ELAMRg. BT IRENEREE, H
R A ANFEERARH T8 B2, M/ B MERSFAS A AR, W &%
KBK RS >TH, AP AWEEHCHTRERE (Ri% 3000 70), #EH B M TH#E
& 3 000 JG, A3 B %455 R A BURAE Btk -

PRMISE (covert channal) AbHH P 7 th J 5 il 77 A o A AR A ) AL S TlT A0 3
AR F AR BE0E B B A0 SQL ST J5 S Bt it Bt AT (A1 4% Bk it

HWH, WR insert AN unique BHEFEANEEME, WAL HEERK. B4,



£F5%t unique WA, WEAEHMAF, CRXEF) AERZIHEA (BREAEA) B, M
KRG/ Bl iz F A A R 2 -

RN G, )W 3% O R AN, R T 25 R AR B LA
0; WHRIEA ST, W K EH K AZFHEALE, R 2 EE 1 fE RN 1.
MR, WEeSRA P HEEAE R EHRZLEHH I amER, 56
BRMB LSRR LSRR, il F I L HFHPRE Btz .

B AT B AR R, BIBERFA (data privacy) Jk > B 4 57 F o 8 6 2080 £ 4
B,
T U 0 I A A AN A et A S At A AS (88 460 () S N B R BB D . s B A
FEART, ¥ R BB P B B . Bl A6 . S0 b PR R A S & AP B i,
T 50 A7 i By BB G AE R P U7 i) A NI RAECE - 3l AT DUAE P B = 2R
SEPLX— M BB AR . W fE R B 305 il E ] 5 R a4 R BE T AR R AR U a5 LA
FEAR A S EEARACH N B, 5 25 RS B HE B Ay ok O B A R . AR R AL AT
CIl LA 2R A R, B TR ARG R, T AR PR R B . 1
BPE AT B, A 5 B R (R MR A 45 R R A 8 I 2 A PEbR e . T R A Y Ok R B
REEAREEIFARIFEN, FIRGEZ EAERRRTT R .

HERR IR T R Re g M — W K sr e R B ES . A L& mdETh, B4
(k-anonymization) F#E% KB4 RA M FIHERCRFF kAP 2 D% k K£id%k, M
B & H A BB R ANMMAR R . B -2 HEMARHE (-diversity) . t-IlGiT AR gk
(t-closeness) 5§, MIIAEXCT ¥ A ik A A Al Bl #E T R @AM K BRRABOHE . H5cd B FA LR 3
W G HTHF T e

TR R RIE R R 4, 2 R T E B E RO LT —AATRER . (=
o FEE () 22 4 TV 1 38 R B0 3 A5 R B AR, T 368 ke 3 AN A3 ASTRSTAAT F 1
HAHE.

4.7 I\ &

MEBEERANRNGENRSHLE, RENATEEME, BEATLRSE
HRREE., BEFCERARAREELKENNC, M HFLFA LA —EERETMAK
iy %P .

LABEER AL LU RARA T EH S, BRECERGRENZAHBEIER
ERPARER . B EABENPRMFREMNBEA. WEERPETER . BB mEF
ik fomEfEmE. AFEHRM T ZLBHA.



i

=

T2 R B R 4tk ?
HEA) 158 B X O R 2 A = A U £ R R
RbfE R 2l Z R E, R CC IPETRERRI A EANE.
TR S TR P 22 4 R4 1) o P s B R
A2 12 B v ) 1 A R A R v A e o A M O 8
* AR AN K TR A
A (S, A, R, MR KEERE IR
Pk (PERS, P4, BLEAE, FEKO
fii | GRANT ¥ 7] 56 B F B RE -
(D) BTHP UL HEADROFTARR, FFarg Ak -84
(2) TR U222 ERAGERFIR, RECHERE EHRR.
(3) AR REFRE FHERMF .
(4) FxtgERINA ., TR AR,
(5) ¥M RIFETHF UL, JEH Ul iT4k8a2 s b ffa.
7. SHLUTFHA KRB
BT (RIS, 4, Fi, BE, TH, $15)
I GRS, &, 24, bk, BiFs)
il SQL ff) GRANT #1 REVOKE &) (i EMENLED 58 BA FHAUE B HI2h &k :
(1D H P EWRXPI4~EFA SELECT LR
(2) H P Z=BXIPA~%&F INSERT fl DELETE #([{.
(3) AT AR A CMidx&# SELECT AUH.
(4) AP xR T RS SELECT MR, *f T FBREHEHNK.
(5) FF 5K BAT 5 SOX 5 AN R 1 4546 (R AU «
(6) AP EFAAXNEANRAFTAPIR GE. 6. 8. WEHR), HEAHIMA - FBEHBUR .
(7 HP#=AH NSRS SELECT fiem L. BRI TH. FHTHRENE, hAmead
BN TR,
8. HXZI 7 (1) ~ (7) WRE—REGL, S P TR T AR .
9. fRRERGIHFIIEERINLE T A, Bk, BURBERRCIE Y.
10. 2545 5 F 555 A 47 HR 42 FRAIL A A2 2 T 6 2 A R R A U 1A
1. fraRBAEFENSIFThRE, Rt A ZRUEH i ohEg?

c\u:-huu.‘—



B 20 s

X W

—

L2 L2MES

AR AN Y IR I (T4 K R bk SQL B S I DCL B e BB e e otk L EAHE A X
PR R A A TR, BRI SR B AR R R SORSES i, BAERE U P E SAE
SYBOBURLS e, S RCABRES - A IO PR e A h . A0 P 46 2 B0 P 0 A AR PR 43 A 75 T«
RO B T W B R, DL R R, A BRI A, BRI,
PR S, FHEUREEE . AR RIRER IO, HRIEE R R B L.
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=AU BN S Srse o il A T T )
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55\ A Gk L

HHE e 1) e HEPE Cintegrity ) J2 45408 11 1E 7 1 ( correctness ) FlAH 251k ( compat- ability ).
SO P T A0 T i A R R A I S O S, R Y s BRI B PR A e %
PEIE R — X RAEA R R R K IR & AT &2 M .

Biltn, SFAERSESUAME—, MR GER S L, AR TR PIETEE A 14~
50 [OHERL, 2R T A URFE A AR SF AR M URAR, A BT AE (1 e 2R Z0UJ2 24 A% B R ST 1)
PR,

U8 H e REME A 2 M R AN B B AR AH R NS . B e 3 200 TR Ik
B P A AT A8 SR, it 2 b7 1 58 P P AR AR AN IER OB . Bl i 22 i
& OR3P BE FE B 1 R AR I . B, SE MR A A BT B R A A E X
A DNIEMROEAE, b7 eI AR . bl p et SO e F P f kg4,
7 LA T X R4 P 0 e R v A

YRR ER SR, B R B R G LA S I n T Th .

1. REEXTEEAEREGNE

SEREME LT R RR o SEREME RN, R 1 v (40 0 205 2 R L R 4. B3R
IE T 45 5 R BCRAR R B R LR R BT LA AR Z RV A BN, FH LA PR S - S B R o
PR USRS AR, PARAIEEHE I Ef . 2. SQL ArdEfli i T — &AM &k
HRSEHEYE, QR RRER ARt SRR P @ ek, X se et — %
tH SQL % & SO S AR SEIL, e B A ) — 3 A B 7 g,

2. RETEMEENSZ

Bt P B AR e A A B R A A T R A R A LR I SE SRR Y . — IR
INSERT. UPDATE. DELETE i @) AT /5 FF 4R A, L rT DIFE SRR A . M Arixet
BAEPAT 5 B P B BT T e AR A1

3. #HITIELLE

HAEPEE B R G R P BRAEEY T se M AR A4 R — & 1sh e, ndbd



5.1

(NO ACTION) #ATiZEEa Bt (CASCADE) AT HoAh 3 /E, BE4T 5 24 b B DA CRUF S04
(5 o

TSR E S B R A SR e 8 A, RUOh s B A A 2R I 2R R U . IRAE R I
K RBUE BT RGP WS R s s i, B e et s SORUR: A et el 0% 2R H0HE e o B
RYGSEI, AN FREm, M T HEFRF A, BEERZ, KRR
P 5 B R G A 19 o B s U R A% O SRR Th e, AT RS 9 T P AN A R 1 —
B B e se R e . BRY i S R R st B s s M i R R A RIS R X
SO HENME L RS A T e A A S FH AR AR, s P i 1 LE W PR AT 9 T R

92 B 23 TWRARNTEECE IR T XREIEE =KL RMEAME, T
HG A48 SQL i 5 Sz Blix Hese de 45 b Dh RS 1O 77

5.1 SC{IRSEER%

S0 EXERAETEM

KA LA 523 VEAE CREATE TABLE ] PRIMARY KEY & 3. X8 J& 4
RIS PR UE B 7, — P e SR PR AR A, M SO R B ARSI X
AN R R B RS R — R Ok, B SR B

[ 5.1] K Student %+ [¥] Sno J& I L5,

CREATE TABLE Student
(Sno CHAR(9) PRIMARY KEY, I*HEF 2 58 XL ARG/
Sname CHAR(20) NOT NULL,
Ssex CHAR(2),
Sage SMALLINT,
Sdept CHAR(20)
)i
i
CREATE TABLE Student
(Sno CHAR(9),
Sname CHAR(20) NOT NULL,
Ssex CHAR(2) ,
Sage SMALLINT,
Sdept CHAR(20),
PRIMARY KEY (Sno) PAERYLE X AR/



158 EEE PRI E LT il

)
[#15.2] # SC E+ 1) Sno. Cno JEHAE L AT,
CREATE TABLE SC
( Sno CHAR(9) NOT NULL,

Cno CHAR(4) NOT NULL,

Grade SMALLINT,

PRIMARY KEY (Sno,Cno) 1* BB R T e XL Ei*/
)

5.1.2 SLRTEEMEEEFNELATE

Fi PRIMARY KEY & X T X AWM EWEJE, B9 BIFAEARBA —FidRKEH
xF ERSFREAT ER RS, O R BE A R GO A R 2 & 2.3, AN UM IO SE A5
R A TR E. A

(1) BEEEEEEME—, WRAME—NFE45H A\ s 5.

(2) BEEBHENEERE T, RER - MATHIELEASBEY.

M PRAE T SE AR SE3ENE

KR P EEE RS — MR T 2R, KR T —KidEH

FEE SR AEA K EE (SF BRI EE) 254, W 5.1 Fix.

FeBA LR
| Keyi |Fai | F3i | Fai | Fsi i
\.
~ wh%
Keyl | F21 F3l F41 Fs1
Key2 | F2 F32 F42 F52
Key3 | F23 F33 F43 F53

B 5.0 F S s A EndnE—

SRR T HFER . b T8 R EARIIT RN, XREEESHE RS —RH
fEEM EEBE K], WE 5.2 i BHRES], iR | EREAR D BT OLEAT
() ERD AR R RIR AR . B, WRFHE AR G R 25, MidEEES, M B+HH
MR LS AP AT R, RO = AN AU T LUAIE &% R0 O 8 e e, FTAA RS AR &40
Fo XEANGEAERBEEA (51, hialg s (1230) FIHZ54A (152025). WRHIHA LR



52 BZHEEN B

I ERSEAR 86, R BEAER=ANGE AT LUAIE Z SRS EAFAE, Freln] LUEA %D,

e R
25

66 78

68 69 71 76 79 84 93

i 5 LR A T

5.2 ZSIBEEM

52,1 EXSBTEMY

KA 2 I 56 ¥4 /F CREATE TABLE /il FOREIGN KEY 45 5 SUFLE%1) 4 41
i, H REFERENCES i 1% $i5 B iX L8 41t 2 R L6 2 (1) 7Y .
Blln, KFR SC i — DI RAR— AN ARG F T TIRFE S, (Sno, Cno) & 5.
Sno. Cno 4352 M 5| A Student # 1 =L F1 Course F ) LS.
[#153] EXSC KSR,
CREATE TABLE SC
(Sno CHAR(9) NOT NULL,
Cno CHAR(4) NOT NULL,
Grade SMALLINT,
PRIMARY KEY (Sno, Cno), PR E AR ST/
FOREIGN KEY (Sno) REFERENCES Student(Sno), I ERY E XS IR s/
FOREIGN KEY (Cno) REFERENCES Course(Cno) PERS & X5 B Se e ik+/
)

52.2 W5 %’&*ﬁéﬂlﬁﬁ’uﬂ
SHSEEEBR W AN RPOHNTABKRERT . Bk, SR ENSBESTH,



160 SE A €U Tt 3 e

M. SRR T RETIA 2 M e g, 0 FUEAT S 2 DACRUE IX P AN 2R A AH 254 .
Bildn, X SC 1 Student FH 4 Fi vl GEMIA S [ SERMERITE L, WK 5.1 .

F 5.1 FIEERTS R ST R R EIR RiEAAb

WBIE (I Student) BHE (I SC) WARE
TR B e < WA T 5 wgs
ARSI < — SO | it

W 4L L nrgemR s e A/ R L % 1
BEMEBE T URBASEGEEN | RASRENRE BE

(1) SC Eiahn—Iudl, Zc4li Sno & HEER Student HHRAF| A 04l,
H Sno JEME S Z %% .

(2) B SC R H—Ac4l, B %4 Sno JEME(HTE# Student TP RAF]—A4
J4, 3 Sno BHE S Z %,

(3) M Student & HBE—AN T4, ik SC F R L4 (1) Sno @ PE{E 7F % Student
FERA R — o4, H Sno JBMEME S Z H% .

(4) &2k Student K —AJTA M Sno JEYE, HERK SC Fh R L4 1) Sno B HEMEAE
% Student T IRAFE|— A I04, H Sno B 52 % .

L BRI —BORAER, RG] LR A BAF S n LA .

(1) #E45 (NO ACTION) #47

AV ZERAEPAT N — R E R BRIA KRS .

(2) % (CASCADE) #1E

HMFRRE SR E (Student) [1)— NG FBE2MEE (SC) A Bk, Mk
NS REP A SEA B4l

fil i, MIER Student FTH Sno {H A “2012151217 fIc4l, WIMEL SC &b LA
SC.Sno="201215121'f1 T 5 74 .

(3) WEAITE

L MBREIE S S R — NG E R T A8 K2 8 & i T i A — 3¢
T H R R M W B A . B, B RPN R

S (R T A MR, Tl B )
k(i S, Tk 4)

HAp 2R R “S” BAMG, BERES LKA M.

i TR A FEA TTARMIBR, TS24 12, HBEE S E RS, MEnsEex
e S=12 BIFTATCAR TSR E NS M. XN TXERE L NS UMET,



ZENM T A TR E, FFER RS,

IX B YR T AN HE T 2 A (A 1e)

Bltn, SEAFd “BAS” REAMY, N SRR DR, KRN FEAE
BBk AR E . (BIEEE—EREIEETD, X R Student A#S MR, H LA Sno;
SC AB K F, Sno WAMG, EHEFIUEMEM? BEREEM . BN Sno h SC @,
Fe R LA SE 884, Sno RAE WA . #5 SC ) Sno A= (H, WIRMAFEREANELE, oK
FHREANARIMZSHEA, EE T REITRE, HWHRSHIRAE Grade 7. X5 FE N R
BEREAATFR, Btk SC 1) Sno FUAREHZ fEH . [FIFE, SC i Cno j&4MY, thi2 SC ) ER
P, BAREEEE.

Eex T2 e, BT NZE XY, &R XAMEF RS SVFEE.

—feHh, XS RENESRRIREL R TS RTEEN, Rk BRARNE, B
FEARIRAT « G SRARLE ZR G0 5K Y Ath SR D) D6 200 75 6 82 25 R R i I8 bt o A 438 B

[f515.4] 5310 Z e R (B £ 4 FE R B

CREATE TABLE SC

( Sno CHAR(9),
Cno CHAR(4),
Grade SMALLINT,
PRIMARY KEY(Sno,Cno), /*#E#& 4 € L SE A5 %4, Sno. Cno #ASGEHLZ(EH*/
FOREIGN KEY (Sno) REFERENCES Student(Sno) IERYE XS IR EHENE
ON DELETE CASCADE
/2B Student FeTP TR, ZUBMNFR SC P ARR ) TC4L*/
ON UPDATE CASCADE,
/* H SR Student K sno B, I HT SC R AP AHN K TAL*/
FOREIGN KEY (Cno) REFERENCES Course(Cno) I*ERPE XS IR e B>/
ON DELETE NO ACTION
‘ 241k Course FeHh TG4 MRS SC AU, JELMIR/
ON UPDATE CASCADE

I* T Course E A1 cno B, LRI H SC FHHIN A TGLH*/
)5
A LAXt DELETE #1 UPDATE & AN [F] ) %0« i, 4 5.4 o 43 45 2 B % Course
KPP HIICdl, kS S K (SCRK) A8, HLMERBESIE LR A N 5B/
SR 2 K B 1) SR
M ERHE T AR R, XA EEHRAALIS e Brnt, BT E R ite X
FEE. SMSEIHLEISE, b T ERMEA R RN A PR . BRI Rl SEng, EARYE N



ﬁﬁf’, S5E BRI

FERBE BRI
53 FFPEXHISTEM

FH P 5 S e R Pl 2 05— EL A L P 0 s A 2006 A2 B 7 SCEER . H AT SR R
B RGBT & LR KX e LG, R T RSk seiett . SseRett
MR B ok A B e AT, ANt AR P AR X — T g

53.1 EBMELAAREHS

1. BELARFHNEN

7E CREATE TABLE 5 B[R, T DA 5 A 2k g U b 2 A
B R PR, A04E:

e F{EIE=¥ (NOT NULL).

o F{iME— (UNIQUE).

o REFEREWE &KL (CHECK HiE).

(1) A ARVFREE

[f5155] 7E& X SCEM, %8 Sno. Cno. Grade @M A AFELEHE .

CREATE TABLE SC
- (Sno CHAR(9) NOT NULL, /*Sno JRTEA fe P A/
Cno CHAR(4) NOT NULL, /* Cno J@&YEAR SCVFHUEAE/
Grade SMALLINTNOT NULL,  /* Grade J@ /S fo VP HUZS (i %/
PRIMARY KEY (Sno, Cno), IERGE XIARTEHEYE, Ba& T Sno. Cno A ft
: VPEUEME, TEFZA SOV A B A 52 X ] A%/
)
(2) FfEME—

[#5.6] &SLH11%K DEPT, ZRE 14K Dname FIHUEME—, #1145 Deptno
H|hE, :
CREATE TABLE DEPT
( Deptno NUMERIC(2),
Dname CHAR(9) UNIQUE NOT NULL, /*%23K Dname %1 {iffE—, HAGEHCZSE*/
Location CHAR(10),
PRIMARY KEY (Deptno)

);



53 PR

(3) Fl CHECK #8485 FIE % 2 1 21
[f515.7] Student ¥ Ssex K AVFHL “5H” 5k “4&”.

CREATE TABLE Student
( Sno CHAR(9) PRIMARY KEY, PEF e AT/
Sname CHAR(8) NOT NULL, /* Sname J&FEA FEVFHUA{E*/

Ssex CHAR(2) CHECK (Ssex IN (‘93" %") ),
MR Ssex FAVFE FER & ¥/
Sage SMALLINT,
Sdept CHAR(20)
)5
[$515.8] SC % Grade [I{EINIZLE 0 F1 100 Z [7].
CREATE TABLE SC
( Sno CHAR(9),
Cno CHAR(4),
Grade SMALLINT CHECK (Grade>=0 AND Grade <=100), /*Grade HU{f 5 [l /& 0 %] 100%/
PRIMARY KEY (Sno, Cno),
FOREIGN KEY (Sno) REFERENCES Student(Sno),
FOREIGN KEY (Cno) REFERENCES Course(Cno)
)
2. B EARFHREEMBLAIE
HERPEATTHBRE SR HERIEN, KRIIEEE R TR LR &M
BB, R R ERIE AT .

53.2 TR EIAREH

1. JoéE ELRFHRIENX
5@tk EAREMME XL, 7 CREATE TABLE & fi) 9 a] BLF CHECK %515 % X
T ERAR M, BTARMRE . FEEERGIAEE, o4 20 BREI AT LU E A F R
P 2 (8] FTHUAE R AH B 29 SR A AF
(61591 M2=EmtEne R, HAFAEELL MsAT k.
CREATE TABLE Student
( Sno CHAR(9),
Sname CHAR(8) NOT NULL,
Ssex CHAR(2),
Sage SMALLINT,



B 1 5 A

-
o)]
B
>
qitk
A
|
|
[

Sdept CHAR(20),
PRIMARY KEY (Sno),
CHECK (Ssex="%"' OR Sname NOT LIKE 'Ms.%'")
) /%58 X T 641 Sname F1 Ssex P @ AR 2 18] [ 29 5 4 4%/

M5 Lk B G4 AR RE B 1t 1200 CHECK A A, PR Ssex="Z'isr; k2 J P,
B AN T EARE U Ms. ATk, Bl Ssex="93"I, Z&FEARNHAE, Sname NOT
LIKE 'Ms.%' 44Z0h HAH .

2. JoiH AR FHRIEEELLE

AR PR A TCAL BAS SUB PR IR, D0 R R R G & oA L AR A
SERBHAL, W RN R A SR A AT

54 SEEMEHRGZTT

L b ) T e e 2 TR 4 1H R 7E. CREATE TABLE i)+ 5 X, SQL &7 CREATE
TABLE i& fi) 4L T 5e B AR @ 4 1 1) CONSTRAINT, F R se st 2 R &b v 44,
MR LA R 3G 0, MR — A e R L R R A

1. EEHARGETE

CONSTRAINT <5E3E LY R KA 42> <se PELA R & AF>

<SEEEMEA R 4 4F>445 NOT NULL. UNIQUE. PRIMARY KEY. FOREIGN KEY.
CHECK 5% .

[H5.00] #2440 K Student, TRFESTE 90000~99999 2 (7], k4 ANREH A
fH, Fid/NT 30, MERIRAER “5” 8 “&”

CREATE TABLE Student
(Sno NUMERIC(6)

CONSTRAINT C1 CHECK (Sno BETWEEN 90000 AND 99999),

Sname CHAR(20)
CONSTRAINT C2 NOT NULL,

Sage NUMERIC(3)
CONSTRAINT C3 CHECK (Sage < 30),

Ssex CHAR(2)
CONSTRAINT C4 CHECK (Ssex IN ('H''%"),
CONSTRAINT StudentKey PRIMARY KEY(Sno)

);
{E Student £ FHSL T 5 MAREM, QAR EMAR (M4 k StudentKey) LUK Cl.



55 sepigsesrensl [

C2. C3. C43X 4 NFIRLIK.
[#15.11] S #HiE TEACHER, ZRAAFIMAN A T AL T 3000 JT.
% T %42 T % %1 Sal 531N Deduct 2 Fil.
CREATE TABLE TEACHER
( Eno NUMERIC(4) PRIMARY KEY, I*HEZ Y5 XTG>/
Ename CHAR(10),
Job CHAR(8),
Sal NUMERIC(7,2),
Deduct NUMERIC(7,2),
Deptno NUMERIC(2),
CONSTRAINT TEACHERFKey FOREIGN KEY (Deptno)
REFERENCES DEPT (Deptno),
CONSTRAINT C1 CHECK (Sal + Deduct >= 3000)
)
2. ZRRAPAITEMERT
A] LU ALTER TABLE ¥ 46 i 4 i) s 3 vk R Al o
[#515.02] 240 5.10 Student 2 %3 14 51 7 R il o
ALTER TABLE Student
DROP CONSTRAINT C4;
[ 5.13] 243K Student LY A4, ZRK2ES5 ECHTE 900 000~999 999 2 [H],
U H /T 30 SO /NT 40,
AT LASE N BR ISR 29 R4, P38 0B i 29 R 414
ALTER TABLE Student
DROP CONSTRAINT C1;
ALTER TABLE Student
ADD CONSTRAINT C1 CHECK (Sno BETWEEN 900000 AND 999999);
ALTER TABLE Student
DROP CONSTRAINT C3;

ALTER TABLE Student
ADD CONSTRAINT C3 CHECK (Sage < 40);

5.5 BOPEYSTRIMEIRS

22 1. 2 EHPELIE], SREERED AN EEME. R, B —4AEH



ST MR

KRR M SE S . SQL SRS, JF 7T LA CREATE DOMAIN i f i 3L — M
LA B R i 2 I SEREPE R 4, AR5 AT AR SOk E UM . X E LRI 2
B 2 AN [ 6 S8 R FT LUK B Rl — AN, 2430 B i e v 2 SRR A e AR i R B SO ) 52
SCRpET, A —— BB L&A R
(6 5.04] FRSZ—AMERIE, I B e A R ARV
CREATE DOMAIN GenderDomain CHAR(2)
CHECK (VALUE IN (%', "&") );
IXFE] 5.10 T3t Ssex i3 B AT LSS h -
Ssex GenderDomain 3
[(#15.15] #7—/MESIEL GenderDomain, FxF 2 (1 B il iy 42
CREATE DOMAIN GenderDomain CHAR(2)
CONSTRAINT GD CHECK ( VALUE IN ('8, &) );
[#5.16] fHERIK GenderDomain BR #]44F GD-
ALTER DOMAIN GenderDomain
DROP CONSTRAINT GD;
[fl5.17] 7E5E GenderDomain L34 hin 4 51 s B 1 4 4+ GDD.
ALTER DOMAIN GenderDomain
ADD CONSTRAINT GDD CHECK (VALUE IN ('1', '0") );
XFE, #ELfl 5.16 Ff 5.17, BAEHERIMEBETERESBCHE, LBk (1, '0).

5.6 I =

1E SQL Ha] LL{# F #0472 & 5 ) CREATE ASSERTION B, it s pEw =
(declarative assertions) KF& & 8 B —BPEMZ A . 7T LLE X K A R el R AE 1R VR0 b it
SRR e MR . WIS QIR LU, (RIS T BT R ok R IR0 S A 6 22 304l 1
EHRGNWE ORE, EEN S AN EENRERASEHELRIT.
1. BIEBESEERER
CREATE ASSERTION <Hffi 5 4> <CHECK >
BAW S HBW F— 12 F, <CHECK Fa)>H LR %45 WHERE T & 4%
KA.
[f515.18] BR&EVESEERERE 60 Z2EERE.
CREATE ASSERTION ASSE_SC_DB NUM
CHECK ( 60> = ( SELECT count(*) /*IHlr = fiF 8l S R 4 84k count ) SQL & fJ*/
FROM Course,SC




s A B
5.7 filRZa% m

WHERE SC.CNO=COURSE.CNO AND COURSE.CNAME = '#(4fi ")

%

5 2422 R B URFE R, K7E SC 4N —4% 4l (Sno, Cno, NULL), ASSE_
SC_DB_NUM Wi 5 Bl il R M 2 . 4 SR 18 H0 48 e A2 i A B 2@ it 60 A\, CHECK T
REME R “R”, X SC RMIENIRIEHIEL.

[#1519] PMREIE—ITRERE 60 £ 4EEE.

CREATE ASSERTION ASSE_SC_CNUM1
CHECK( 60>=ALL ( SELECT count (*)  /*JtMWiE0igia, ¥ &ERERE count */
FROM SC /R4 BB group by Y SQL iBEA]*/
GROUP by cno )
)
[f1520] MREIGEAEHE-TTRERE 60 L2 4EEE.
BB SC RIE, Min—A “#H (TERMD” HyJEHE.
ALTER TABLE SC ADD TERM DATE; /*5:f&% SC &, #4/n TERM J&1%, &K% R DATEY/
G WS
CREATE ASSERTION ASSE_SC_CNUM2
CHECK (60>=ALL ( select count (*) from SC group by cno,TERM ) );
2. MHIBRERS A9E A 4EK
DROP ASSERTION < 5 %>;

WMEWERER, WREELMAES B ERIFEES, X7 SN MZE

B,

57 i A 2§

fili & 2% Ctrigger) RFF & NEXFRE LR —HKhEHRAFFHRLE. —HE X,
fih A A A B ARAFAE AR BE R 5 28 o0 o AEFTHI P X 2R A0 . M. ol fE Xy dh iR 55 48 B Sh s
FHSE PR fih 2 8% 75 R R B B BB R G0 Z BEAT SR P (0 SE B4R ) o A 5 28 KA T 403K,
{ELR PEA R N R &, T LASK i 56 8 28R ZEANERAE, B A SERE 40 A0 S8 55 K B 5048 42
e

fi & 45 7E SQL 99 ZJa A 5 SQL brifE, {HZ1R % K AREE B R GR T ol SCFrfi
R, PSR #56 RER A B R S il R 3B RS A . BEASRE . EIEETE
LS e O 52 AR G A FH



168 [NE IR g T et

5.7.1 TEMMRAEF

fih 2 5% Sy {44 {F-3h#E (event-condition-action) FEMI. 4¥FE M R HEMF (W
SE—ANFEMIR . M. e, FRMERE) KA, WK KERITRE, WREAMHE
ST INRAT R TR BB AE, & WIASAT %80 1 . R h i sh A5 A mT AR & 2%, AT LA R
b 2 R0 A B EE X 5, R 2 — B SQL AEfiliid 2

SQL 1 il CREATE TRIGGER 74 &/ fill & 2%, H— Mk h

CREATE TRIGGER <fil % 8§ 4> /S R A R AR, R A% S
{BEFORE | AFTER} <filt R §i{}> ON <& %>

/R R B (I R ZEM TR S RTER Y/
REFERENCING NEW|OLD ROW AS<Z5fii> /*REFERENCING 45t 5| H 922 &t */
FOR EACH{ROW | STATEMENT} P R AR, SRR E AT AR
[ WHEN <fi & & f>1 <fil & ah 44> AT 2 2 45 g B A AT A R B A A%

AT S S Ak A A B A B A R AT VRN U B

(D RERAMAER, WEIERMHP AT UER Eal@ ke, JFH—1MR EREE
G —E BRI Al A 8 . Al A 0 BARSE i BARR SC R FEE B R SO i€ .

(2) fil&#% %

fih R 2 A LS4, BT AEEEAE. B8, k3% 0aan—
9, I Hfilk 38 4 Mg 4 e R — R .

(3) R4

fil A A% K e e XAEHEARL L, AReE NAEME £ GIEAR IR R AEZME, K
6 E AR ZR EAHN AR Ak A Ag, RIGZ R AR RR AR 35 (1 H AR

(4) fibk FH4F

foh &% HAE AT LAE INSERT. DELETE 8% UPDATE, 7] LLRIX LS4 S,
INSERT OR DELETE %, i£ 7] LLJ/2 UPDATE OF <fil & %, =->, BJ#E—3545 045 ok L5
If 0 fih 2 2% . AFTER/BEFORE 2 fiilt 2 (I Hl. AFTER FIRTEfil R F4-MERERITZ /G
WSk & 2% ; BEFORE RyR7Efill &K TR B VE AT 2 BT I0s ik A 2%

(5) filkasARY

fih 2 25 3 BT ik 2 3 A £ 1) B RS RT LA 43 A AT ik 2 %% (FOR EACH ROW) HIiE A) 2%
fih % 2% (FOR EACH STATEMENT).

filtn, fEEAES] 5.11 1) TEACHER X L6I# T —/4> AFTER UPDATE fil % %%, fill% =%
4 J& UPDATE & f):

UPDATE TEACHER SET Deptno=5;
fiit®& TEACHER H 1000 17, e il R 25 48 ) Kb & 2%, A AT



s1 mes [N

UPDATE &4 J5 ik & S /E AT — ks R RAT R MR 2%, il R SEAKEHRAT 1000 K.

(6) il &%

fih A2 AW BLIE I, A M R A b BB bR S A AT, 1 Wk & B PR R A IRAT .
USRS s WHEN fil % 2605, Wik & 2 A AL fi i 2 0T I SZBBRAT o

(7 fikREAE

i Az ZhVEAABE AT AR —/NE 4 PL/SQL ibfEdk, thwrLUE X CtldF i A .
AT S fi Az A%, FH AT LLZEREFR 44 b i NEW #1 OLD 5| | UPDATE/INSERT 42
J& fIBT{E A1 UPDATE/DELETE H44 2 A i 1HAE:; R 2B H AR, WA REAERES)E
A {fi ] NEW 8% OLD #1751 .

Rk & S VB ARBAT R, BE kR R FEAE CBIEEEEMRE . M. SUR ) B
ZEPAT, iR 451 B bRk sl A 4% T AR R e A S R AE AR T AR AL

[f15.21] 4%F3K SC ] Grade EHERATE S, HHEEIMT 10%, WK K EEE
WCFEF| %1% SC U (Sno. Cno. Oldgrade. Newgrade) ', .7 Oldgrade /215 Sii Y
53, Newgrade /& 1&5Us B9 751

CREATE TRIGGER SC T /*SC_T A& fi 5 2% (1 44 %/
AFTER UPDATE OF Grade ON SC /*UPDATE OF Grade ON SC f&filt & Fi{f, */
/* AFTER Rt RAIBHL, For 2% SC i Grade & P45 ek 5e /5 7 ik &2 11 A A0 */
REFERENCING
OLDROW AS OldTuple,
NEWROW AS NewTuple

FOR EACH ROW AT R A, WEHAT—IK Grade [SEHT, T AR EEIRAT — %/
WHEN (NewTuple.Grade >= 1.1 * OldTuple.Grade) iR &, R EEM R A RATY
INSERT INTO SC_U (Sno,Cno,OldGrade,NewGrade) /* T insert #E{E*/
VALUES(OldTuple.Sno,0ldTuple.Cno,OldTuple.Grade,NewTuple.Grade)
fEA+ REFERENCING i i 51 F 122 &, 4n SR fih & F#44 & UPDATE #¢ 1 3% H#5 FOR
EACH ROW ¥4, WWTLL5| #2884 OLDROW Fl NEWROW, 435~ 1& B2 B 9 7T
AFMEHZ JEHCH . # %A FOR EACH ROW T4, WATLL5| A 125 &4 OLDTABLE
A1 NEWTABLE, OLRTABLE X7~ &H 5K A%, NEWTABLE Rs&H 22105 K555 .
[f 5.22] 45K K Student ¥ N4 AE Fr 388 o i % A HED F 2K Student-
InsertLog .
CREATE TRIGGER Student_Count
AFTER INSERT ON Student /%56 R ik 52 - B IS (6] S ZE 04T INSERT J*/
REFERENCING
NEW TABLE AS DELTA



BT W

FOR EACH STATEMENT PFIERIR MR A%, WIHWAT 55 INSERT W5 A/ T 1 ) s &
Ve A AT — K>/
INSERT INTO StudentInsertLog (Numbers)
SELECT COUNT(*) FROM DELTA
FEA I+ HILY) FOR EACH STATEMENT, Forifili&Z ${F INSERT & AT 5E G A
PAT — KA 25 P A E, SO i A 2% 0 BGE F B A 4% . T 5.21 Hh oA 28 2 AT 4k fish
Rag. BRIAMIfl A& 8% 218 A % fih & 28 . DELTA 21 k& %, HERXS Student H[F,
A15 () G4 2 INSERT & A3 i i o4
[f5] 5.23] & X—> BEFORE 1T % fi & %%, J#fi# Teacher i& X 5e¥MEHMM| “ %
P THEAHET 4000 76, WRIKT 4000 7T, HBHHCH 4000 67
CREATE TRIGGER Insert Or Update Sal 1% %5k 0T P4\ B B 3 Bl Az %/
BEFORE INSERT OR UPDATE ON Teacher /*BEFORE fiilt &2 JF{F*/
REFERENCING NEW row AS newTuple
FOR EACH ROW PIEAT bR A/
BEGIN 13 AR R AN AR, X —> PL/SQL id fE b/
IF (newtuple.Job="3{#%") AND (newtuple.Sal < 4000)
PR RAT A R B, AT R AR ey
THEN newtuple.Sal :=4000; A FH N B BT R AR IR BT/
END IF;
END; P A SRS R/
[R5 7€ 172 BEFORE fiili /2 %%, 7648 A\ 1 58 35 #0010 S i sl T LA 4 R flh A 82 £ 390 )
RN TE, FTOEHEAGEOEFRE.

5.7.2 HiEhh A S

fi 2 25 FRIPRAT A2 e R S, O el B IR S5 % AT . — AR R AT RE
EXT 2/ k45, W%/ BEFORE fii % 3%. £4 AFTER fili & 38%, F—4% Lz
fi A RS A TR G BRI AT G <

(1) $ATi%% Lif) BEFORE fili & 2% .

(2) Pusfih & #%1 SQL & H].

(3) $4T1%E LY AFTER filt & 4% .

- X FR—ANR LR Z A BEFORE(AFTER)fih /& 4%, REAE “ 5% G2 Wk SE B AT~ o ],

B i i A2 4 60 5 P I 1o S B BIAT o A 5 2R B 4 T 2R 5 2 Rk A 4% 44 R B
BEHEFE MG SR AT i 2 2% «



5.7.3 MR AL 2E

UM Bk Az 2% 9 SQL &L F -
DROP TRIGGER <fiil % #% 44> ON <3 4>
fish /2 2% AR — A C AR & 2%, I H R fE ti B A A SRR 9 FH MBS -
fiil A2 A& —Fh DhfigsE KR TR, (AEEM R ZE, BOhAERERY) Ia)— A RN AT g
fih e — Mk R AS, XS R TERE .

5.8 /) =

A TR A T R P A e 2 EHR Ay, PTif BRI R
BXW. AEHB T XAYEECER AT EETANIE, LT EEY TN, T
EMRENH S TR A REHHXRAUKEECER RN RRAHES.

EARARGT, BREZNTEMARRIATESRmSE TEN, A TERA KL
R AT LBNFL P X R

Hodl o 5T e oy R X — Moy SQL B9 B4 8 DB & R L. AR A B A K oy — 3
ABENBETEY, EREERFEC AT X R BEECE R RN T EEL TN R K
TFHEP R ELHRHTRE,

SEEMALG N E 2T R M. Ei, 7S REEEER G TN
e MNXHERRS, WHES. MEFHMRENRBEURBEERANL R, H
MR ABEECERGHRE T EX R ELARTEN. SBREMPA P 2L 5K
ey 2 B

ATERTEENRE - BROLERRARANT R, wELHT. XTHERSBTE
PRI, ABVMT TR B LIRS, P EARYE N B SOk E A oy A E R, DL
PRAL 2048 5 oy A 15

SAREETENN N EETERBLE. BREABPNENBHEN TERLYRT
Flz bz, TEHERR IRMANGRLERMHRAAREZLELINREUERERR
TERMEARAME, DROEHRRIETEALE, HHLERE LRM L., TRLE
REBRRS, AHMKBANFHAERTURESR, BER B SQL FEIE. LR
TR URTHEEFETEESE, LTUAREIAKEE RGN LM, CERBES
A, URE ] ZHNA RGN — S SRR AR T AR 63 442
W%, TREEHHNEE, —MEXBHHIETRRES —MEE, BFOERES
B Mk, AW R L FUL K.
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TR FRBE P B R G I e B D Lo S AT W8 =5 I A Eh RE 2
KA K P B R A S B2 IR e M B 7 2 FE B Ly 1 ?
R T P A R R
RT RTS, %4, &, NE, T, ®15), HPRTSHIM;
I GRS, #AfR, g, ®if), HhEishEs.
JH SQL & 5 SUXM AN R AN, BERAEB P 5E sl LU T 7e BEL R A A 7€ X
(D & XA E; (2) @ XSREENE; ) & XRTERAFEL 60 2.
7. ERARGT, LR(EEREATEN . S e BMRA P U e AR A, —RR W
] 93 S HEAT AL ER £ ?
8. JERALEET P RRIERIES, KR Male i FiEM ) =E ., KR Female id FiEMM &L 5=
&R BY—AWE, KRFEMABPREBIE S0 ALAN. &7, %RIEXR Female FIX R Male.)

X W

O’\Ul-bb)!\)—‘

LW3 HEERENES

BRI AR SO PR e S SO LA R e S S R . A it SRR A
5E SCTEHERE I 5 SORAED )5 v . 4R SRR 2 JR YL A S b e EPE RN S B e BRI 5 S, B, MHBR 2%
BFEEARTNRE: ARSI e B AR R R e AR & SO i 4R G @ e md i e b f %
JGi 52 SCEARTEREPE PR vk, FFRERS VLT SQL ¥ AU AR Se M 240 AR 75 A
L4 MERR

B AN SR 0 2 28 SE BN SR 0 7 i e Bt 2 SR LA i . AR RN 4R S P
BARMNR, THRMEESEBREMR RO B REH T, imeiad. R, MR, Bo5%gft
AT, FFREBIHRPATHIN ) SQL i )50 1E fis 2 28 9 2k
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ABOE=F,

F 6 EXAKEER, F@MARAMENEL, CRAXZMEAGTLZELL
A, AR AR BRI A TR, MLTEAC IS h S AR R T i ds AT B,

# 7 FHAEELGT, TS B ARG F R TR, e AR A S e B
. FEARERGEM; €AHRBALMfEELEMNLITT. BALHRITEENL
FHh-FE (E-R) BAGARBAFILFk. HLEMILTEEN B E-R R4S
AKX FARER G T %,

F S FHIEBE AR, MR FGF TARR S H 5 X kiy o) fof AR A S, AT
R R AR RS A5 ik, @IEHAK SQL. id#24k SQL. Afkitfafe f &L FHEK,
ODBC. OLE DB. JDBC %,
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F6ZT \ kX ERHIRE S

%

AETIRRARBIEIIG . 6.1 19 A Fe@ 5 B vt o dn e 443 — AN 1) £ 22 A8 X
— A, ETRAMEAEIRHIRR KRR R 6.2 WAAMELER, WHieSF
Jo B P REAEE AR N « BRI B Wb R R e Ipidi. 6.3 1Al 6.4 Tk —Fitit
RAHYEE I, Ht, 6.3 Wit RBKIAHERIN, 6.4 4 M EM A E X K&
B RE L. AEEARY, 6.1 1 6.2 MITARREAN, AREATFEERE, 6.3
F1 6.4 P RTAE DB FTAE B9 5% S I 2.

6.1 [GlABEVERE

AUTH &0 THIEE RGN — RS, AT RREERENEAMS . XABER
=ANEB A LA B Ok R B FE (AR HETE 5 SQL. {H A — MEHE A ol {8 G AR B EEXS—
AR S, NAZ WA E — AN EE T E B R, BN iR LA SRR, A
KA HWR L 2 RS . R U v A, D b D G AR 3 A U ) A

b B VHE T — RO N R, ANRRERE . MARMEE XA, #SES
L o] #4363 R B B R B A5 R 0 1) . | T ok R A T O B 2 B R, 3R HL
A LA ) ) BB AR RS e e, BRI, AATTE DASK R AR LR 5 SRS XA )8, ek T Budi
PEZAR B — DN ) TE—— R REEFE RO ER S . O 0 B 8 BLAR 2 DA C R Y
hE S, BRI BEE T FIRE A B ERE .

T SR — O R R R A e X

a6 2 BRALIEET LT, — DM RFEBEAN Y ZE N Tcd.

R(U, D, DOM, F)

iz%:

o XAA R ZEFFSHHITHE X

o UN—4H)EM.



He R KRR

e D @ MEA U MR R B R

o DOM Jy J& 2SI BRI o

o FNBEYA U B — 4150 Mo .

T D. DOM 5#REHHALRZAK, BEMEAFETRXLRABEAEFE =704

R<U, F>
BHAY U E—ADKER r iR FI, r BOVKRRESK R<UFSH KR

fEA—AN 4R, RREFE—NEEERNEM: BB LA AR5 8RR .
iR T A KRR R R T8 —EX (INF).

X, BREem—MERX S¢, B HEANKREAA L, WEEER T —
i SD, ‘B S¢ Eir, (BFEFLeds e K T ELF—Lb, X Bl — A 7R 3 — AR
RS R4 8, e fT=ErRE, FEAP R ST — AN R M2 .

FEZBI 2 77, FeAETE Ui ie— T BRI NS .

KRB AN XRATBE S B2 B —FMARKR. XMAFCREET R
N (AL AT 5 55 75 AL SRR O PR R . & R TSt i M (e AR E I R i 5, %
FERZERITERR, RE IR

AMTE L8 T VF 2 Bl 28 Y i B8 ot b R 2 2 R Bk #i (Functional
Dependency, FD) F1Z{E##i (Multi-Valued Dependency, MVD).

PR B AR g il A7 A TIRSEAEVE . bR — N X R, TUHE%S
(Sno). ¥4 (Sname). R&#% (Sdept) FILNEM. HTF—AETRMN—NEE, —4
FHERAE—AR¥]. WY “F5” EHEZE, FAHEMMEZ R 7ERAE B —
HOfSE T o JE P B BX R AR BOC BB LT AT R y=Ax), BER x €25, HNM
) BR B y o iE — b€ 1 .

H{LLH4 Sname=f{Sno), Sdept=A(Sno), Bl Sno BA %k 5E Sname, Sno PRk E Sdept,
8 # Ui Sname F1 Sdept B A #i T Sno, il Sno—Sname, Sno—Sdept.

[ 6.1] FEL— AR FRE S MBI E, 2B EY R S aEEERYES
(Sno). Fi7EZ&R (Sdept). RIAFZHZ (Mname). HFES (Cno) FIHES: (Grade). R
— AN KRB Student KFTIR, MWK R EHEES N

U = {Sno, Sdept, Mname, Cno, Grade}

PSEH A CanEsE GBSO SUFRA:

@ —PNRAETEE, B 2ERRT 1 %R.

@ 4N RREFE—% (FB) faggA.

® — MR LLEREL [ TIREE, S TREEE T¥EREE.

@ AT TIRER — A Gt

TREZEMA U E—A R Bk F (i 6.1 Fis).



6.1 [n)EEAGARH

F={Sno—Sdept, Sdept—Mname, (Sno, Cno)—Grade}
1 SR L B o MO — R g, T LA B R S AR A K R AR L Student <U,
F>, % 6.1 B3I FRBK Student i)—ANSEH], BIEHER.

#F 6.1 Student 3T

Sno Sdept Mname | Cno | Grade
S1 HEHLER gk Cl1 95

LE#O—J Cno S2 | HEHLR G| Cl1 90

\ 83 | iHEHAR KA Cl 88

i s4 | iEHE | kM cl 70
P 6.1 Student | (1) -4 R G S5 | HEHER | - 5k#H Cl 78

HR, XA RFRBAAFAELL T ol i

(1) HHIUR

tetn, S PROAETEBAET NI, EERBSZRIAFENITE RS
BRI, W3k 6.1 Pros. IXHIR 2R A% =10 .

(2) HHP 5% (update anomalies)

BT EEITUR, ARSI R BIER, R R KRR Sk 4 5 Bk FE Y 5
B, ANSHmREEAS - BRMER. i, EREHRELE, UABSSZR¥EER
R — o

(3) ffi A% (insertion anomalies)

MR —ARNIKSL, WE¥EE, WEEEXA R AR EENEBFEASIEEE.

(4) PR (deletion anomalies)

WMRFEAN AR AESIEN T, MIEMBRZR AR RWFEN, XMREHLREMLH
FEBERT.

B TAFAELL EAPFh ] B, 7T LAFS XA 4518 Student X RAA AR —MFHIER.
—ANFRBER N Y AR SRR TH . MBS R R, ST RN R,

At 42 R IX B ) S ?

IX S R A IX AR ) R UK A A A . XIE R AFE TS E. |
XA R BE— T, ARENKRER:

S(Sno, Sdept, Sno—Sdept);
SC(Sno, Cno, Grade, (Sno, Cno)—Grade);



180 eI i

DEPT(Sdept, Mname, Sdept—Mname)
EEAMER AL RAEBA R MR H RS, BEKITR AR T 26,
— AN R AR S B AN P, S S0E — AN AR, IR Y
MG E RN A

62 M B

AT VT — AN KRB PR AS R A DL, T vt T AR 408 Je o T g Dl kA s
KA BAT FLEA GG T, 3 44 M R 0BG R (X 20 X RV AL R B 38—

o et i i i e Fz 6.2 —i5iE8) Student 3=
B AR B A AGEM KR ] ;
o EEEREA no Sdept Mname | Cno | Grade

6.1 Tk Z B Student <U, F>F 4 Sno—~ s] AIEHLA | %W | Cl | 95
Sdept A7, W UEAEAEFTIY %] Student f5% i | c1 | 90
9B (B Student HHEER) ', AuEEAFLE T e
B TEAIZE Sno LA, Tite Sdept by || ook | RU | O] 88
A%, FEit, 7 6.2 1) Student FZH IR S, | WHHLR | &M | C1 | 70
EARPEHCLHLE Sno EHET Sy, 1M Ss | WHEHE | *k# | C1 78
Sdept E—NATENLR, —MNABEIINER. . ; 3 . .

6.2.1 R

EX 6.1 BRUEBME U ERXFREX, X, Y2 UKTE. EXT ROMER
—ANATRERIRR ro r AT REAFAEPIAN JCALTE X IR EARSE, Wi fE Y LB HEAS,
R X BEWHBE ¥V Y BB T X, ok x—v.

BR S0 A A0 ) F BSOS — A R ST A RS, R REAR 418 7B ORI & — 4> eR Bk
o Bltm, k42—~ R IXA BB R B T TR A R 2 A& TGO, IR RFs
[F 4N, TS AN oR B kst T2k 42 1 .

BVt AT DA SE AR SR v e, Bl e AS foiF IA] 48 A H R, R i ik ik 42 —
WG BR BRI R  IXFF 24 3 A FEAS TO AL XA TR AL b1 S P A 20 A2 S 11 o B
i RIA R A N, WHE4add N\ iZ o4l .

AR BHERMARABEXABRN R OEAREEXZBRAGHREN, WA R
B— X R ZHRG YR

THAHEREMLS.

o X—Y, HYZX, W X—Y ZIEF LAY R E&E.




62 itk

o X—Y, HYcX, WKX—YREALOREKSB. o TEKXBEK, FLREHRB
R RISLI, EARMBHE L HAREMAE, SR HETET LR eR B .
o ¥ X—Y, W XFRAIXA BRI v EEA, HRFONREEZR (determinant).
o #H X—Y, Y—=X, WHEfE X——Y.
o & Y ARBUKET X, WHEE X+ Y.
EX 62 TERUT, R X—Y, HEXMNF XREM—NETEX, HEX+Y, U
PR Y X X SR Ek#, 101k
x5y
#X—Y, {H Y PSRBT X, WHR Y X X &85 R &K (partial functional
dependency), icfE
X=y
5] 6.1 #1(Sno, Cno) > Grade 5% 4 i H4k i, (Sno, Cno) -~ Sdept & &4 B Bk, Bl
73 Sno—Sdept 3L, fi Sno f&(Sno, Cno)ffJE T4E.
ENX 6.3 TERUT, MR X—~Y (YZX), Y+X, Y—Z, ZZ Y WK Z 3t X tFiBEE
{i&# (transitive functional dependency). i X aif
% 6.1 #4 Sno—Sdept, Sdept—Mname %32, FrLl Sno ¥ Mname.

KB A Y+ X RENUE Y=X, W X——Y, 5255 LR X = Z, B EEE S0k
T A< 2 335 B R R

6.2.2 5

ERERXREXTH P EEMS. EF 2 =ZPEAHTHEXENE TFEX, XEHK
B R 2K E S .

EX 6.4 BKHKR<U, F>H @B HA S, # K-S U, W K K R (I%3%EF3candidate
key).

HERE URTEREKBT K, AR REKH T K. WR USSR BKET K,
B KU, Wl K #RH#BFG (Surpkey). (GRS RE/ MK, B K MAERE — I THEEA
R .

HIRIEBZ T4, WiEEHE+PH—AhE (primary key).

LB AEATA] —AMEIE RS (1) B AR b E B (prime attribute ) AN &5 78 AF [ %k 4
KRR AIEE BT (nonprime attribute) SLIEFSE 4 (non-key attribute ). 5z & ¥ {15 I,
PR RN BwmrEL, BAREA RN, RAHLE (all-key).

7E & Tl B 75 v el s R R AR T AR A RS . 3238 AT AR HE | R SRS .

@© fE-LEMFSCER, MRy /" st @,



o RARUMELE

[l 6.2] xZH# S (Sno, Sdept, Sage) H AV Sno &6, H FRIZEaAHK.
SC (Sno, Cno, Grade) H @414 (Sno, Cno) &,

[#163] XHFMKXR@W AT, &Y PRREEE, WIRKRMER 4RTTR. &
W ANEZE G AT LIEEZAMER, FE—EMT 2 ANEZEEEZE, WA m T UK AN R
ZEWMARESR, XN RAEXAEA (P, w,4), Bl all-key.

ENX 6.5 KAEMERK R o EEEMEA X IFIE R W8S, B X 25— D RAEK 1,
MFR X & R FI5MNERED (foreign key), tHFRIMD.

IfE SC (Sno, Cno, Grade) ', Sno A&, {H Sno 2K ##:L S (Sno, Sdept, Sage)
ffrh%, T Sno JERFRBLK SC HIFMG,

M SAMGRME T — AR KREKRMTFER, W 6.2 FXFRKEK S 5 SC HER
il Sno SRAKIL .

6.2.3 =t

KREBHRE PR L — SR, WEARREERGAARFRER. 2 RIT
FOR AR —EE, fIFR INF; 25— R ut— BRI 0 58 —yaat, HALIHKEHE.

A RIS A 2R E. F. Codd (M TE. 1971—1972 4F Codd ARG IR H T
INF. 2NF, 3NF &, 8T e m @, 1974 4, Codd 1 Boyce JL[RIREH T —4
#riizl, B BCNF. 1976 4F Fagin $#2H T 4NF. JaR X HWFFRA R T SNF.

Pl “ILER" RARRARRRMFE—FLSH, BT

LUBEBRAE— KRB R b B LI TUAE MR iAo INF
AEMBAT AR TR X RMRIORE S, 0 R HFIL =
AT LLE A R € x NF BCNF

X F A2 B A o

5NF — 4NF « BCNF c 3NF c 2NF c INF

AL, W 6.2 fras.
MK — 2 K AR T HE R 2 ®  (schema

decomposition) 7] LAFHe 445 T4 @ — 20 L R

IS, XMt FERME (normalization).

6.2.4 2NF B 6.2 &FGRZNM% R
EX 6.6 # REINF, H—AdEE &8 564 ik Bk B T (E T — Mg LR, ) R E2NF.
25— A2 2NF 1611,

[ 6.4] i %ZM S-L-C(Sno, Sdept, Sloc, Cno, Grade), F:t Sloc 224 [f4E Ab,
HHEA R EEEER— M. S-L-C (9594 (Sno, Cno). WIS Eik A



6.2 et RES

(Sno, Cno) s Ggrade
P
Sno—Sdept, (Sno, Cno) — Sdept
oA
Sno—Sloc, (Sno, Cno) — Sloc, o

Sdept—Sloc (HEA RG24 FL A jy)  [Gmde 1=

PRELHCHC R W 6.3 Frr. Cno | [~~~ =] Sloc

] e ) B 2k e 8 oy eR Bl . 3 4h, Sdept i
PR HHfi 5 Sloc, X — SAERHRE e EAEE. P 6.3 BB
] LAE B HE X @ 1t Sdept. Sloc FAS 584 bR HUik i T
%, P S-L-C (Sno, Sdept, Sloc, Cno, Grade) AfF# 2NF & X, B S-L-Cg2NF.

—AERRER R AET 2NF, #iam= 4 LR LA A 8 :

(1) fHAFRH . B EHA—A %4 Sno=S7, Sdept=PHY, Sloc=BLD2, {HiZ4:it*k
R, BlIXANEAETE Cno, XA TCALIEAE S-L-C h . R b4 A JT4L S %, € 5 1E .,
X RAE R A%, WinEAENEEE B LEEA.

(2) MBRSFH . BoEFEAFERE TR, WS4 Bk T TR C3, BIfE C3 XITiR
AL T, B4 C3XAPEIRTREMER. ™ C3 BERME, MBERT C3, BN Tamd
M—i Mg, 78 sS4 MIHALE B MBR T, MiiiE bR TH, BIANMEREEBH
MBS T .

(3) BEER. ENFENEER (MA) HEFHENEER (CS), XARAF LK
Ie2EAE JCA 1K) Sdept 2 BN RT, BEH KRB S-L-C FiEEH RMMEAL Sloc B,
Hedk 2B R SO AL, BT SRS Sn 4L ) Sloc 43 8. H4h, IBIXNFEERET
kTR, Sdept. Sloc EEAFfE T k K, MMUFMETUREER, 1 H4HUEEB K IES £ 4t
4% Sdept Sloc {5 B, & MMEHI R 4L .

Srbr b B AT LUR IR B TR PIRIEEEY, —2KW Grade, BEXHER AR
HficHdt; 55— Sdept. Sloc, BT ISA R 5E 4 R EUK# . i R BT8R B 7 R e
KFEMIL S-L-C 2 A X R : SC(Sno, Cno, Grade)F! S-L(Sno, Sdept, Sloc).

KABK SC 55 S-L @R R BT LA & 6.4, 18 6.5 RoaxliF .

SC
S-L
‘i Sloc I

B 64 SC e Ek I8 6.5 S-LIFFi)es ik



BB #ow xskopmi

S ZM SC %4 (Sno, Cno), KZKE S-L (54 Sno, XFEELAETRAE LB HEXT
TP R e 4 BR EUAHS T -

6.2.5 3NF

ENX 6.7 WXZMEK R<U, F>EINF, # R PAFEXHEME X, EBHA Yy REEE
Yz (ZZY) 118 X—Y, Y=ZKL, Y+X, WH R<U, F>E3NF.

H5E X 6.7 ATLAIEM], #F RE3NF, W& —A kL@ MEBE AL M T, AN B
T, st Ry, TLAEAWER R )& 3NF, WA R & T 2NF.

e 6.4 thx R SC B 1R ikH, ME 6.5 X FRBEX S-L fE7EE L@ 51
Fe# Mk, 75 S-L o, ] Sno—Sdept (Sdept-Sno), Sdept—Sloc, A4 Sno — Sloc. B
It SCE3NF, ifii S-L¢3NF.

— AN ERERBA R HAR 3NF, Mer=45 6.2.4 154 2NF ALK )8 535 nT A
EE 2NF (1 s 45 LA 5 B

R P R RE s S-L 428 H: S-D (Sno, Sdept) Hl D-L (Sdept, Sloc). 43t J& 1]
% Z MR S-D 5 D-L W AFAELEAL B

6.2.6 BCNF

BCNF (Boyce Codd Normal Form) & i Boyce 5 Codd $2 i £, b Ei () 3NF St T
—3F, #H AN BCNF B EME =R, AREHRAT M58 =ik,

ENX 68 FXFEM R<U, F>EINF, #X—~Y H YZ XK X U&HM, I R<U, F>€
BCNF.

i, KREBEKX R<U, A, HF—PRERFEHL S, W R<U, F>EBCNF.

tH BCNF [¥5E X ] LA 34518, —Mil & BCNF KRR

o A AR E B XS R — AR 2 50 4 eR BRI .

o A BRI — A A B 5 2 58 4 oR HUHH .

o A AEART 1 50 45 oR B T AR RS IR AT AT — 4L s 1

T REBCNF, #%5E SCHERR T R4 J& 05 A% 3 4k #8155 ¥ 4 i, Ll R € 3NF.
PR IFIE W B 45 18 S8 . {H/2 47 RE3NF, R AK44JET BCNF.

LA F U JE T 3NF FX R A K8 T BONF, {HAHAJET BCNF.

[fl6.5] *#%KFEBA C(Cno, Cname, Pcno), EHE /M4 Cno, XHEHIEME
Xt Cno MK BiER ALK #, FTLL CE3NF. [FI C # Cno £ME—MIsERE, FrLlC
€BCNF. T XFHEK SC(Sno, Cno, Grade) Al 1 [AIFE 4347 -

[f5]6.6] X<FAEIL S(Sno, Sname, Sdept, Sage), fiE Sname th B ATHE—E, A S 5k
ARG, XPMSE A B R, AR oA B A XD (AL AR



62 ;‘Mhﬂ

4K, FTLL SE3NF. [AlRT S F1F% Sno. Sname #h¥A HAb e FE 2, Bk S BET
BCNF.

PAF 28 LM 1

[ 6.7] XZHRK SIPS, J, Py, S 2%¥4E, I Kok, PERRAK. §—AN¥4E
BT TR RSTE — E AU, §I TR TS — 2K A7 e EWRE IR A 0.
P AT 73 31 T 1) oR AR

(S,J) —=P; (J,P)—S

FrLL (S, 1) 5 (3, P) #BATLAE A RIERS . XBIAME & A B, T H B
(e XA R AR A i M X A i O sl B 7 i . T LA SIPE3NF, 1 ELBR (S,
D5 Q,P) MSNEHILMHRERZE, FrLL SIPEBCNF.

[#68] XFK STIS, T, Hf, SKARFH, TRAREN, IR REE. 8 —FW
RE—ITR, \SITREE TH, ST, sxN—EERHi. hiEX
CIESE RN €T

(S, H—T, (S, T)—J, T—] e
BB R TR 66 %7, xw | O [ &
(S, D). (S, T) FRAZIKE. A
’ ’ 1]
STY & 3NF, B AT TR mbE |

it % 3 K B 5 43 4R, 1B STT AN & BCNF
KR, AAHTREREHRE, i T AEEHE.

X FAZ BCNF X R, RFAEANGENH T . 338 0l B 2286198t STI AR
Hidiz b . 3F BCNF 26 R4t mT LLE 43 5 A BCNF. 91 STI w] 43 @ >k ST (S, T)
5 TI (T,, Efl#k=2 BCNF.

3NF H1 BCNF & 7E eR HOH (1 4% A4 5 %R X 40 i B Bk 21 04 40 B R FE IR RE o — AN
KX X R W R EBJE T BCNF, B4 7Eef Bk B e 2 3C B TR 2 58, &9
B T A FMBR A9 579 3NF ) “AMIER” PERIUAE AT BEAFAE 3 J8 1 X A5 1) 35 4 e s 4%
T AR A

6.2.7 Z{EKH

PA_E5E 2 RAE R BUK BRI TERE N iR H 8. J8 T BCNF MIXRERXETMMuEET
We? THRE BT

(Bl 6.9] PR —TTREHZSANEMIER, MIOEAHRAKN—ESESR. M
UifRT AP 2 (TEREE, SRSl I TR . AT DU — N EMTEIL R R oR R
AHUT T, B CHMSHF B ZEKXR (WK 6.3 Fin).

X TRRAR R —IKTEALI) —4E3R, WK 6.4 PR,

B 6.6  STI o [t ek Erff s



Wed XFREMAL

® 63 A XFRTH %64 MIELH =HESE Teaching
REEC | BT %8B WRC | BORT %4 B
Wil wE | %E | SR

Yy {ii} I Py %5 b3/ 8 L
YR AR pR | x5 | pEEE

e Py % R

s {ii} [ﬁﬁﬁﬁ wm | EF | kwEm
LS wE | EF | pEaIE%

P ¢ | #=5 Bt o

T qu A Wy | %5 L
# e wr | &5 | mEkK
e | kF Beg o4

By | KT sy iR

Ky | % K

KA Teaching (C, T, B) fI#%& (C, T, B), B all-key, [Aifi Teaching € BCNF.
{E2 23— (i EE) S — 2 VRRBUN (83 B, SOERAZA GXEE=AS)
JCH: (ER, A, WEYEY), CHE, B, StEEE), (PR, F¥E, YESEE).

FFE, FE—1TR () EEE—-ASEZH (WEs 78, MammRes GX
BREMEA) ol (%, F5H, Mo, (8, K, WM.

AT i %o 5040 () 4 M SR AS 7, AR TR+ E . FaAERXEXRER, &
e BA—FRZ R Z AT (Multi-Valued Dependency, MVD) (I & #i .

EX 69 WRURBUEU LH—ANRAEHEK. X, ¥, ZRUMTFE, HH 2Z=Ux
-Y. REMK RO B EERB X——Y oL, 249 B ROBAE—FKF r, 4ER—Xt
(x,2) fl, A4 Y0, XHEMNRET x B z XK.

B, £ KRB Teaching 1, X F—A (P, H¥FEHF A THEFH, £F),
XA R E TR C LM (WED. it 2 F5—4 (W, Sy, &
SN—4 T EPE(ZFED, T%F), REXNSEPBIECLSET . Hit T Z{HEKH
F & HliC——T.

X T 2GR 7 — NS R e & 7 ROME—KR rf, R
H 1 s 18 (X]=s[X], BABBRFEEITLH w. vEF (wa v WLLE s, ¢ MDD, {E5
w[X]=v[X]=([X], W0 w[Y]=[Y], w[Z]=s[Z]. v[Y]=s[Y], ©[Z]=/Z] CEPAZ#k s\ ¢ JCALI Y {8
B3 A F s A TE r ), WY ZEMBT X, idh X——Y. X8, X, Y& U145,



62 it KM

Z=U-X-Y,

HFHX—=—Y, i Z=¢, B} Z K%, WK X——Y HFERHSEKS. BT R, Y), W
WA X——Y Bor, W X——Y JF S 2 (8 H i

AN B S AR L R BB .

[ 6.10] XF#EX WSC(w, S, Oy, WRRGHE, SERFER, CRARHM. B
BENCEGETNMRER, A6 THERS. SMERREREQCENTE™&S, S/
BT RS R . FIHRRINE 6.5 FTR.

TZHGE ST w i —AME W, S A D5 BNESSZMNA R C BTE. B
A W——S.

WURFE 6.7 RF/RXFPXERE, XS W (HE—ME w; 4 S ECE (S (B
WEETEMEHRER), 28 C MidlfE(Cm (RAERCEPFEROFERM). M
M4 (S} PR AMERNCY i P C AP TR (S} w55 {Ch s Z I EBF R —
ANEeZaE, Eifi w——S.

F65 WSCHE
w S i
w1 S1 cl
w1 S1 (&)
St Sn Sin {S}wi
S1 (35,
Wi ) ci B
w1 S2 2
Ci Ca Cim {Clm
Wi 52 =3
w2 S3 C4 67 W—-—SH W——C
w2 S3 (&)
w2 54 C4
w2 54 (65}
HT C 5 S MEeFRE, WRE W——C KoL
ZAE MR LA LU MR

(1) ZERBEAENHE. 5 X——Y, U X——2 Hhz2=U-X-7,

MBI 6.10 2 5 F i, BN GAMRE S T A 7 (R4 7 0T A R AR
BRE W——8, LIRE w——C.

(2) ZEKBAGEEE. W5 X——Y, Y——2Z, | X——Z-V.



6T REAR

(3) BB AT LA 1F 2 2 [ MRB I BRI oL, B35 X—Y, W X——Y. XERN=H
X—Y i, % XHE—AMEx, YH-ADHENEy 520N, il X——Y.

(4) # X—~—Y, X——Z, W X—>—YZ.

(5) #HX——Y, X—=—2Z, W X—>—=YNZ,

(6D X—=—¥, N> —Z, M| Xo=¥Z, X ++Z-Y

ZAEMH S R HAAT L, B R AN AR R X 50

(1) ZHEKBIE RS BEERTEEA R, #7 X——Y & U Eion, WHE wxyew
cU) L—EHar; RZWAR, Bl X—=—=Y 4 W(WCU) LA, 5 U EIFA—ERMRAL, X
S PR R A AR s SCR A R4 X A Y, i H & U bR R Z.

— M, 7E R(U) L#H X——Y 4 WWCU) LS, WFR X——=Y J RQU)IIRATLZ
AR A o

EREXRRZMER RUF, RBAH X—Y E BT X, Y XA B M.
HELE ROKFHEM KA r o, JUHAE X A Y EREHLE X 6.1, WREHKE X—Y
TEAEM B wxYS we U) L.

(2) &R X—Y 7€ R(U) L%, WXFAE y'Cy
B X—Y L. LMK X——Y £ RU)Epr, '0 | A | B | € | D
AREWTS X FAEM Y'CYH X——Y BRiL. & | b | e | d

B, HXER RA, B, C,D)UI'F, A—>—BC, MR 4 a | b | ¢ | d
——=D %o H R I—NKREH], fEMHEH E 4——B & a | by | & | 4
ARSI, WK 6.6 iR, e | ol &

6.2.8 4NF

Fz 6.6 RABI—AEH

EX 610 XARA R<U, F~EINF, WHRXNT R MENIEFALZHEKE X——
(YZX), XABEHM, WHK R<U, F>E4NF.

4NF st 2 PR il 5 2B 1 8 M2 1A AS S VrA AR FL HLE R oo 2 (E i BROMAR
W S, TR NN SEEB X——Y, X #SH LN, FEiE X—=Y, bl
4NF Jit S VF I AESE FLI 2 (B AR 52 B _E 2 R Mgt -

B, WR A KAEBR ANF, W4 BCNF.

FERTTHHE % R WSC Hh, W——58, W——C, EfTERIEF LW . m
WA, XEMR WSC 2 (W, S, C), Bl all-key. Kl WSC ¢ 4NF.

— A RAMBRUIR CIAE] T BONF (HAE 4NF, X FE 5 RBEAI R BA AU (0 1E %
BL WSC H#il, WSCg4NF, {82 WSCEBCNF. X T WSC MIHAXR, HH—OFE W,
A n MRE R, B m W5, WXRRP SRR W, RTHEEH —Ef mXn . BMRE
REZLEE m IR, MY EGEM n IR, BERNTIREARK, BIERN Z4k 4 i



6.2 HIE m

K Z B WSC iA#] 4NF.

A LA B 0 R A0 7 1A 25 37 AL H B R BURomim £ (k. il mT LAE WSC 43+
1 WS(W, ), WC(W, C). {E WS FEBRAE W——8, HIXZFNHZMHEKE. WS HaEAs
FEAEAEF PLI R BRSO 22 (B, T LA WS €4NF,  [A] B WC E4NF.

BRI R 22 R0 2 G ol o B (M B A . SR UK R ek kg, W Js T BCNF
XA EAMEHREE CLR BN T RS R AWK, WET 4NF )X R B
FERE e fe . ZHa b, B AR rh 3k ol SO RN 2 ORI 2 A, 3 A Ath s M
Bl — PR R KU 2 () — FhRFRR R 0, 170 2 (OB Sk B b SR %
A — AR IR o (RERMOHAS 18 BR B AN 22 (B Ml o]t X E RS, MR 7ER
RIERIZ FIN A e ok . AFAEER RO ¢ R BT AT e B BUR TUR S A B2
I e S T R T SR B TR T AN (906 BB P AR AE I RO, T nT DA — 2k B
SNF IR A X EA T IRIERMKBUR SNF, A 208EE TS HA P

6.2.9 ME/NG

ERRBAEET, X RABEXEAZ R L X, IR X RE R &
M. TR, B, AMIRMALLEREXGFERN. BRFE, DUERBSER. IET
REFIAE, 7T R POIX ) G i, KR TSR H

FEA B B A AR B AL W PR B AR KB P A AE AR5, AR b 1 %% 6 R ARk F
FMRERER “rE”, B “——#h” MBI REN. iR RER S, A
ERE LA —MIKR. HE2T - DESHIEE “98” &, FILFrgmEkssR b
RS E—1k. '

AFTABEAN FZ R T — AR . MR E 3 J8 M 1358 20 R Bk 1 15 35 T
45, 2NF. 3NF. BCNF. 4NF [1A4k# HH X MA S & D iR tibiak, & 6.8 ol LUK
FEIXA SR

INF
Y TR Al R R L 3 5 R B
imgsmt i
(EEE : A
e Y 4 = % T £ £ 3 66 B A
3NF
f T4 R o T 35 43 8 A
——Y__  BoNF
Y 58 A P LA R B ) 25 £ et

|‘§l f\.l\‘ “}(? 'r",._'. {IL k_". (‘le‘



190 ORISR € R

RAB M HTE AL L RB R 5 R 2 R SEBLA,  BREAR— IR REA 5
AETA R R RRER . XF A RME— . TR — 2R RS I 5C R
KRG FRXRB “HM” 0 a8 LS MR S

6.3 HTIBIFBINERLG

AR A B R G 0 R B IO B SE R . T B S i 8 R BRI — N A
i 56 % (1 22 B R 4i——Armstrong 72 F R4t

EX 6.11 X Tl 4 REHI F R REK R<U, F>, HARM—AKFE r, HEH
Ak X—Y #AL CBY r "PAEEF G 1v 50 5 A X]=s[X], W A Y]=s[Y]D, WFK FiBiEZE
XY,

h TR e KA, b T 41 R SR 149 25008 1 eR B s, 1 G 2 0 8
HAKHILE F, Bl X—Y BEN F AR, S-SRI, A RN 1974
B %6 i Armstrong #2 H 3R 19

Armstrong 22 R4t (Armstrong’s axiom) ¥ U N EMHE LML, F R U L—418%
i, TRAXRER R<U, F>, *t R<U, F>X54 LA T fHEE ) .

Al BRE (reflexivity rule): # YSXCSU, W X—~Y X F A& .

A2 512 (augmentation rule): # X—Y N F fizish, H zcu, W xz—YZ°H F
B2 o

A3 fRiE# (transitivity ruled): # X—Y & Y—Z J F fiéiif, W X—Z K F Fréis.

EE: & A RAEFTIFE 64 R BARM 3 A T L6 BEARM, A RAEGIER - FRR# T F.

EI2 6.1 Armstrong HEH K Z R

T A SE SCHE A I B 0 ) 1 A

iE

(I YEXEUs

Xf R<U, F>AE—RFR r FHMER PN ICH ¢ s:

i [ X]=s[X], T YEX, F (Y]=s[Y],

BTLA X—Y RROL, B RAEEIES.

(2) ®X—Y A FFhdik, HZcU.

W R<UFP>IIE—K R r PAERIPI AN TEA 1\ 5:

# [XZ)=s[XZ], WH ([ X]=s[X]F {[Z]=s[Z];

© ATRPRIL, FAXZREXVZ YZIREYUZ,
@ f(XJRRTA  ERME (4D X BRI E, FN0F X



6.3  HrEikinh 2 B R4 m

HX—~Y, TRH (Y=s[Y], FTLl qYZ]=s[¥YZ], XZ—~YZ Jy F FiZdik, ) HAEHE.

(3) W X—Y K Y—Z K FFiZiif.

X R<U, F>HIME—KR r PHATEHAN A £ s:

# [ X]=s[X], BT X—=Y, f {Y]=s[Y]):

Bt Y—=2Z, f (Z]=s[Z], FTLA X—Z X F Frzish, fRi@air.

RRAE Al A2, A3 X = HEFERLI AT LA7S 31 [ = 2% 1R AR R .

o &3 MM Cunionrule): i X—Y, X—Z, fX—~YZ.

o {ARIEMN (pseudo transitivity rule): H X—~Y, WY—Z, f XW—Z.

o SfBHM (decomposition rule): HX—Y X Z<Y, i X—Z,

AR & R RIS AR, (RZE 519 B A — A RS

SIE 6.1 X—A1Ay - Ap LI TR B R X—A: BOE Gi=1,2, =, k).

EX 6.12 TEXRERX R<U, F>F 8 F FriZ B2 R Sk e amiE F wEa
(closure), K F .

MMHE B RE. RS A Armstrong 24 H R 45 . Armstrong 7> B R 45 2 2%
[y 564 . Armstrong AFBRERNE: 1 F HRBHE Armstrong A HH#ES 1ok
BRI — 1 Fh: EEERNE FrPS D EEuke, vEabll F ik
fR4E Armstrong 24 FEHES K.

FUE e, U S B P T ) E — A ek B2 5 R T B F AR HE Armstrong 2
FHET ORI R BRI R . 2488, WRAESR X NMES, SRR 7. HEAZER,
XE—A NP AN, B, INF={X—A4, -, X4, %, ELALUHEH 2" M4
IR B . RSN T F -

EX 613 W FAHRMEE U LN HREKI, X, YSU, X;={4X—A4 figih F R
Armstrong AFEFH}, X FRABME X X TFREUKHE FOFE.

H5H 6.1 AL H 5 6.2,

313 6.2 W FARBYE U LB—4HREKE, X, YSU, X—Y fiEd F i4E Armstrong
AEFHM T DR Y X .

TR, HEX—Y REREH F R Armstrong AFES 10 ) SR L sk i X7, HlE
YRE N X MFREARE. XA WS 5 6.1 ik T .

B 61 KEMEX (XSU) XT U LHREKBIE F AL X .

HWIA: Xa F

Bt - X;-

LR

@ 4 x%=x, =0.




B o xsmmmi

@ K B, XH B={A (I V) IW)V—=WEFANVX"NAEW)}.

@ X(i+l):BUX(i)°

@ #uwi,x(iﬂ):X(i)o

® # x5 xR x O=U, W X8R X, BR&ILE.

® #H&, W i=i+1, RFEIEW.

[l 6.11] BHKFEEKX R<U, F>, Hh

U={4, B, C, D, E}, F={AB—~C,B—~D,C—~E, EC—B, AC~B}.

3K (4B)} -

B e, % x9=4B.

W x D Bl FESREAREUKEL RATH 4. B 8 AB MR EUKL. 135
WA AB—C, B—D. T4 X"=4BUCD=4BCD.

Eh X O£x D, Frel ik 234 ABCD T4 MR UK, V135 C—~E, AC—B,
F& XP=x"VYUBE=4BCDE.

BN X QB%ToMEEE S, FiLl (4B); =ABCDE.

MFHEL 6.1, 4 a=X?, {a}ER— NS EKKTF 1 BHAFES, FHE ERE
U, BZEERE |U-X) RIERRSLIE.

EM 6.2 Armstrong AFERGEA MM THRM.

Armstrong /A R ZE A BT e B 6.1 3 BEM . X LAY e &MU .

TE B SE A PR 7 R, B B B X— Y ANBE F M Armstrong AFE S, 4
CURAN F T, ERUERS =5,

(1) & V=W, Bve x;, Wwe Xx;.

iE Eh ve X;, BrUAE X—=V oL T& X—w ir (Bh X—=v, v—w), BrLl
we X;o

(2) #E—ok —4ER ro E R P CAM R, AT BLER r 202 R(U, P —1N KR,
Bl F o i 48R ek B HRAE b ST .

1 r AR R<U, F>HIKHR, Wl T F A A REUKE v—w 1E r EARCLET G
o EAIRRT A, VR X, P, T W AR X, T, aRHE (D %, we X7,
FlEo FTLA r @b R<U, F>I1— KA.

(3) & X—~Y AfEH F ) Armstrong AFEFH, W Y A% X, 19745, EHKLE YT
YR Y'SU- X5, WX—YTEr PR, B X—Y UAN R<U, P4 .



63 BURHHIN A AR

Armstrong AFRSE &M RAGRERI T “SH” 5 47 2N TELEM IS,
T FH ] LR F R A5 ) Armstrong 23 #E3: Hi 1 B BB AR 5 .

AR (BRFH) MR IR, 51T A ek BRI S i A s MBS B2 .

ENX 6.14 WHR G=F, i BEKHE F Eid: G(F &2 GIMER, G ZFINER,
®FE5 G-

51 63 F=GMANVEFMNRFSGHMGSF.

iE BEMHER, HiEmstt.

() #HFSG, MXx;c X, .

(2) EI X—YEF", WH YS X; < X, .

el X—Ye(GH'=G".  F'cG.

(3) [FEAHE G SF", FibAF'=G".

MEHE FSG', HRE X F PRREURE X—Y % ¥ EGET X Mnr. Fit
TR 6.3 45ty T FIWT P A bR BORLER S5 1 16 T AT Bk

EX 6.15 WK KA F 2 T A, WFR F 5 — A8/ B BROBiEE, IRFR A
MR BiE &R/ E & (minimal cover).

(1) F PE— R BB A I EH — Bt

(2) F ALK RER RS X— A4, 1573 F 55 F-{(X—A4} %4

(3) F WAGAEXFEM R B X—4, X HHTFE Z 8 F-(X—4U{Z—-4}5 F
s

FEX 6.15 (3) WY& SCEN T F IS s BRI, & A i R mT A .

[fBl6.12] FEE 6.1 WPRRAMEN S<U, F>, Hrp:

U={Sno, Sdept, Mname, Cno, Grade},
F={Sno—Sdept, Sdept—Mname, (Sno, Cno)—Grade}
& F'={Sno—Sdept, Sno—~Mname, Sdept—Mname,
(Sno, Cno)— Grade, (Sno, Sdept)— Sdept}

W€ X 6.15 AT LARHIE F 2B/ N i, 1l F' A& B4 F'-{Sno—~Mname} 5 F254/,
F'—{(Sno, Sdept)—Sdept} 5 F' 25t .

EHE 6.3 A RBUKBUE F HEN T — MR REUKELE F,. It F, KA F 5%
MRS o

iE XEMEMERER, 2 =00x F T “RMAEER”, RH F I — AN MK
K .

(1) B—KE F PEREKI FD;: X—Y, # Y=Ady A k=2, WH{X—4; |j=1,
2, =, KPRIAR X—7.




m BoH KRB

(2) B—KE FH&ERBUKHE FDi: X—A4, % G=F-{X—A4}, ¥ A€ X, WM\ F %
FIHERBURE (KA F5 GEMMARERMRAE X))

(3) B WU F b & Kt FD;: X—~A, % X=B\By**B,,» m=2, & %% B; (i=1,
2,5, m), ¥ AEX-B);, WL X-B; AR X (Fh F 5 F-{X—~A4} U{Z+A}FEMARER
i a€ zt, K Z=X-B).

BJEHE T 0 F ik —ERR/MEBE, I B S5ERN F %M. EAXN F 85— “Bug”
HARUE T SOE AT TP BR BURKIISE S . IXLIE IR AR, T iEE BATHN b

MN4FEH, FREAMKEIEE F, AN— 2 ME—1, &5 & RBUkE FD, & X—A4 X
IR I b B 2K .

[ 6.13] F={4—B,B—A, B—~C,A—~C, C—A4}

Fi={A—B, B—~C, C—A4}
Fps={A—B, B—~A, A—~C, C—~4}
XHEHT F IR MKBEE Fs Fooe

HEUEE I F S5 ERN F AR, U FASHE— AN EAMREE, FikeERt 6.3 MiF
B &5 th AR /ML R R AT LUE BUR AT EE F R /MK EE i — AN

PN KRBER R<U, F>. R<U, G>, MR F5 G %My, M4 R HIXR—ER R 3%
Ry RIEK, RFIKXFRB—ER R HKR. FILAE R<UF>HTRS F SR IKEIE G KX
R F 2 SV .

6.4 BREIDRE

FEX R BRI AT R E TR TRZ )G, 7L HE R R T .
EX 6.16 KA R<U, F>I— A0 ik =248
p={Ri<U,, F\>, Ry<U, Fp>, ***, R;<U,, F;>}

b u={Ju, , HEBH USUy 1<i, j<n, FRF U E#E.
i=1

FTil “Fi & F A6 U, LB syl ILE X 6.17.

EX 617 HEIKBES X NX—=YEF AXYCUMI—NEE F,WE F E&BH U
LR
6.4.1 XMW= EX

PR TR BN, (BRSMREFERBN S RS .
AINA R LG F R, R M7 BBESTER T =FMAS R & X



64 ks [KEE

o SR BA R EREE (lossless join).

o SMREARIBFRBUKH: (preserve functional dependency ).

o SMREEEL (R R R BRI, B RAT oA .

K EANE RSEAT MR = AR FRIRUER o 1 RS R (0 7 Ao 0, 4SBT eIk 21 1 43
B AR, SRR X o B R AL .

AT EHR 1 ) B -

(1) oA P AR bR BRI & SURAT A7 T 14 b 2

(2) XFARFEF RS LR TERE BRI R 70 B, B4 B R R R 50
JLitEE.

(3) WHATSEERA B, BR&s th il i Sk

FRBWANGI T, BEHIEEX 6.16, # HER R<U, F>7HifJa i & R R T & Im
B “IH” FF U, EANRERBABK.

—ARREIZAN KRR, M FRAFAEE—TK 4R A M BIR B 2 B R 2
KR, FEXA AR, RERERREE A ERITERER.

[fl6.14] CAIEHEMA R<U, F>, HH U={Sno, Sdept, Mname}, F={Sno—Sdept, Sdept
—Mname} . R<U, F>[IJC4iE 2% Sno IEFE Sdept R~
3, HAEMER Mname; 3 H—A%%E (Sno) REE—AFK KET RO—TERFH
23, PMRAF—BRIEMFE. REOI—DKRNE 6.7 Fizn. Sno | Sdept | Mname

HF R PAA7EALIE R AKX Sno—~Mname, ESKRET sl DI LS
. i, R Ss4 ik, W D3 AMREMEE-HNFEER S2 DI .
WRMERT . Otk WR—R DS MEERSAE, WA [ s | b2 | 2
AMROREAREMEBOEEGEN. FRETTOUFM: | g | 0 | 1o

p1={R<Sno, ¢#>, R,<Sdept, ¢>, R3<Mname, ¢>}

SRS R KRR ri & R1E U EHIBUE, Bl r=R[U]:

rn={S1, 82, 83, S4}, n={D1, D2, D3}, r={ik 11, 2=, F—}.

TR fE R EAE R, R “S1EMANRF 27 WATEET . XFEM A ER 4
FWE »

D R38R I KR PR RE RS PR R B R IS L, AN ERAE BMERBMIAR T . R 19 R
Mk R T B AREBORSEELN, XA T EHUERE S . B, KB 5#& p) B
PAERERR BRERNER LR LR ENNEHEFILB, cdMmT, FREEXRT.

TRX R AT 5 —Fh o i

p2={R1<{Sno, Sdept}, {Sno—Sdept}>, R,<{Sno, Mname}, {Sno—~Mname}>}

LSS AT BAGERR po X R £ 73 i 2 w1 Pk 520K , 80 i T B 38 1) ki A\ RN B 7t 5 T AR 80 MR

W, R T R RAE R T AEAE M PR ZUK 38t Sdept—Mname, BLYELE R, Al R, P EAFAFAE




el B 6 JCREUEMIC

T o B AMIER S RRA “OREFRBUCE” B
B Ja Xt R AT T LAT 23«
pa={R;<{Sno, Sdept}, {Sno—Sdept}>, R,<{Sdept, Mname}, {Sdept—Mname}>}
A LAUE B 43 fi# ps BEE A TTHUERNE, SARFF R e T B R W 8, X
B LRI FERE R, XA R
FH U T LA HE O A Bt M e “ S8 I =SS [ e SR R R
TN T A M R SO PR TG R I R R R ek AR, IR BT B

6.4.2 5 RERYTCIR IR IEFNORSF R A HIE

e X—ME5T: B p={Ri<U,, Fr>, **, Ri<Uy, Fi>} 92 R<U, F>— N3 %, r & R<U,
F—P KR EX m,,(r)=[£<11 np(r) s B my(r)f2 r 1€ p PR KRR EBUYHIERE . XE
1, () ={t.UJtEr} o

513 6.4 W R<U, F>R—ARKEBK, p=(R<U), F\>, -, R<Uy, F>} & R 1—A 49
s r B2 REI—DKRR, reng(r), M

(1) rSmy(r)

(2) # s=my(r), Wmy(s)=r;

(3D my(m,(r))=m,(r)

E

(1) TEW r PR — DT R T my(r)o

W r FRI—ADTCh 1, t€r, & 4= 1.U; G=1,2, -, k) X k BEATIEHGIAT LLE R £,6,+

tkel?}‘lnki(r) » BEL t€my(r), Bl r&my(r).

(2) @ (1) BE rem(r), & s=myr), Ll rcs, me(r) < mp(s) o MATUEM
MR(s) € Mp(r) » WA () =1, (r) =ric

BB Si€ mp(s) » A S HHI—ADTTH v, 13 v.U=S. WRIEEREERE L v=t1p
o N THAPE—A 1, BIELE r PH—ADTCL 1, 678 .U~ AT e (r) FIE XRIAF 1
E my (r) o XBlv=tity>ty, #v.Ust;c X EHIER: v.U=S;, € MR(r) » W SiE me(r) o
Bl ma(s) © mp(r) o Wmp(s) =my(r) o

(3) m,,(m,,(r))=xi>31 T m,,(r))=[£<]1 1 (5) =>"§1 () =m ()

EX 6.18 p={R\<U,, F\>, **, Ri<U,, F;>} & R<U, F>{— ANl , #5560 R<U, F>I4E
T —DRE r BIH r=m(r)BoL, WM p BATCHEREE . WK p b LR



64 st s it KR

BRI E X 6.18 UM — DN R BOE BN RATTREN), ik 6.2 4th T —FiHl
T

Bk 6.2 Hnl AR e .

p={R\<Uy, F1>,**, Ri<Uy, Fi>} & R<U, F>[— AN 5%, U={A,, =+, An}» F={FD), FDy, -,
FD,}, A@ik F & /i, ic FD; b Xi—Ayo

(1) #—3K n 5 K ATIOR, B—FIX N —DEM, 170N — KRR
Ko HEMEABT U, WHE)H i TRAXHA L g5 BUIAL byo

(2) XEE— FD M FHRME: $R30 X, B N 40 b B A AR R A5 IR 97, B HRIX
4T eh 1 HIT R . HHPE ap WSO s BWATECH bpyie HoH m ZIXLEITH)
175 /MA .

N 4TER MR, EHREA by B, BAZEKR L 5 L& by TS (AEERGH
AR BN IRLEAT) YR FH I () B 24

WERRERZ G, A—1TH8HA a1, ax, -+, a,, WEZELIE, p BAELHEERME, &N
p AR THOERME.

Xf F o p AN FD B—#AT — KX PR B, FROAXT F I — k5.

(3) WERAHTERE LZh, WwHEZENREIE (2) 2, BNGEZELILE,

WARREWE, ARTKAREE DA SR> — N5, BPFSHER, FER
IR L.

EH 6.4 WIRFL 6.2 Z\ENEBTE—ATHh a, ar, -+, ape W p I THER R

TE B AR o

[$16.15] %1 R<U, F>, U={4,B,C,D,E}, F={AB—C,C—~D,D—E}, R—1%
fif} Ri(A, B, C), Rx(C, D), Ry(D, E).

(D BHEMEYISRE, WE 69 (a) Fimk.

(2) X AB—~C, H&EITLARE— ZFEAEHFR &, FTUEAKZE. B C—~D Al
P b1y 5K as, FEEH D—E AIAE bys. bos 0K as. BIGERNE 6.9 (b). RPHE 4T
Bk as ars as ags as, PTUABESMR B A TCRHUERE.

KRB R MR AP KR Ry Ry AT R34 5 vk

EH 6.5 X T R<U, F>W—/N0 R p={R\<U,, F>, Ry<Us, F>}, 1R Uy N U,—~U-Us
EF'S U NU,~Us-U EF", W) p B THEEN.

SE B RE B B 45 1038 5E R

k i n
EX 619 ¥ F*=(UF,.} » W R<U, F>HI5M# p={Ri<U, Fi>, =, Ri<Us, Fi>}REF R
Hfn.



6 KRYIEIE

A B C D E
ay a as bis bis
by b a3 as bas
b3y b3z b33 as as
(a)
A B C D E
ai az as as as
bai by a3 a4 as
b1 b3y b33 as as

(b)

6.9 it BAT oA — AN

FIHE 6.3 4ot T HIWT P R OB S IO AT AT VA . RSB 6.3 At T A5 R
(I p 75 ORAF BR B AU T 1

6.4.3 R SMEE

KT LA B SR

(1) FHESRIMBIRFF R B, A3 w LLUAE] 3NF, {HA—5EfEiAF] BONF.

(2) HERIMRREORFF R B, M EATCHOERN:, ATLUAS] 3NF, (BEA—EReA
| BCNF.

(3) HERIMAEALHEENE, I—EnliLF] 4NF,

EAIS R 6.3, Bk 6.4, HYE 6.5 FIE: 6.6 k5.

B3k 6.3 (AR  #:4k 3NF (AR R BRI iR .

(1) X} R<U, P> (R EAHEE F AT “Be/MEALEE” (R 518 3 AR EE TN F).

(2) IMPrAEAE F PHRIKEE GEM Uy, EXFERBIEMRE — DX RER R<
Upy Fp>. EIXERIEMN UL, BRKRETHCH U

(3) HH X—AEF, H X4=U, W p={R}, HHE&IL.

(4) BN, Xt FiBEHFEZEBRENSE (BESH k4D , 54058 ERsTg
&H’Jéﬁuﬁﬁﬁ/ﬁi MRS Ue # U,CU; 7)) MER U, HT2ETER (), %

U—UU TR p={Ri<U, Fy>, ***, Ri<Uy, Fi>} U Ro<Us, FHIf R<U, F>H1— MR Bk
=1

%ﬁﬂﬁ%% H B R<U, F>¥J8 3NF. XH F R FE U, LY, HAFA—g5F
HHEE, BF —EW FTaE, B R p (R sk Bk AR 11 .



6.4 Y m

FHEHS A R<U, F>—EJ& T 3NF.

WF ={X—=A,, X~ 4y, , X—= A}, U={X, Ay, Az, Ak}

(1) R<U, F>—ELL X A4,

(2) # R<U;, F>AJET 3NF, M LfFEIEERYE 4, A <m<k) RIBHAE Y, Adne Y,
#18 X—Y, Y=4,€EF", M Y*XeF .

# YCX, W5 Xx—4, RTE/KBE F HTFE, Bl YZX. Ak YNx=X,
Y-X={A), **, 4,}» & G=F-{X—4,}, BR Y X}, B X—~YEG".

ALAKS Y—4, BT G'. BA Y—=4,€EF", il 4,€ Y. # Y= A, BT G,
WFESR Y7 (8 ikh, REMH X—A4,, 4 8% 4, 5IN . TR 6.1 BF j, (13 X< Y(),
TR Y=X AL TG

FX—~4, BT G, 5 FREB/MKBEMTE. AT R<U, F>—%E 8T 3NF.

B3% 6.4 HA ol 3NF BEA TCHUERAE SARTEF of ZOHH I 43 1 o

(1) # X & R<U, F>15. R<U, F>CHH L 6.3 MR p={R\<Uy, F\>, Ry<U,, Fy>,*+,
Ri<Us, F>} URo<Uy, Fp>, % mpU {R'<X, F>}

Q2) HEHFEAD U, XSU, B R<X, FoM thEE, B#E UcX, ¥ R<U,F>M
.,

(3) T HRPTKI I

R'<X, F>SRBT 3NF, 1 ¢ RIEFRBRBHR SR, REHE « HIEHEREMM
77T,
BT c PO EEXRER ROMBIEL T2X, X & R<U, F>91, {FI U-T )8 it
B, WAELEFEA i, i BETY (38 6.1). X i AT UEBA s 6.2, Kbk
F RODFTERAT —ERTA a1, az, *+, ape

t R EHUEREPEAHIE .

Bk 6.5 (rffi) ¥4k BONF MITGHUER: M -

(1) % p={R<U, F>}.

(2) REp PEXRRAEALEYE T BCNF. 2, WHERIE.

(3) W p ¥ R<U,, F>AJ&T BCNF, I AUEH X—A€ F'(A4eX), HXAER ME. K
M, X4 2 U METE. X R HITHE: 0={S), S}, Us=X4, Up=U—{4}, Ll o L&
R; (U, Fp, REIFE (2) %,

BT UPRHEAR, EmnaRIETREHZE 65 —EaKik.

XR—AETE FREE. € ARMER Y RU, P X0EN. N243EH,
R<U, P> RRA—E RME—K . X55] (3) FhAEAEIEE R X—4 FHx.

H 6.5 BA4 p=(R<U, F>}, B3R p RIEHERSME, LU K280 i Flms|



B 5oc xrumui

P 6.5 fRAE T & I TCHUERANE .

S1H 6.5 % p={Ri<U,, F>*, Ri<U;, F>} & R<U, F>I)— DN EHEEDMHE, o={S),
82,00ty Sm} & p  R<U;, FI— AN EHGERE R, B4

p'={Ry, Rz, ***, Ri-1, 81,°**, Sm, Ris1,7"; R}

p"={Ry,"**, Riy Ris1,>, Ry} (p" J& R<U, > p MR ABXES IR
¥yl R<U, F>I & 857 % -

TEA 652 ARERN S A/, B4 ammiEs, HARsRats.

3|3 6.6 (R, > R,)B<R:=R, BP<I (R, > R;)

WE
W r & R<U, FPIRIRR, i=1,2,3. 0
&U}ﬂUan;;:V: %’

Uy NU-V=X; U \Y U3
Uzn U3"‘V=Y:
UiNUs-V=Z (i 6.10 FrR). [ 6.10 F8E6.6 =PI EE

S UEY] 1 JE(R) B Ry) B<I Ry () — N TG 7S E AR A2 - 6 o
Tri~ To~ Ths Rt WEHR, XHB Ty € ri=1, 2, 3),
Tril VTl VIETR[ V] TrilXI=TwlX]: TrilZ]1=Tws(Z] s TrlY]= Trs[Y]. TIXWZE ¢ 4
Ri DRy BRI TG R ELRM. TRA

(R, P R;) DI R3=R, P (R, < R;3)

fE 628 THELIEH, —MRAEXPEFAESEMKB FaAEF ALK EE R Hoks
ZAEMKBD, WEIEPTRERBAFAERA B MBRFHS RS, ANk
Mo, AdAR Ay BIA B — /N BT ANF, R HE A B ANF (19 B A R I 20
EH 6.6 XAEBNX R<U, D>, Db R FeRE{K#E: FD M Z{EMKH MVD %S . T
X——Y oL B4 AE R R MR p ={R\(X, V), Ry(X, Z)} B ToHERE, 2 Z=U-X-Y.
A p & R M— D EHUERE MR, WX R<U, PPHIE—XKEr, A

r-_—ﬂ:R'(r) X nR?(r)

W t.s€r, H [ X]=s[X], TR fXY)\s[XY] € ny (r)s {XZ]S[XZ) € my (r)- T [ X]=s[X],
BT LA tXY)s[XZ]5 AXZ)SIXYISS IR T mp(r) me(r) » HEIET ro & u=t[XY)s[XZ], 1=
NXZ)s[XY), WA ulX]=V[X]=([X], u[Y]=[Y], u[Z]=s[Z], v[Y]=s[Y], v[Z]=(Z], PTUA X——
Y BT

FRUE DB .



¥ X—~—Y 3L, XF R<U, D>HHE—KR r, I 0 € ny(r) mp(r)» WLH 1. sEr,
1§43 w=1[XY]-s[XZ], T X——Y X} R<U, D>K7, o N24ETF r, BTl p RIEIIERD#E .

EF 6.6 45 T Xt R<U, D>H1— AT 58 J7id:. #5 R<U, D> X——Y 3L, M R
5% p={Ri(X, Y), Ry(X, Z)} R THERNE .

B3% 6.6 1AF| ANF () HA TCHOEREER 7% -

B 6.5 53] R 1—1MAE] T BONF W EHUERE R p, RIEXTHE— R<U,
D>, HAJET ANF, WnTHEs 6.6 #HAT/HF, EHIH KR EXLET ANF k.
SEFE 6.6 F5|HE 6.5 LRAE T 55 15 2 1 70 1 oA Btk

KA R<U, D>, U RBMEEE, DR U L—AEIRMB R EUKIR 2 E K
51, X T F R BN 22 (B MO I B R AR — MR e S I A B RS

Al: # YcXcU, W Xx—Y.

A2: #HXx—Y, Hzcu, W Xxz—-YZ.

A3: #HX—Y, Y=Z, U X—~Z.

A4: #H X——Y, VEewcU, W Xw——YV.

A5: FH X——Y, W X——U-X-Y.

A6: # X——Y, Y—=—Z, W X——Z-Y.

A7: # X—=Y, Wl X——Y,

A8: ¥ X——Y, W—2Z, WNY=¢, ZSY, W X—Z.

RNERGA MM RIE N D HRIRYE 8 454 B4 T HH 1 ek Uik sk 2 K — 2 D
Zaih; SeAPERTR L D B2 e i oR B sl 2 K HS AT LA D AR 8 & A HHES Hik.
W, ERBIKBIRZEABIIENT, “dEm” 5 “FH” HREENK.

Al, A2, A3 AZPERIT 6.3 WWEUEH, HAK|MERMIEHEA RS B1T5%EM.

H 8 A AHR[1HUWIT 4 45 FH O HERE R«

(1) &HHMN: X—>—Y, X=—2Z, | X—~—YZ.

(2) thiEEn: x——y, wy—2z, W wx——Z-wy.

3) BEEBRN: X——Y, XY—=Z, W X—Z-Y.

(4) ERN: Xx—>—Y, X=~Z, W X—~—YNZ, X——Y-Z, X>—Z-Y.

6.5 )\ &

AEEFHYKE . ZERKBNBHEATL T XFEX NG, AERKERTAE6.11
KA.

EENARIARF, ARATHAMNXRAZEY —UPTEREE, HEEEZN—AX
ABEABR, MARN—AXZHEABK LTI, “Sh WEXER A XEERE —




BT KRR

NEZERM “EH, IREN, EFLTHFANEL FEEBRR T HAEE —NE—BH
*:ZMRA, X#AZKXZ (universal relation) fi%.

NF
1 %2, 3% W1
wHEL S
U A 2NF a
W4 LIFD & 1
& | BAR SR
: W EURESSIG
i | AEEE
|
BCNF }
TR LA :
FDHJMVD |
. !
4ANF —
B 611 K ARMA B NG

AE - HXRFRE LN —FRHRERL: “BREFP IS, B
HEMKAEALR, FAZERIT—IMEASD, B 5 Sog%i, BEELETEEF L~

RARFBAREZAMCHELHAES, EHRATZXABRERETRATILH
FEERE AT —MEKR, TEXEERAFEN. e T AGHEZ W UHFE “fF
A7, “B¥” EEMEKR. AWANRET —Shik, FLRAXANTE. flogs A
AZEXRABERENEL, RERAXZLFREATIHRAGERERERATELTEX
REER.

WE N L RE N, AEAERABEERTRE TE LA E A TR, EREH
BA TR, FARAGERRBHEARMET, LA E N5 oI5 Rl B 0
EHEMBEREEEA.

J &

1. FEERIFE T HIARE K E -

PR B2 BR B, SRR B, AR i, RS, Y. 83, M. 265 (allkey) .
INF, 2NF. 3NF. BCNF. Z{fifk#fi. 4NF.

2. BV —ARTR, %4, HR. 2EFEE BRXRERE.

iR F MR #5. i, HEFEH. R4, 5. HEKX;

AR NEIEA: BS. ThE. RE. A ARESR;



MR RGBS R4, 75 BHLAEMA. A

Wik SR a4, ROER, s, AE.

HXRBEBXWMTF: —ANRAEHETEN, B85 EFERB-I 8, SMNEEET¥E. A2 RNEE
FER—EEX. GMEENSNITTES, BOFIAHTHE. FESNEESEF - MASEHR.

WA IR RN, B A K R R OISR, 15 R AR A% B BB, TR B
WZE TR Z RIS, 110 BR BUK UL 52 4= R B RONA A2 5 43 BR U it .

R B R RIVEETD . SMEE, I RE ST E.

"3. Wi Armostrong 2B R Gl T HH T = e HEELIN o

(1) HIHW: FF X—Z, X—Y, WG X—+YZ.

(2) DhiEEN: W X—Y, WYy—2, 4 XW—2Z.

(3) Syf@inl: x—Y, Z<Y, i X—~Z.

4. KFZAHMHMEI R —FhE X

BHE—NKRFBEXRY, Y,2), KX, Y. Zr[LLEEEBHAE .

WxEX, yEY, zEZ, xz7F R PHIEHEHN

Y ={r.Y [r.X=x/\rZ=z/\rER}

EX RXY.ZD)HHALY Yo=Y T4, z, 2 )KL, Wy X SHEMKH, 2/ X——Y. X
B, R ZHTE, 7 ZHTEN, BFEALEEKS.

IR BIX I X 6.2.7 i E X 6.9 M.

5. WA HH =N 2 (AL S 451

6. AXAEK RA, B, C, D, E), [HI% Fli&A4 a8

(1) # A4 R WL, RAREKE BC—DE, WAttt 4% F R & BCNF?

(2) WRFLEFRBIKB A—~B, BC—D, DE—~A, |} R 1T 5.

(3) WRAFERBUKH A4—~B, BC—D, DE—A, R &7 3NF it/ BCNF.

7. FHIBIES RWRLL R ERY? MR RERE? X FHARIIES H— N REIEEZ .

(D) B —A = HXRZRT 3NF .

(2) AEfal—AH RRZRE T BONF .

) Bl = —HRRRZR T 4NF i),

(4) M HCHREKIR A—~B 76 R LG, KR R(4, B, O% T HELY R(4, BN Ry(4, C)i1%# .

(5) # RA—RB, RB—R.C, ] RA—~R.C.

(6) #7 RA—~R.B, RA—R.C, | RA—R.(B, C)-

(7) # RB—RA, R.C—R.A, W R(B,C)—~RA-

(8) #7 R(B,C)—~R.A, W RB—~RA, RC—RA.

8. UEH:

(1) Wk R & BCNF X R, M R 2 INF KFEMN, RZIMARK.



Bl #ov xsmemi

(2) R R & 3NF KRB, W R —5E & 2NF KR

AESEIER

[1] CODD E F. Normalized Data Base Structure: A Brief Tutorial. Proceedings. of ACM SIGFIDET

Workshop on Data Description, Access and Control, 1971.

[2] CODD E F. Further Normalized Data Base Relational Model. In Data Base Systems, Courant
Computer Science Symposia Series.Vol.6, Englewood Ciffs.N.J.Prentice-Hall, 1972.

[3] ARMSTRONG W W. Dependency Structures of Data Base Relationships. Proceedings of the IFIP
Congress, 1974.

(Armstrong 7E3CHR [3] PR TRREUKI A BER LS, & T IEFEA 52 &HEEN .
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(3R (4] 45 T R R B FE ok ik 358 =T 4R kD)
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AT R B B BRI T iR . EE R TR R B e B R 4 0 X R HE
Zazalye

7.1 FIEFRZIHEIA

FESCE PRSPy , 38 404 B PE ) %2505 B RGP N B0 FE N I R 4e. il
CABICHR P A R S AP BEE B RS A EMUARS, HMBEFEERK. BHTFHFZ RS
HTEERAS.

R wE, 7S, B R LN R, BBV EEAN RO N R
gi: PeICHE, RUBTHEEREEA LS, BB B & AR O S B, X R R
PEN F R GE B i — 884 o A1 (0 AR DRI I XU B E ik . 94K, AN
Bl PR 5 W vh — AN A BOE PR R G0 AT A IR, — AN B0 P A M N R 4
ROFERE, FAIFESERR I R R I H W& B RE VML, FHATHITH.

T4 AR ER T (database design) [—fE L.

BEE BRI T ARSI RE, i GRIE) DA 8 A 2 Ry
BRL5H, AR SRR S O P R LN R, 2 RS SO A G A BRSO, W & R
PSR, G RS ERRER R fEEk .

1 VT BB R PR A0 B0 o A7 R R S R e 5 B R RO FR e B
X R TEBATIR R, WA, . . 2. SR

B E B vt 9 BR8N R e B — AN SR A R R R B AT R
Bio WRAIBAT FRETHE B PR RO (O AF O R . B PEAE R A I R B R B E R i
AT B R SR R T I



7.1.1 HEERITAIE R

KT (BRI R R — K TR, R0 R RS A MR . Bl
B AR R R B SMELEAT S AR, MO R — R R
SR, FERRUEAT SRV ZA, SAILE S 4.

1. SRERGR AR

SR, EHER, +IHBMEIE LEGERI AL .

PRI BBR, G0 BT, AR — A HCRFE N R, PR
REATE, ERAL2 TEREMEE, X8 OERR UL EEIR R — Ik
RO TR FI A SO FI R, B AT RS,

GRS ETRE IS A, WEEE, XA S . ORI
PR LD CHPBCHRPERIR) SRt ool g 07 THCHE WL & Nl 55 01712 (LR 6 R
RO, L5 0T THCHE DL 4 2501 122 FBCHR OB AL A 5 T TR . ol
SN T TES N

AEE SR R B K RSB e U], — A R A B 3 A e AP
BB RIRA R . PR E OB, A e MR G B —
BB P R 2

R SERISCR” IR T RO ST | SR SURIAINT S SR PR
TR, A8 VAR MO E O P AR WP RO LA F . SRR 0O . AP
REH AL RN TAE RIEK . RUH, R
B A 2 LA F B S AT AL A 8 7 R
T M S 0 SR o, 05 S MO I K >
WG, DMEMAT AN, Bl i,
B L5 i

2. i (IR @it (am) gyt [Memmmt| [ ames | [ s |

tasga (]
SR RN R A
LA, BN I AR o B EE A i T

X B B AL B v D 5 AR R IR B
TR RZ =

530 0 28R R e IF R e, 2 —
TR BRI R AR A TP, L |
B 7.1 BiR. BTFBORERIE e AR e B e
Mg, FEHEEE TR EIEER . BHiXHF B 7.0 &M kA i




7.0 R iibms [

AT B PR v ATE R P 2 ETF RN ARG RANEL A B0, MR, s B L AR
B R BRI R B I DS &, e B RSO M E Y

F G A AR 2 A0t I ob B4 8 SO o Al L. B, Zika4bdeit (Structure
Design, SD) 77 ikF1ZE A KRG 0 75 VA T AL B RE keI, LA ] RE AL B4R 2
SRR BR IR . X7 TR E N R R B R A

L300 0 B P o BOUD TR R R AR R R B R AT, R SRR R Bk T
BT AT A SRR, X R VE R R A TERH .

FATT )55 7K P v v AR A MR AT AR A SR R

7.1.2 HWRERITHE

RBIYHRE PE BRI R 2 SRR HRR, TN TRHH. SERNE
AR PEBOH B A B B & 2 FIRRE AR . FEAEE:

o THEEHLA RS

o B TRR 0 SR BRI

o PRI T ERIH TS,

o KU FE R FEA S,

o BUREEBRIHIAR;

o [ P SRR AR A
XA RE B UE AT & L AT SR i) Bl S LN R4

PSR E v F R F T EERMESEN T, WitREFES Rt ARKER
FAFE BN KR BIRERH R 2, SRZREMI R TR AR H, iR
BAECARAE . R B FEIZ AT — BN A J5 A [ R B 1t R IR o5 1) 8, 75 AT B B Bt
ZEFI, WINT RALEF AR

AL, A HEER, R4 T EFEIEER A, B, BR/KRR (New Orleans)
Tk BT E-R A E 7. 3NF (35 =300 ROt i, T [ 0 S A0 B0 e it
Fik Gi—@##BiE S (Unified Model Language, UML) /5%,

e E TEE —HAEMRMF RS ER T TR, €%, BHEERTTA
L8 SE LA dh Ak o 3 26 T BT LA B vt A 5 58 Bt P ¥ i 2 P IR 42 45
(WEZR 5B LS I RN LE 6 4 e

7.1.3 HERERITREKRLS R

AR BRI T, H R ER E LI N R TT R AR, 8O R4
FLLF 6 NErBE (i 7.2 FiR):



BT MR

Wi R i
. AbE - Hokor
(i, ) TR b o f
SEHHN . B — s
A 8 R o RLUS
fle. foft ik
Bt
i
i
IR BIR
R
Mol e
ROEHAMHE) |
it pmuit
g
B
POV, HEREHIN
.
s
ol e
B
T
il _
Wbt
WO DB |
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i _EIBAT & RS SR B
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LT ARSI B, YAERE. oo IR SR, 2% 2 A i A B
BN B, RS AN AR, LAk S8R SRS BT 5 | R e 47 T4

BRI, 220 a SR AN ATV ) B R R R R TE N, 5 SR ARAL G G A LAtk i)
AR DBl R B, A I AT DA 2R A% . JU L 2 SQL B Ay A & 7 5 R AL AT 55 i) ORDER
BY. GROUP BY. UNION. DISTINCT % FH)al i ifmy, MR A H], wTeLg Xt
ERAEMHE A SR RESES .

7.5.3 WHEREENFIESH

il 5 cHls P ) B 5 T2 R T B A TR R B b, RS R R RGN
R, HE. 0SS, e RERES.

Tl 72 B8 O UL B AN AR A5 M 43 5 5 B A U () A6 2 [B) R ) i 4edr (R A =
FHEIRRE. X =AT7HEEFERMEFER, FETEE i, &8 -Mrhisg.

1. HERENFRLE
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B, fEERN, BT RSN IAT TAE, WM R VO EE MR, WLk
PR IR 7 IAE P NS b, DUMARAF I E, IXAE 2 ) 3R 85 R0 A 28 B TT B



BB
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T4 T RS 2 I K R B PR B RGCARGE R TR RIS R, Bt I PR PR 555 ) 22 SR 0 i ik
TIE 2 R 2

2. MERGEE

KABIBEEHRG T o — AR T — R G ER BN ED IS, HEA
53 R0 P B 5 B R AT B AR . WIARTE DL T, RAHCAIX R RTY T &2
RME. EREXEHA—EESTFMNARE, EETYEHNHEEEFTNXELE
WA, AR RAHITERE.

REREZRRE, G, FNEHBHEERH S FRTIFOSEREN S5, W
FHRSH, Zr XSRS (EHENEKE. M0, i E, WEREAD,
VB PBHE F, BIE R R, BEEEERDN, BUABE 5. IX S B R R e 7 U )
SRS AC, FEVEE St i BRI R R B e X B HH,  LMERG M RE R tE

FEYH BN R R B RN A RYIP K, ERFIETHEERYE RYELIrE
T B — P R, DUD) SO R G e .

7.54 FMIEREH

BOE e B R A b TR I . AR 4P AR R A P SR AT AL
B, JLAERTTUFEZI TR BB A RO X 27 AT MBI VET, Mrhik
BRI T A MO P ) B

VROV R EOHE P (0 5 8 OB T P IE R B R R B R B RS, BB M GE B A
SR TT A AE D] AP IS R EP AR AT, XSG R AT . L, MR
H— MR SEMYELSH. MR RSEWATFER &R, WHEESRH.

7.6 HIEEEBVSEHERI 4P

TERCEE PR YV B Vvt 2 05 Bk A B RE EE F O% AR Bl A B R SRR A 0 i o S
B LA S AR Ry e e 1B AR B T A B Vv SR AR A R, Rk K R B P
RG] LA 2 URARAS, PRl Pl 2 H AR, UG R T VAL BARNE T, X
HHE PE SE TR B

7.6.1 EHE RGN FOL A A2 R AR

HdE PR SE R B AR P M E A A, —BUR AR, 5 TR N A R A 4R G
R
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— MBS i AR e P B AR, ) EL O R T T R (AR AL, BRI
ST AR SEE 5 B AR E R G AR K 22 B . B AR K
VBB N EA RN P R, ML, T R, RJESE AT E R
ARSI, B . BRIIXRE R et . AN TAR A= 3 0y, 9t
LRI

KRR R R T DRI HE RGN, SIS 2 BAE S A AR R ah Ak SRk
B 2 e E ) B0 1R 2R 4 o A N B e B A R R AR, TARRIEE K.

IR BRI TAEMBCRAGE, NZE xRN PR st — N R A T R
G, AR 58 BB AN AR S5 . AU AN 2 T EER ] 2 R R AT R
PABA IEA IEB B BB A RE, X TN R mA 7 RSP R IEW EEK.

LA B 0% 28 B0 P T R G — AR A i (P AR [ O 2R e e A B AR G 2 () 0 e R ) T
B, HEREBEERS, BRI FIRF RERERESR T,

B35 PR R ) W I 2% 5 R P B (R AT, DR e 2 UK P ) (R e O
PN AR . AR iSRRI 7E . PR TR R DA v U
fi#, XEMAHERT .

7.6.2 FREERIKIELT

FEIRA RENEIER — /MBS EMALIEES, BT LUT R SR 2 R ST &
BT, IR B 2 s AT .

X — W BLEE S B AT B R N AR P, AT S P ) & P A, B R R R 2
AEAR TR RTHESR . WRAWL, XN ARFHRL MBS, i, HIERwREK
Mk

FERBIRERIB AT, EZAA R MERESR R, T ILRTIERIRAT Hbv. X5
FERATY I vk i CYREIE T AN WHESHE, H-BHL T, NS EBEr2
Ji i R AT Ml v, FISERR RGBT B eI ZERE, A i 7E RS AT B B Sk B il i A
W ARG RETE bR . L L, FESHNBEEATEERLITETIREHRBIN. 0 R0
HZE R B P, WIZRE Y vk BOE R B A, BNRASH,
oL T2 BR FIE AR vt B BB U2 R A5 .

XERFMERAPI . B, L ESWRIASEIEAER . O, Wi
WIZAT 5B BAE SO P Vvt 3 B T A OB N o BRI 4 34 9t it 4 4 8808 N
SN DERBAR MR, RS TEA SR E R A EMALIE, B2 MnEdER, &
WIEGEITV . 5 =, EEURPEREITINE, T REEATEE, M. P b v
RERAD; TARGHIERAE N BT H RGOEARGE, VRIRAF AT G, D] b B Ay i P 1
MR TR, — B, AR AR, RO i Bl P OB
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7.6.3 HTUREERIEITANLELR

B PRI AT B MR, BURETFR TAESEEA SR, TUBAENXET 7. EEH
TN B EAWT AL, Bl PR AT I R o M BE AR i th 2 AT A2 AE, 0 S50die 128 vk AT
VEMY. AR, BRCEGES TR MRIMIRES, BRI TGRSR .

TERR FEIBATIN B, X OR3P ) A A R o 0 2 B B 5 Bl o 0
PE i 4 TAE = ERRELL R LI T .

1. EiEERYFEFIRE

B e A R SR RGBT 5 e M 4P TAFZ — o B e 2 53 B 0t
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BURARZS, RIS AT RE D Xt B A R o
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IR FEBATERED, TARSENEL, Lt ERbaRAERK,
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Kl e e AR R B2, WREEARFEEEAANNEIE, DA K.
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B R E T RN RS T . AT VHELEN A R G5 b i 45 A 9 A 7720 s
PEHEAT B A B «

brdE SQL 2 Fb M B iE S, RAHRMES —. HmES. hiedE. MR
LKA BREFRIHESHL, SEEIEARRAQBERT ER—1558: 6t
RGeSy, MELASEELN H Y 25 rh 2 B 5 ] . SQL 4R AR W] LA 205 ik SQL
BSEIE N T AR, B N AR G RO P AR G () ) LR A

ENH RGP SQL gwfe K iy fa) FlE BEECHE FEh Bl i i X EZE A AL SQL
(Embedded SQL, ESQL). id##{k SQL (Procedural Language/SQL, PL/SQL). f#f#id#
1 5E X e . JFISCE I PE L% (Open Data Base Connectivity, ODBC).  OLE DB (Object
Linking and Embedding DB). Java ¥(#}g#E % £ (Java Data Base Connectivity, JDBC) %%
AR, ABEDHIHRXLEREBORIIM ST 2.

8.1 AT SQL

A5 3 BELUR, SQL MfF mZ — AL T AFRA XA KEH T,
SQL HIEEG A LR —BU . DRTERF B AR T, SQL IR B ML L EIT 7.

8.1.1 #ARX SQL py4biE i1 f2

A SQL 2% SQL AR AFEF W HES ., WA KRR RITES, W C. CH+.
Java EMATEEIE S, MKREES.

PR SQL, H¥E A2 B R 48— MK F T v 7 v b 3, Eﬂﬂﬂﬁlﬁiﬁmﬂ%—%ﬂﬁﬁ
A FEFR PR REA T A, R kA S SQL EA), e 1k EE S A AESR), DL
i 18 S WIFFEFRE VN EN, )5 tH E1E S M IFRE G A 15 5 TR FE IR H .
Ik A3X SQL ZeAAb RIS FE L& 8.1 Fiv.
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BEFR e 4R [k AASQLR
Wﬁﬁ&ﬂm

Bt )i i)
Iﬁ*ﬁﬁ

il = RIFRIF
GRiFE4L AL

/ AFriE S RF /

€ 8.1 HeA X SQL KAk

fE A SQL H, A T He R X 4> SQL &) 5 B FER), BT SQL & A)AR A 20
INAT4R. H{FESh CEFH, EEKRAN
EXEC SQL <SQL & fJ>;
AA5E XA EZEHE
WRETEF N Java, WHK A SQL #1h SQLI, BZA% N
#SQL {<SQL i&J>};

8.1.2 #AR SQLIERASEiEE ZBRRE

¥ SQL kAR ELIE S PR EmFE, SQL BRI THRALIEE, WHESERNT
BEHZEMNE. XNEFPSEAEWRAARRE T EERNESR, S 8%l e {5 Ve ?
- B TAE SR SRR E TAE S c2 R Al fE F 2 A
(1) 1 EEF L% SQL IBAMBUTIRAR B, 3155 fes it B ha F i,
F# M SQL {5 X (SQL Communication Area, SQLCA) SEHI.
(2) EiEF M SQL i ftS4, FEMH LR (host variable) SEH.
(3) #5 SQL B R AR FEM 45 RAC FiE 5 AR, FEHFBEFFFS (cursor) LI,
1. SQL #EX
SQL AT, RAERBMENHAEFETHEE, FEAFEHARS 4l LIERE




m R E e

FEATIR B0 & FhEOE . X L645 BBH%ES) SQL S X, MAFEFM SQL HAF X HHUH
XERAE B, TR R PATHE

SQL i 5 X 75 % F #2 ¥ 7h ] EXEC SQL INCLUDE SQLCA fnbhsE . SQL Mfs X+
/M5 SQLCODE, FRAFMAEIRIMAT SQL A f& ik [A] A A .

3 PR A AT 58— 4% SQL 5 7U2 J5 #B M iZ Wik — F SQLCODE f1d, LA T fi#i% SQL
AT IS L IO N AL B . G S SQLCODE % T Tl e X f)# i SUCCESS, W37~ SQL
A &), HN7E SQLCODE 7 AR5 . F2 17 5 w] LLAR S A 1A A 7 4 )

2. T E

kA SQL & fyrh Al LAl 3278 5 AR P28 BRI B H & . SQL B A)Hh
H B SEFE R EEE . EEARE A H AR S A EE NG ETR,
WIANETE VAR FXHRE, SQL A5 MH: MHETE M SQL & Ay H B E X
BEREEL, REISNARER.

— A FAE A LA A —MMEIE )6 2~ 28 & (indicator variable). f§REE 22—/ R
Ak, K “f5n” i ERRMESAN. BATETUIERA TR 2R N EE,
Ay AR Sl AR R RO A E, (RS kT .

fifg X BN R R UZAI{E SQL &%) BEGIN DECLARE SECTION 5 END
DECLARE SECTION 2 [ali#E4T#ifH. W2 J5, FARRALAZE SQL & A {Ef — /N ehs
fEFREX T I, AT 5EIEENSE (4. MEL. 7125 X, SQLiEf)
HHERELAEREREMNE S ) EARRE.

3. kR

SQL A ESR, —4 SQL iBAl A=A AR £ &1l 1 EiE S & Mmidx
1), —HEBR—IK R BBEB— &Kk BT DU H EZ R IEAREE 20 L SQL &/ [ M
FEFE 4 B B2k, ke A SX SQL 5N Tl e S, FHE bR R X B Fh AS 1R 1)
Ab 7 77 K.

ERR AL R G50 PR — AN BARZE N X, 71 SQL B AIIHATE B, AR AR
B85, AP bldifsg —RBOdR RS TR, ThEEFH—PAHE,

4. BIXAIEEERE

Ik A SQL F2 /722 1j [a) Bl FE L UG BB 2, RABIRFEEHRAREHIFERE
XPERE R EAT SVEMERAE, R T S 0501E, ARz — /MR &%,

(1) BT HE e

BLERN AR SQL B[ 2

EXEC SQL CONNECT TO target[AS connection-name][USER user-name];

Hrpe
target & EERMIEARE MRS AS, E LR — MR MRS SRR, ti<dbname>@



8.1 HeAsU SQL el

<hostname>:<port>, 1] LU RS a4 b5 iR SQL H % &, W LLZ DEFAULT.
Connection-name /& ] Y& ({3 4, FE B4 DR — A PR RAF, EZRRIAN—
AMERFW RSB R, WRERNMEFN ARG —MER, WU EEERY.
R FFEIT ISR R L T 2 AR, BT I 5T B P 0 7 ) A AR R R AR 3R AL
I BTk B 0 S AT B . BRPEAT AR W] DUE S AR, R IR A X SQL A8 :
EXEC SQL SET CONNECTION connection-name|DEFAULT;
(2) KPHE e e
MR E T SR RS U, N AR N A% SRR o A AR B U .
SR AT PR R IR A 2 SQL T A) 2 :
EXEC SQL DISCONNECT [connection];
Hrh, connection /& EXEC SQL CONNECT At £ 7. () 5 4#8 P % % .
5. BF3EH)
AT et E AT IR O, T g AR R AR A S SQL FrAE LB .
[f181] MKKREEADRMZEAEWR, LHAER L EER.
EXEC SQL BEGIN DECLARE SECTION; /* AR UL AR/
char deptname[20];
char hsno[9];
char hsname[20];
char hssex[2];
int HSage;
int NEWAGE;
EXEC SQL END DECLARE SECTION; 1* EAR R B A R/
long SQLCODE;
EXEC SQL INCLUDE SQLCODE; - /*5E X SQL lAFEK*/
int main(void) /*C &S ERFIFIRY
{

int  count=0;

char yn; /*25 & yn A& yes 5K no*/

printf("Please choose the department name(CS/MA/IS): ");

scanf("%s",&deptname); /*J3 =45 & deptname WA {E*/

EXEC SQL CONNECT TO TEST@]ocalhost:54321 USER "SYSTEM"/"MANAGER";
I* AR TEST*/

EXEC SQL DECLARE SX CURSOR FOR /%58 SCUFFR SX*/

SELECT Sno,Sname,Ssex,Sage /*SX it I {18 A */



}

Sl PELR Y
FROM Student
WHERE SDept=:deptname;
EXEC SQL OPEN SX; o TIRRRR SX, R A WA R 1T
for(;;) [* FHAE PR 25 40 2 e A B 455 SRR P i 5% %/

{EXEC SQL FETCH SX INTO :HSno,:HSname,:HSsex,:HSage;
MHEBEWERR, H AT BRI AR R

if (SQLCA.SQLCODE!=0) /* SQLCODE =0, F/E1EARIN*/
break; /*F ] SQLCA o HAR 545 B 5 1] B i 1 R/
if(count++==0) RSB —ATHAE, T ATk

printf("\n%-10s %-20s %-10s %-10s\n","Sno","Sname","Ssex","Sage");
printf("%-10s %-20s %-10s %-10d\n",HSno,HSname,HSsex,HSage);
I ITENE GRS
printf("UPDATE AGE(y/n)?"); e i) P R T TR A A I S
do{ scanf("%c",&yn); }
while(yn!='N' && yn!='n' && yn!="Y' && yn!='y');

if (yn=="y"|| yn=="Y") 40 AP R R AR
{ printf("INPUT NEW AGE:");
scanf("%d",&NEWAGE); MR PR FER B ER R hy
EXEC SQL UPDATE Student /A SQL B HriE fl*/

SET Sage=:NEWAGE
WHERE CURRENT OF SX ; 3 2 RTEARAR ) (R 2 AR SRS A T T/
}

EXEC SQL CLOSE SX; PRERR SX,  ASTERIEE M55 FRf N */
EXEC SQL COMMIT WORK; /AT i+
EXEC SQL DISCONNECT TEST; 1% W T A PR

8.1.3 A HiiFkra SQL iEF]

A HIKA SQL B AT EM AU, el RHEER). e GER) . HiEEH
HA). EEi RN d R 1) SELECT i54). dF CURRENT JE A B iE ) .

1. BRI PIZRA SELECT 54

XEEAEHERNSGERRA A, AHH INTO TaIEEFRBERNLSG RN ETE, &
it B AE P b

[f18.2] RIEEAESHERFEAEMEE.
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EXEC SQL SELECT Sno,Sname,Ssex,Sage,Sdept
INTO :Hsno,:Hname,:Hsex,:Hage,:Hdept
FROM Student
WHERE Sno=:givensno; /* O 2E A I S IRES T 228 & givensno */

5 FH A #9450 B R 1K) SELECT 57U B R LU R LA

(1) INTO FfJ. WHERE Tl HAVING %15 )4k ch ol LS A 228 .

(2) WS RBTEAGHE. AR EIFD R AT e LES) ) 25 EH NULL. AT RR
Z{H, £ INTO THMNEZRFERGHEREZE, HE0EHOENEEICVZERN, R
Giex oSN R B G e R R E N fE, AR ZERRRE. el adErk
LA AER, ANVEEARBEHAME, B h EREEN NULL.

(3) MBREMGREFE EHFARBFILEK, MELFIIFK, WEFLE, KREWEE
HHRAA AT SQL BfEX PR RRE .

[f) 83] EMHEANFLRERITRENKS. BRRCLEEET MM FENE SR
457 A0 H givensno, RS RE T 345 & givencno.

EXEC SQL SELECT Sno,Cno,Grade
INTO :Hsno, :Heno, :Hgrade:Gradeid /*§ERAE R Gradeid®/
FROM SC
WHERE Sno=:givensno AND Cno=:givencno;

R Gradeid<0, WANE Hgrade J4 fT{E 350\ 1% 4 i A 2346

2. 3F CURRENT #3XB91EMI20E F)

AL CURRENT JEHIE M SGE A A T2 AE b . 78 UPDATE ff) SET Ffl
WHERE T )H A LM 3228, SET FA)idn] LMEF R &,

[f58.4] BEFEAEAEE | SRR RS

EXEC SQL UPDATE SC
SET Grade=:newgrade HMEBI ST CRES 25/ newgrade */
WHERE Sno=:givensno and Cno=1;  /*%: 5 {4 =2 &: givensno*/

[ 8.5] FAFAFEE THITIRE, HH DRI SC Rh. BEAKESE
k45 E25 5 stdno, PRFES CURES £ 8 couno, HITZFANIEGIREE, MSIN HE, B
PAEHE SR AR IR R f A -

gradeid=—1; /*gradeid AR E, Wb FUEY
EXEC SQL INSERT

INTO SC(Sno,Cno,Grade)

VALUES(:stdno,:couno,:gr :gradeid); /*:stdno, :couno, :gr AL E*/
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8.1.4 {ERIFIRAT SQL iEF]

WAZBLAE FH R I SQL 8 ) B )4 B b £ 4 id % 1) SELECT # %] . CURRENT JE i)
UPDATE #1 DELETE & %]

1. THERAHE FICHEL SELECT iER)

— AL, SELECT & #r 4 B £ 4wl swk, HILT 2B 2 sk —K
—4 0% R AL EE, TR A IR R 0 A SR AL B . A RIUEAR P IR -

(1) B HbR

Jl DECLARE 55— % SELECT & ] & X iifhx:

EXEC SQL DECLARE <ij##3 45> CURSOR FOR <SELECT i# fi]>;

58 SRR — S VLA B4, XN 6 FR KR R A B R 48 3 AT SELECT 547,

(2) 4T TR

Fl OPEN #& a)45 € X HhssT I o

EXEC SQL OPEN <iif#54>;

I UebR S b L 2 AT A R SELECT 6], RS RINBEZ P X b . X i be ik
TREzRE, fREHemE RS RET RS —FKidx.

(3) R PR FRE IS AT R

EXEC SQL FETCH <jiff5 44>
INTO < E:A B> [<fR A k> < A B> [<fi 2 it>])-;
Hep EB RS SELECT A HirFIRERX BT — XN KR.

F FETCH & @30 Webn 46 51 0 U HERE— 4 5%, AR 22 pb X o A6 224 0 SN HH ok
REEREMEEFTH SO, B EHNAT FETCH & )32 KB 45 RE 4738
ATAbHE

(4) KAliEhs

H CLOSE &4 ¢ AR, BEIEs R & M2 vp X S HoAh BE I8 .

EXEC SQL CLOSE <{iff54>;

W bR % Y I 50 AS P A g R B A W 45 SRARAHIC R o (B4 5% A A0 v LA PR R 4T
EEiE s RAHEK R .

2. CURRENT ¥ #9 UPDATE # DELETE &%)

UPDATE &)1 DELETE & A)# 2 5 &3 0E, W RAAE SE BRI FAE %, W
w7 TR ) SELECT 5 A28 H BTG i 2 2 R s, A At — 254 HY 48 el Bk £
id3%, #RJ5H CURRENT &R ) UPDATE #! DELETE & )& i siMf% > . ‘B UPDATE i&
) ! DELETE &)+ 2 {7 f:

WHERE CURRENT OF <{iftr 4>




KA AE M B R R B — R i, B bR £ 1) DR

(51 8.1] ) UPDATE ji /&l CURRENT JE (1)

EE: Y#AFE L P4y SELECT # 4 %A UNION 3% ORDER BY T4, &R&iz
SELECT #8444 FTEXLT —AFRTEHHMEH, RAi®RA CURRENT % X#)
UPDATE % %) #= DELETE % 4] .

8.1.5 7S SQL

AT UE AR SQL #EA) P A A8 & . &) H ARSI RAEFHEEER, BT
875 SQL 5. #Sk AR SQL B ARSI —MEsK, (BEEELR FH ] G ZRIAT I A
RERL Tl & BARATH) SQL &), BMIMI4AAE, bt i A 3h7S SQL & AR MR tix 2 ) Al .

A& SQL ik A Vr e P fr b #E P int “413%” SQL #Ef). #hA SQL L FFahA4l
¥ SQL B MEESHEH LR, SRR IHMER SQL ERIMAEN .

1. FHSQLERIETE

FEFP R RS A2 SQL BRI N2, 1 AN JFUR AR 77 50 i A\ Bl i A5 &,
XEEMZRFN SQL BRI EEE. SQL iEA) 48 BYEF F T R 7T LA & AR SQL
B, RIESRIPAT.

[f518.6] GIEKEAZE TEST.

EXEC SQL BEGIN DECLARE SECTION;
const char *stmt="CREATE TABLE test(a int);";
/* SQL BRI EAE, WAL SQL i
EXEC SQL END DECLARE SECTION;

EXEC SQL EXECUTE IMMEDIATE :stmt; /* $1475h# SQL i&4) */
2. BEH
HFZHRE SQL EAPFHMAEILE, HHSHENGFS () XniZi B BIEEEIT

PREPARE & @) #E & F 7 & f1$h 4718 ) EXECUTE 4§ 5 304 sk A Sk se il iz A%
Qi 3

(1) 750 SQL &) 24

SQL M X EMEALEHEFSE ().

(2) #E# SQL #&%) (PREPARE)

PREPARE ¥ /r#fr & 488 1) SQL iR WA, BiEAH G HshESH A i iE
7, HFH<ERARR TR,

EXEC SQL PREPARE <iff] 4> FROM <SQL i f 45 >,



8T WU ME TR

3. ITEZIFAER (EXECUTE)
EXECUTE ¥ SQL &) th /M7t B804 2 H0R 48 Bl B0l 7 B4, 1E BRI
N AR
EXEC SQL EXECUTE <if 4> [INTO < ¥ 725 it #>][USING <+ A8 f Bl i >];
[$518.7] A TEST Hffi A jc4l.
EXEC SQL BEGIN DECLARE SECTION;
const char *stmt="INSERT INTO TEST VALUES(?);";

/*7 ) SQL ARk 4 A INSERT 0%/
EXEC SQL END DECLARE SECTION;

EXEC SQL PREPARE mystmt FROM :stmt; /* #E&iER] */

EXEC SQL EXECUTE mystmt USING 100; /7%, #5E INSERT & A)4di A 100*/
EXEC SQL EXECUTE mystmt USING 200; /*$W4T7i&%], ¥ INSERT B A AE 200%/

8.2 I#E{k SQL

SQL 99 Frfk 3 Fr ik FEA ok B AOMES, SQL W] LA FH R B4 5 o8 i S FE A ok 8
] LA R B FEE P R 4 B 218 5 k€ X o Oracle ] PL/SQL. Microsoft SQL
Serverff Transact-SQL. IBM DB2 ff] SQL PL. Kingbase ff] PL/SQL #fZidf2{L[#) SQL 4ifE
Ea. AV SQL (Procedural Language/SQL, PL/SQL).

8.2.1 TiE{L SQL RRLEH

HAM SQL M AR FRALHIE S . kA SQL ¥ SQL B AR AP RITIES, i
Bk = I sh g sc Bl #k . 24k SQL ZX) SQL M g, AN T it FE ki
) DfiE.

R SQL FEIFHIZEA LRI, Frf i fE ik SQL 2 r#l i R4l ki) . XLz
[EA] CAEARIRES, S DBGER— M ERE. B 8.2 £ SQL BRIIEALIH .

822 TEMEEMENX

1. TEENX
A4 BARAET [[NOT NULL] :=¥MaRER] 5L
ARZ HARER [[NOT NULL] ¥ #RIEN)
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‘E)‘L%‘Kﬁ{

END;

DECLARE
R, W, W, FEE MY AR PRATEE R, & SURAFAFAE */

BEGIN
SQL i 43, 3 2 LSQL MU il i )

P75 < EXCEPTION
S AL R 4

/g SCHIZERE, RS HAEE LA AR SR R ¥/

/* BB REAR AT IS SRR o +/
MFEH BRI, R R A E R IR SR v

2. REMENX

E g2 itfiMk SQL HepyftA 4ty

HEA BIEHEE CONSTANT:=#ExXKiAK
RSB LG —ME, I HAZEE A R 5 & A E A A RE s . R E B
e, Rk SQL KR [E— R .

3. I1EEA
B4 =Rk,

8.2.3 EigisH

iR SQL $2 4t T MR EHIE A, EEA KA HIE ARG EHIE . XEEAR
WA XA BEEEES (N CHES) K, XEAMMENNA. EEEHNES

5 BT S T WHRE VR

1. FRHEHIER

—iA =M K IF E4): IF-THEN i54). IF-THEN-ELSE &) RIHRE M IF iE4].

(1) IF i&4]
IF condition THEN

Sequence_of_statements; /* 41} Jg B i} 15 H) 7 51 A BEAT */

END IF; 1A R BB NULL i AH24 A, ffls 2~ —MEay
(2) IF-THEN &%)
IF condition THEN
Sequence _of statements]; PEAF R EBMATIE RS 1%/
ELSE
Sequence_of statements2; /%A MR NULL B TE A 31 2%/
END IF;

(3) HKEW IF &R

fE THEN il ELSE F4iEn] LAFEA4 IF 4], B IF &) 0 LUKE.



m H8E  HARIET

2. RIMERIER
i SQL B =FEH45#4: LOOP, WHILE-LOOP 1 FOR-LOOP.
(1) S5 A B P ERE 7] LOOP
LOOP
Sequence of statements; \ PUERAE, —4d Rk SQL A/
END LOOP;
2 BB PE R & 28 1 24k SQL #R42 it EXIT. BREAK 5k LEAVE %51 ¥ 45 WiE A,
PUFAE LOOP & ER g 7618 24 1 4 MR AT 45 R
(2) WHILE-LOOP {§#i& ]
WHILE condition LOOP
Sequence_of statements; 15 A EUR AT IR R 44 19 18 ) R 1)/
END LOOP;
FFIRPATTEIARVE 7 Z A0 8 SE T X R b AT SR AE, W SRR A B MPATIEER 14 A 118
FIFEE, B4 A g i ) kst 17 B 4 i AL s 48 —NE ).
(3) FOR-LOOP ¥ i)
FOR count IN [REVERSE] boundl .. bound2 LOOP

Sequence_of statements;
END LOOP;

FOR R IREAPATIEFERZ: 4 count BE AMEIAM T F boundl, REERENDT L
5 bound2. *4¥§ & REVERSE i ¥ count ¥ & A G ) I 7 bound2, R count &K
T4 boundl. NSRS MIPATEEHMEES, EMHATIEIAME, REEEPK (+1 -1
B count MR,  FEETHIWT A& AF -

3. FRIRALE

W R AL SQL EPAT ISt BRI NAZALFR FRPAE ™ 42 W B A Ab A T ok, 1RYE
F IR B L AT 7 AL R A

SQL AR B P il 55 S $ LAt A BE O oAb B T ), BSR4k SQL EH
PRIR LT E ) e AL BENLE . ARXS TR SQL ] H i 32 AT IR (5 B SQLCODE, iX
BRFEAAEMERD T . 58 EREREREN ST IR AT AR AL H .

8.3 FHETERIRZEL
JEFRAL SQL S EBAFM AT, Bldn &4 R 4 5. T AMRA0RIE &3k, [ S0t

RPAT I BB B HEAT SR %8, EABERAF R RIHAR A, A REAE Hfbad A2 4k SQL Heehif A .
RN R BRI, ENIBRFE REEBIRES, FOVFAEAF MBI (Persistent



8.3 TEfiEd MR i

Stored Module, PSM), AL ZifH, ZE1TEEH . SQL 2003 Fnf 3 #F SQL/PSM.

8.3.1 7Figidiz

At AR R i 24k SQL B M) 15 Hyit 2, XA I R4 4 1R R A Ji5 17 i 0 B e i
Zah, BUCRRE A fEME R, R RER AT,

1. FEdEsS

A A FE BT LA RS

(1) BHTFFEEEEAREBERATH SQL 15 7] AR FE 52 8 4E 1 K I A AT 840 i
AL TR, HEEiTCER, B T RS R MAT SQL &R A Mgz,

(2) FfEt R T 2 VMRS S 2 M E G E . &L R A R e B i ™
& RS AR R AL R 2 F S, T LLE R R B EEE RGRIT H P2
% SQL B HU AT B Aab 2 . RABA R ABREE A RIEE F b o

(3) F{EsEifi v R . T DR Ak 0 00 (932 SEFE 7 5 A7 il ik R SN 5008 P R 45 2%
o, HRXABEEEHRAZEH, WAFTEPEE, W@t T4Ey . S0
A A AR A I R B A L AR B R, RS SO A S AR

2. FRZEMAREDO

H P PR SQL G A GIEE . AT BRI ER 7 it 72 .

(1) GlfFiEdRE

CREATE OR REPLACE PROCEDURE i ##4 ([Z%( 1,2%02,..])  /*{Flid 2 i/
AS <id#4L SQL #h>; MAFERE LR, BB IZAF LR A R/

S R amE R B, EdEE, “dRE” EEIEERS B &%
i SHIIR[SH |, S8 2, - JHELTFRFRFARHNS RS EE, Lt ed
FIEIERR. vTLUE mASH. S EEmANml s, BRAsRASE, BTl
EZH.

AR — < F21L SQL Hi>, 45 4 M Al JATIE B 4 . <kt 24k SQL He>
LA L CATE 8.2 WHhikig T .

[ 8.8] AIFfF it fEsCIl FHEMIAH: MK 1 4 e Bk m 2| 2 4.,
Rk F < &%k Account (Accountnum, Total).

CREATE OR REPLACE PROCEDURE TRANSFER (inAccount INT,outAccount INT,

amount FLOAT)
1*5E XAFi#id 2 TRANSFER, HSHECHEANIKF . B . R
AS DECLARE /* EXTE *

totalDepositOut Float;
totalDepositln  Float;
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inAccountnum INT;
BEGIN /% R AERE K I ARA */
SELECT Total INTO totalDepositOut FROM Account WHERE accountnum= outAccount;
IF totalDepositOut IS NULL THEN  /* {1 4% i I f2 A7 2 20K P o 8 A7 3K/
ROLLBACK; [* [R5 */
RETURN;
END IF;
IF totalDepositOut < amount THEN  /*4 S0k P A7 34 2 %/
ROLLBACK; /PR
RETURN;
END IF;
SELECT Accountnum INTO inAccountnum FROM Account
WHERE accountnum=in Account;
IF inAccountnum IS NULL THEN 1R N P ARAEAE*/
ROLLBACK; ARG/
RETURN;
END IF;
UPDATE Account SET total=total-amount WHERE accountnum=outAccount;
(G BUE I AR, 2 A/
UPDATE Account SET total=total + amount WHERE accountnum=inAccount;
IHMEBE NI R, g N E/
COMMIT; IR R F 55/
END;
(2) PATFAELFE
CALL/PERFORM PROCEDURE g 24 ([Z% 1,241 2....]);
{ /] CALL #¢# PERFORM %577 N BUE At FE AP AT . 71t #24k SQL ., HdkiE
Pk 55 4% SCRELE L A2 fc b i LA A7 A i 72
[f518.9] MIKF 01003815868 %% 10 000 JLE| 01003813828 ik,
CALL PROCEDURE TRANSFER(01003815868, 01003813828, 10000);
(3) BB
A LL{# ] ALTER PROCEDURE @iy & —MEfig i 72
ALTER PROCEDURE i###4 | RENAME TO id#4 2;
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Al LA{# | ALTER PROCEDURE & #4ii% — MEE L
ALTER PROCEDURE id#£44 COMPILE;

(4) MR
DROP PROCEDURE id#4();

8.3.2 R#

AFEVHR KRB AR ) B EXEEL, FA 2P E AR SQL it & L. i
B R, FRFAMAERR. KA E AL R, AFZ b2
QT Ei=pres A T ayic

1. REEENERIER

CREATE OR REPLACE FUNCTION %% ([Z%(1, 2%(2, ..]) RETURNS <%%!>
AS <igF#{k SQL Hr>;
2. HEHMITEAER
CALL/SELECT M#A(ZH 1,241 2,..));
3. fEsEE
Al LAf# H] ALTER FUNCTION HE#y % —/~ H & LR ¥
ALTER FUNCTION jZ#4 1 RENAME TO idf#4 2;
AJ LAl ALTER FUNCTION 3574 1% — > B 55
ALTER FUNCTION %% COMPILE;

AT RS SHFEHEELRE, XERAHERT . FXARAIISERESE

HR[4] -

*8.3.3 IFE{L SQL # 8YHFHR

FHk A SQL —#, 7EFE{L SQL ik SELECT i f) iR —4&id3k, BILL¥
G R MBIZRET . JAEAREIZ RZICKE, B RER 55 REVT A, —A
Wibr5 —A> SQL 5 AU AR R K - 7E A7 i il 72 b wT LL g S i@ iH5 4R . REFCURSOR 26 BLjj4R |
WS RENFRS . WS CAE 8. ThAAd T, AFMERL SQL ki
FHIE R ATAZEN . RTRE, X RG2S B s 6 .

[B18.10] X —MIFfEidHe, 2 AT THEbR HARBUIAR  H AT i %

CREATE OR REPLACE PROCEDURE proc_cursor() AS
DECLARE

cno CHAR(3);

cname CHAR(8);
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CURSOR mycursor (leaderno CHAR(3)) FOR  /*{5t #]77 Z i #5 mycursor*/
SELECT Ino,Iname FROM leader WHERE Ino = leaderno;

BEGIN /*mycursor HERIZE leader % 1 AT S8 leaderno i3/
OPEN myeursor('L01"); [ E S L01 4T IFiEhR*/
FETCH mycursor INTO cno,cname; /*3KHX Ino ='LO1' (K13 b u 41/
INSERT INTO temp (Ino,lname) VALUES(cno,cname); /* Kb 7c 4148 A i 22 o %/
CLOSE mycursor; [* R RR*/
OPEN mycursor('L02'); 1A T 280 102 TE T FriehR*/

FETCH mycursor INTO cno,cname;
INSERT INTO temp (Ino,Iname) VALUES(cno,cname);
CLOSE mycursor;
END;
I FEAAFT FF mycursor J& KA 2R B FOUFARIC KA I it e b, 5 AT T B AR 2 5L
AN, I 2 R S S B0 T LO1RIL02'% [V ) learder icl3K .

8.4 ODBC &2

AATN AT ER] ODBC HeikAT Hodl A MR P it . /] ODBC %S N 72
PPl Ak ar, RERI V5 vl A [ i B e, L2 2 AN Bl

8.4.1 ODBC #ii£

A4 ODBC M5 B 2 A7 EAN A i s PR B R 4

Hal ZEHPRRBEEEHERAGG 2N, REXLEREHME T RALEE, B
G SQL #iift, BRARMRGEFHFZ ER. Bk, XN KRB ETHRE T REH
N IR S — MR REIEEER RS Fisfr, G BEERE. i, &8
1THE Oracle LM H RS EAE KingbaseES izfT, st {TEiBi. XME#ig
EEAm i, FFA N G0 R T MRS R X R AR RS R X A, 0 ——i#TE
O 7.0

BEFEENLE, FEVHAEFTELZEZAMITREEE I, Ui AR X REE
FEEMARA. Ak, ANIFEFRMTRERAFERXREEEEERAEN L, HRM
B, MEBEERS IR, REWSSEHL “HIEFEEIE”. K, ODBC Hi&N T kX
A (14 1) JE8L T 1 B 2 ) HY 482 1 A vk . ODBC A2 1k 24 ] FF IR 45 14 & ( Windows Open
Services Architecture, WOSA) A LHIEER — NAMIB S, BB T —4MiE, 3R
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{21 1y ) B8 FE #G B F FE 4 #2482 0 (Application Programming Interface, API). ODBC
HAWEBERAR S — HHEN IR, 55— 77 R REUE E T RN
#O.

8.4.2 ODBC I {EEIEH#iA

ODBC N A4k ALK 8.3 Fix, ©H 4 #atk: A NHEF. ODBC
IRFHFE P B A% . BORPEIREI R . BRI ok RAUE S RGMEURE D .

| mesmmmr |

| ODBC i iR ie s 1 |

| opBcEHBFERS |

Pt .

B R e | BUREEE
BBhEF1 SEEFR 2 B

Sl Sraiel DraE 7 IR e R | .
N wEE N
KingbaseES . Oracle SQL Server

E'83 ODBC W RLNMMAERE

1. BREBERF

FH P N R PR SR B P i N B R 35508 48 . ] ODBC J1 & 34 FE I FH #2 F
A, SRR R 0 2 ARk ODBC eR 3R SQL i54). )24 Fl ODBC API i #10
H5¥IREHATACE . £/ ODBC kI RN H RGM TR N ODBC MAHMEF, WHEH
WA

o HREREIEE.

o [ $dE I5 R 1% SQL WA

e 4 SQL iEAIPATE R Bofrf s in), & BT g ss .

o SRIUECHE P B 1R 45 R s AL A R

o BEATHCHE AL TR IF ) F P AR AT B AE R

o TERFZ IR ENERE.

o Wi IF S5 ER IR R B

2. ODBC ¥zt FEIEH

U RS P T % P O B % B K Bh AP . ODBC BRZNFE 745 BE 2% i 0k 20 w44, &



260 ESRIE - TE

f4#E ODBC32.DLL 1, Xf i/ 2E Y, &8N P MR E P2 (8 fE 5 . ODBC
UR SRR 45 T 52 1) BE ) e A0 5 354K ODBC WRBhAR ¥ IR RUER EMM ) FE . BB
¥EPE. A ODBC HAS &M &idk ODBC REMAASE, LN HERERIER
B3R BFEF B KR B

ODBC UK #hF2 FF-Er 4% v] LA . fic B sl PR BHe IR, FE 85 R G0 Al i 223 i Bdl
£ ODBC 27 o

3. BIEERDIERF

ODBC i i $4i8 22 K 3 F2 7 R 3R AL B FH AR 4 5 50k 2 °F- 6 B AT 4k

ODBC W AF A RE E BRI EIEE, AR MK b7 8 S iR a A
KRB PEAT B R 40 () ODBC SBh 2y, 18k i FH 9K 2 F2 13 Bt SCHRF ) BR BOR A7 BUBUHE 5 .
B PR 1 0 45 R AR ot IR B R IR (A1 45 S P AR P o SR R P B B AN [ e
MBS EEEE R A R PR T L.

H i ODBC Wzhfe )y E 2 R ML RPIE . R — R BdE AN A2 P e R —
S8 b, BRENFE BB e O B ORI VO $R4E, XIS SRENFE AR 2 T AR A A .
2 WK FE 7 372 P LR 5525+ 2 P B0 P AR 55 2/ 50308 e IR 55 25 55 I 48 B B8 1 I 3038
Vi), IXE SRR 58 RS FE U 1) 15 K R A RN gh R AR B, N R AR R KB AR T
PRAL 0 25 A BB DR PAT IS 1 45 B

4. ODBC #iFREEE

IR IR R R P BV B, ST B AL BB ERREGER, L
P ERER S .

ODBC %A i Il (1 %045 Y5 45 & ME— I BB Ui 4 (Data Source Name, DSN),
SR A LER. BRFREREGRERM. D, HEREL XA 4. RS
WA PUERNBAEEZ S . B P o A8 B PR R g s A B . W
& VL Kk ODBC WANFEF AT, BRI & H P 2 EHN.

B, A2 RAE SQL Server fil KingbaseES & TR EIEE: FRAFHHK
PR BEARI AR E . FRIE B RAE NI B E P AR, AT H @SR
NEAREEERE, NN TR FEAIE — /N8 U5 4 PERSON, PERSON &2 —4* DSN.
FRE, hECERFEARFECI @ — 140 EDU MBERWE. b, SE5 a8 —AN5dEEn,
HE L5 PERSON Ml EDU E#E W], AFECEMHMENETF . REBEHR. BiEES
%o FrUfETT &% ODBC ¥ FE N FIFE P B A B8 Y EIREH A e Z.

8.4.3 ODBC API E7%

BAEAEE) # R ODBC N L F4 #2810 (ODBC API) #5375 & 7 75 T i — B0k «
o API —3tE, AEHELO%. V1%, ¥ E2%.



8.4 ODBC % m

o TEE—FM, A RICMHRE SQL EES. b SQL VALK, ¥ SQL LXK

1. REEHA

ODBC 3.0 #rHESR{E T 76 k¥, KETLLA A

o HEFBBCIE M. EBEOWR. BN,

o EE K%L (SQLDriverconnect %5 ),

o 55 EHMEMEE (SQLGetinfo. SQLGetFuction % ).

o HHEAFEKE (41 SQLEndTran).

o PATHHEE S (SQLExecdirect. SQLExecute %5 ).

* % HK%, ODBC3.0##4 7T 11 4 %iH k%L, W SQLTables. SQLColumn 5. W fH
AT LAIE 3k 8 4 oR 200 R SR FREEOHE (5 R, WA BR . R4 .

iEE: ODBC FEMA LM B f RO RIH ZF76), EHELMEERAY
RA, B AT R #7498 Z ODBC 3.8.

2. WIFRERE o

AR 32 (L REHfE, AR 1M{EEE. ODBC 3.0 1 11
CORTTT LS W ERSE TR . SRR . R AT R
IR 4 %, XETARIE, AR A i
HLEH, X 4 BRI R M 8.4 Fs. L2

(1) %4 ODBC Sifi##/¥ i 4 L — 1 ODBC % Sl

B, RSO, FREIENEREE R, WK s N
BORA. HATHFECRALE . SAERE EAROES  wpp sgﬁv,ém AR
AN -

(2) —/ NIRRT L L E AN ERAW, B4
AL S — N B IR 2 18] (38 .

3) E—MEEP U LZMEAAWN, EARE A SQL iEf), LMK SQL &
A R AR UL B A RIS B %

(4) 7£ ODBC 3.0 42t T #iR fF i &, & =Rk SQL BRIMSH. 4RE
FIR T H RS .

3. BEEED

ODBC & X T HEHIARA, BI SQL HHEAKAIF C HIHAKA . SQL HIEAAAH T
YR, T C KA TN AHFERFH C AR5 B2 M S nZ 8.1 Fi~. SQL 3
#Eifid SQLBindcol M &5 RS iR EI 2 N FER; WHE SQL EASHSH, NMHE
7 AN S 308FH SQLBindparameter, FAEE A4 E BN AL FAE R . N AT LUt
SQLGetTypelnfo K IKHUA [7] ) 3K Sh 2 7y X6 T Hd 2 Y i S R o

B 8.4 NHIFEIFE)REZ M6



8 HUEFELNFE

F 8.1 SOQL BTN € FE LR = @ ayisitan

SQL %2 C Hffsemy

- SRR

SQL MOl KA | IR 88 g?ﬁzﬁi’fﬂ‘% A
cngrn | NERRIVT BB AR | (oo ey e

A5 H (SQLBindcol )
8.4.4 ODBC B TL{ERE

{# /] ODBC (¥) . R4 KB AR FE P 8.5 Fiz. T~ 1K 45 & EL A It B F 2 1 ok
- 4E {4 Ff ODBC FF & N FH &%k .

[f5 8.11] ¥f KingbaseES (4% Student & I 5 %17
#| SQL Server 4 .

%Y FH 7 B P A AN (6] 1) % 22 550408 e B R e h R BUE U
A 48 ODBC SR FF A Iz IR B e o FH e I o O 43 1R
¥ (SQLConnect) 2%, AT LAERA [F) G 78 B 45 7 3R
SRR BNFET, ERH BRI .

EN AR FFIZATHT, 47 KingbaseES 1 SQL Server
SRS T Student XFREK. MABRFERITHREL: £
KingbaseES 4T SELECT * FROM Student; f3RHY )45 %
£, 8L £ RIMAT INSERT 5 AJ4fi A F SQL Server [ Student
R,

1. BEEHURER

P B B IR A B R

(1) BATHIEFHEHE T ERTRCE .

(2) i H Driver Manager #2{}£[f) ConfigDsn £& %414 il .
A6 A S R AR U o X VAR AE T I FE AR A B
Ik s 48 Y ) 00 0

[f58.02] RAE—Fhik el EIRE. FohE RN R
KingbaseES M SQL Server, J7LA7 A& L F A EEYR, L E4 b KingbaseES ODBC #i!
SQL Server. AN[FEMEKBNAE miRHE T AR AR B B IR R, B S B AN SR R 0 B ik
MG . FRFFIRES R .

#include <stdlib.h>
#include <stdio.h>

4 8.5 ODBC [\ ILfE#ife

#include <windows.h>
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#include <sql.h>

#include <sqlext.h>

#include <Sqltypes.h>
#define SNO_LEN 30
#define NAME_LEN 50
#define DEPART_LEN 100
#define SSEX_LEN 5

int main()

{

/* Step 1 E AR */
/*L) king FFk %78 A2 1EHE KingbaseES (142 i/
/* LA server T3k (275 2% H: SQL Server 25 &%/

SQLHENYV kinghenv, serverhenv; [*ERBEF)RR*/
SQLHDBC kinghdbe,serverhdbc; PRI/
SQLHSTMT kinghstmt,serverhstmt; 1B ) AR
SQLRETURN ret;

SQLCHAR sName[NAME_LEN].sDepart{ DEPART LEN],
sSex[SSEX_LEN],sSno[SNO_LEN];
SQLINTEGER sAge;
SQLINTEGER cbAge=0,cbSno=SQL_NTS,cbSex=SQL_NTS,
cbName=SQL_NTS,cbDepart=SQL_NTS;
/* Step 2 VIHRALIAIE */
ret=SQLAllocHandle(SQL_HANDLE_ENV,SQL_NULL_HANDLE, &kinghenv);
ret=SQLAllocHandle(SQL_HANDLE_ENV,SQL_NULL_HANDLE, &serverhenv);
ret=SQLSetEnvAttr(kinghenv,SQL_ATTR_ODBC_VERSION,(void*)SQL_OV_ODBC3,0);
ret=SQLSetEnvAttr(serverhenv,SQL_ATTR_ODBC_VERSION,(void*)SQL_OV_ODBC3,0);
/* Step 3 BESLIERE */
ret=SQLAllocHandle(SQL_HANDLE_ DBC kinghenv,&kinghdbc);
ret=SQLAllocHandle(SQL_HANDLE_DBC,serverhenv,&serverhdbc);
ret=SQLConnect(kinghdbc,"KingbaseES ODBC",SQL_NTS,"SYSTEM",
SQL_NTS,"MANAGER",SQL_NTS);
if (\SQL_SUCCEEDED(ret)) PR SR IR [P R/
return —1;
ret=SQLConnect(serverhdbc,"SQLServer",SQL_NTS,"sa",SQL_NTS,"sa",SQL_NTS);
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if (!SQL_SUCCEEDED(ret) ) R S U R [A] R AR/
return —1;
/*Step 4 VIHALIE G FIHR*/
ret=SQLAllocHandle(SQL_HANDLE_STMT, kinghdbc, &kinghstmt);
ret=SQLSetStmtAttr(kinghstmt,SQL_ATTR_ROW_BIND_TYPE, (SQLPOINTER)
SQL_BIND BY_ COLUMN,SQL IS INTEGER );
ret=SQLAllocHandle(SQL_HANDLE_STMT, serverhdbc, &serverhstmt);
/*Step 5 BIFI 7 AT IERIY
/* T e A S EBIER) %/
ret=SQLPrepare(serverhstmt,"INSERT INTO STUDENT(SNO,SNAME,SSEX,SAGE,
SDEPT) VALUES (2, ?, 2, 7, 7)",SQL_NTS);
if (ret==SQL_SUCCESS || ret==SQL_SUCCESS_WITH_INFO)
{
ret=SQLBindParameter(serverhstmt,|, SQL_PARAM INPUT,SQL_C_CHAR,
SQL_CHAR,SNO_LEN,0,s8n0,0,&cbSno);
ret=SQLBindParameter(serverhstmt,2,SQL_PARAM _INPUT, SQL_C_CHAR,
SQL_CHAR, NAME_LEN, 0, sName, 0, &cbName);
ret=SQLBindParameter(serverhstmt,3,SQL_PARAM INPUT,SQL C CHAR,
SQL_CHAR, 2, 0, sSex, 0, &cbSex);
ret=SQLBindParameter(serverhstmt,4,SQL_PARAM _INPUT,
SQL_C_LONGSQL_INTEGER, 0, 0, &sAge, 0, &cbAge);
ret=SQLBindParameter(serverhstmt,5,SQL_PARAM_INPUT,SQL _C CHAR,
SQL_CHAR,DEPART_LEN,0,sDepart,0,&cbDepart);
1
(*$AT SQL HEHJ*/
ret=SQLExecDirect(kinghstmt,"SELECT * FROM STUDENT".SQL_NTS);
if (ret==SQL_SUCCESS || ret==SQL_SUCCESS_WITH_INFO)
i
ret=SQLBindCol(kinghstmt, 1, SQL_C_CHAR,sSno,SNO_LEN,&cbSno);
ret=SQLBindCol(kinghstmt, 2, SQL_C_CHAR,sName,NAME LEN,&cbName);
ret=SQLBindCol(kinghstmt, 3, SQL_C_CHAR,sSex,SSEX LEN,&cbSex);
ret=SQLBindCol(kinghstmt, 4, SQL_C_LONG&sAge,0,&cbAge);
ret=SQLBindCol(kinghstmt, 5, SQL_C_CHAR,sDepart, DEPART LEN,&cbDepart);
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/*Step 6 AbFR 45 T IFPAT TG 1 R HITE AT/
while ( (re=SQLFetch(kinghstmt) ) !=SQL_NO_DATA_FOUND)
{ if(re==SQL_ERROR) printf("Fetch error\n");
else ret=SQLExecute(serverhstmt);
i
/% Step 7 1 ILAREE*/
SQLFreeHandle(SQL_HANDLE_STMT.kinghstmt);
SQLDisconnect(kinghdbc);
SQLFreeHandle(SQL_HANDLE_DBC kinghdbc);
SQLFreeHandle(SQL_HANDLE ENV kinghenv);
SQLFreeHandle(SQL_HANDLE STMT,serverhstmt);
SQLDisconnect(serverhdbc);
SQLFreeHandle(SQL_HANDLE_DBC,serverhdbc);
SQLFreeHandle(SQL_HANDLE ENV,serverhenv);
return 0;
H
2. #aHERGE
TR B MR KSR AR ORI, BT AN i B O 8l e B R SR IR sh AR P ok
BEATE B, T2 B Driver Manager KT HIFRCEI BRI B3NN AR il 8 A E
2 0R) B0 B AN B4 U 4T % B2 S5 . Driver Manager A i I BT V& i 9K 3h F2 F b 9
SQLAIllocHandle > EL 1F 43 B #5553 A7 FO K4 4544 o
3. BiER
N2 H SQLAllocHandle 43Pt iE#7)4%, i#id SQLConnect. SQLDriverConnect
&% SQLBrowseConnect 5% %45 . HF SQLConnect /2 5 . H &R ¥, MASEH
P B AF B IR 2 FK . Al ID AO 4. A4l KingbaseES ODBC A #(# Ui 4 F, SYSTEM
QP 4, T MANAGER A F P8RS, R RGN P 2 ME KNS REK .
4. HBEIERIAWA
FEALEAEST SQL ERIZ AT, NMAREFETE S Lo —MEA AW, EaOWESHE R
R SQL ) LA i H ) 45 AR SEAE R o 7EJ5 T BT B 8Uh , B A AR 2 4 IR
Z¥. AHlhSETHNERGWH, — XM KingbaseES o GLHUHHE 7= £ 45 R
(kinghstmt), J3—/MHIK 1 SQL Server i AZ(# (serverhstmt).
I FAFR P o] LA SQLtStmtAttr K B A @M (tomT LUE A BRIAED .
5. }17 SQL EF]

N AR SQL WA aNAMFP: FikbH (SQLPrepare. SQLExecute iEHH T &



mﬁ' 8 B B EE

A2 AT BRE BT (SQLExecdirect). W SQL FRISH S, NHBRT HEA
¥ Fl SQLBindParameter, FFEEAI140 % 2N FHRR AR & . IXAE N AR T DU E B
2472 7 R 2 v X £ P 5 AN T ZE AR TP B AR X028 SQL 8 ) (¥ B A AT o B8 T R AR 1 U
SR YEVE R BRIATAH AL 2

(1) STFHLEREMRIER (select B Sm H R ¥, WHEAT 45 R,

(2) X TBAGREN R, A LA B B A FH AR V8 ) R AR 4k SR A T B 01 ) B2 SR T
T ORIRPAT I WRATED Z Ja4R840AT -

ZEAGIH, i SQLExecdirect 3KHY KingbaseES R {145 4L, FH 45 BAEMIE 54
Ii] (R B 2R B e B FH P FE R R v X

TERR SR N K T g i n 7, B 5EiE L SQLPrepare KAt SQL &), RJE
HR—yIg5 e B H P gEMX.

6. GHRENE

N FH R AT LA iE SQLNumResultCols 3R 45 A P 5114, it SQL DescribeCol
52 SQLColAttrbute pf ¥R IRINEE RER M AR IR, KEFEE. L EWwE
X T S B ) R 8O T LA WS Y

ODBC H i Fil Vi b > Ak B 45 R AL B . Wb vl LA43 & forward-only % 4% F1 A] 8 3))
(scroll) Yff#r. Forward-only Jifhr - BEFESS RAE T M ATES), B /& ODBC HIBRIAFIR AT,
A[EEE) Cseroll) Jibn X AT L4y A A5 (static). zh#& (dynamic). 355K5) (keyset-driven)
FE SR (mixed) 4 Fh.

ODBC ¥ b (94T FF 77 A A Tk A 3K SQL, A 2 8 2075 B i & R4 8 3h 7= 4 —ANiEbs
248 RAERIRIAE sy, Webnds ) 58 — 17 i 2 i . M A FERPiid SQLBindCol & #)4 R
g BN R ZM X 4, il SQLFetch 5i/& SQLFetchScroll KA aiifbrFR N 45 B4
HE—ATHCE « 0 T a0 BRIX ISR I B R, 24— AR XA R LLEG P B i i,
] LA it SQLGetdata 43 % X 3KHL . )5 il i SQLClosecursor 3K 2% i #x o

7. AR AR

WPREER G, NIRRT B eRBOE AN, R EREUE BRI 5 5 R 55 4%
Wi I, f5Ja R ODBC Fh8i.

*8.5 OLE DB

X %R 5 ik NBUHEE (Object Linking and Embedding Database, OLE DB) &%k
2 AR H PR IR P S U i) A

1. f+4=2 OLE DB

OLE DB &% T4 X 4% (Component Object Model, COM) HJj jin] & Ff K Ui
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) ActiveX [l D, SHRAET R EE K —Fh g —F B, i AVE R SR A R
Jnfi. 5 ODBC #1 JDBC 2648l, OLE DB 3 HF (%0408 U5 o] LA B0HE 2, thm] BU& SCA
SO Excel #%. ISAM 25 & FloA Al #% X (B E 77 4% . OLE DB ] LA7E A [R] ) #c4h5 U5 b
HEATHEHMe . B P EEITFR A R A H OLE DB BEATHUE U5 ) i, AN 260 KA R S
fI7 18 p i

OLE DB £ F#411f (Component) M@ ¥#i&, wit&fbadEsED, 0 COM AHxt
S AL BT RN AR ZH . &SR EE R RIRSETHE, FRTFERK
PR, SEBLIX LRSS . OLE DB A4S 5t dR bR e (& MR ). B #
R EEE) FRS A (AbBAEEEE, i b2 85 FliEhs 5% ). OLE DBEE T
—AN%E$: ODBC ) “HFR”, XTELA A& Fl ODBC 2% 7 Y H4i e Bk sh 2 Fr 4R A1 ST 8k

2. OLE DB By45#

E 8.6 & — 4T OLE DB A R& M @it /P 428! . OLE DB (A R4 f
W& (consumer) FIFEHPLE (provider) BHF4r. 71 938 il ik $2 (& mT LA U o) A K 1
PR, PRGN U7 i) O R R 1 SR B %, 3% & OLE DB (LR, 2
fliif OLE DB ) —A> £ F 30 S . FFRA B EZAE A OLE DB #2438 S SE M A

() HwE '

OLE DB )7 %% # | OLE DB #2fH:3& $2 £t 1482 11 U7 ) F08 95 £5045 10 7% 7 o . FH A7
A T E. 7E OLE DB 5£¥i9, OLE DB 41144 5 th o] G Al 28 177

(2) fRtE

OLE DB & HE3 J2—A>th COM 414 #4 R (1 B vy [ e A, A7 -5 R A g 9 8 1
FAFEFFZ 18], 1) 99 2 8 B A v 008 B0 £ &5 b 01 o $RBIE R B R S AR A 3 I iR
RAEE .

© MRt xR ftE B SR AEdE, il OLE DB #NH RS, NTFE
RIS I 1) E Bt 3E, REREEMMBENELG M. —DNRSILALE L AT LRI
il AR 45 AL BRAL (4 & e BT IR AIR 5 414« Ebtn, 76 OLE DB fA &, Wikrlik%s Ccursor
service) ff f&— AN LAY (R R 55 AR .

@ BB . KRR UE A O B Il i B DR R R R B . B K
BT At IR 25 S OB S ROTR L3, B ) v SR SR LR

#4h, OLE DB 2.5 &5 AT —Fh CR4¥§ (document source) $AEE, AT H K& # L4
JeFNSCRY

HMENTHERRE 2, HrTRetbEF s, 0 ARRMER, A4S T LR F R LG
Kol , AT LAZESLE AT B 4R . AT OLE DB 3244 # 0 254 A K dis 126 BT B2 5K f) 5% /)
Thie#E D4, ATELFF4E OLE DB £, B8 10 40 mT 2 11 {UF SRS L B hn ol
A, $Em% MrE. TRELA AT B2 CERR AT Ui (o brdE Rz O .




m 8 # AR

L
pid B g
Hl i P B T ] i
- ‘
@ . |
I t 1
i ( ActiveX ¥ %1 %(ADO) |
| 3 :
| [ MREESEAREEOLEDD) | |
Bl 110 ] B ;
e |
| Lo henh ARTER N | |
|
| MR K7 .
i [maam ﬁwam] 514 l |
| [}
! ! 5 7 i
) |
L L OLE DB ] ,
|
: | |
| ‘ |
ODBC/ :
e ERED
}L B ;
[% 8.6 < OLEDBIEA LR L

3. OLE DB #f2ia%5)

OLE DB %t COM A S E AR fl— 4> SR8 U 1n] A B dn A AR B BT 5%
VAR ER ¥ B vy i) HdE, thAR AL & AR (deliver) 4. OLE DB 4 FEti B Wifl: Rowset
FEAYF Binder #55%!. Rowset %245 %Y B B4B U8 b (O B L i S, R fit 3 LLAT 4
(recordset) &R A 44fE . Binder ZaFE A AY 3 B FH T4 0t 3 AR AR vE R AR it oL,
X OLE DB KM Binder ZafR 804 — N4t — % IH 275 (Uniform Resource Locator,
URL) Hl—4> OLE DB X SAH KRS 5, FF7E 0 B G 8 2 IR G5 H 0] 52 .

*8.6 JDBC fRiE

JDBC J& Java [T <& Sun il 1 Java Z048 FEE B R R FR, & DBMS 24t ¢
TCEEERN B R . IDBC 78 M I FEFF o 45 FI A ODBC 28400, 2 Java SE3 5508 e 1 il
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(N R P gm B2 11, B 237 4F X/Open SQL CLI ZEfitt | (1.

JIDBC 1 [ 5 (3% DbniE, — Ml BB ) mifedt. B EELE
FETAE 4 e h i Bt , Wi % LT — RV S5ER ERGIHT A TR MED . it
B %, NFAR AT LLSE RS B0 E 03 RE . AT SQL iEA) . MEHE FE IR A R 3K
BURES RS B RIEHS AR,

JDBC 5 ODBC 1L, &4 Java F/F 4t 4 —. AR /E SRR D . B2h
S B I P P R T E P AR U A A BB AR P, FE I A AEH] JDBC 4w AR AT LA
KoL E BIRAE B R BAN T K= dh, Aide e TREFERE. RERSG LT
IEWRIIXBNFE R, JDBC N FF2E 5L AT LAV ) FEAH O 0 08 2

8.7 M S

REHM T A ERRE T A REERTRAGER.

# A\ R SQL 4 SQL & A S N\ 2| ¥ M & & iE 5 . SQL &4 il 7 B IE 5 o ty 3438,
EFEFHAREFNBRFAZURREARESRA - F I LE, AABGLEENBATYE
RE REIE 2N R E K.

SQL 5 XE s EAFRMBBAE S X.SQLET M ELH, TEIES L@ HILRN.
Bk, AKX SQL Al kthAX A MAFRHLET X, ZEEHFNIBMES, 20 KT
K45 SR B AR

AEWM T IEML SQL LRI B2 SQL mEHFR B T X B, HiEd
B EXEMEHmEMENEFRERBEERS BT, EMRES, EPIARSFEZ
By EfE BN, TUEPEGEE, Bk ZEA.

AREXLEA T ODBC By THEFEHE A T, HEAN4 T OLE DB 1 JDBC. f# il X
BREARGEONRARF T SHEMEE, EHT I TENRIEE, X SARERE. #4
40 E BUR o 0] 6 3 4 54 K F B K IR

J &

L. FEFIRA S SQL w2 A - IR FE B FE b i R 52k F iR Th g

(D FEWR-TTRENGER. EE R a P ERFE TR e, Mgy,

(2) EWEBR TTRROERER, EEaKRES hH P ERFETER P iEE, BEXERE
TP R P R A v e A T B

2. XMEAE-IRRREAR R B AL R, SERCT iR Th e

(D) Gt BECA RS, B & 2 BT A .



(2) GHERE— TR ST

(3) WP R RSN E 2 HISC SRR (B AL B. C, Dy E) &

3. {#iH] ODBC %05 N HFR Sk % S 4 B PRt AT 5 Fh Bdl 41 -

BEEFANAFROBIER, S5EFEEH N FXREAEEEE RGO EIREE, X 500800 1T
k. B, ¥ KingbaseES HiF PR KA b I BUR ## 3) SQL Server HiE FEHIE P

SN

X6 TFEigiE

FRAR AR SR A PL/SQL 4ifiih &, ¥R PL/SQL i & Bt BB FEF L AE . H P BE X%
AR vk . FEARAE SRR A B ORI X 5 SRR . 4R FIA] PL/SQL i & BEAT 5048 FERE I it
MISEARE R i, AeSREME ] PL/SQL i85 Bl Ar i B2 B s SCRR B0 it 72 A ol ot B0 14
KT WEERBFE

78 R 41 Lo 3 S ) B0 E 1N T &2 $%11 (i ODBC. OLE DB Fl JDBC %5) (5 A J5UER A 15 i,
/0 RS A P — b 2 A R 2 N L R T LS R A ) HO R P S P T AT 046 e T 0 e O e
F BRI . B BIR ERE (. B BRRRE WS, XM EERFEERS. ¥EHET ODBC
IXZ)AN JIDBC IE3HHEAT H0E FE R FH FF R B AR AR AR Ay i, 4R 70 & AP 8O FE B O T BT BB P e
X SRR 5 R B PR R A SR (R i
T8 HRERITSRAAFEAEL

SR IE B PRV R iR, O RN T B AL R — A B N R . RREBET R
ANEITER AL KN TR, W RGEA T, KR R RS R G Th RE W TR AT SR A R, SEBL—
AN ERMBARE N RS RN AR R . B 5~6 ML R4 — MR, AR %%&E
AR (. HESHA. SWETER. REAMIA. RERIHR. ZEFRL. REIR .
PG RGO MIF RO IR RGOk B RN R A FEEE . |4 NLEET 60 200l A
B, UHIRBOH AR, BURRAEAT, TR TS A M.

AEZEGE

[1] LR R ER P B R G P (A F i

[2] ZHERIK R EE A B R G s T

[3] XF Java 1 JDBC, ] Z M4 java.sun.com/docs/books/tutorial, 5[ A MSDN (Microsoft
Developer Network ) L3R5 41 ¢ (1 % 4k

(41 E, KK BHEFEREME CERBO LRIET 5B, L RESEH R, 2014

[51 EH#, sk, FRF, F. BAEFEEARSNA. doat: BEERZEHREE, 2005.



AE R EE IR Z % F AL FF 58 260 R A A fe i ah 4o iR,

AGRBOIEAE,

F9FAZ BN ERENNIL, AREOLERENRMLGERBRE. FTiER
FEAK.

F 10 FHBERKRIABRK, NEBEFOEAABESRFFOMA. HRIIEEZ LA
BB BATIR A R R A ik

%11 FHAES, NBHFRBATIRERMIE R - FA, TR EH L
PN i & MR Er e

B REHBAETRLAG, HAMBETELAGHEARDE, RALMARIEHTE
RIAR., AETUAHRZAZR, HiEF—FFIHEEAFETINERIT T A8,
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B\ XETHLEMTEMRL

ABNHXRBIEENEBLLIE (query processing) FEfIfE{L (query optimization)
AR, BANMAXREE EEE RGN TGP, RENMATRNIEAR. TRtk
— AT R B (BARCZEML) B (BFOVIERBIL) . BN RE
K ARERE X FIAL, Wy 2R O0A ) 2 F 0 o A BB A S 2 A L e B AT DAL
AT PRSI E AR TR A, HEMEEEAVID THXRYEEEERARE N
REFRRIEATE, REREAMBS, FEARTTEMER, AHEEENHIF PR HE AR
FARR S AR RG] T AR,

9.1 XARIEERFNEGLE

B AL B R R B R B R A PAT EWIE A SRR, RS RIEH IR KRR
P B AR R BSOS BT IR

9.1.1 ZEHAELSE

KEBEEEH ARG EMGIT LD 4 B Bl EliE. Eiitiem
BEWHMAT, 9.1 Fiar.

1. RS

HEXNEWERRATERE. AR AEES . AEREQTRAIHESHS, W
SQL KT JR LR KR A, AT AR ENER T, B AR E#HE A 2515 & SQL
AN GURBA EEE RN TR, &R S & AP B R R .

2. EgHE

XFE VA B WTE AUREATTE SR, BRI B 7 A SR R R B TR A P 5K
WPER S, WRARAL. BHAREAENT R RV A B, 0 A0 AR
A AL B A SR A e e o AR A . 0 AR O 7 S P O PR AN SE S 2 R



m” 9 #F LR EWAEEH B

5E SO PR P I AF B R BEAT R A o 4 SR 2 P P A A e 1) A PR B J T e SRR 2R
AR AT IZ B W . 245, X R E R A RV AR E . Al )5 4 sQL
EMIE AR A RR, BENHXRREBFIER . XA DL P EEHEHE X S A S
LZWREB AR R . RREIREEH RS —RAEHERR (query tree), WIKANEZES
Pt (syntax tree) KR JEHI K RAEEREAK.
ﬁﬁllﬁﬁ
Y
o

BT
s akR

| #ifghf(query tree) |

__________ b
3 /

Y
EWHRORITRE
B 0.0 1 A A A

3. wEiafiik

R TS VFL A LR SR PAT SRS AR SE, B Ak 25— i R
ITHRIE WA BN . WA 2R . IR R ZE IR — D 2 Pk 2 AR
F IR . AREIRARTE X RRBEREA XA, B — 2 R, 8t 2% R 48
HREXATEN LR, SBERBREPEENKFRAE, EEARITESR: W
DAk )2 8 A HU I A2 RS2 BV S e B o R R (RO HE AT LU 2 20 Crule based) (1,
AT LI TR (cost based) ), #EATLLZH TiE X (semantic based) ).

LB KRR EER R I E RSB TGEEEH TR, LIRS R EFI
AWIBR

4. THHIT

PG 2315 B 0PTSRS AL R B BT R, AR RBEE B8 (code generator) 42 hK
PATEADEW RIS, REMEAAT, FlEE LR,



9.1 KARHIEFERAN S ALEL N

9.1.2 EMERREATZRHI

A7 ] B A P B R AR R B B SEIR B, MDD R BB . MR R
LRPATIISE, KB AR EER LA EE, T AL E SRRl SE AL,
A NMBIEFES T R R B EEER A LI AR

1. ERIRERYEM

93 R OLNHT SELECT B3R KIhRE, SELECT EA)HFLEI, Kbt
ISR REAL S AR R A . ANk — ARk, T THT LA 187 B2 A 3 3R 4 A Db il A1 28 B 2R R SR
Ji ks

[#519.1] SELECT * FROM Student WHERE <4t % ik >

X <RIBS JLFME B

Cl: T4t

C2: Sno="201215121";

C3: Sage>20;

C4: Sdept="CS' AND Sage>20;

EEEERW E—N KRR, —BRHASRAMEERE TR,

(1) FfFeRHPFE: (table scan)

B AT LAE I A AF o M, SRS T

@ MY RFEE Student () M BB R AE.

@ BMEANFEREANITCH ¢ R ¢ R R, W o

@ Wi Student B H ALK AL, EEOMO.

SRAMBFFZRATERSKNGE DR 18 ST LUELT, mESHIR . T
BUNRIR, XFMENERRA M. A TFRBRRIATIFER, HiEFER (W ELHN
TCAE EERALED BARR, XAFIEBERIRE.

(2) Z5|H#H % (index scan)

WA B M B RS (Bl B+ &R 5|5 hash &3], AT LAH &5 =512,
IR G E R BN KA T4 iRE, FE TR AE B I A R PR E o4 .

[#19.1-C2] LA C2 Afl: Sno="201215121', FH Sno EHZES|, WA LAMEHERSE
Sno 4'201215121' JuélFaEr, ARG L4 FRE7E Student KPR R BN %24 .

[f9.1-C3] LLC3 H#l: Sage>20, 3 H Sage L# B+#ZES|, WA LMER B+
Z 914k %) Sage=20 IR G, LA A A O ASLE B+ ()5 54 13 3] Sage>20 A 7T
HiREE, R ITIXEETT A 54 B Student PR R B FTA R KT 20 (224,

[$519.1-C4] LA C4 Jifil: Sdept="CS' AND Sage>20, 15 Sdept il Sage F#H X5,
—FhEE R, 4B L PR 54k B Sdept="CS'i— L LA 455 F1 Sage>20 1955 —417T



276 |oE R AfTALBER A4k

FREr, KRIXPIAIRE A2, 3 Student RPR, MBI HEILRFR KT 20 1
S,

LR, $R3] Sdept="CS'H— 4 el fEl, EilX Lo FEENF] Student K P
R, HMEFTHRE S kLM (W Sage>20) REWE, 0L &4 THE
&l R o

— AL, MIEFRRECN, ETRIIMEEERER T ARAMEE. B E
SR, Bk, S EERATANSMREERINES, XNETRT| LR
B EIME A AR . BB TR, S bxt B+ RS i
£, XGRS, M BHRHRES s BT 45 iR LA 4 S ESIT — IR 1O #:1E.

2. EEIR(ERISEIR

R AF R A i AL B 5 R R B RE R R E 2 — . AT EHET TIN5,
R T —RIIGEZE. AR, XEESHFEANASEEE (RAREE &Y
R LRSI AR

[#519.2] SELECT * FROM Student, SC WHERE Student.Sno=SC.Sno;

(1) HKEMEIHAFIL (nested loop join)

3X S B3 18] B AT AT A B0 . X AN R ER (Student ) 4G — o4, B W EEFR(SC &)
PR Cd, HFREXWA CAEEREYE (Sno) FRBEHE. WRMLEEEMN,
W R VR D 25 R, HIENEEA R P TA L e 1k KBRS EEE, 7
S o SR o B A O 4 R BR B AN N TE, AN R4 BT AT 1O 1. IR
A2 B ] B Bl PR PR B e, T DAL R A4S AR S B E A I %l B 1 .

(2) HeFp-&3F5% (sort-merge join BY merge join)

KR EERT NSRS, THEES 5EENERCEHT T

FAHEFP -G H R D R

O MRS 5EEMOREEHEF, BH5x Student FHI SC FHHERE B Sno HEF.

@ HX Student FHEE— Sno, KK SC K EAHIF Sno MITCA, IEEA1ER
&k (k9.2 Frr).

201215121 =+ [ 201215121 192
201215122 -+ b~ [201215121 2 85
v | N0 201215121 3 88

201215123 s
S M201215122 2 90

201215125 ** ,
: 201215122 380

B 92 &gk r g



92 RREGRFERSGN SN e

® M“EH#iF] Sno AHFHIE—A SC Judlif, R[] Student R E M) F—Ic4l,
P4 SC & h BH 4R Sno T4, ENEBRXK.

BE AT REP Student K.

IXFE Student A SC KH R EIH— I T . 248K, WMRBHANRERTLF, AT E
Xt PAS R R R . — ok, AR, SeHE BT -& R E R EERIT
B, B RS R A

(3) Z&5|%# (index join) F ik

&G EREEIEP R

@ 7 SC £ EB4 & T EM: Sno ME5|.

@ X Student F4F—A G4, H Sno B SC HIZR S| EIRAHMN SC JT4l,

@ ixLE SC LM Student TCAHIEREHE K .

EHFMATOG, HF Student T HITTALLISEH 1k

(4) hash join 5%

hash join S R A F S (EERNE L. CHEREEIEEN hash 15, H[F—/> hash &
$t Student F A1 SC FrP (I LAMFIE] hash £. $—%, KHMEB (building phase),
WA I B, ENGIEE hash R, SAFEDITLHME (W0 Student F) HEAT WAL, I
‘BT % hash BR 3 Chash 79235 B @ M ) 73 (5] hash RAIHH s 58 =25, KK Bt (probing
phase), HFRAIEREM B (join phase), X5 —AF (SC ) AT AR, 8 SC KT
H 4% [R— hash EA%L C(hash A REREM) #HTHEF, $£PEXSH hash #6, FF4E SC T
M 5HPoR A Student £ IH5 2 AHITELH C4ERRE K

LTI hash join BVEMREPIANER PE/NMARES — M BUS 7T ASE ST W AE[) hash
. AT EIXA RIS AFM hash join Hi%E LK% SOl S IEIES AT SCIR[16]. LA
RS SEAR T LUHES T B S — AR B AR AE RS L

9.2 XAFEERFHIEBA

BWRAEXRRBEEREPAEEFEEZNMA . KRBIEEREMNELELLR
SQL Z Fr LAREWS IR ER R T, KM\ M TERRUBERNKRE. XRERRALE
Wi SR 2 J5 0 P B R ek RE A SR B R 3R

AT R R RGUR B R PR SENIB. FriBshiRRIEXR R RGN TIAS A iz
FIPERELAUEAT E WAL . BT RRLIEXME LIRS, FRRRETUNXREE
AT EwiE S, RO T HATERRM R TR . XEoh KR RAEAEMERE LERIE SR
HAERR ARG T LA
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9.2.1 EifffiLdtid

KR RAM A M RAEE R X REE B R SEIR R EAR, NERXRRENRA
Fife. EwRde T H PSRRI fE . P RER M “ TAHA ", ALIEH“BAT .
St FAEXRREPIHI: HAEAERLKNESREEAER, ETHRTAFER
I HRAE, ARRAE BB e AP T AN H R GERRE [ . BRI P A T AR AT R AR
RETIRA P IE PRI T B, BWRCR P BAFBURMS e . iR P T
A, RIS TCVEXS N ASGHE . X8 EE Sk A A 80 0 B P B R AR e v
Ko

EWRALEIE A AE T H 7 A6 75 18 0 ] S -t 208 20 LA SRS AR N 28, i L
FETREA LA PR “Uife” e e, KRR .

(1) AEAE AT LUK 7 8 PRI Z 4 B, Bl X RRPHICHE. KR
AN EMEER AR RN LS E T T RGI%F. UL AT DURSE X L845 B B
RIS SE, SEREERBIPAT VR, TR R X AR AR X 2545 B

(2) G SREHE R ERGTHE B T, REUAT LU BB & WREAT B0k LAk £ AR
ENPAT IR EIFXRRARE T WLAESTEF, ESRFESERNAPEERAK
ATRERT .

(3) DA% T LA B H i A AS R B AT v Rl T AR A 0 — AR BB BB A B AR LAk AT
RETE.

(4) RABIPEETREZRMONMBR, ZRERACBARELE R A BT IEFRA G
HiR. RGN BARACH = TR NEIA X LA EAR

H 5 2 ol e B AR G0 i SR B T S L S R A M AT SRS ST AR, R
JE AR BN PRAT 77 5 - RSP SNEAR B R, BT IR 6 2 A A A AR 3
(VO A4, ALEEHLIE] (CPU fAHT) LA E WK AEITR . 7E20 A B0k A h e 2l
R, B

BEBAM=1/0 RHr+CPU KM+ A AR HBF AL

BT RS VO BRAEM RALMBITE, & Z KN 65 N AR EH L& LA B R, B,
FE TR A WACHT I — B 2 A B 5 S A SR B B fir

EARALI B B AR BRI, RS ERREIXXME, EEERRME.
HEy BRI R E R AR R, KR RGIERERRR A — R B, TR .

9.2.2 —AEf

B SEE ) B R R B A A 4 BT B WAL .
[B193] KT 2 SREMFELS.
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i SQL &R KIA:
SELECT Student.Sname
FROM Student,SC
WHERE Student.Sno=SC.Sno AND SC.Cno="2";
€ AR EAE A 1000 ME4EE R, 10 000 MERER, Hhik 2 SiRE
HuKEERZ S 50 4. .
RG] LA 2 Fh 54 1958 RARER L 30K 58 X — ), BT T 1 = bl 2 LA 5t
T
O1=Tsname( Ttudent Sno-5C.SnoASC.Cro=2 (Student X SC))
Or=Tlsname( G5c.cno=2 (Student <1 SC))
O5=Tlsname(Student B<I gyc.cro-2(SC))
JEHIREE B B T EWAIT R SRS AR, EWSEMEER K.
1. F—MER
(1 T8 CE R LR
1€ Student F1 SC WA LA ERE K . —BOERMMBILER: EAFEPRATREL H
BTAKAR (0 Student ) WHETH, B —REBSA —AK (W SCK) M,
RJEHE SC P JULAL M Student PR LA IER, EHEEH AN —RERS T
a3 L, TR SC AN SR AFE Y Student JCAHEH:, HF SC KibH 5%,
X P —IRBEAFE T3 Student TG4, HA—R SC i, EHE LA TR, HIHE
Student AL B 5E .
B MR 10 4 Student JCAEL 100 4> SC G4, 7EAAFEHF7EK 5 B¢ Student TEZLA
1 86 SC o4, SeHUE Bl

1000 , 1000 _ 10000
+ = X 100=
508 i 5 e 100+20 X 100=2100 H

Hrf, B Student 3% 100 2R, i SC & 20 i, i 100 B, ]EHEEE 2 100 HiE b,

HERRRCAECY 100X 10°%=107. B AESE 10 A 7tdl, WS 10° k.

(2) {EiEFEEAE

MRUE N R G I TCAL, $ BRI 2% AR 1 EOUG 2 2SR S8 o (BSE P9 77 4cb 2 (1) 22008
X R A SRR R (B) (RIS R a SO —FE) TR 100 e, EHik 2 &
BR¥AX 50 4>, AT AE N A o

(3) fEBEEME

B (2) ML R Sname FERSE ML, BRBALEE.

BRI BE 38— R 0L T AT 25 v A B iR S 8 Be=2100+10%+10°.,
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2. ETHMER

(1) 5 B RIER

h T AT BRERE, L Student Fl SC R (I SRISAE, B SIIREA N 2 100 B,
B BREBEN S RS —FE R KD, EFEERITAEN 10 i, 5HEdER
=10 Ht.

(2) BREChE SCfEg, PUTIRERRAE, SRR =10 B,

(3) 5 (2) PR EH.

8 T RPAE LT BT B 0 B R B B H=2100+10°+10° . HHAT AR KL 2 5 — B i
LI 488 2y —.

3. E=MER

(1) Jexf SC FAEEFHAE, HFiE—i SC £, FHUERECH 100 B, [ 02 &1
JCALL 50 AN, ASanf A e SO

(2) #EH Student %, i A Student JTCHFANAFEF ) SC oA EiERE. b R FHiR—
i Student &, L 100 Ht.

(3) EEREL RN .

55 =P R R S R BR=100+100. HPATRM KL —MERH T2 —, &
5 FE LR 20 22—

{Btn SC &) Cno FB ARG, B PHALEIAR SC 7ol N T8 Cno="2'f)
AREETCAL (50 M) FFHUIZR S [ BRA1 SC A R B PR Z93E 3~4 B, 35 Student &AE Sno
ARG, W B AT ) Student TG4, AL 44EH SC B FAL 50 4, W K&
%% 50 4> Student ik, [ Student F BBt AT A AU

XANMR B F R T WA B, R g e A ik ik vl
M. Bltn, EEAGROEKM, EFE-MERT, EBENTTA e LS W,
AN (2) PHRIEFERIELS S, XHETLE L5 HAE AR . BiEFNERRE
W, NSk, flm, B ERMARERERX 0. O, THN 0 EFESINERMN
TEALH AT LUK KD, ERAEMA . 7E O3, SC RIERBRAEF LT LURH &R
WERGH, 2AVIPME, R EEM. RS T Student Al SC FMIER:, FIH
Student & FHIRT|, RHARTERARM LB, Xt 2YHEL.

9.3 X ¥ T &

9.1 FELPHE T SQL IHHLT EM /T, EHR SN RN, TRXRNYK
RIEXMNIHRR . AN AT RBARBENZHMN AT, BRE M.
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9.3.1 XARBFREXFMERN

B Fews il it 6 RARBRIE RS MBI R IR B ERRE. iR AEE
% 20 5 M 2 45 FAR R £ 6 RARE A Rk P MR (K X RS B 45 RZ AR . P4
KB FIEX E M E, RFEMW, wldA E\=E;.
TR (AR R, E AR
1. &%, #F/LIRRmE
W E, M B, RABRREFIER, FREBRSHENENG, WE
E\XE=E; X E;
E\ XN E=E,™XME,
E B E,=E,B3 E,
2. &, BEILRBEST
W E\ Eyv Es RKEAREEKIENX, FHF, RERZHENEZSF, WFH
(E\ X Es) X Ex=E, X (E; X E3)
(E1 X E;)) PRE;=E, P (E; > E3)
(E) B E5) B B =E\ PR (B, B Es)
3. BENBEER
My gn, (Mg p . p (EN=Ty 4 .4 (E)
XH, ERXAREBERELX, 46G=1, 2, =+, n), B(=1, 2, -, m)ZEMHA, H{4,
Ays s A WAR{B, By s B} HITFH.
4. EERBEER
O (OF, (E)=Ofar, (E)
XH, ERXARYEKREX, Fi. FHREEFRFN. EE0RBEREHEFEEGTUS
I, EFE—UOR AT A TR A&
5. EERSEERENRKZRE

O (g gy on, (EN=T1y 4 4 (08 (E))
XH, EEFRMF RBEBYE 41, 5 A
w FHRAERBT 41, - A,BEM By, -, By, WA E— AN
Wy g, (0p EN=1y 4 s (0 (X y 4 u5,.5,.5, (E)))
6. IRESEHFILBMRIRE
W F e K @2 E, PR EE, T
op (ExXE)= o0y (E\)XE;
MR F=FIAF, 38 F\RER EPREN, R, AWk E v EE, W h L%



B9 KARTTHALEAE L

MARHFAN 1. 4. 6 ATHEH

O (E\XE)=0p (E\)X O, (E2)

BHFEREBEE PHEN, RYREMEFEENRE, WE
0r (E\XE))=0p, (OF (E)) X E)

AR IR R ) LB e .

7. EFESHAIDERE

& E=E\UE,, E\» E;FMFEMEES, T
or (E\UEy)= 0 (E\)U o (E2)

8. EBRS5ZEENSTER

#HE S EABMHRIKIEES, W
0y (Ei-E2)= 0y (E1)- 0 (E2)

9. EEXMBARERENSEE
o (E\ P Ey)= 0y (E1) P 0 (E2)

FREKE S EFInttEdt.

10. HEE5HEF/ILRSEE

W E B, AN KRREIE, A, -, 4,2 EWEM, B, -, B, & EFEHE, N
I, . osbss EiXE)=T, .. E)X g5 .5 (Ed)

1. #E5HNTER
& E\ M E, BMFE R EME2, W
O, g (BEIVE)=T1, 4 (E)UTL, o . 4 (E2)

9.3.2 FaAWMAIBAENAMK

AT R RN Cheuristic rules) MIARHIMNIL. KRN ARREBERERAME
W BT AL 7. SRR R

(1) EFEFHNIRATRESEM . AR TXRERERE, BREAN—%. EWHEIME
PATARI LA EER, F g EEa AT 5 b ) 45 ROCKFE D,

(2) ERFEFNEFEFFENET. wHE TRENEEZHE, I Hei#F
—ARARBME, WATBEH R R K RN 58 T A X EiEH L@ EE R KA.

(3) LB FRILATERE M HIBHEalk, BAVED T EHELT RN —&
KR

(4) HUBCLLE ¥ (7] 76 T 1 ZE AT B B R LGS Sl ki — DB, &% (FF
R EEIER) BHELFRFRR LREFILRE R Z mE .
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(5) RHUALTFRERL. WBXMESHIAM FREAMLERAZBRBKR, HE
MAMFFIEARXAN KRR ZTREKXMNEDEZ, WEHE R TFREAFHH
ZRENFREXHREHEN. JEAKNZRER, & XHERREHRE AL FREXH
(R

Ty g X e RN, M 9.3.1 MEMERARKMIXRLERD

B,
: Hik: XREREAHM.

WA —PRRBEHE M.

i AR AR .

ik

(D RS ZESRAN 4, W o, 1, ... (E) FIRIERZEHN 0 (0, (- (0, (E))-+)) o

(2) xHfE—ANERE, RIS ARHAN] 4~9 JAT Fedt e B 208 - .

(3) AN EE, ARSI 3. 5. 10, 11 FR—BRIERXRT R TE m
4T i o

EE: FNERAN 3 —LEHHEL, AN SN EBIEAHAHAN, £F
— A T REARAS &) A 4G ot 3%

(4) PFEM 2R BAIN 3~5, EIEFMEN BEESHFRANERE. B TR
ERFR—N Y, B2 EFRBERRNIAT, SE kbW mEm, REXH
BHANTFEY “BERTRERM” KRN, (HXPERRE .

5 LERBAMEBENOANLE S SA. §F—NEHEH (X, <€, U, -) MIER
AREEME N 4 (XEHBEHERE (oo NEH). WEHLERBEIHTLERH
BHE, MK EMHFANZY, BEYNEZBHEEEFILR (X)), MEBEARSEHK
SEHERR RN, WAGRIEERESXANEIBEA R FE 4. 10X [ iE 5 55
h—H .

[F19.4] THEZHH 9.3 & SQL &AM EAR L H .

SELECT Student.Sname FROM Student, SC WHERE Student.Sno=SC.Sno AND SC.Cno="2";

(1) # SQL B A3 A Wi, Wl 9.3 Fior.

A TR RARBRIEX MR, RGBSR A SRR R X RAREGEER, W L
A B 9.4 iR

(2) XEMRFEATRAL

FIFHF 4. 6 HIEFE osc.cno—n B B M3, B 9.4 MM EHE B KE 9.5 ﬁtﬂsB’JE
iﬁwj XER 922 W O MBEHAR KRR, WHCOLSHT Otk 0. O, BN EE
mEE.




PRl oo CR AR B AL

%% nSnamc

‘ ‘ T sname
project(Sname) 05¢ Cno="2" B
' SNdent.§n<\y=SC.Sm
/
select(SC.Cno="2") O Student Sno=SC.Sno / 2\
‘ } / \
join(Student.Sno=SC.Sno) e Student  7sC Cno="2"
// g \“‘\v 7 7 B |
Student SC Student SC SC

93 IR 94 KRMHEEHE 195 (AL i TR

94 ¥ B 1t 1k

KBRS B WE A T RIERKF A S, EAYRRZEOFRERE. 9.1.2 M5
ELUHE T X FRER 2T RENTE, A25F0SE, Y T—48
WERNHFZERT R, ENBPTEEAR, ARSMEERK. BHit, (QOGETREIE
WRAGEK . PO R BB S B R A S R 122, SRS IL I & vt R,
BB BRI H AR

R AT LLZ :

(1) FEFR AR R 8RN AR R O FAREH, (BARAE
SRR OL T A B AR o

(2) EFAMEEHRA. RS TA RPATHRIEAM, FFE i R RN
Hr B AT vl

(3) PMEGEMRMTTE. EARLSEERN XXMM ARG SEEEH. BEAT
AERIPAT SRS IR 2,  ZFTRPT A B SRS AT RO G AR R AT, SiEmEiiiie A
ST EARH KT IR AL . bk, FHE SRR, @I TR A g7 =,
ARG E K TR, RJ5 05T FX L RE 7 REOMATAY, B bE &L p itk
Ti%.

9.4.1 EFRENMNFFERZIERZFML

1. EERERREXMN

MFARR, EHERNFEHE, BEEFS LR,

MFRRR, JBRAHNA -

(D) WFREFHEMRZ “EHE=E" HEN, BALREREZE N4, TLAEHEEM
Rile —MEKRREGBEFEEHARSE L AL EMRG.



9.4 WyEME{k

(2) MFEBLEMGR “EEEM=E" MK, FHEES EFERT, WEMGHEER
R TAH, MRHIE D (<10%) ATLAMERARGH#7E, 8 W6 2 8 H 2R
ERE D

(3) M FEELMLEE LR ESEERREEEER, JFHEEY FFER5], R
B A WL R TAEH, mBRIEER<10% 0 UAEH RS 3%, SIS HS%K
S SE S

(4) XFH AND EEMEBUEFRELMG, WRAW XL EEIHAEERS], LR
MAERS % mRELEE B —RE5], WAL A [#] 9.1-C4] FARBINERS
i, WA AR5

(5) X T H OR EEMINTHUERESRM, —BRAEH SR T4

2. EEBREMB RN

(1) iR 2 MR OLIERBEHF, WERHET-& 5.

(2) MR—NREEEREE EHERS], el LEHRSEER .

(3) R L 2 NMRAAES, Hd—ANREN, WA LLE hash join $i2%.

(4) FHJav] LAk R BRI R, SRR, St &8ss (B)
BB, fERhsbR GMERHER). BB T

WIEBER RS S 200 G FRERECH Br 5 Bs, EEEBEMGHBANGEENRRE Y K,
ML K-1 REGHNR . R R AR, WIREMIEFINEECY Br+ BrBs /(K-1), BAAMN
ZIESHUN I RAE MK

AT R S R RN, FESERRIOE R B EE RS R KRN E
(CEN

9.4.2 ETRMEEIKIL

JA B AR 5 P 4, LOBOHIRE 82 SEL ) 8 i AL A 5 B4R AL A
HEMRBRIATH AL, BARBEPITHRSZ, HMAITHOSESRNEIFN . ERiE
PATHRI RS, —RgmiFRAL, ZRBAT, TR ERHAT RS IFW. Bk, "TLEE
FHRE A0 5 7% — Lo i 3 T AR AR Ak ik .

1. GitiE2

HFAAM AL TT B ZET & R R RERBITRY, & SEIRERREZ I L.,
N SRR 7 A Aef T A28 T 415 B (database statisties), FEAIEWF LA
JiHl:

(1) MEENMEAR, ZRAOTHABE (V. TH4KE (D, SHEMSE (B). HHK
i gy (BOD;

(2) WEARKEGEANF], ZIIARFEEHANE (m). PR, BAMY, %5 FEE




H9IE KA EF ALt

BB TR, EWMES (B+MZKS5|. hash B3|, BERT). BRIWXLELIHEE, W
PAHH S B A SRR R (), MRARMER A RBEN, f=Um; WRARER
AAES, WEHESMEFERE, R ZERTABUN;

(3) &5, FlnB+HES], ZESIWESR (L. RRARFMHEMAE. B5IHERHEE
s (B SPHIARFREANARIE . RIIHHE A% (D

e

2. RIMEETRG

RS A T EAE BN PAT RN .

(1) £RAMEEHRNEEAR

WREAR KN B, £RAWMFEIEARN cost=B;

MBI “HE=E", A FHELRNRMN cost=B/2.

(2) R AMEERRNHEAR

AR PR “HY={E", Wl 9.1-C2, MRHZEMERS, 4 B+, EHN L,
i B AFHL B T MARZE BI85 28 L 3, Fn B3R R PZ o4 BiE R —B, L
cost=L+1,

WRERE KW KA E, Bl 9.1-C3, ¥ oA B+ ES], EERAME RS, S
RRGIMEBEEEE S A TeAl 2 &) - R ki 2 4 1 o4l ol fE SARFEE AN 8k L,
JTBL (RIS OL) cost=L+S.

R FMR>, >=, <, <=#{E, BEHE FOTHaWmLsErE, BamEFER—
RIS, R TIVR R HRIEME . FTLL cost=L+Y/2+B/2. tn % AT LA3KSS H ik
WRERERE S, LA EIE Y2 5 B2,

(3) BREMPEEFLMORMHEARL

9.4.1 PELIWIRE T IKEMPERETLEMARM cost=Br+BrBs/(K—1). 1 5H 7 B &R
S RE @A, W cost=Br+BrBs/(K-1)+(Frs*Nr*Ns)/Mrs. 1 Frs KiER%EEZE (join
selectivity), R ERELERITATMILLE], Mrs RAFBOERES RHRE T, £rfghdparel
25 T A H .

(4) HF-&IFEEREEM RS E AR

N FERER O ROEE BT, W cost=Br+Bs+(Frs*Nr*Ns)/Mrs.

W R AL SR s A 208 T B AR SR b i _EHEF B . ST A B ARG
SCAHHERFBIAR KL 2 (2% B)H2+B*logB).

EHEARE T B SR AR A s B o AE SR A 5 2R O A T R G AR
HEAREZHE, hEREZ.

AR 2 — AR I 73, BRI TE AR . IXRh B AR 415 B8 P 8 X290k, )8
S B WA RT — NPT R E RN . AR IXF ST, R4



e B PR B E . EHBH 9.1 ) SQL &ifi:
SELECT * FROM Student WHERE Sdept='CS' AND Sage>200:
BR, FAPESERE Sage i, R 20 A 200 T BEHBEEREL LEXT —4
AR, BRFAFERTE 1555 D20, —BEEAREBRED TREEAR, ©ulHnE Lim
RS RAZE, FURARHPIITEANEM.

*9.5 BFIEITRIBYIT

B TERE, RABEETERGOVH P ERER T P ERitRl. 2L
BOPAAT T LA 53 2 B O T R E R RRERAT i

FE BT T EIRATHT A, R B 1) 2 v T A4 A 4 ot 7 B A il 45 SR ool
HIER, BIEMEENERE, RRETE T O Je4HFRENX LT . 7EvHEn,
WMRBEFOMAZ N X N %, Ea &% T R R T RITARTF R TP K
TARERE —HAERIM T4 R, Bl FREREIT, FREHBRERF—D UL
U, SBAEFFEHE A Qi R E S R RER, BEEDRER. EEX IR,
HAAH TR KR.

£ B R _EEIPAT T 3P, BT A S5 T AR HRAT M4 R AR R R It 7= A T
AR ENTEAN TR HEZ X, BRI KIS 2045 A LS HRAE 7 K 7T
AMZGE X FBGE A REDRBAT o SR 5 SLALEE R BRAEFF TT IR AT, FUA T2 S A T4k
FAET H QRS GE, EEIMESRXHNIE. IMLEANES, HBFERAN
fnth oA .

B8, BT T RRAT T 20— M. Tk AT X, 1 E R E LR HhAT
iR — R EBRAT 3. PR A 215 2 5 o) e B0 P T R 5 S B ) 7 K SR

9.6 /) g

BHAER X RBBECERGHBRS, TEORUBERAREHLEHXEHA.
AERKEEW (Query) iF4], ERXZBFEECERAAECAEPREE. RARN
. E—ROBEEET (AERERGES . HERQET. RELEHET) LBHA
EES P T € 23 &3 £ N Ll ¢

AEHBRTRAARKGEL. ETFANNEFRBERLPETROEHORLES
i, ERAANKMT EZEEH, RUBERT2ELLRE.

AEFRERRHFEBEXRABEECERAGEALAEEHR O APLAHEAR, B
WEHFEHRREAREY. AFNENRFLELEEE IR AT ENBRATEAR; &



m WoHm  FRAMMIRE

AELE, #—F THRELERNERTRIERT, RENRAEIMEEN LRFHTH EREH
RHr, 28T F 5 HA A SQL EA kB REMAN, ABMRIRENENE T,

HTFUBRERNER, ARRIREEFRENESN, FEERMHESFLTREX
ABEEEHERGL, NIRHRRZAKEECHERAANRAARE, USHESXREEE
EHAGHE B RALE SQL B . M TR AKBECHARAGTRAMNENTEES E#E
£, HATFTRAEURAMEE.

3 &

1. IR R R ER P R G B A mT et
2. EBERAR R(4, BYFI S(B, C, DIWEHLINT: RH 20000 m4l, SH 1200 Mymdl, —NHAES 40
AN RETCHL, HERE 30 4> S HITTH, N THIBMEREZ DURESRIES .
(1) R EEARG], select * from R;
(2) R A ML, 443 )7 BHHET], select * from R where 4 = 10;
(3) HKREIRIFERE R P S;
(4) HFEIFEE RPQS, X4 R 5 STE B @Y L O&G M MRS .
3. XMEA-RFEBERE, ERERRFEAERE TG RELR.
SELECT Cname
FROM Student, Course, SC
WHERE Student.Sno=SC.Sno AND SC.Cno=Course.Cno AND Student.Sdept="1S";
ki R R GRS AR, I R RABRA R AL S TR BB A M AT IR AL 3,
AR bR AETE A o
4. 0T T HE PR AR
Teacher (Tno, Tname, Tage, Tsex); Department (Dno, Dname, Tno); Work (Tno, Dno, Year, Salary)
fi2¥% Teacher [¥] Tno J&1. Department ] Dno J&#:LA K Work () Year B F45 B+HZ3], #F
B P WS T — R AR R A By i
(1) select * from teacher where Tsex = ‘%’
(2) select * from department where Dno < 301
(3) select * from work where Year <> 2000
(4) select * from work where year > 2000 and salary < 5000
(5) select * from work where year < 2000 or salary < 5000
5. XTI 4 B RS, AR A
select Tname

from teacher, department, work



where teacher.tno = work.tno and department.dno = work.dno and
department.dname = ‘71541 &’ and salary > 5000
i Y A DL K 36 RARBOER R IR, RS O RARBOE AR EEAT AL, i AR S iR
%W
6. BRI TR R PR B R G AR AL — RHE N
7. R KRB RS ARG AR — UK.

X

K9 BRSNS EREML

R 0 5 48 B R ML S R e AL RO B AR R B A O vk . R EUR A RE R0 ik, BN
EXPLAIN fir& 2 $r & i ir ikl FIARSIELEftkae. U4k SQL ifty, LA ERARANE R
RGBT AP RE AW, - REET X4 5 ) HeR PR B AN 7] 4 S 0k #E A M RE DAL 2R

RES B
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AHHE 10 3., 55 11 FiTHEEHALIR (transaction processing) HiARK. FHEZE—RFIM
HoyE e, REAREENFAREFREAZER T, SH0REAREEAFEIEEREEA
IR HIBAR . Bl FEYK S AL HIF I R HIHL S R R E S R AN EEA RS . &
B i i HHE P S OB S FR FBOR

10.1 SHENEFRE=

TEHE B FE K B BAR Z i SE UHR B 5 I B A B S N3 55

1. BF

Frig B2 P e X — N EEEERERFY), XUBEEALM, BEAasP M, &—
AR B TAERAL. Flin, EXREIEES, —MFFZTLE—% SQL EH. —4
SQL AN FERF .

HENEF B IS, — &, —MEFPEEZ/NES.

HERIF SR AP 86 mRH P& BN he XFHE, W b3 E
EHRGEBRIANE BRI FES. 7 SQLH, & XHFWER A =%:

BEGIN TRANSACTION;
COMMIT;
ROLLBACK;

% %18 ¥ /& UL BEGIN TRANSACTION JF#5, EL COMMIT & ROLLBACK %% .
COMMIT K228, BIRAZFHZMHTHERME. B b 3wt 2 oK 35 5 b frf o B8 1
HIE B S R B A IR ES X, HEHIEFSHN. ROLLBACK RoxEIE, B
EHFBATHNEEPRET MR, FERNRMLERAT, REH IS0 5HEEDN
B 50 B i B 1 2 d e, IR B H S IF R FPRE . X B EfR X SR E N =
PRk,
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2. BEHY ACID F51%

$%ﬁﬁ4’"ﬁl’“f JEFME (Atomicity). —HBPE (Consistency). B@&EHE (Isolatlon)
FEELEME (Durability). 31X 4 MEFMEFFR N ACID %51 (ACID properties) .

(1) Jarik

45 B AR TR AL, S PSR EE AR, B ARAM.

(2) —3%

55 BT I 45 ST A B8 e N — A — B AR R ) — A —BUERES . B
P e A AL O S ARAT B4 R, R A T BURE . W REIR E RGBT
KA, A 5% R T R A TP T, X R 5 P S 45 0 B P T A AE SO —
OB NYIERER P, X O R AL T — AN IER R ES, B0E R A BUORE . B
w, FEAFERITHE A, BEAKS, MEAFEMNIKS A R —77T, FAIKS B.
AT LA E X —A S, ZFZAFERNEE, B RELANKS A P —T,
AR IKS B HIIA—T0. X MEEELASM, B2 M. 2EEEEA
fif, BAEEL T —B RS wR R MM RE, WZE iR AERR, BN
— 0, XWEEERAT A -BIERE T . TR B S R RS T KR

(3) Btk

—ANEFZIPAT A RE A S T BI—AN30 55 10 P9 S B4 2 A A 0 e o B A JF
REBFEREN, HRPITHIEAN TR ZEARE AT

(4) fpgtk

FREEME AR K AT (Permanence), & — M35 HIRAT, &0 40 FE b 2 1 2038 i
IVAZSE K ATERT o 3T R B FCAt A A B B AN S0 AT 45 SR AR T 51

HE KB IF R FEA AL, B CL R IR S LS5 A & .

{RIES55 ACID it @ S5 E M E 25 . 555 ACID Rl REE B RR R = A

(1) Z2AHFZIFATBITH, AR5 EHERAELZ AT

(2) HEARIBAT LR P RAT IS 1

TESR—FEOL T, Bl 2 B R G0 b SRR AE 2 AN 35 45 1 A8 SIS AT S 5 i X L6 = 45 1) i
T PR T RMEOLT,  HOHE PR AR G0 A OR IR A AT 2% L P S 45 X6 R 1 R A 55
WA AR o

1 R M P B R Gt Wk AL AN R A LR G DA

10.2 FUEERSHHA

FAE R R G R T S PR 37 R By L B P 1) 22 A ME RO Se HE M AR, RAE
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FERHSMIEMHPAT, (ERIFEHRGE TR BOFRER . #R1E R KRR LK
R BRI A7y 7S T 3 G 1, 30K A 0 D) i PGB AT S8 45 IE P T, S R I R O 1
EftE, BBREERE, 80 b 2 o B E k. BRI e o B R G0 A
7 HEHE e A ORI B3 — A EFPIRE ORFRCh —BeRE SRS T RE,
BB BARE KR . KT RGEER B R G H— ANE ARG, 1 A
Ko HHE AN RGERIEH 10%LL L. BEEERETRAOKEEREETZHH, ML
xt RGO T SERL R A v EAE AT, 1T BN R RIEAT ORI, 2R R Ak
REDL 25 I T 224 A

10.3 HFEAYFDSE

L E RG] e R AE B TP S PER M, KRBT LA BL R LK.
1. BHAEBAEPE
H55 IR IO AT A T LA S S SR A BRI (LR AR S ),
F R AETUA, AREH S SRR EE.
B, RATHEEES, INFEFE LT —NKF B S —AKP L.
BEGIN TRANSACTION
K P H ) 42 % BALANCE;
BALANCE=BALANCE-AMOUNT; /*AMOUNT  Jy#0lk 4: %ii*/
IF(BALANCE < 0)THEN
{HTEISHAS 2 A RERE TR %55 N T R R O B R TR I L/
ROLLBACK; } IR A B T F 5/
ELSE
{1EK ;1 Z. 1) 438 BALANCEL;
BALANCE1=BALANCE1+AMOUNT:
5[A] BALANCEL,;
COMMIT;}
A TS P BRI AR R, BEASMAM, 7 U4
JE b T A — BOR A , ) 4n v] G IR SR P R ) 4% A0 2 1 B A K P 2 4R A4 n
16 B -
X BRI AT AR PR L MIEN, NARF LRI EHSS R, B
CAERMEN, PR s P 2] IEMRIRES .
FHEAMEZ R IETUE, RARBNHETFOEY. migdid . HrRHS
RACMMPOE PR ZHES . ER T LRI IS, A BRESENES, B
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45 RS FR 3K 288 T 7 i e «

4% A R R &5 W A B FUYT O 2 55 (COMMIT 8 # & 30/ ROLLBACK), i,
HOE PEFT REAL T A EFRE . MERFEEAEW LIS ZITHBLT, BITEERZHE
%, EAZES D2 N EMTEIRENEY, F8XFFTFERARET B —F.
XK E AR B EMEE (UNDOD.

2. REGHE

AREMBERIGERRAF \LEHEM S, FERAEEHE. Hlw, ey
EE 4S5 (CPU k). #:/E R4k . DBMS fCRI4HR. REWH %, XAk
EEBITHRTE S, BAMKEEIEE. kN EFAZR, LIHLREWEES WX (FERF)
A AT E R, IEETESHEERLX L. RERGHWBER, —HEMREHRMNHFS
[l 45 BT RE DR NP BEEOE B, AT B FE T REAL T AR IERA RS . o DR IESE — 3K
P, T EE BRI L o B R T 15

WE T RAEVIERGEF BRRHETEIEER LN FEL R, BTHEIE R
JRF 5.

H—HH, RERGHEN, FLOTRAFZTERA —HrEZLHHERNIK,
A S P BIRE EAEREIEES, RIS R EN S SCE s Re T E
K, XBLMEEHELTA—BORE, FILMNEXEHES RS REHS AKEE.
FILRGEEF BE, KEFRERTFEREIARTRAOESI, ETHFEEM (REDO)
B CARATHH S, LIRS B E R 8 B —BURE .

3. fREPE

RAGMBEHEFR A EREPE (soft crash), A JFEEEFR A FEHEE (hard crash). BEHEEIR 4T
kb, WMRERBRIN, WESKRERE, WER SRR TN . X MR R B e B o Bt
JE, FF5G 0 IEFE A7 B30 20 B0 i BT 3555 o IX M LRl e S e % A i T et /N8 22,
{ERR YRR o

4. HENRS

THENUREER — R K AR SR, 2 — SR R W — R SRR R . X R
R 5HABREFF AR, EBRMAEYZEFFRERE R LS RERE, I ot LR
250, 4 B P A e

WEYURRERFRRE , AEEEE AR ORFE. MRS A 20 £154, A3 50 B.
KR ER —MRERS, d L T&IRL4MK.

AR ENRRERRR, —HRARERD SRS A RS BRKAERY,
TR R GG BOR B A A TR A B R SRR R G A R F SR AR
FEBOhE SE FE P VR O R . SRR — TR IEA BN HNL RS, SRR TE
B P B A B S P DB A A B — B AL, S ERMER—# A €07, WS
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BARGIEATANIER

HEHR RSB HEL RGN EZE G, BARRBIRERSN EZ G . Hitit
B LTS OHE T2 B REr <7, 8. SH. MR SR SRR
WERWRE. ER, EAERHE —F LETHENL “ L4 7 R “Bw”. Bk
— ERHA Y 2 A R E B HE R I AR R

BB R B A R TR, R EAR S IR, 2%
U8 PR A B R, (BBUE AT R IER, Xt T3 55 KT #EE E R & b g M .

RS MEEA R+ R 8. WA — RS : TOR. XR UL, Bl —
84 B IR BAS TE W O B8 T LR A7 8 2E R AU AU R B R . R IR A
JREEAR B, ECIBRE M I A, T ms & — LS, MABREKR LI
R

10.4 WERISLIHRA

YR EHLHI S PIA R B BRI fTESLTUAREE, LR o]l F 3 L2 00 4 $08E 52
Tt B0 P PR R

JE ST TU AR B8R o P B B AR B e i A0 B H S0 (logging) o 3l # 7R — N4
FERGE, XML - REERK.

10.4.1 FEEENE

HE i R B PR R P R R BB A R . i s s B S50 A B R s M R N B
P G B e . AR AR A AR A A B R AR R A R . X L4 F M BEFR N IR & B A&
(backup) /G HREIA<,

R0 B A S T L A B AT RN, (HERE &R A R R A E Kk B 3
Hefg s RPRE, AWK E BB R AN FRE, UOEREITAEELENITE ERHES.
Bitn, 7EE 10.1 FRAEE T, NZF BT HS, HATEIEER, 76 T, W25,
B3 T, NRKEIEE —BHAA. RRETE TWNZIRAESRE. WIREEHEE, &k
HdE PR B R AR EUE S A BIA, BEURERE R T, NZI0PRE, REEHEITE L~
Ty 2N A BB 45, IXRE it FE 50 P B 38 ke i A T I — BOR 3

ElEs TR BT % y

T, T T;

BEEEREA  EBHRETHEF
|

e e e S e

o

B 10,1 gk s



B =06 sdimmanh el

B FE TR A RO VR IR A, ASRESREREAT . R P B R AR HHhe 2 R A
Bl RE — N8 2 e fil R0

AT 43 h AR A RN B A e il

BN RAE RGP BB AT 5 AT R AR . BIEEREIRAE T 46 (0 I 2 Hcde R 4L
F—BHERAE, MEEHEARYF (EAFE) MEEEMEMAER. BXi5sh. B4,
AR — e & — MR — B E 4.

AT B, (BEE AR LSS5 IEIBAT I P S A5 UL REEAT . IR, B3R5 0
TGRS RA BEPAT . BAR, X FRARBE Ay mT A

ENASHEAR I T At UIIR) SO VPR B BT AP I BB T BV A 2 3 55 T DL ARAT -

ENAFE T LU IR S AR O BR s, EAMERIERBTHR N HELER, WARY
Wi 55 BB AT . B, FEREATRI R BREIA LB AR ORAE IR L. Bln, 7EF
fiti IR R SEA I 2 T, RGAEEIE A=100 FefE BIREA b, TAE T — W% Ty, 35K A
Bk 2000 FAESRE, JE#EIA LR A DR FI%EE T .

I, A ZHE e fik 3118 4525 5500 B P 8 BUE 30 Bl TR, 57 BB (log file).
XFE, JEAREIAIN B H RSSO REHE RO R R B 21 ERR A .

Fefdik vT UG Ay e AL i I B PR 7 3. W B R TR A R il 2 A B
I BRI R R e il | — R f fE L e . WNRE AR, EREEHEE
)5 B A VAT R — AR R = ST (L8, (Han REE IR K, FHAB A%, W
14 B it 3 SE T A A

BAn Fe it A WA 75 3, 20 B AT AFE P RCIR S T RE4T, B8 e S0 e ik 5 v mT LA43 Oy
4K PSR, DIRNERKME. SRS REM. WE 101 PR,

F10.1 FERHESE

K% A
R B A B Loy s el
KRRk BAN R A R

Hefiti 7y X

104.2 EicHEXH

1. BEXHHEFIAE

H 5 S0 2 R 35 5506 5008 P A SE B SR AR IO S0 . AR B0di E R SR i HL B
A TSR . MIEERHE X EEE R LLEFh 800 B E ST
BAEPOh BB B &S0

X LLe O B H &S0, HEXHFPHES LA AREERE:
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o BANHEEMIITM (BEGIN TRANSACTION) #rid.

o BANHZHLEHR (COMMIT 5% ROLLBACK) #ric.

o BNFHFMIPTA EHRIE.

XBEGANFEEEIFGEIAC . FAF S LT id MG E R AEE 0 B &30P i
—AH&E R (logrecord).

FOHECRAOAREEEARE:

o HEPRR R EHBANHES).

o BREMIER GEA. BBREIES0.

o BRENTS GRS IR,

o FHAMEIENIHE GHEARETS, WOV ZE).

o HHIEHIRAIHE GRS, HIUVZEED.

o T DA B A BT i H B SO, B A0 0 A 24 45 A VR ok S X A B
FR T BT R A 2N B B S A RN RN B B SO, B BRI ER RS R
AL H LR T .

2. BREXGRER

HEHAESEER R PREEE EEZAEM, wTELHERETHS MEREM RS %
WPk, FHhBhE & RIAMAT A RS E . B 2.

(1) 55 P AN R 40 ek 52 6 450 P H 36 S0«

(2) 1EBARFAE T X rh L HESCH, J6 &8I B & X4 &R kA e 2sh
P 52 HH P

(3) TEFPAFetE 77 b o] U S H &S, 8098 7R S48 s vl BB N S 42 Al A
FEHHE P i IR B e i 5 RO 2 ) IE AR S, SR JE R B H A S48 2 5 Bl i 3 45 64T A
LT, oF B R A I G AR 58 R S AT U AL B PR AR EHE AT AR B e R
5512 P 590 T A B P Pk R Bl R T S — I 2 i IEFR A, W 10.2 FTR.

L mERR EHS '
EWET A T S
: g E
sy | DREEBA | FRRSXMKE Moty
 BRRELH

E 102 FUH H &%

3. BigAEXH .
D ORAE S PR AT VRS 11, B3 5 SO i 6 25007 4 4% Js L«
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o BT URIT PR H 3 R 3 55 BT B I TRl K «

o WAL HEXH, J55EHIEE.

3068 B 45 B50S B B PE R R R IXAME S0 H RS RS B H SR R A
AR . BT RAEXFHE MR EZ R AR, XHNERERTERT . R
5T HEEEY, MESTERPRAFCXMEN WEUEHEERIXMERT . W
RABHE, ARAGEREIEE, #&%HEXHRER AT RLZHIT KA L EK UNDO
e, FASHWEIRENERME. LT %%, —EEEEHEXH, WELEAS
WRERHEM P, REEEEENBES. X2 A5 SR KR,

105 e & =R B

HRGUBATIERE P R A R, R R P % AR S SO AT DR S R F
MR AT A —BUERES . AR RS R 5 SR A0 5k th A —

10.5.1 EHZHERRE

HEME R HFESTEERL QR EE, XRWE T RGNA A H ST
# (UNDO) b3 Ot i EREAT B 2. S5 MR ik S22 th R 4L A 3h e i), W
FUREMR . REMKE DR

(1) s HEICAE B S [ AT 0SS0, Bkiz S 5 KRR e .

(2) MZHFHEFERIEPATESRAE, BOR H R “ERaTHIE” 5 ABEE.
XFE, WRGERFRIEARLE, WA S THONERERAE (LR “ERETRIE” hE): Hid
KR RMIBRERAE, RN FHRESERME, WS T REeSErERE S SUEE.

(3) 4K a4 H GBS0, BERZFEF A EF R, JFMERELR.,

(4) Wt E T X, BEFEEBFESFITHERDS, FHEUEEKERTERT .

10.5.2 EFEHERIRE

AHE SV, REHEEEREEES —BREMREGTHA, — AR5 F 555 H
FERIE A RE B ANBAEE, — & CHRATH 55 ) SO FE 1) 5 T B BR 7E 2R b X Bk 13 K
BRI . R P S B 4 R B R R AR B RS R S, M SE RS .

RAWFERE R HRAEER B Bah5Ekr, AHER-HP T,

REMKE L IRZ :

(D) EMBEFHHEH (BPAKE#EE M), RHERER A OB HS
(X3 % BEH BEGIN TRANSACTION id3%, #f COMMIT id3%), ¥ HHFLSFHRIRICAE
B BL% (REDO-LIST). [&] M+ H 8B & AR MR B F S (XEH% N BEGIN




10.6  EATR 2 S i EHEOR E

TRANSACTION 23, AN COMMIT id %), K H 3 4 br 7 A §UH B 51
(UNDO-LIST).

(2) SHERIAZ ) S FHUATHE (UNDO) AbEE.

HEAT BURS AL B i 7 i 2, R A4 B SO, SN 0B 35 45 1 SE B R AT 1 e A
s B e sh “ERATIE BABEEE.

(3) XFEAMEAT P & A F S AT EAAE .

HEATEMUAC R vk 2 B HE SO, WA E S EFIATHEHED
FIRE, B H &R “ERHENE" SABHEE.

10.5.3 rREEARE

RAEMN RIS SE, WA LB B A A SOFOR, IXR B E A Fh e, K
B R R, R EW ORISR .

(1) BN BB B G & Bl A R Mh A A2 I 20 Bl i e A D A B0 R R
B O — IR EE AN B — BUEIR A

Xt T B BE R, & RN RN FEAMEIT RN 2 B SR A, RAKE
RGHRERJ7i% (B REDO+UNDO)D, A e Bl Pk 2 31— SR & .

(2) AN HECAHRIA (iR 210 B ESSCHaEIA), EMOEmi®s.
B & e H S SOfF, $ bk B DRI FHF AR, KHE AEMEAS; RJ5IE
I 434 H S SO, o BB S BT 3 55 AT AR . BIRK H AR SRR R
BB

SXRE A AT LUK B 17 e R 2R i — I 2 — BORAE T .

A0 B P R O T B PR R A N, B P A R R B I A O e i B
PERIAFAE R A& HESXHRIA, REHITRRRUEKWE B LSUA, BARKERED
H B P B AR S e K

10.6 EERELEIMESRIK

A HSEAATHREREN, KR TFRAVITERAE, HePLFFHEEMY,
MRS R EME . AR, FTEREFAHSER. IEMERA NS, —_ERE
ANHER A KRR, —RIRZ TR E MU A F 55 L b £ O e BB iR E 4
REBTHEEET, RMKETRENEFHHIAT TXLEHME, RV TRENE. AT
i pX L L, SORJE T RARE R KRBAR . XMEARLE H &S0 — 25 1
WXk —HEE R (checkpoint) e, M—NEFHEMH, HiLKEFRACEEREE
SCAE MR Bh A e H A5
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AT ATk, AT @ TR E A REEIEERERERE. R
WAL

(1) ¥ 2400 HAAZ X E A H AL RS A H &S0 E.

(2) FEHBXHFHFEA—MRERILK.

(3) K5 Ll Bt G b X 1 B A B i R 5 N WA RO B e v

(4) HERIE RdRAE H SO B ik 5 A\ — A FF PR 301

PR T R GE T LAE AN i S R ST A 2 A, PRAF BRSO T DA SR TUE

mMHE XM G MR A

fERRE ST LSRR R M. L3S TE MBI Z AR, T MEEEE
s — e ENBIEE, SANEREXIMEE A VL ZABEX M E @
e IXEE, 7EMEATIREACEERT, WA LEXNHS T PATEMERE.

RGEH MR, KE T ARG F S FERERIAF B RE KRS, W
E 10.4 fizs.

Ti: TERE R ATIRAS .

Ty: fERE RUZ ATTFARHAT, TERSE AU G W R AT AT .

Ta: TERIE RZATTFAEHAT, 75 MR i I R 58 Ao

Ty ERIEAZJEFFRPAT, M ZATiRAC.
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[ 1044 P8RG0T AS ) S

Ts: (ERYE 2 JETFURIAT, 75 WhOE Rt B 3 R 56 e

Ts Fl Ts fEMBR R AR RS, FrCA T LA : T Ml T R E A E AR, il
ot 53 E T B A8 BCE R R A R AT BB E R b X b, iR B ANBARE, PTULEREM: T,
ER A A2 AT A, B DA AT B AR .

R R T mOTEAT IR B IR -

(1) MWEB ISP R BTG — M A A0 R e HESCHE il izl H
HFEXHPRBEE AR E A IER.

(2) HHZKE A RS B A SN X BT IEAERIT  $ 4575 5. ACTIVE-LIST.

X BT FSBAT

® UNDO-LIST: % Z44T UNDO #1EIHH5HE S

e REDO-LIST: 4T REDO #1EHHFESR .

8 ACTIVE-LIST # i 8L\ UNDO-LIST kA%, REDO A% =% .

(3) MEYE SUFIE IE [0 F948 H B30

@ WAEFIHOFES T, 1€ T, BB UNDO-LIST FA%1;

@ WHRLKES T, 1 T, A UNDO-LIST BAFI# F| REDO-LIST PA%I; BEFIH&
LR

(4) %t UNDO-LIST # {54 2 554147 UNDO #:4E, % REDO-LIST (454 1554,
1T REDO #:1f .

10.7 FIEEFEREEZ

WIATHTA, SRR X FR G kA — AR . RGBT T, P
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W e — NSRRI, WU AN . 2 A R S R R A B
MEIRERFER I ZH P EAEERS . Bl CHOTE8EE RS . BITEIEERRFAZ
ZHPBIEERS . EXFERRGET, ER—NZIHRBITHHFSETEHE LT

FEA LA R THRAT, ENHRE AHSFET, HihFS0aEs)x
MHFERETTIZEIT, WE 11.1@)F 7R FEEPITER D TFEAR M ER, AHFH
¥ CPU, AN FEFIEHEE, ANFHEE VO, ANFEEG. MBRFSHITHIT, WG
ZARARWEH LT ERRE. Bk, T RDFIHRGEGIE, KIELE =% 05 R A,
VA% SO 2 AN 55 AT AT .

TERABHL RS, F5 NI4T AT L B bR HAT H & (AT R SR R AC B
17, WE 111G EFPHATIAT 7 XA X FF K T3 (interleaved concurrency).
R FHLR G AT HZ A B IEHIFATIELT, B T AL 25 R ], $2
T REIRE.

Ty X T;
Tyl
T, T, |
L= _]
Nl .o
I
T, TJJ
T, r
T, | T3
; 4

(@) BHFMBARTHR  O) BHEHZUFRIGTHR

B 11 HEMT R

LB RGET, FMCEYATLEEAT—ANHE, SANLBYTLLRNET A3



1.1 JERE ;;;xu«:ﬂ:uﬁﬂ

%, SEMEANFSEIEMIATIET. XRIFTHT AR ARMNIFZARX (simultaneous
concurrency). 2<% 158 I EHRE E R4 )F &2 H (concurrency control in database systems)
AR DA A FR LR SE 9 AR, %R T DAHES ) 2 AR B LB L .

W A P I R M A BB PE I R4 7 A 2N S 45 TR I AR R — Bl s Bl . X O
A S 42 T R £ A ESURIAT G S TE 0 0 250408, W80 3 55 16— B804 R e P ) — BB
FIT UA SO P45 T R G L AR A 3 A IR . R IV R R — N R EE R A
AEMEE R ELZ —.

11.1 FHARHHEER

1E55 10 EH A US|, FHERIFRBHICTEARRLL, (RIUEFHFH ACID FFHERFFL
B EE(ES, MFEH ACID Rtk vl G882 BRI R B 2 — =2 245 F 0 Bl FE i 3R
BAEE . A THRIESEFZNREMEM—BE, B S B RS W BN I R ERT EW
VS . I Uh R B P B R G I R EEHINLEIR ST .

TS RE AT, 1 R R I B A — Btk 1) .

[l 11.1] FRRIITERGE T —NESFI:

© FEER (FEFT) EHIEMPEPILERSA, & A=16.

@ ZBEFER (FF T EHFE—MPERNIERS A, 8 16.

® HFHEEMEHKIE, BSRTA-A-1, Ll AN 15, 8 A SFEEHE.

@ ZBEFEAMEH KIS, BRI A<A-1, FTBLA K 15, 8 A SEEHEE.

45 RIS PR IRALEE , R E PR R > 1.

IXFE GLRR R BHE R AS — Btk o IXFP A — B I R AIRAES IR . TEFHKIRER
BLT, X Tis T IS5 HOERAEF5 B R B R BV . 5 3% B AR5 3T, T F5
e ER. ZRETHE4LP TLEFEHAHEREER T T HEMBH.

TSI x idh R(x), BEIRE x i W(X).

HREBEHROBIEA B EEE RGN ATESEAE “I” HiE.

1. E%ME (lost update)

PSS T T, AR —EIE BN, T, BTHLERBERT T, /EAMER, FH
Ty s E R, Wl 11.2@)0 7. B 1.1 8 TR 7R .

2. FAAIEEIE (non-repeatable read)

AESEEIEHES T ENEIEE, F45 T, PUTHEHEE, € T, TEBRIET—KiE
WE R, Bfkhil, ATESRAFE =G

(1) HHE T ERE—BIEE, FF TLAHHETTES HFS T HREEEEN,
B[R SHT— XA R BME. FInERE 11.20)F, T, 52H B=100 #1725, T, S E—%4E B,



308 RS

S HCHEAT 5 B0UE ¥ B=200 BEIMAREE. T) % T A IERN ERE B, B & 200, SH—
PR HEA— 2.

(2) H45 T) % E LM NEHRE DI T SRR S, F5 T, MR T Hh
W0, YT B R A B R i, Rl ST K T

(3) 5 T, & — B &M NBERE P BRI R G, $5 T A T —&iEx,
T, BRI RN, KLZ T —&idx.

JE PR A o] B A B AR ML) (phantom row) HL% .

3. i “BR” B¥E (dirty read)

T HRERIEES T BEECE B LS RIAR, F5 T U B3RS,
T, TR R RS, X8 T SO BRI & JRAE, T, 3020 50 w5 £ 2
HIEARA—3, W T, SRR EIESL “BE” BdE, B IEMEEE. BmER 11.2(c)
T, ¥ C{EESCH 200, T, EE] C 4 200, i T, B FHARERE, HESER, CRkEIR
{H 100, X T, BEIR) C 4 200, SEIEABTA B wE “HE” k.

T, | T, T, ‘ T, T, ] T,
D RA-16 | @D RAFS0 | @D REO=100 |
: R(B)=100 C=C% 1
@ | RAY-16 RA=150 w200 |
| @ R(B)=100 @ | R(C)=200
BA=A-1 | B~ B*%2 ]
LOStEN | W(B)=200 I
l 3 R(A)=50 @ ROLLBACK |
@ | Aend R(B)=200 CHAH100 |
| W(A)-15 RFI=250 }
| SRBFH) |
(a) EXEH% (b) AR EE % OF &% &

B 112 =R — B R

FRAE R = R B AN — B R R R R ERAEBOR T F SRR FERIESIN
il 2 A E K 7 R IE R E, f—ANH P B RPITAZHAMF ST, il
8 G 3 B A — Bk

7L, R N R I RSN B, Bl gt TR R R
Ko R “PE” BAEXNGEvHREREBAT AR m, X AT DR — B0 0 E R LA R
BT o '

HRZ G EERARFHB (locking). BB (timestamp). SRWM#EHli% (optimistic
scheduler) F1% iR 43 %&## (multi-version concurrency control, MVCC) %,



AR YR IEA BB A, R A B E SRR AR .
11.2 |

BUR SEIE RN — IR EEAEAR. FrigHSE R RS T NS
Bl CRBEREZR, LRARGERHWER, LM MBUEFS T B ZBIEN %
BT MR, EFES TRIREHBZE, b3S AnemieEding. i, 7Ep
1.1, H% T BB A, #FHFEEH A LT A, HiHSRA R ERAES A T,
HE T, BEOFEFR A JE#ER T X A FEB0NIE. X, BIASZER T FE.

a5l B B 2R R e . EEAI BB R R AN HEBT (exclusive locks, &
X 8 FILZESL (share locks, IFK S H).

Hifb B AR B . =S T A% A bk X 8, WA ARG T SAEH A,
HARAET HFABARE X A IERERAEE, BHE T B A B8 E. X ORIE T 3L
fhH S 7E T B A L8 iTARE R IRME 2 A

HEPH U MIER . HHS T HEIEANS A b S B, WHS T ALl A HAREE
A, HASES HAEHA A NS 8, mAGRN X8, AR TERIEA LBSB L. X8t
fRIUET HALF ST LI A, HETREMR A LS B2 o AR A MAE &S,

Hefth 8 S5 3L B 67 X U B 11.3 BB (compatibility matrix) &R .

S —
e X s -
T, \

X N N Y
s N Y Y | YeYes, MEMER
L Y Y Y | NeNo, FHIHMER

|

113 HHBE A AE R

EE 113 BRI SRR AR, B/ SRR T) DAREIARA %
ERBEORAY, SRR B B B TR T4 Ty X RUE R
BB BR R . To A B R AL 7 BENE L FUAERE A 1 Y AN e, P Y s #i4 T, it
PSR T, CEFAMBURZ, HBERTLNE. N8 T M BER S T) SR8
WIS, Ty iR B

11.3 F 8 i WY

RIS i X B S B 1 2k A B0 B 0 UM BT, T L e e M. B,



fal s E O X BHER S B, FRBURTA]. AT RR A . XL R # i #i8L (locking protocol) .
St b E AR RN, MR T SR AR M E B AW AH=FEHBP. X
HRBEROA EFRE T RESHRE RGBS ATEE LM “ " B8 FA Bk,
= BB BIAEAS FIFERE b AR T 3K ) 5, Ok I R4 VE I TE 0 VA BE SR it — € I IRAEE
AR i B B SO B R — BRI R AR

1. —Eithis

— BB BURTE, T4 T AEBSEEE R Z AT A5ex Hm X 8, BRI FHLFERAR
. HELERAFEIER LK (COMMIT) FIEEH 45K (ROLLBACK).

— RPN AT B 1R E RAB S, FRIESES T RRE K. Bl 11.4)FH—&EH
BEPR R T B 11.2() 0 A9 Z KRB

B 11.4(a)F % T, 765 A TB S ATZext A 0 X 81, 24 T, FiERx0T A o X Bl
a4, T, RAE%M T BRI A ERBUSIREN A 1 X 81, XN EEBIM A CSE T EH
ERME 15, FHZIEH A [HETIEH, K4 R1E A=14 SRR A . XHERERT EX
T, &

E— BB, RO ERE AN KT, RAFEmMBK, e
ANRELRAIE T EREFAL “HE” BdE .

2. ZEREEIthL

B BUNCRTR, fE—H B BERE NS % T BV R Z AT 20 S0
s B, EsEEEN AR S .

BB RB LT ZEREE, BB “AE” B . BB 11.4c)EH
TR BN Y T B 11.2(c) P HIE A7 Bl i)

11.4(c)H, 5 T, €4 C #ATBRZ AT, %£xf C n X 81, Bedl{l)E S R,
XH T, EREC S8, AT, B7C BT X8, T, A%, T, B R E g
f, CHENIRME 100, T, Bl C £ X 8IS T, 3kH8 C i S 8, & C=100. Xk
T Ty “HE” ¥,

E—ZEBP, BT ETHAE GRS 8, Bl e AR ER X,

3. =HF YL

SREWVORTE, £ HB PR B INH S T E R R 2 AT 4055t
Hom s 8, BRHEFLERARBR.

=B BPNNER TR IEE RGBS “HE” BdEA, BB T AT ESE. 5
I 11.4(b) 6 =3 B U o T B 11.2(b) A v A 15 )

Kl 11.4(b), 55 T\ fE1E AL B ZHT, 465t A B b S 8, XAEHAD S R BEF AT AL
B S 8, mAREMX 8, EIALHES AL AL B, MAREGHEN. Bl T,
B il HiEXN B (9 X B HIE4, HAESA T1 B B E8L. T, VR EFIEA. B, X
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FEHE B 52 100, KA RA 150, BIAfERE. T, 4RA B A. B LR S 8. T,
A3REX B 1 X 8.

T l T Ty ; T T, | T
D XiockA | @ SlockA | '@ Xlock C T
2 RAKI6 | SlockB | RO-100 |
3 | Xlock A R(A)=50 | c=c%2 |
@ A=A-1 | WtF R@B)-100 | W(C)-200 |
LOSEREE A+B=150 | @ | Slock €
Commit | %%F @ | Xlock B | F1¥
UnlockA | %% ki 3ROLLBACK | %
® :ﬁﬁ)ﬂockl\ : 55 (CHie %1 %4100) : T
| R(A)=15 3 RA=50 | %% | Unlock C | %
| A=A-1 RB)-100 | % @ | H#Slock C
® - W A+B=150 | % | | RC)-100
| Commit Commit | %#¥ ® | Commit
| Unlock A UnlockA | %% | Unlock C
} Unlock B : £ j
[ @  #EXlockB | ,
i . R@FI00 | |
l I B=B*2 l
: ® ; W(B)=200 :
i | o i
5 | Unlock B 1
(a) BAERBX (b) WTH L i GRS S % ¢ ]
B 114 P S L e ok =B B AR — B 1

ER=Z X EBEKHMETH 2 RETEREEBL LR BB CE R8T
). =ZEBPAT LB 5 AR 11.1. RPETEH T AR KB EF 5831 — B
FONRAFIE, B, — BRI .

Fz 11.1  FREA 8 i FI—BUERIE
X 8 S 8 —BEARIE
BELOR | BEEW | BESR | BELER | AER | AL B” | WE
I R B 291 B i ik
— B 7, J
R J J J )
=AM J ] o J v




11.4 SEIFIZEH

FERIERGE—HE, BB 1A RS R SR FE 8 55 ) /.
11.4.1 &

WRHES T, B8 T R, FE T, LFkHEB R, T2 T,5%6; T hidkE8 R,
TR T R LMEBZ G REEEMUET T FiER, To0R%ER: BE T, ERE8
R, ¥ T, BT R LHEBIZ GRS HHAET Ty iERK--T, A A B SR, X
AT, W 1.5~

Ty T, T3 Ty T T,
lock R ; Lock R, :
Lock R Lock R,
e Lock R
g ] Lock R Lock R,
Unlock R g : : % w5ty
] | Lock R £ S
HE | : Fh e Lock R,
N ' Unlock Fh X
X Lock R EfF TN
%ﬁ : " H 3
(2) T8 (b) FEB

B 115 - FESES s il
3B G5 % 40 0 TR B 7 2 R R P S SR S IR 45 W SR . 24 B A S5 R BB A — B &
i, BT RGHE KRF B E RT3 HHEA, BB % A8 — R BOR At AE Hi
BAF oh 35— AN 3 5 4R 198
11.4.2 35

WURES T B8 THHE Ry, T 887 HE R, K5 T, SGEKEB Ry, T, B85
T Ry, TR T\ 54F B R, ERIBE: 83 T, VHRIEHBI R, AT CHET R, T
HAEESER TV B R, LB XL T T, 762545 T,, 11 T, XS4 T, )5 E, T,
Ty I KEARELE R, TERIER . Wi 11.5(b)F .

FEB F) 1) R FE R AE RGO AN — IROFAT AL B b O TR ARIEST . H ATE B0 1 o i v BE Bt
BB EEAWRI E, —HKHERRE e R e R, BB ER AR
AR, KA —ETFREMCW RETH LN, HENWHR.

1. FESiRYTRE

EBER T, FAZEBINREEFR AN RENHESEHOHE T Rt %, RE X



114 EEFNIEN  NeRE

s EL B 3 B B SR SN B, AT S BMTE SR . B 1 FEBLI R S R
WO = SERR I 5 1 o TR SE SO A 7 LA T PR 78

(1) —IREHBE

— Y B TSR A T 55 A0 — VOKS T T AR P O B, 75 WUt Ak 4
1T B 1LSOIBITS, MRS T REEEN S R, AR, — UM, T) 3T LT F 2,
T To %45, Ty BUTSEERM R, Ry EHOBL, To SREEPT . SCRERAN & KA BB

— R BE BAR T LU ROB I TERU R, (BRI, S, — U LR E
PB4 B MBS0 K T HBUNTEE, ATIFHE T REMIERRE; B, JoRE
MR R WAL, BRSSO SR 7 AT A AP T A2 R B R, T AR
e S RO B 52 0 25 BT B B BT %, R R R BB R, K 5 AT
o 7 o T AR BN B AT R TG, AR5 MRS T IR

(2) WFFEHBE

WP B B R TR A S s — AP B 94 0 5 B3/ W 5 i 8«
BIITE B A GHIIRT b, TR BB HOIT 24 U MR 45 25 TF 48, AR T — GO T4
BRI

WP £ T LI RO L FES, (Rt AR R, 55—, BRI R 4o B 2
XML, IF BRI . RS SRR T A WTAE(L, T SORE (0 IR U
FEAE R, AR 5, B MR R LU 4 OHIT TS A e, (R
JRHE AT T R R, [ AR A O 5

FTIL, AR Rl SR T B B S50 A 2 M RO A, R BB
PR B 2R A S LAY B L35 ) A2 5 T AR FE S 7

2. FESHEOIS IR SRR

SR AR P WP B 7 o B TR el — A T o 4525 5

(1) ik

RS SRS DR T RS I B, BRI R A T JER. RSB,
(EICAR M ARYI R, — A AT AR IBE RN, 401895 DR Ay 3 28 5 B )k TR
RYLWANRAE TS —RMEHREAAK, FBRERFELE R,

(2) SFFFENE T, o "Ll

HEEGEE—AGAE G=(T. U). T K K\\) i

L IR, A R RREBATINSES: U N . K\_,f:}’
HHRE, BALRTRRSSEONR. & T o e

%% Tz, MUE 1 Tzzrﬂ@_'%ﬁr'ﬂlzl: y\T]
&1 Too W 11.6 Fios.
HGELF B ASHIRB T BT S5 SRS 0L RIS T RS AN (kg

Bi1le $i555
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o) AEMFESEHFE, HHETRN. wRRIEPFERR, WRRRGE T HBL T 8.

B 11.6()&FHESE T) %4 Ta, To XEMHE T, FAETIES. B 11.6(b)R-RFS T, FF
Ta» T2 %565 T3o T3 %5FF Tar Ty XER T, AT IS

R, FEBIERATLAZ R B EE. Bltn, B 11.6(b)FFES T, AlEERLERF Ty, 7EKME
B A /MOFEE . X EEFHANEEE M T IREA IR

B EE R RENIFRENR T RS — BERNB| RGP, MEREEER. B
K R B — N E B AN SN S 55, K LIRS, BIBU S 55 R (T A B
A EE 45 13 AR SEIZ AT T 250 4R, XU X 38 55 BT PR AT A 00 4 5o/ o 200 AR &

11.5 HAZEEMNTSTH

B PR E RGO I R E S AR E W e EARRIEE R, Mottt AR R
IEMKWE? SR, BITRBERIEME. ATEREM T ST AR R ERR . XFF
F B AL AT R AT AL R BE

11.5.1 AIBE{THIFE

EX ZAFEFMIFEPATRIERME, HHICHHERSHE—RFHITHhTiX
HEN S RAHN, FRiX P BE SRS b AT BITH (serializable) .

RIEBITE (serializability) &I RS EMVAREKAEN] . HOXAENRE, — DA E M
FRMBE, 24 HEICH TR BTN, AN RERIABE.

[f11.2] MAEBFBHNFS, HHEEFHIERM:

H% T): £ B; A=B+1; A A;
#H5% T,: ¥ A; B=A+1;: 5[ B.

ik A. B MHIMEISA 2. % T)— T, WFHITE R A A=3, B=4; % T,— T, IRIFHIT
235 B=3, A=4.

B 11.7 45 0 T XA 3 5 A R B VR BE Semg . o, B 11.7(a)F1 B 11.7(b) I P FRh AN [R]
HIERAT R BE RN, BARAPITERAR, EEMEMREERMEE; B 11774 R 5(0)-
(ORIEE REBAR, Fro R REERE; B 11.7(d)HATE RS ST B () AT 45 A7 FH
Bt DA IE 6 1 VR B .

11.5.2 A RITILIAE

FLAT At A8 P J5 0 VR R T 3 AT A B FRE 2 ] 3 8 2 T R AT AR TR BE 2 A
25 WA SR AT LA BE R TE 9 e
HENM AN REEEOM S .




T | m T ol & | Al i T
SlockB | . H_' | SlockA SlockB Slock B
Y=R®)=2 | }x=R(A)=z  Y=R(@B)2 | Y=R(B)=2
Unlock B | | Unlock A | SlockA | Unlock B
XlockA | H | XlockB | | %ray2 | Xiocka
A=Y+1=3 | “ B=X+1=3 | Unlock B | | Slock A
wa) | ‘ W) J | UnlockA | A=Y+1=3 | %%
Unlock A | | | Unlock B | Xlock A W(A) 1§
 SlockA | SlockB | A=Y+1=3 | UnlockA | %4
| X=R(A)=3  Y=R(B)=3 | l} w@a) ‘] X=R(A)=3
 Unlock A | Unlock B H Xlock B 1 Unlock A
| Xlock B | XlockA | | | B=X+1=3 | Xlock B
| B=Xt1=4 ASYHI=4 . (W@B) | | B=X+1=4
wWE) WA UnlockA | | ' W(B)
| UnlockB | Unlock A | |uUnlockB | | UnlockB
(a) BT BE (b) BTN EE () A vl BB AT AL RV BE (d) BT BB AT AL AV

B T N = 10
Bl oA T 55 B AN IR

I SEBRAE SR S [R] i 2 95368 [|] — > Bl 13 SR AE A S 5 #4E

R; (x)55 Wi(x) P B/ETEX T;5x K i
Wi(x)':j W,-(x) /* $%’ Ti E Xy TJI—EJ' Xs ﬁi':P l?éj*/
oAt AR A rh IR AE

AN [ 45 f o S 4 A D [7) — 2 25 B 1 B AE R A R AS # Cswap) B« X T Ri(x) 5 Wi(x),
HEECHMKT, WHES T, HRMBIEERERKAET S, ARESEWMEFES T, 501
AT R e XF Wix)5 Wix), B0 & PR mEEE ErPRE, x MEBET T;1
GRTRTET TIHER.

—ANRBE Sc FERIEM REMERMIKFAZIIED T, Eid 3 MmN HS AR ER
WP 37— AN REE Sc', Wik Sc R HBATH, FRIAEE Sc HmRARBITHAFHE. H 1R
JE R PP IR AT, T T B AT LBV RE . DR AT LA R X b vk I — AR B R
PR A BTG .

[f111.3] 4FHWE Sci=r(A)wi(A)r(A)wa(A)r(B) wi(B)r(B)wa(B)

AT LU wa(A) 5 1 (B)wy(B)ACH#:, 793

r(A)wi(A)r(A)r (B)wi(B)wa(A)ra(B)wa(B)
T r(A) 5 r(B)w;(B)AZ #t
Sy =r1(A)w1(A)r(B)w(B)ra(A)wa(A)ra(B)wa(B)
Scr M F— AN BT Tis Too FTLL Sc, Ah 50T B ATALHREE .
NAZIRH R, R AT R T RTINS &4, FRLELAM. ©F



Bl 5o ik "

AN 2 pp 5 AT ER AT AR AR B P BB AT AR B

[ 11.4] HFEAFES T=WI)OWIX), T=Wo(Y)Wa(X), T=W3(X).

PRE Li=W (Y)W Wa(Y)Wo(X) Wa(X)jet— AT IR L -

WEE Ly=W (Y)W (Y)W (X)W (X)W (X) A3 2 P ST 4740 (2 R BE Ly 2] 83474k
(1, BEh L, BATIS RS L AR, Y EEST T, 6, X MEERST T HE.

AT CV2 R, 7 P e R A il — MR B B R SE B, TR 4 ey
BHHLRIRENS P A= AT B AT AL VA RENE ? T AR 9 B B B SR P LA SEII T SR AT AR E

11.6 FREBIMY

T ARUE &R EE B E R, B A B R G R I RS L R A — 5 T Bk
RAE AR AT SR AT A . H AT S R B R 40 1 i K P BB (TwoPhase Locking, fRiFK

2PL) WIMSLIA 77 ik SE DL I AR BE AT B3 AT, AT PR AUE 1A BE

HET, HET,
R | SlockA
FRRPIL BB 3 AU AN BB | o
BB - Slock C
o TEXMEMBIRIEATEE, SHRIELZHT, HAZHEIFR | RICH300
(ESORERA € OE L P |
 TRHAHULE, BERTRRRRAEIN | yoye
8. Xlock C
BT “PREL” BRSSO, HED AN, BB W(C)=250
RAEB, WHCAT R B, fEIXANEL, #5550 LUHE R Slock A
FHEfTHURE I LR B, (ERAFERBUEMAS: B2 | gon o
MrBOR R B, WARAWAE B, EXHBL, HEITURE | rerio0 | w6
TAE T B I b A SRR B, (R ASRE T HIE AT Bl Xlock B o
Bltn, 5% T, MFPEBML HEBF 2 | wErl0 | %
Slock A Slock B Xlock C Unlock B Unlock A Unlock C; | UnfockA e
- TREME —| - KENR ~ R(A)-160
X, 4 T A F RN, HEBUFIIR i Xiock A
Slock A Unlock A Slock B Xlock C Unlock C  Unlock B; Unlock B
AT LAUERH, 25 35 R 0AT B BT =5 45350 38 <5 5 Be i i W(A)=210
W) o 3 A 4% FH) A S AR SRS 0 A2 T BB AT AL o Unlock C

Bltn, B 11.8 Ffros 0 BE 2R 7 P BB il i), Bl —
SEAE— AT AT RE . 7T LUSGAE B0 T = 2200 [ () o 40 4

B 118 1S B Eh s mT Hs

FTAL A




11.7  BHEiHY Hm

VERUR BB VE, $2 18] ) 56 Ja P43 31 7 T B8 B
L =R (A)R:(C)W(A)W2(C)R(B)W (B)R2(A)W2(A)
BB FEAA N ERERRIT GBI R(O)E Wi (AR, Bl R(@BWI(B)S
Ry(C)W2(C) 2He), AI15E(
L=R;(A)W,(A) Ri(B) W(B)R(C) W2(C)R2(A)W2(A)
Ft Ly 22—l BT R .
TP, WM EB I DU T AT I FE 9 1, AN R
R, AHIRFFMUTHBBIN, WX ELEHS
|

B0 AT 9 % VA BE SEE A S T s AT AL B s (B, B RE% w::“ | %5

B — AR E R T B AT, AR — e T 45 T b@m |

BhXo BN 117 TT AT, (8T, BT, RSP el

BB | B
5, BEMPBBD ARSI R | |

A2 Kb o — YR SR AT AN T 55 0 T — VK T A \

FI BRI 2 MO, IR REAR AT . R — e | | Xiosks

PR PRSNGSR ERFE BT B

Yok BT B AR OB B, BB P Rty 0 TR
AR, W 119 Fik.

11.7 FTPBVKIE

BB R AR AR ERLE (granularity). BB LLZIBHE HIT, ALY
BT KRB NS, BESA DURIZAE @ e, BAE. BIEERES.
. KA. RII. BONRSIHERANEIEE; Wl DURXRE Y RIt. 1 (KR
WEEGI T, RS,

BHR S RERIERENFREGIFITHEDIMAX. EWME, HBRRREK,
AR P P eSS B B B oo slE b, SRR BERUEUD, RETTRIEEN, R2Z, BBIR
BE#A, R BRI, HRFTTH BB,

Bilin, FEBREEREEI, HE T HEESOTA L, W T LAEE L AN
UL A Bl WR T X A MBUSFHF T, BEK A FHTA L, W T, $8%6F, HIT
B A RIS WRBBORERITA, W T, A T, /T AR L A0 Ly iR, AHZEEAR
SR, TURER T RAKIFATE. Xn, FH T FEEIEANER, HHPNERTH, T
AR RPN TN BRI

BEk, R RS R N SR 2 FhE B0 B GEAS [R] A0 3 55 90 2 LU AR AR, 31X
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Fht i VR A BRI (multiple granularity locking). 4% 5 8lUkL BE IV i% 7] i 2% &
HYTFRAE R ERANREE, ELEBEHPRELCRBRMOER. Rk, HELH
EANRRP KRB TANES T UK RNEBRE; TELEZAXROANE AN SR
AT LA CASCHE FE BB RE ;o T — AN B> BT P %, DG A BB RE s LE
BEET.

11.7.1 % NE i

THEHIT 2 RER, HAEXSRER. DREMNKRS 2B EEEE, Rk
KEIBARIEE . &5 R R e/ N BB -

Bl 1110 2 T —A = SoRiaemt . K4 U o D
B, MEER TR AER, KRMTL 0T g fial
WATBLE X 4 GURIER, BN, HORAK. % RAR .. %AR,
WM Bl S /

RIE, KGR BB, SRS g \,w "4 \}nﬁ

SIS ARV 2 BEAR TP B A G s SE N B, X

— AN AU B IX NG R IT R R 4 S i n

CARIFFRAIRI 8. ik, 78R B —DMEIEX ST REUP ROy 8, B B8R
Fa s B

B EBUE N 5 A EOR A BB EEE N S LR BREE UL 2R SR B
SEHEE, AT EZRAS U B AR B SO T .

ZHREEYTED, EABBMEXBBOBORE RN, FitRERE BN
ANERE EAHBEBROERAE Y. PSS T EXHRR R M X 8, REVFEER
H PR SBAEE. RAR UAR FTHRE S, BR, PRSE—md, EFHR. R
HARE—AEIENSOLN T AHEES, W T BH0%5F.

— R, RN EIERN RN, RAEREZEENS ALK EZ R B
RERLHE LRG R, BEAFSNEAABRE S ZEEN R LR (WhF L%
G ROMNBBUERE) M5 BEAELIA TR, BENPEXBMRETEAH
FHREXBB CRMEITRE REBD R, B, IREMRETEBERMRME. LA
MFIET —FoFr 280, #OVE @S Gntention lock). A T &4, HEEEHERERLEH
BT — 4 i B B

11.7.2 E @i

BRSO & SUR IR — DGR B, B LS R R R RS
& RUMBET,  AAZRSEXTE B bR 4 i e

B 1110 =283



1.7 HEnoniE KR

Bln, WHE—ITCAINBIET, DA SR BT AR B PR A 5 AR I R

FHEAB=FERAE e &mIL=48 (Intent Share Lock, IS 8i); & n HEfh 8l (Intent
Exclusive Lock, IX #{); JtZER[m#HFh8i (Share Intent Exclusive Lock, SIX #{).

1. IS 4

R — IS IS 8, RAEHEES A GERD oS 8.

Bitn, 4 T Ex R, PEATCAM S 81, WEEEXNKR R, MEHEFED IS 8.

2. IX $i

RN — AN EAEXT N IX B, RREHERLS A GERD N X 8. #lm, #5T,
xRy PR TCA N X B, WZE LN KR R, FIHEEM IX 8.

3. SIX #i

WS — AN XS0 SIX B, Fonxden S 8, FHnIX 8, Bl SIX=S+IX. filinxt
FEARM SIX 8, WFRRIZFFEEENR (FrLAZHZERM S 8D, FNSEHFAHIT
A (FrRAEDHZER N IX 8.

B 11.11()4% B T X S8 A FPE, AT BLRILIX 5 FPaasm B A s 11.11(b)Fr
AR R FriBBR SR ERIREX AV B HE R . — 557 fhilF 3Bl i BSR4t
REWBHURLEN, RZUAR.

EEARRSNZHRERS T ET, EEFS T EN—EIENZmE, waese
B EEEE S . HiE RN N B LR RF T, BB N % R
i b RIRFFEAT .

=

T s | X | B | X | SKX iy
s Y N Yy | N N Y T
X N N N | N M. | ¥ S
IS Y N ¥ | Y | Y Sf P
X N N Y Y N Y L
SIX N N Y N N Y P
. Y ¥ | = Y Y Jﬁi ‘
Y=Yes, ToHEBRHER N=No, FEFRAHERHR
(a) BB B 5ERE (b) BAYIRE R RIF R R

B R S A AR S e R

Biltn, F4 T, EXKR R IS 81, WEEEEIREM IS 8. MARIEEMR, 2
FEMTAHBERB (X R IX)e AERFERRAGE R, FHOTHREN T AHER
B (X 8.



B & B0 2 R B R & T REMIFREE, W T BB T, o8
A S R PR e P A B AR L7 R A BT N

*11.8  HH A=W

FHR AR T EBR T B BEARSNE I (a8 7 12 SR W42 R0 22 P A R 4 1l 4%
X BB A

AR AR A S i L DR, RIS EPATHIN ] A HS BEME—K
I TR, 4 B A I TR AR e 25 I pp S . SRR ZE PRI, S IR1VR B 5 i
(IR 55, CAPRAIE LAt 55 55 () 1E 5 BT, 4 1003 1 5 55 W37 3 %) BF ) BRI A S R G 0T

SR HNEN R FESPATRR DR AR, EHAREZHEATRRGE S, mRike
B AT, FEHRTH T IERERE. WRRERRIZESIAT P HIE R
W TR ERATHE, WELERACHFRIR IR TS . SR A B RR N BAE 7712 (certifier).

L IRA IR H] (MultiVersion Concurrency Control, MVCC) 48 7E %48 12 rh ol it 4
B T B 2 AR B R S I RO R4 il B — o s

11.8.1 ZBRRAFEIZF

WA (version) & HEHHE FE H BB XT R — MRIE, a7 T BT R EAN N ZIHRZE.
B VHEHL R GEAF A B U A AN T BRAIC, AT DA 8 A 50008 2 2R 40 1 B30 ) % 4 B 2 Ml
A, D@ RGN RBRIERRE. B, - MEN% A HHAHS, L T REH
%, T REHG. BELRS T\ HE, R T, #HE. EBRELNEBNY, T, #HH5 L
MEERFRSS T PATS BN A LR EBUS A GERME AT A B8, thab &3, T, f T, SEhr
ERBITPATH . WRIE T MRS A NARER, MEN A ER—NHFRRA (RRH
A, M4 Ty sirl AGKEETE A' AT RETE T, MR IR EENE - THS T\ 2R
B&5E. MR T CLTHRT, Toin LUSOIRR; R T E&E T, B4 T, »J
FREB T, M. XHBERRFFESHIATH BT, S T HSHIATHIETRE.
miE 11.12 fios.

FEZ ABLEI T, FA write(QERIEZEIE Q M —MHIRA, XA HIEXE
A —TRAEFF] Q1,Q2,.Qn SZAHKEk. B —MRA Q MAMAMME. 618 Q1)
H 55 [ (8] B W-timestamp(Qi) Fl B T 2 HL Qj FI 5 45 i) 5 K i 1] 8% R-timestamp(Qy).
Hoefr, W-timestamp(Q) & 7 7E B #E I0 Q b i Th AT write(Q)#e 1 1 T A 35 45 o i) i i
[E] %K, R-timestamp(Q)& 7~ 7EHHE I Q b I IUAT read(Q) 1 i) BT A 2 55 v (1) 5 K st
V) K o



“11.8  JfbIF % Rl m:im

HET, HET, HHT, HHT,
Xlock A Read (A)
Read (A) Write (A)
Write (A) UEHRAA
Slock A Read (A)
EhE Commit
Commit %1% Commit
Unlock A S (b) MVCC
Slock A
Read (A)
Commit
Unlock A
(a) BB
B 112 H8uriks MVCC i

I TS(T)R R HE S T AR, TS(T) < TS(T)RARFES T HEHS T, Z i FFaEHAT
Z A A R
oA Qi R /T 805 T TS(T) I e KN [a] &L
FHE T KiH read(Q), NLRMIFRA Qi TN Z .
HHEE T R write(Q), MJ:
24 TS(T) < R-timestamp(Qp)I , [FI¥& T;
24 TS(T) = W-timestamp(Qu)i, 7 Qx I .
A0, Gl Q HIHTIRA .
B DB R P R Qi Al Qg i W-timestamp # /N T 28 45 Hh it 32 (95 55 4 1) (1)
B A IX A RRAS PR T BN WA AS PR FH 3, 8T AT LA R e B
2 WA I R A P P B AF A L ) 22 A SR e3P B (0 — B . X B E 4R R B
PEEERS, A HEZAE B —A B IE B — B R AT A PR, Mo AN IEAE Ab B A RO 24 AT R
Ao ZWAFREHIREBHUEIAAEL, FZRLFA R R T 5008 2 b 3R 2 m S 4k
MIrhsR, AR T RERIHERE.
ZIRAIFRIEG T EARN TRSEEFZPHERE, BREEERENEXRA, WEAE
HEGRNZ], HPrZmr A ABMEARD e, XlARFESPITEREF KR
AT TAHER . IXLEHR R SEIN 2 WA H R A ) — LSRR

11.8.2 Ry % AR I ZinH
ZREA AT AE— 2P0 . R S5 R AN LA M EFHS . o T HiEHE%,
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RAEPFRETTHEVEIR N, TATLUCRA ZARAK M. X TFEHFS, RABRT KRBkt
B (2PL) Bhi¥. XEEREA MRS MV2PL. BAAMEEI T .

B TAEGE e (=8 B8 (HbBD 4, 51— DSBS, A KIE
B Ccertify-lock,5% C 81). HBIHIAHAMEFEWE 11.13 Fox.

R-Lock ‘ W-Lock C-Lock
R-Lock ' Y i X N
W-Lock I Y ] N N
C-Lock N i N N

¥: Y=Yes, FRHZAMNIER: N=No, TRAMAEMIHK.
B 01.13 B0 B i A 2

FE: ERANMEBEETY, AU EFREENT. IHLYENFSEHIES R
TR, AFEAFHEHE (2R, SREKER-NDIGREK, mitfERELB6
WA bk ), — B 5 E 5 BAR A IAR, SR B RFF AN LA T B4 69 $aBxT £ Eag e
4. B TEIESA LR TANE, FAh T F20E4, BFEHSAFRERTCHRZ,
B 2| PR A AE An £ B 4 6 BB AT RARMATA AR L E AN FSFBR, —B5FH5KF
R4, AL T AR FRIEAT R0 EE, RITFIMA, REBABIEH, BRIFS.

fEXH, RGEE RBEEFHISSZHEANRAE . 2NERET LR — NS4R3 &
PAT. XFMFOURALSEN) 2PL FiAS VR, 180 T B HSZ A H R E .

HAriIR 2 i R E &RSE, Hla Oracles E=& (¥R Kingbase ES #B& % H
MV2PL il ¥

MV2PL BB BIHLGIFN N [HE T B A, P — AN BRI 2 A, BIXT FRRE
R EEREFAE « B ABTRRA, R &R — R SO B8 iR A< . MV2PL Filds
BINLHIAREE, 3SR L Ak R 75 2 WA 3 4 il b o SR B0 B B B SR 5 5 s () Bt SR AN e
R, FTLAEARIHETS, MEWMNAEESE, AMFESERERENR, ARMEET R
Gt Rt

BAEVE 2 B = A T 2 WA R R ABHIEAR, (HR &N Fh A SE B0 4075 & A AR
[l o A7 261338 7T 22 SCHR13]~ [16) R = dh A 41

11.9 /) 5

UEFENEERERBAZNN P REBERT. BEECERALAREIFLEH
AL R IR 36 R P 0 9 R BR A DARIEIF K % 450 TR 3 o — B0, R SR B3Ry — Bk
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BABEM R EH LTSN B, BEEARUEREI L aH. RENETRE
J o 4 o o = B L. TR B34 AR B BOR B9 S TR BL I R S5 — B IR
ERTFE ., 8RB 2 W REH AT R, R E— R SRR S
AL HARRERRRFGERAYNKL L. HFREHNBAEARESFRERTE
B HFEN R T BT, FRABNET BT LARS TS #4, ELRLELAE. B
e, P BB ABRIEH R 558 o B 1.

TRGHEECERGRENTHXE . RN AHHNR G- BBERA TR,
fERAKBHEAFTEERRAEN. FAREAR, XELHENG T HERT %,
SR ik Ao B RRAOE K 4 1 S AR R 7 %

3 &

FERHREFE R AT A B IRAEHI? FF R Ml H AR A RAIE 57 55 (i 2o i 2
IR BAEAT e &= LR LR A —B? A4 AR e & R A — B ?
o R B EBRRE LM ? KR ENNE X.
] 4 B B R E SR f) — B 2
o R TEEE? IR iR A e A SR B R g O ik
fraRFEE? W4 T FEBE I #+ Jik.
W R TR B R A i —Fh ik, 2R AU T AR B SE B 2
R 0 I R B A T ) VR E 2
BTy Ton T BWFH=%, & A BVIMEN 0.
Ty: A=A+2;
Ty: Ai=A*2;
Ts: Ai=A**2; (H] A—A?)
(1) FEXEANAFS ARG RIAT, WA Z O] IEFRLSER? i — 5120k,
(2) WHHE AT BITRERE, IR HPITE R .
(3) WHGEH—NIEBITIAIRRE, A HIITE R,
(4) FREREANDFHEYFHBBL, HA H— DA AT o] 84T R .«
(5) FRXEADFEHEWYFHBRBPML A H— A=A .
10. SH=EAAHEH—NHE nB)r(A)wa(B)r(B)r(A)wa(B)r(B)w(A), 1% & o8 a] #4716 1
VR ? hfta?
11 RE A A F A 3 50 < A B B, TR I S 5 55 1) 9 R mT R AT AR IR
12. 256 BE A IR 3 55 89— AN R BER AT BB AT, TTOX 28 9 R 37 25 AR — s 30 < R BB
13. FEBUWTERE, RHUXEEESZ NNEEER.

S



mi;'i 112 IR

1) TR EE

(2) A BATALI RS .

(3) MAEHF B (2PL) (IR
(4) HBATHE.

14. #8 T, M T, 1 EH55.

T;: R(A);R(B); B=A+B; W(B) T R(B);R(A); A=A+B; W(A)
(1) 5 T, f Ty, HIINBURIERRHEELE, I+ RMEPIR BB .
(2) VLW T, F0 T, IBAT BB S5 RIS, A T8 T, — MR Z .
15. ArABESERMS? B E Ut A
16. RARH AW 1S 8. IX Bl S, 25 XS AR 21

X W

I 11 FRIZH

YR BRI R A ) 5 BB AR I S BRI ] e SR P AR R I R S5 i R K B B AR — B
PR, WE KBS ARTEREME A BRSO BRI WO B 8 B Sh IR fE
QR EMARFRBAF, SHERERMSHE, FRTHZA% %, @l SQL iF 5 sit A aHl 7 Eor
Tl B 0 50 1 L P 3 s R E 4% s B AR O R R ACR s DAE — A0 B A e R R G T A e
%5 I T U 1) AL

AES B
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AREH— SR B R E R RAMEATIGE. RAGHRTEELAER. AEARH
o B P B AR A v N G R, TR R T 1) R R R S R T R R
L F R A A AT AN 7 R S A ) £ EE 4R A PR B R R e A RS A S B, DA SE 4
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12.1 FIBEESEAGRIVEASIIRE

BIEEEHERACLRRBARBRERGEZ EREROARGHKFE. fHCHE, ik
FEE B RG T ER LI ZHIRAROAN. 6. BEAFR. Bofds, BaREE
HAGNAA W FEATIRE.

1. HUREEEXFEE

G R odiE e B 0 E SO S R Bl e S, B S SR
NR. EXRRBIEE PR CEEE (). &R, A, R31%, SHRUWEH,. %
SREEX WA/ 04, %50, A, FIRARD . BEEER B E . 1X8EE A7
Eﬁﬁ?ﬂ(%ﬁ%%ﬁﬁi)¢,%ﬁﬁ@%ﬂ%%ﬁﬁm§$mﬁo

. WRELR . FhEfEE

ﬁﬁ@%ﬂ%%?%%@m M E S PR, BREEIRETR. HP 8. FI
BRARSE. BERE LM PP SO G R A O A A a8 DA SUX SRR, LR SEBL B
ZIHBRR . BARAL MR KA H AR R R A 2 A H R M7 A, R L2 FheF
WOriE (NZEGI &K hash Bk, WFEKTE) LIREADEE.

3. HiEFM

Ko P B AR GUR LR e B OB Th RS, STEUN B FE R IR R L RN 1B EOR
MIBR . —ANGF 0 5C R B B B AR SN ZAR BRI kR HL5 2 5 OB RGBS . T (EIER
Y7 AR B A IR . BOERRAE S AR MERESNEY () BES.
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4. WRERSERMETER

XEREREEERRGNSTEGAEEGR, G207 ST 55 EEEN
ZAtE, seR M HIThAE . RS . JERERAZESRN (SRFPIIE) . REWRE
MRS, EEERERIIT. BITHEMAREHE. XL RERIE T HREERLER
IEWEAT, RIETFH5H ACID 5tk

5. iR R AnLEn

Ao AR HE R cF VAN € CliNE N € HE RS TR VS I & U
SURNF s DA R M R W 3 4

6. HtbThaE

sesh, BAREEEASEARES M R RAEREERE: — M EEEEER
G55 N EAREEER G RGO EAR B IR A B B 2 A i BV A B R
ThesE. BEEDIRMARRE, VR HOMNANEIRETERGER G THMFERK. B Egn
REEAWIREFH BB EEEAR, fln XML $38, m¥de. SR, 2 8a5Es
EEBR.

MBRIERSE. MIERAERAYMMLL, BREEEERERGERELR. DIREE MRS
MBRZF#ERE. S XEE. BERFRRE. B CEBBSNERAEO. B8
T TERIF SRR R LB TIRE -

HRFEEEARRNOLI, BREASAA T ENES. BERR. RERAHMEER
FEAR, XERHIEERLEFME. TEANGBER N, CERIELFREENESTES
HIREME, ERDERMES PRSI DR, FTERILCREEZE S RA MG EER
EHRGNIEARLEN . A TR RAE 5 A E LI ERBAR

122 HEEFEEEARGNARRLESE

12.2.1 HEEEERGREXRGH

FIRIERG —HE, WLLHBEEERERGU D RETER. Hli. SR0OZREMA
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o FHURRHES T RS

o HEIT RS, PATIHRES;
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XETREMER S BERR, WRT P eBRNBHREFRAL.

124.2 . HRFNENET RS

HREAFNZTRETRAMEB T RS, HESLTREFHIEE CAER T P
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1. ERFHR. EFEHETRS
HARAFREAY RAFEN N S AA XS, RIEdE 2 E e Lie, K

171 AT LA e 2 S AT 2 B ke K

WWRAF T RARPHSA B EE R A ST — DA AR E . X

P e BOE SR 1% 3% R B0 SN AP R AR AT 1, WD B SO sREAN R 5] X KA
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o TERANMFIUE 12 B4z @ (AR c4l (FIND);

o A AL B T4l (NEXT, PRIOR, FIRST, LAST);

o LHRAMIN—/ J64 (INSERT);

o NERFIFTCH P IEAN B (GET);

o NFEXRPME—A L4 (DELETE);
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HEEH T ARG w O G Z R E. BAEFESF SR IFRERIMKE T3
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ffith . #5 Salary E¥& BRG], WA EMP %1% Salary ()8 tE{8 B HEFE, LLE 3
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J2 R B P2 v s P — ANRR R B ST SR AL R T 6 T80 o Bl AR BAF I — AN St
i HP 3000 v+ HAHLRGE+ IMAGE RAREHE e p AUt & Fl — MRk “MROCHE” AL
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L& T BRI % (HSAM). BEIRRSI I (HISAM) . 2 IR BEAF U7 v
(HDAM) FIERZS | HEAFI A (HIDAM) 4 P e AE i 4 SRR N (0 FE I T V. 3L
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HIJ5ik. (EXFERE T, BANEEE b AN B IR B S FP e — > SAM U+

W PR 2 o B FH F 2 SRS A e R o il R R SO A MR, R R
KR ——SET FH#R51707 L. BIFEREAN SR B o 38 i S0 2 58 B R e s R R 4 5 1 R
SEIRET—HR5 0, M BTG TR —AMd®k .

KA FE LI T B R i — o S 44 B SE A 2 (8] B 36 2R 28 A — Fo 50 &5
f—— “R” KFor, FILEIEMEEE 2 MR EASR MM EEIEENDEA
Arh, S5EIRFHEM, ATRL—ANRN N M, B RE AT, thaT
B AR N — B, BXRREEE SRR N T A A SIS,

3. FHURIZRYLBLR

TERRANZ R BAE E, ARSI Z MK RRERRN, HEkES5ERS S
I 2 K.

TER R EE FE P A L B R A BOHE R 4y B 06, St P Bk ) . AP B A2 T ABh A T
EBR . 7 ER AR ) B U8 R B WU 5 R hash SCHESEM . 7E— A K &R BT
L EH TR . ARNRELFAERERS, WEBRNRHEALL RN E@8rR5.
Z& 5|7 L F' ] CREATE INDEX & f) %57, F DROP INDEX Milf&. 754047 25 g
FEE RGBS SIRE S B3RS, DREERRE. dike i,
KRB P A B R R+ RIE .
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BB e AR NS T BRI R SRR, BRLHRIFEANE, BRT R
PEOEFR, BOA VNSV B T, S| T EARFA TA F AR E MR G, 5
EEFR AR AR, FHER. FRERUAT, PHEBME AR K.

AFHE B (13.1~133 ) DHIEER, BIRENA. BIREEHEREITFRBEAR
EANTT A ELBREAE R IR, RoRBAREER R, N RGTT RSN

G ERERNFTESEHM. HERETRE-DER. BEOMNE, FiEE T HEE
PEBOR M R RILRE, T AR 250908 P 0 SCRO 3 A P 3 LA B X 2893 S 2 [ AR LR &R

AT A (13.475) ] 8448 24 A0 R B8 I ARHO B B E AR I8 B i Bk LA R Boaie

HEH BRI KRS RE.

13.1 FUBFERAKZRERH SO

BHEEBAR= 4T 20 4 60 FARFH, EA4{UL S0 FHH L, B85 T =,
&5 T C. W. Bachman, E.F. Codd fil James Gray ={7 B R %75 F, KJE T LAEds @A fy
WEEHREZOBA (MYBAZEMIE., HAMEANE TR MRS hE,
NAEEER %8, #3T7T —AMEREEAEFL, X 50 Frl g, S EENE,
XK S — AR RS O RT E, W ILTE R KB S A 0 355 7 2wl

AR R ENRERAR PR EERATIRZ —, WENHARSTMEARZ—, &
ST ENE B REGESE N RGN Z OB AR EE AR .

HEBIEERGR —NARKIE, BHEHEREEZH, FERABREHAT, NASR
JHZIRN . 213 0 N SR FE SR, TN AR 2 5 2% 1 B8R FE B R R R G0 A a7 AR K s
TREL o

B 130 i — = E BRI . AR B S = A TR T BRE R
GRER L. FFRAMEEXR.
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13.2 FIEEARE=TPHE

PR R R B FE R B IR AR . MU BB R AL RE,  BdiE P 5O AT LUAH B S
DRA=ARENE, BB ARRPPR, BREEREERS, B _RRXREARERG, UK
B AR EEE PR K

13.2.1 F—RHEBERES

BRI PPR BRI ZR AR AR . BN RS . B8 %S S B BIE il
YRAILFRE, RE—REEERSK.

F-REIEERG G W FHEERER:

(1) 1969 4F 1 IBM 2 &) Wi il (4 J2 R A 280 B4 P i 3 R 4t IMIS

(2) EEBURERSESHIHES (CODASYL) FEHIHIEFE(ESYA (DBTG) X#iE
FEFT AT T REHIBFRAMERT, T 20 42 60 40K 70 SRR E THTME, KA
DBTG #t % . DBTG & #fie H @ L T HIEEREN T ZME. HiEMER. DBTG it
W R T R EE M B, A IR AR B B0 R4 i LR R

IXPEREIEE RS BB LU T A LR



13.2 HEPEEREN =1FE pEhE

(1) =g OMER. B A MEREW. B2 ERFEHR (8K
gt Thig.

(2) ISR RL R BIRZ MBER . XREIREREN LRGN EEX N Z —.
B PEANUAE A Kd 10 ELAE Al I 2 BV I 2R o 500 2 1] R TR 2R 7 2 R IR o3 2 &
Gi b AR 2 F AR BB AR Sk R AR A SE BRI

(3) HST B E GBS - B KB FE R g0 R PR B8 E R Go A 3 L B Bl 2 X
EE, HUHREEEN =R AT ME . EHE—2E X, SEEES.

(4) FHEIRBREMNES . B IR FRREE S S MBI E s & —k—1
R MRS ELIES . IREZEFERAE—MESES, W COBOL. FORTRAN,
PL/1. CES¥.

S B IERIDGE S OO SRR TR A IS, BORE: BRAUR MR E B,
N R E, BRI EM st .

13.2.2 E_REEERS

HRRBABIEER R RYIEER TR —RBIEERS .

1970 ¢, IBM %] San Jose A ZERIBFF A E.F.Codd K& T A CRRILZEHN &
AR KRR 830, R THIEER SRR, T T 50 R R MK R B A
WA, AR REIEER AR E T H iR Al

20 42 70 AR XK REIE ER R AMERITFRANA. 2dKEHEROTFRM
FERIAR T UL F EERR: .

(1) BOE T RABB BB IR, H T AMT—BEZ 00 BRI 3H .

(2) FRTRABREWES, BFXRNH. XFREH. SQL & QBE %. i T SQL
HRBRBAEEE ShrdE . BT A [F SR EERAE A SQL 15 b AL [ M Bdii 8 = fbr ke O,
AFEAEE RS2 M BB T ILE IR, D EER P AR Z ST T 5t

(3) Wl T KEFAXAREHEEEERSGIRA, HPLL IBM San Jose W31 % T K )
System R 1 Berkeley K 2#Hf il ) INGRES J B R, B T ARG L B lfith. F5%
B, BN, BEREE - RICBER, IAUKKEE THEESTE RS LI
AFEAE ER W, SRR T BN =k

BRI E RS R . BRI BoBMar R, BUREES
e B RbR e SR (.

13.2.3 H—RKEEERS

B TARKE PE R GO BR AR EAA R IR T ISt B IO S MR — L B A
BXAR, BN B S A 20k Bediont ST B A 1 4 5 ) 2 1 X
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Fr—REEE RGN E £ E L REARIEER ARSI ENISE, WE  ZERAN
BN RESR, Fr— RBRESROFRMERFBTREAFATE . ZAREIEEHR
Gitik, MRRT 44 BIEE R G MR KK .

X ST I BUR E R AT AL T 1 () 6 SR AR R E TR KR (OR) HUEER, 2
AR BIV-RSB[BEREH, ERBEEXMEREW, 27 SMP i& &7 MPP 3174l b
EBATHRHATEBERS, NHEENATE S (WTE. g, hBFERS) HILE
KWEPE. Gt BaRE. THEIRES, WaTLA ZHfRZ o — BB ER% .

1990 4, %%k DBMS Wt ZERLYRRT (BEAEBERAES) M= (LUFH
B CESY, RETHE=/C DBMS W EE K =MNEARFIE (FRAZHKREAREND, A=A
EARFMESHET 13 N EARRFMERMIIGE (FRA 13 A,

X EANEEARRRIE 2

(D BF==AREIBERE N CRHFEEEE., XREEMMREE, BREAELEROERE
FRSE A, BEAEIREERGRE ZFRFEMEE N SEEWFMN], NESIREHR. NRE
FMARER A K. B AREIBEERENEE KRB ETREE XA
B, (EF) WHLRZEIEERG TP E RN EELNBIRRR, &N ZEH
fva) A AT (1) B AR AE

(2) FEREABERE DT REFRMARE RBBERSNHA. FREUEERS
M4k A& —REGEERZ CHOHEAR: REFE AR ERE e B SdE F B M
BARMAIYE, XA NEEIREF 1) SCReT S BRI )& B, 1 HBE 5 47 M S 45 IR A O SR o
B, R HERRE %,

(3) SEEAREIREE R G A0 SoAth RGETF I 0¥ e 22 40 4 JF st 3 B 76 S 4 0 g
B bRE; TEMSE ESCRIERN S ML REES RIFOATBMENE. e, i By
AT B EHESE.

13.3 HEEARARAENFR

AL 13,1 TAHERE 13,1, AWBERBRL, HOGHAR ., N U8 =AM 77 1 R4tk %
Vo R R SRIEE A R A E K R

13.3.1 BIEEIRHER
HARFER R BEDRNESIEER G RE F. NBYIKER. FOREER R % 5

@ %% DBMS ) fEZE £ i S A6 M {55 A1 42 B9 Michael Stonebraker #1 Lawrence A.Rowe, IBM FF407i# Rruce
Lindsay, Tandem i-${#l% Sl James Gray, Wisconsin A%%ff] Michael Carey, GTE 3% /] Michael Brodie, DEC % i
Philip Bernstaein #1 Oracle /A %] #J David Beech.



13.3 HEERGRENS A KB

RERARY, HIBERARAET B KK SRR A 1 50 PE R R s BA R
RE X ERSEM. XRBEISHTFOR S REE S B RV E R Thit— {2 T %
REGREEM R, R REIRER RN B A Gia AL M BEE SR .

B2 H4Rs FE O P U 47 B DA R B X B AL, A5 G0 0 X R B BB T 1R 2R %t
W55 5, REANRARREIBRE, BUREENRS, RERFEEETHEBEDN,
XA BFE. A, AR, ESAMPE SRR A D EE . Ak, AR HIF
KIETWEZHAEIEER. FHEABHE X RER G UM EE ) H IR,

1. EEXREIFEL

H5 8 SCECHE AR R RO ) 0 AR R iR S ARk, FH T 1) 3 SO Rk R B S A
LR (TR WEHALR, SRERE BRRGOBIR . — R 50 F XS A% 08 S 1 L
T I [ X S EAEAE R (Object Oriented Data Model, OO #7A!) [#3Eal, FEQFELLF—
A g

(1) Bt FP T EYMpEEE AN R, SO E AR DX R AR IR
(0ID).

(2) WNRERILREMT M E L, KPREENZREENES, TAHRTEXNSR
SHHEESE

(3) ARHFERBERTENNROSEME TR, BhrxdRiRh R,

(4) KRR ESOFM AT UL, WM T RNEE. REFHANE, —4KAl
PAZk A 55— AR B MES 7k, AR BRYAR S MR A BE TR, KERZHMEE
E5#BEXRERT —DE R LHRE, BRAHKEIK.

(5) MBREWHBEKXD, EHRRENITHEXNZIEATT W, MHNEE BT %
B35 A B AL B3 AT ER A

MR S EHEE (OODB) [HFFAAT 20 4 80 4E4R, 14 2 1l 1l X 5 $04 12 7 )
AH4E [ t, 535 4 9 Object Store. 02, ONTOS %5. SE4 ¥R E—FE, 1 M0 % 53R
ERFEN RO RNCFBELEEE R, 0. MR, B, LREEHFREH. KEKE.
FEEHE TR, MU AR ENA, WS FEEZTRINA,
CAD/CAM. OA. CIMS, GIS LARETE . BEI5R5E 2 G 72 S R B 42 ple 4 Ak .

REwitk, BTFHANREEEREES T TRES, BEEI KEM, SHETER
A GEIATT, b T [ 0 B 8508 PE A B SE 2 RO R B S B RS B, W T Ak
RATHEMGE, BPAESZ, HEXREEE” A REFETS LRGN .

MR K AREIEE RS (Object Relational DataBase System, ORDBS) 23 R ¥ E S
THI [0 X S BRI S5 6 - B IR RE T X R B R 4 i AR A8 4 B0 A7 By A B g <7
AR T RABIBERZCAH MEAR, LFREWEIEEHE, LHEE 00 BAURIX S8 B .,
FRAEE) MR &M LT T R, 1999 ERAK SQL trfE (KA



SQL99), #4117 SQL/Object Language Binding, 1#&fk 1 il Xt S HIDhAEFRHE. SQLI9 Xt
ORDBS ¥R i1 5 M J5 T SE R R G i SE B« BT LA~ ORDBS 7= il 75 ST 0 S AR R T [l B
SRIEAE—B, (BRITRANARE. BESEE. ¥V RANTIRREHARMEE.

2. XML #iEEE

B FLBE M G R B, Web &Rk aifyth ., ARG BRI C2 o EERIE R
SkyE, T EFRICE S (eXtended Markup Language, XML) LAk b Hdi 28 e i) 5
FUBE RIS, AR FCRIR T R 3 4 M AL 1) XML H s L 8y,

XML HEHEA %7 XML SCRY IS5 sibric i 45 sbrid itz B3R /E RS LA R A
. XML 45 SARieH P S AR BRI 4L f. o, ORISR R IIAR S A5, XML 3CHY
I T AR MR & A T 45 5 JUREE AN XML XA TR FRRES A
FIHEFII 42 HE XML SCRS At B AR 45 ) B IR s T 45 s X B TC AR SR B (L, T
&R ENENBIEL SRS AT SRR TR a2 TR TR E . 4R
OB () A AR o A 114 5 S LA B R AR 2 T8] ) e 46 . XML JT 38 1 ) ID/IDref Ja& 1%
PRAL T — BB E XA R SCRF .

XML 4 5 8 i sE 8 7 sURT LR A 46 XML B FE R 40 7720, 4l XML HufE ek T
XML 45 SRS, Refbas B AR FF XML SR 8 8. (B2, 40 XML %08 22 75 Z AR
B4k REBUR EEE AT A & T @, SfEEWmI. FFR. FE. RoI1FRE. BT,
1R 2wk ok R B I R B R RAREOR S R XML BRI E B . 3R R BN
B EES X RBIREE, MHZE XML SR ey, . EB%EH. £4
HI 2 WA AL AL i DA™ SRl /2 BT B XML SR E R ZE sk . i o8 REE PE B 5 | 4
FIPR R, XML Hoif 8 5 fe % 545 2o A1) FH B0 A 56 2 30 e oA Bl RoR .

3. RDF #UEHE3

HF 4R ERERRAELE —MERRTR, SHEIREHAR T WA, R Mg Lt
TRAE G 2 W1 h A b v ) o B SR R, imT LA RIR B R Mk, W3CHH T %
HiRHEZE (Resource Discription Framework, RDF), & 3¢ Hli iR Al fif J7 4 W9 o i) %5 U,
I 8] v SN ZR G4 L 2 A AT S 1R B

RDF & —FH THii® Web BHIRIIFRICIE S, HEMWBEM (EiE, Bid, =) M
=64, XEKEBEBHFE LMK URL; BELEYME, W Web T MARE. fE&FE
Bt E] . Web SCRERIMOBCRIVF AT {5 B4 RiB R AMMESRE 5 — MR % . R, ¥
Web #EJi (web resource) X—HE&—MM/5, RDF ] FRIEEMEHEN R RHLXR,
Bl % F—NELIEPHA LT R HE R ORE. MgREFSEE). Fik, RDF
R —Fp IR, R A NIE X SR SR AR R

117 7E RDF #L84h B PR AL, 48 SUR HIBRAF S A G e i, ik, 748/
RDF 5, F{FE—MAVCREGE A, TR EeFin @ miE LR,



RDF #A) 0] LA B ) ik .

RDF =7 t4l (RDF triple) : %5 — URI A& R. FVH%EA B, XFHAES L,
—~ RDF =7o4l + R W(s,po)fi =4, L seRUB, PeR, oeRUBUL. XE
) s BHFEAEE (subject) . B (resource) FEAE, p FrHAiBiA (predicate) BJEME
(property) , o FRATEHE (object) . JBHEME (value) FE K.

SPARQL (Simple Protocol and RDF Query Language) & W3C #&iH () RDF #df i) A 1)
PR S, R ERESTIZ AN 5 RDF LB HES. 4T K23 RDF R4H X
¥ SPARQL 75 1f].SPARQL 34 4 ##& i) /7 X, 43 %% SELECT.CONSTRUCT.DESCRIBE
1 ASK. H pirf i HI )2 SELECT & /7:0, ‘&5 SQL MyiEZEAaLL, F KR Bl & 414
HIBE . —LeRFFT3E fE SPARQL f%ERl EE4T T804, 21 T nSPARQL, SPARQL-DL %
% SPARQL #EVEREATH 78, H95% SPARQL HIE HIFRIATIAE

13.3.2 HEERASHIKRABEGS

IR R S AT LB ARG &, REIEEBRK— A BERME, b2 il
H PP E R 4, in

o BURERAR S50 EE AR &, BT 940 R E R4

o B EHAR S HATARBARME &, BT T8 E RS

o BIREHAR S N T GEEARMLE S, MM THEEIEE. JREMN X3 3R E R4

o BREREARS ZEABARMLEE, BT 2 HEEEE RS

o BURERAR SEMHE ARME S, ML T BB E R%ES

o JUEFERAR 5B GEHAME S, W TBHBEERSAS;

o BUEFEH RS Web BiARMEZ &, HILT Web R FES.

1X DA A 2B R0 IR AT B A ), U B S PE B R fn fr e . 45 & At S L
HR, M T H0E PEUsRT 7y X R iR s, KRB MR R T 8aRER AR .

1. "HRBIBEERS

o3 A 2HE FE R G R A B FE R G A LN 4R (25 RE R R RE, RS
A SO AL PR A G B BER 22— 434 2CHHE B el — L B 4 A, X 2R 098 o A E T S
AR L, ML A S A ML I RE S (R pi 86D, aTLLT R
N FR, A SRR MG RERITE RN

XA E SRR T 43 A BUE FE R G 3k B v 1R LA K B 1637 2 T M. X R
U, AN HRMCIEIRERSZ, A ACKERE. ECrAP. BERRS S, &
1T H O/ DBMS, #UT/RIBNH, BE BN AR, RS589 E R % A E
MEA R — . IXRPIEARPER S SOR, TR PR, — o8 E RS2
AR —ANMEPRXBARERG—H, FH P AT LEAT— N AT 2 RN



GGEN 13 % AEPEHARR R

BRI, 43 A 2R P 2R 4N fy SR b 4 4 o i P 190 st S B A o A Bl
R EA A RAGRME. S0 RNBIRENFEMSEAR, mBIEMmIE. BEEtE
MBI A FEREH M. ZEUNKRESE, EAAEEERZETHAG THKE
EERRE.

A BRI R AR A BIEY (local autonomy) S48 R &% M I BHE FE R4 mT LL EH
R A b B P PR i v« 3 A DA R 5 LA S A 0 B B R il A5 . A NEEE E R 4
14> A& WP (distributed transparency) #2543 A 2K P B B R G008 0 11 7 A B i
¥, BV AR EEE R B S R IR T AE —FF, A0 50T A 2 RO B 1
FE ISR B 50 .

o3 A S EE FE R Ge e 4R b B FE R LR 20 R Al 3N T =4~¥4: DDBMS. 4
JRF A A H . M U7 R R . 2R IS4 B &8 DDBMS 48 4t T %038 & 41 1
TofE B, PSSy ) HEFR A FH 8 2 0 DOR AT J 3t s A0 43 A7 X 8808 P 2 1) 31 o

20 tH4? 80 FEACR /A EHE FE R AR5 AR —/ mig it 1. REREMER A5
#EPE# S SDD-1. POREL. R™, 43iiz INGRES %%, SIRIUS i%I#! ADA-DDM F%i%.

WL 4FK, Internet 14 5 Ji N B S5 A 5040 £ I FH 75 SR A8 43 A X 408 28 28 R0 49 A =X 38088 A
R AES] T HiPkif. #¥E CAP (Consistency, Availability, Partitions Tolerance) ¥if,
E MR RGP EYE — B (consistency). RZnHME (availability ). W45 X 2285 1
(partition tolerance) =F A A, WLHPTEEWIE LB E R = SMERETHEAE
Web ¥ 8 2088 ZAUEAE 20 17 o T LE 24 IO B8 — 30k i A 2K, AR R T
FERRGEPERE . DR o3 A7 208 AL BR FOBF A0 R0 F R HEN T BB, BRSO AR A K
RS A b7

2. HFITHREERS

HATHAR E R G R AE AT I LasAT i RAG HAT B AR W B E R 4. FHAT 8 &
GRER A RIEZ LB 1O HATH, REWESRGHTHEERBE S,

AT B FERARIE T 20 t42 70 AR EHE FEVL (database machine) BF5T. 04 ML
FF 0 P9 2% B TP 7E 6 AR BRE MO AT AR SE B RIRE M & I E T |, A58
TEPESEHL R R B AR E O L L Th AR, XA WBRTh. 20 4D 80 EE I, FHFITH
W PEBAR IR 77 (B AR 3 Tl HATHLT T, BRI E AR FATHER e o B 4 47
ITHRAER., B VIRESENE . 20 T8 90 4E4R, BEEALHRAS. TEfk. PIZ8SAH IR
BRIV RE, TFRE T FAT B8 P e B8 15 A F A B 18) HAT M A 25 18] A7 HE 7 1 FOIF 9

HAT B PERT 7T EE S8 REARESAT, GIELLUFILA .

(1) SEBLECHE P A5 0 AT A AR s v vk

KEARBIRRESBIE, FE2HEN TN — RIS THEENE, BHEBERIFTE.
MR RBAERET IATH, wTOAB 5 o 2R AT AL B . BERh T R . B,
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PR Z TR R A -

(2) FATHAE AL

PR — AR RS BN TEE IS A B 2B R EE (RO EERE
R4, HH R IFTHEEMIFTHIES 2 AT E WA, R RIERGH VO
HATHE . BRI T IHATEIREMM AR R KRN, HarddEkl s nsEE2s g5
R4y ZUEBEERI > RE G YIRS AT

(3) Bt AT B R S

WFFT R, 8 B AT 5008 #1500k LU SE BB ) 5F AT A0 B T LA 3 4 b R 3% 2 Ab BRI AT
P, WK R A AW R BRI  . R IFTHE O, FERBESERR
ERSER %, ENEETIREMHF WO IHTERFE. BT Sort-Merge HI I ATIEREE L
Je 34T Hash-Join £ 2.

(4) B

B R FIT R ENEEARTE Y. HTEamahiiTitRigR = EER, o
FRARBIFR T Ja RN B AT AT R 2 Y, DR =mafin. B2
MEFEBAFNE 2B R E RO ) 8. AD2EE IR T 3T AW
MERRAEE, ETALENMERRAEE, ETHBSALEm &R s,
RETWHEN G ERRAEE, R TRESRAROERAMRATES . XEFRAER RN &
LR R BRI R R 2 8] 2 AS R AL -

PLA 3 4% B AT R %2 R 40 F Arbre. Bubba., Gamma. Teradata & XPRS %,

FHATEAR FE AR, T RMEAR, X KB hHEE R Y & (scale out)
e, HIHATEIEERD THE. Google /2 7] $2 Hi 1 MapReduce £ A, 1E 4 1f 7 K3
P53 A FO AL B B FFAT HEBERY, 2004 FERAMEMEGE T TR MERFR ] ZKE,

13.3.3 [ (o) 2 A 4iis RO B3R B B K

HE PE BRI B e RO, LT B . TREERE. it BaE. 2
HAEFE. FIABURESZFEGERE (WA 13.2 Fras), (FEE SR NG E AR K.

i L B BB HARE
[msavss - || mwon |
| cADICAMICIM  |=—{=~ bk ~—| TERmEE |
[otm s | "7 <[ et |
| wmpaRg |-~ | iR |

Bl 132 4 RO U R i e B R
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IX LK i 2R Ge 0 B b A A SR N P T SR AR AE, A DL B R 2 i A
A2 (14938 FH (1) DBMS S5 B i1 b B e 4500, Ay (1 Hicdi %t %, [T ) K HEHE P A 3 e A
AT () B A AE AR R O T 5 R S8 B FE R S8, WUR T EWI R, AL
O R AUk 2 37 T AT B4 O B E R g (RIS SE AR, T B A B — AR PR ) R P
B T TR X EASPEEANBF N LA R, S LA B R B AR B B R O R A SR
16 & TR

1. TiE8URE

TH¥EPE (Engineering Data Base, EDB) J&—FAEFEff A4S H&Fh T FE B AN
TR IR, JFEEA TR R R R RS BRI, % RN T TR, R
TG B X B A B 45 HA TR RN TR R R TR AR “JESi”
N A CAEAE . TR FE I X AR A Al i) 75 K i 42 Hi Sk 1.«

BT TREIENBIES S 2. MERKREE . SEFEE R, F TR EE
RGN 5154 DBMS HIR KA, FENEALLUFIfE:

(1) ZEERNS BB, TR R FR R b,

(2) ATy R BRI A

(3) CFFE PN TREEER M fA iR S e 1

(4) SRR G5H B LA i A 2

(5) XFTHRKFSHKESEZHFFRIZFHEFKSR ;

(6) SCHRFIRVEILRE A 2 AN A [5) B4 R A 1) A7 it A4 2

(7) XFFEER RGBT R

(8) XFZFLENHERFE.

TEEEERZEEAWALI X, —FRIEXREEERSE M LAY 7888
Budk: 3R R SRR B AR B P B R G, LB AR A O A E SOBE AR
T [ %} R R SE

THEEIEEXFRA CAD B, St BdnE. SARBERE. ®it A bR ES.
i& & CAD/CAM/CIM. {5 BAbBE ., FEHIGHE . bl 81555 TR NS

2. ZjEHEE

R B R TRARZEYEROLE . TR KA AR A 255 7 15 B A BUEE
W TROATA 4. =M EHMNET KIBKME.

25 1) B 0 AF R AN EIEYE A 5 B2 AL B FOREE B, B AIE Rk r 2 )
KE (ERIRR) BER. BHEEIE hIE= B, HTFHRES R AKYER, X220
YIREAT B e . A MEAEE RS (Spatial Data Base System, SDBS) &k, fEigH0
Kb 4% ) S50 B I T A 0 B P R 4

2% () B P BT S0 0 T 1 B o R R R PR R A A, HH RO A TR RS A DR
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T SR R R 0 ) % P R I o R T AR SE O AR R O ROR . A7 R
FRR FAEEF S B, T A T 2 18] e X — B i s PE I ST 0, e Bt L
Rl . WEGIEY . RPNESER. BERLHEES | FR.

25 () B T A E AR LT ILAN A1 :

(1) 23 ABCHR AT, 3 2 [A]) S AR 25 A) SE AR R OB AL, — SR A% G B A
B Ay FE RS BOR LI, A AR T 1) o B B AR RO SE B

(2) FEBIEER, AFLEEM. TEXRT AR 575 R 2 A 5
BERFAERT K.

(3) ZlEHEERG, KB MHHEE R SR DL 80 R G 2Rt L
. LERGEHMASEMNA, W GIS A, CAD NA%: HEERZEREEERSE, E46
TG B PE R SEBLN 25 (B0 R A A S W, ROt = M N AT R B3R TREZ
AR EIREEE ARG, KA KRR EEE RGN AN REREEE RS,
SCBLR H B B FF AN A

(4) HMES, KL R SQL & F A FEnl, HEMNAR N 9 e B SEHN 4% 8] X S 22 (] 5%
AW, A TREVRIE, TR THIZRERNORS G, Wi =6 SR 514
) (PR SCPE. K 4ER . BaEN K 4ER5SE) M FERRRTIEH (RB. Y XRFIEIT
WA

R, WA FHSEBE AR &, 2T 008 8RS58 B R 7Tl R BT 1)
T I 0 4% ) 2 (8] 0 S BRI Bl o0t SR8 B 4% D T AR A 1 Ay 2 1) 500 B o B 2

T )4 S I FH SO S PE AR 4T, B FR RS b e E R 42 12].

134 FHEESERANLZEEE

il N TR SHUBE A B R RS B R R = E ' R A EER
o HEA 21 ALK, BIEMNATERRET EXRMA, BHEAT T GERRE, K
RREAEARIBR, BHREDR, B B E E ORI EE A B H A B R T /i FT R
A HPRAR, IR T B R EHLIE .

13.4.1 FHEERBRAEIGEOHEA

Bl S R T B B ahtk . RS R, BREECREE R, o TiEREEN
AR, ZORARGEA BB R AT M4atE, Ll e 8RN KA HE.
He Gt 1) 53 A1 S HE PE RN AT BE PEAE v 4 A AN T e iy ThT WA AN

BRRRBRME AR, WSS RAISCA. BREERK., T4, %L
BAASAE, HTML. XML, W20/ AR 4 L BeE, EA BdE . A5 SaR T




m B3 8 FOREEAK B Bk

B, XM ERRG R RIAER S R R M BARARE S 450 g S 2 () B R Y
T TEERIALTRAE 7, LA RN S AR B R R AT IO T B . AR X e a5k e/
RSB P . B ELALERRE S+ R

B E & WIS ST BB TR SORNE {5 B AR B R R AER X E AT
R, AERE IR, X B ME NS TEREBIE T, HFEFERRIURMRS. ¥
% N A R AR B N HF ZE LRI AL EE, B AR SERH I EOR R G AURE R E AT 4
PEMBIE TR, A ARERBIRATCLES, T 76 Of B 2o 69 R i 17 L IE A RO
5%, A BRIBIZIZEARENXT o

DA RBAR AR, FEREE N AR F R AR

K b 3 AN P O AR 2 28 M OLTP AR I 5 40 B FE F) OLAP 3 #r4b 2, WXt
B0 O v G R A R R T S B 1 2 4 )b A R B X il B 0 Ak B 0 SR A A A R IR
FEIZHR; IF B IR EEE O FE M S5 (L B0 5 ELHC I L #E 45/ BR 45 S R AT AT 42
i, AE S S S B A SRR AT B . A ARSI TR AT R T
HAT WA RMERME. B, FRrERRe. AR, mEgK. MEZEZR
0] SRS T BURMME R BliE . KRBEE T 248 Rk R BEE N A T RS LA T
SRR Z Y REYE, GRZ X R AR B R TR, B AR S IR A SRR
N, SRZ REBAFBAR IR LT KB G RRIE T ik, MEHAIAR ., R HTE
REFERVE KPR -

TN BOR R EE E R AR . 44, TH RN R AR R R+ i,
HAm B & R EEE B 2. KNAE, B8, atHFaER. LEBCemt
AZERA, EEHERSRERIFN, SEEORE AN, NFERRABRELX,
ARG EHRIENF. NWEFEORH AR . Hik, RATLE7E 5 F A
HIBEFBOR, AR EEREFEMEENTR. — T HEMEREIRENERSH R
A . FRUOTR. ERAEEN . BWHEE. IEERSFHTEROIRNTR, EWR
FOFE BT [0 K EHE 43 W B N AF BB B R G 55— T, PO RER K, DUEBEARFER
AR N A, R S IF RS & LB E B RAR S R4

134.2 JREEFAPHERBERE

RERGHIEEE, HORAHEMEIE A HTRE T 2mbkik. R EEEEN RS
MEFAEAY R GEEEEERKOTE) . @taE GEEEIRES S R 2 g
HERERR) « AR (RIESMREMATHM) « A4t GEHIMBRIE) F. %45
[5G R B P A R SRR AR « AR T B i e S5 D T e LAl v R O ) R M
K, NoSQL BIARMIN KEHE K IEMTE, EHDRE.

NoSQL RZIHIEXRAMK). M. FREWLE ACID FrtE—RBIRE R RS .
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NoSQL HARFA W 4 xi:

(1) XEHEH#ATRIS (partitioning), i A8 AT BEIRAG FtERE, KRR
By A7 (scale out)s

(2) AR BAR ) ACID —BMEL R, AFEEEN HIA —BUEN, EZHRE
— & ¥ (eventual consistency). Bl NoSQL i# 1§ BASE (Basically Available, Soft state,
Eventual consistency) JRMI, X&—F55— P (weak consistency) ZJRHEL,

Hh, Basically Available (FEATFH ) 2T UELZLEBEHATH, FA®NA
L RAKMRSs s Soft state (FHRE) BIFRETLAE —BNEAFE, FERPHHE
i; Eventually consistent (& —F) EIEH &I 3, MAZ™ K —.

(3) BB AT R (CRE=0), N A EERRK, RERAETH
.

NoSQL i R MK AFAEHRY 0] 43 T Key-Value AR . 3T Column Family (3]
U) TRAEREEY ., BT SORIBIRU AL T BRI 1) NoSQL #Hi AR 4 2.

S NoSQL HiA (it = AR % & MapReduce # A . MapReduce £ R HEZLf1, 7 = 7
HMAE: BEREN A RE, 17T RFEEBEEF I 1TH4T 5/ % . MapReduce
HAT AR SO R R I P A ML, B Map FrBE AN Reduce Bt Map iR ¥4k
i Key/Value Xf, 7=4—ZF|) 9 [E] Key/Value X}; Reduce Hi% &3 i H AR Key {4
10 8] Key/Value X}, tHEHEALER. HP TS Map R £ Reduce #8%{, MapReduce
HEZRTE KA AR BY L BB REPATR B MFET, ¥R, AEMER Sk Rg Mo, H
PR N/

H 2004 4 Google & X & 4i MapReduce LAK, ARG A H5RTICE. —HFA
7] il 58 MapReduce £ ARG K, $& A K0S AL . /0 4 F0 m] BRAL B BB B R FO i v 7 8.,
FEFAT TSR ST SR R T 55— P L3 (2006—2009) ; HHfs FERIF 73 4538 S bl 3L /5 (2009
—2012), #KiE T F3oh— PTG .

e BIEE) K, BIEY LR NoSQL/MapReduce AN —L4) % (1 Oracle.
VoltDB. Microsoft 45), %y%y KA K EHEH AT T i . 52 @ IR ERA 1 &,
3T MapReduce HERLJRIT THF5T. Bltn, WF&NHSFEE: 01—SQL. it/ ¥iEis
. HLERF AR D%, DUEBY T R 57 (EH ff F MapReduce “F & T HIER S .

R RARBIBERGREE T BN — B, FHtE. RETIREHS B, IR
RHEFLHRGNZ L%, T8N, RN, BIEET/EES TR, #5F ACID $i:
IR A NoSQL 4 EPE ) NewSQL £iK . X KN Z % CPU M BEE(E, BF %
T (7] SE IS SRR BE 0 A I N AR B E R G GBI SRR AR . R R 45 . RO TH
e AR I RN WAL B RRE AR, RUEL A REGE EEH R G L%
HIPERE .
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P FFN Tl Akl K R A ARG, (5 AS W7 Hh £ 55 AR BT 50 R 1 B 5
JEAR, Mok 3 5, BRAR AR B A T HORE A IR A& BAR 44 . 1 i, Aster Data( L4 TeraData
W) F1 Greenplum ( B4 EMC W) 5% 2 &) F| | MapReduce £ AR X} PostgreSQL %4
PEREAT S, A2 AT LIS AT/E K MU 4E BF |- (MPP/Shared Nothing). 2, RDBMS 7E[f]
MapReduce H AR .

MapReduce %ii# X%} RDBMS H AR5 S22 A, OiEFEE. £51. Eiliiih.
RS, NAED., BELIE&E AN M. #lin, RCFile R4/ HDFS 47 & HES
T, fR® T MapReduce 14 BB, WT HDFS £l Bl PAX IfFfi 454,
iE g 5 % RDBMS $K, 7E Hadoop *F& LSEILFIFF R = T Hadoop FR 4 14> #r kb 2
P fiE

SRR B SRR R R AR S B B AR R RS

IEWsCER[20] P4 ), AKCLHN T REIERA. 8k 58 4 2 mT R A B9
R, B2 SRR ERNES, 2SRRI ISR . R, B
T PR A B AR X TP P B 8, i B R, BaEdedith. 8%
AEER. BPEEEAL . Bk HHEWIUE LA R AT A A ) X e R Bk [ AR A
I, PRHA A — AN SR TE P4 A X S H R Bk M R AN

13.5 /)© &=

BEERARCERRAA —NARK. RAEUHELE ., FRAAE. ERAGHEN =
FEL BEHERTHREEFRARRG=ZANB, MR T REEEARNK R R E *
%, REMAFEK.

PREFEBRANLCRBEEE, MEARBHRN 2k, BEBEX, HEANLSH
Fl, HUAFBAW AL BEHTeLR G, EAHGIK, KIBETHEH EEM%K
BEEDANEE, FPAMERMELES, FHRRFHOTE. FHUEA, xREMLE
YRR BB .

SR

A TS % 0.

A K BRI RIS T . B PEB AR R R 04 BRA T 42
TR RO AR R A B P AR 0 o B 1A R A A

VR S 051 R R PR B 5 A o ML AR AR S5 & (K AR

AW N -
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KRB 2 244 R A A Tl F 5L 28t 7 % B BN R R B R 44 B E R
(Nature) 1 (Science) SFAHZE th % TR & TRV R B R APk AIHLIB . F B EHE
WARZEEH AR, B CLBERE —MTIANLFIRRESUR, RAERRERR.
AIX T REGE I AE A, BB BB I KR SO IR 2K .

BHE A DAL FIEFEDT AR B BB AR . JTRAREIE RS, k. BUF. BT
TS &AT BV ARFESS 0 N R . KB (EFEZ A I # R —— 8RR . KB IEAE
QUEHME. EEEBGH R, EAELRNBITLTT K. 2K, Ak rIETR.

AT AR KB, KEEERRFIE, KRN LRSI E ARG, HEMN
HCHAE TR B A B ) A B R R R BB . KBRS REIR A B IR, B
AR RGN AT T B A B AR P A6 K BB I I6] £ HERS AN T S B R

14.1 KREIEHLA

14.1.1 fHARXKEIE

2 R R EE 7 R BOE FEHE e AT P KA EE  (very large data) . ¥ B3R
(massive data) FHfAAN[E?

CEAHBIEIRE”  (Very Large Database, VLDB) iXAMidl /2 20 42 70 4548
PR, FEYEES— B =R R VLDB EiFa Gk &M 1975 E£7F8E, 32014 £E2
40 JE T o AEEYEFE RS B BER B BE A AR R K T . “WREEE” N2
21 RPN BLAIR, SR A T K i e A LA R i E M BE KA. 2008 E 9 A,
(Science) KT T —Fe3(FE “Big Data: Science in the Petabyte Era” , “K¥dE” X4 i JF
URRET AR . XL FR R R T B B AR TR K, AT T 24 v LA R b 7
BAKFEME, B2 T EAP, TETEVATFRMERENEHEMER, FREF R
. ML eEe.



364 RN

B — AT A" R, AMBFR T HBEEEREMEMCERBIAR. 6BF
R =R RS, B 5 N 20 8 DAt A v 0 SEAR (380 T B R R AR S
[193E NPEFI N RS RasE e ) SR AREUE FERIRIAYEE S SQL, A TR L EIR,
HEEHEHEKERAR, %, Q8T -EXRIEHER, JE T XRBEEERLHE
Wil . FEr, BAEERARERN EBEAR T BRI, 5180 T2k or ek, A
H{EHE T LL OLTP A1 OLAP Jhbrii 78 45 5 B 5 7 45 S RE N FH B R i o i BB R ARORE R R
IHZ W h AR AEE M 3E T 3. TN “WREIE” PPkik, PR T34
A St AR 25 Tl 45 K e 50 1 B A Y R B AT A S T 22 O O A ) A
BRI, RS A 4 RTINS A AOARAE, T J2 CEBE B A A 10 5 LU R ARk
S f) 2 v i AN BT R IAL P

10, AMIAAFERABEERREIEONR. ST REEN— e g, —BEX
e, KEHRE R ERAE AT 25 2 i (8] 9 R IT BRI HEE (4 T R BT e sn. FREL.
EH. AEARSOBIEES .

EH T RA W ME U, KEHEH AN &2 PB (10° TB) 5% EB (1 EB= 10° TB)
R AR B, ISR AR RIEE S M B . O R R A R
B T G B R AR AR BT R R b A HHE S T 10

A FARCHHE 1 Y FH 28 B0 KB oy Wil B 5 5 (k. OLTP WA . #EAL
AR (M. (S, 2REMAS. Web 58) AR ERE (4 OLAP W
F [10].

AT 5 AR ) N PR AR M B . SRS R AR LA B L U R R BT . — kR
S B R BN K, (BERIFFHS ACID 5. XHEER M se v e v Bk, LAUE
E R — Bk .

¥ B R A K R P R S A L, AR R A . OB i s
RERMEZHERM. TEsk. BER. B, RERAEH®R .

i B AL PR S R A RO T i RO A, TEEE Y, R R B A SERR
EREHE T AR, (EABRSCRFFSREE . SRR N PR R SR 4T 15 00 A Ab FE A 4
SEHL . HBOHE B s R Cn 6 FR B0 s SO AR S sy R0 ) Fsr rfese e OR
FTEME BB ) .

R, AU [E] A BEX REER#EAT 4328, BB S0t T i s SR H . #)
m, FEEFIEMLE2EE) (cyberspace) F15- 20 51 & A EHEFR A ML K53, F4es
PERRI o h A BAAREEE . S B S A REE =2014].

14.1.2 KEEEHISE
KEEANNAEAR “X” , EEAFLEENRE. EXMNAMIETFAV, HEE




14.1 RS mm

(Volume) .« 28 (Variety) . tR7E (Velocity) « Ml (Value) . K¥di X S {EL
Btk T BRI Pk % «

1. ER

KEWEOEERERKEREKR, MHAERLE. SR EK. 4 ERE S KE
A7 IDC MIBFFE R R, 2l 2020 F 2 BREE & &KL F 40 ZB, A 5.2 TB.

K FRE A LA EZRIE W T

(1) FIERFF ORI, £, mRewiE%) . HEVp RS, Fla, KEGET
SHENUSFER RAH R RN 15PB 4.

(2) HECMIN . B 59. plan, RRBAHF (Wal-Mart) 5 K8 HT /S
[ BERE PR EBUCHER AL, 8 T 3T IX S EEE AT 0T, IRRES A R BUE G FE RS B
ML E] 4 PB, FHHAEAKT K.

(3) fE KA EUE (sensor data). M AATEAS FIHWERALE b 4% R385 0 BT AL ER S5 E AT /% 40,
AN A SR . B X SRR AT I 08, (IR B IR B ARGy, K Ta) B S E
AR

(4) Pk s B (click stream data) . & T HETH RN 58 WAHE, FHPAEM
A s i K IR R FR A R ROk, R X LR, AR5 AR AR W LU P AR B Sk
ATAFAR iy, AT R4 5E 0 LA S X B AR AR 55
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PEIZEpR XA, B Al sl b1 88 B BE U W) . P A7 R e ol B MK 5 ) 3R PRAIE T A AF 2K
I8 P LA 5 1R ) T 55 A SRR Y A v A B B IR, B0 SRR v S e 1 ) S FH 5 K, 7R
SR, BE. BTRSTFESEEAEE, HA e ke NHRE B[R T
Z BN .

(2) FATAbRERE )

WA R RUFH AT EEE I M B8 R VU@ 9 A7 Ui ) AL A BEAL U7 a1 R
BRL s P 77 5 2 1 2 i A BE R Ry A R AR B FEAT M, 9% EL AT LL7E 43 R B BE AL G (8 B 138
75 (9 BV R 202 F0 CPU 8430 . %A% (multicore cpu) HAFI L B IR 55 28 °F
G A AT EUE FERRERIEAEE & o DARESE 4 PO RO TGS 08 2 2 LA 78 4 R L 22 i i
s SR B v FE AT VEBLRE ), 0 P9 A B PE A B W A B RS T T LA SR 4 B IR AT VR T .
BR] S PO A 5 PE P B v A BE vt L, BEEERF S 5 F R THI R) 3 FR A M A EE i A BRAR AL B R
X EWRIFAT BB A

(3) BELFARME

PA A0 2 1 1P RS2 RSB A ARr 1 B B o SRR R R 1 R S B AR IRAE e i v
Hiw& Mgk sg b, MEBZAEE. KEhAEEE (Many Integrated Core, MIC). i
GPU. PCM f7#f# (Phase Change Memory, AHZE77f&). &M (Solid State Disk, SSD)
P55 . XL e I R RE AR TH A BY T WA Bk R T R R T (OB $iE
WAFFFAFFRERES (PCM 80R) BN WFFHR Pt — A7t (SSD HAK). BEHE REZE K
ARAZAC RS 1o P B A A0 v 2 9 0 5 7 T M) R 8 Ol I AR 838 AR I T i R AT Ak 3.
EAFAif U5 1) DA K e Ol B 6 . P AR RO JE PR T 12 3 43 2 B8 I ORI el o
HHRAR I Th e R AR & .

15.4 AEHIEENFERA

T AR EO P R A L, AR R P SE IR AP A SR AR TE P A B0 o A R R




EBE s wersoin R

{870 . T FH A A AR RO PR B R S O A P BRI SQL 2D, R AR R I 1 A7
(2 W AL R AL S S A R, BN R AT IR SR R, AERE
TRUEKOHE FE R SE VRN 20, 76 A AR 25000 B L DL e I RES X RTREAT IR . A7 3
PEAE o ab 32 3% BB V7 o) (BB BB RS, 7 BERTFU B 1) XTI [ A R0 2 A% FFAT AR FE Y
FRGHERFH B EBBR

T R ZE A4 A AR R TR R

15.4.1 FTERTFHE

B BRI AT AR B AR BRI S A S5

AT R R oA R E S, EEFFZEHE P —IREHZ N REERE, (e
PRUEX 2 AN @ P AR A = AL B /D A V7 s (BN T R B3 rhop x4 20 J 47k 14 93 i Adb 2
i, BRI WA MOTA RSN B L m AR e & 4 R I N I AR N BB A7
MR T B AF A &

FUFFAEAR ALK S0 RALF AT T BRI 53, AR P (B VS A7 il . 220 o o 1
HENFHZ R 2 Fr, BT WAEA 9, IF BB A 8w I 50 U 1n] SR vk
AR RAF R, e o B Vs 6] 23 s RIS B AR R AR (R R Y A Bl R b A7 i, RESE TR AT
o B4R AT R 48 LAk > P AF A SEEAE, RIH SIMD (s 4 Z 8RR HRIRE AT
PR, I T AF i AR B A A B SRR B mAS AL B RV . (B, R AT
2B RE, JIFETEERS AR R EMER, WG FME. FEh
TCAH TR 7 AT R 2 R, R .

AT R FI AR TS B ARE, A Ailamaki 588 H T —F iR & fREH R
PAX (Partition Attributes Across) [7]. ZRBIE[E— o4 T BHEAEE — A, 7
WAX AT EER 7. WIBRRBEANE m, &R A m 4> MiniPage, 1
MiniPage N —N@EME, ELEFRE TP A CARZEEAE. BT o4leE TN BT
MEE KNG, FrLOZEER B8 AR = R, iRk fetie: Fnt, H—udm
HAFAETER—TUA, FreAcAmERARM L.

Data Morphing[8]t /2 —FMR S FFEH AR, TI7E 0T 3% B 4 Ui i RE1E R 40 4 B EEAL, ¥
o AP V5 i) S IR FE e () JR MR 4L & A7 %, #E— 1K cache line Vil I SRR ATRE 2 (0 @k, 4%
X LRV ) I AR . [ 15.2 JBOR TAT47ff(a). PAX 26iE(b). JBYEATEME (o)
LA DI BR R S AT o

W AFEUE E RS BE A ML $ 55 40 3 (On-Line Transaction Processing, OLTP)
BRBNA, WAL M4 (On-Line Analytical Processing, OLAP) & 2443 #7 %! %
FE DR AT A7 i R0 370 7 ik 3 19 o A i ASE 28 S [0 1) P9 A7 O JE RGBSR . il
Timesten. solidDB 3% 3% 55 % py 77 ¥4 22 K ] () 2 AT f7 i 5 ;. MonetDB. HANA,




.4 presoren sk [

Vectorwise 24 #7577 5095 P 5% A 9 /2 %1 47 6% 85 5 . Brighthouse. Oracle Exadata 55K
R A& BT,

id:1] id:2] id:3| id:4, id:S| id:6)id:7|id:8

: MiniPage 1

pnl#pnq'pnélipnqpnixmqlm’ilm MiniPage 2

/\ name:] — — — —— i e MiniPage 3

id lm 1 7 mgel ; I T TR use: lluseZtuseS}useﬂuseSiuuduseﬂuse AP
————————————— address address:] — — — — — — — — — ——>

: MiniPage 5

______________ ‘:I loc:l!loc:l]locﬁ!loc:q:loc:ilomﬁflocﬂtloc:&i MiniPage 6

~=—— 1 Cache Line—32 bytes (Pentium III) — ~=<——— 1 Cache Line—32 bytes —

(a) 1776 (b) PAXE i

Zone 1

pri:l]pri:?}prizsipﬁ:‘t{;:ﬁ:s{ pri:6 pri:7 pri:

use:]ﬁoc: llusezﬂloczziuse:qllocsluseﬁi loc:4

Zone 2

id:1] id:2] id:3] id:4| .id:5| id6 id7id8|

snrEl e TR D T —= Zone4

~——— 1 Cache Line—32 bytess —>

(OF 3:2::k:8 0

B 152 . et PAX fEEABEA A6k

Brighthouse 7E PAX A i B3l F5CB T Data Pack f7figHLHI[9], W 15.3 Fios.
B ERHE RS AT (row group), 247 —MTH, BMTASI T REMEE
Data Pack ¥{#% ¥ JC . Brighthouse 7E Data Pack # 7 —ik#® CHREEMEEX), Mk
i3k Data Pack RFFIEE & REM B/ MEFER. Bk, 7Ex5 508 e Cu
weight>30), 7] LUt S5 kS @ (S B &R+ Data Pack Kl (W1 25) Ff/ME (f115)



HS T ATEMIRE R4

{1 s 5 LB it X A A 3ok g 4% F ) Data Pack FVF i), AT 5 17 57 H0He Uy 1) 203

. | Humid. | Wind | Weight

Pack 1
Min=15
Max=25

y
I
D00 O B W~

H  Pack2

B [ M7
=>%® | Max=das

R

Lo

Efine e iy

& 15.3 Data Pack {7 {41

Oracle Exadata % T %l Compression Unit (VRS %I E4GHAR, iFKA CU. CU #t
FIAF i HEAT 40 B, HFAE 40 BN I8 I JE 45 B R 40 A R B B TR A BHiE B AE ik, W 15.4
FiR.

|

: ARSI SR Ao
| 7SO HEADRR 7 | 3

|
1

R e e i, oy e e P ey s s e S i e i i e . i S e S g it i A, Ll o e e e e

¥ 15.4 Compression Unit {74 4l fl

TEL N R BEE FE R A R R FIR, 2T key/value F P8 77 77 A5 ) th 28 7 R A 3k 2
o S e S F A R 7 5. 1XFP NoSQL [ A AP it R B RAFIIY EtE, ZERZ K
BURE S W48 N FH g

SRR AR EARLE, AR U a) B AN U BB D A A A SR T ) S 41 4
FEfil 7 SR T B KRG R 2 R

15.4.2 TR E ik

PR S50 P 1 A AL S e A DRI B e A A S ) e R 1A A B Ak 2R



15.4 A A PR T G R AR

PR AE B U7 1) % B vy A A2 TS R PN A U7 R SEIR R SE . AHXS T CPU, P9 A7 Bl s [l 14
o3 B 5 CPU M REdS K B 2 W] () 22 BE A RER K, W 15.5 Fim. PIAEVI R E K
#EIR (memory wall) J2& P 725038 FE O P REIEA . PO A7 B0 2 v (A 1 O BB R il i B
£ CPU MIZ R B 454 (L1, L2, L3 cache) #/b> P9 775048 v i) 23R, $1 i 2504 Uy 1) P i

BEJR R

100000 | 0%

10000 |
£ 1000
#
100

I il

P 15.5 CPU FIpy /7 il LR

PR A 00 1 v b B i R S AL PSR RE R . CPU 1R JE & N Z IR,
AP —KEE CPU EMfR S, B2 HAMEZORSE T2 CPU IHITHHEAE D, Hit
A E 8 P ) B A A BER B N Z AL AT AR, T2 A B () A i ab B R 4 T
T h £ ¥ CPU HATEWAIEE AR, HREZ % CPU MBS T H ML, REN
AR R AERE. [FIF, BEAE PGB AR E B AV EAUR, BT EARERE. 1T
RS TT I 2 CPU, B# A Mt vt BT &, sk A R EaE E A R
HAR.

WAFEERE, JUHZ TR A A S FE B BUE S AL R b B s, MR H B 20 H
Wi B A VA AR P A A, A S A A A BE LS T ) cache 4R
WALBE SR, X RIETH ) 2 8% K AL B35 B HAT B i A B H R

1. T cache $FEREMIES LA

P9 B0 2 ) it 5 B ) AR B SE W T A 47 (memory resident), Ml
HER TR EIEER) VO R4, WA EEEEM R AR EE B s B a1
FIFE Tt . EAIXT CPU MR, W7V M HE L E A CPU M4 M s i) 3ER ,
T R A9 PR A7 B8040 3 D R

R BAEEAE FH A A2 0P X (buffer) KOfk /O 1R, BLAR CPU {8 HI (44 1 £ 4%
cache HLHIOCAL P FE VT ), PR A7 S50 P2 £ P A7 U7 ) 64 FRL R 2% ) cache BLAISR 2 1%, S H
2 LRU (il viin) #5528 cache H O ELHE & 7

15.6 @75 T 2470 £ 4% CPU 1 () £ 4 cache HL1HI, 5% 0034 32 KB i1 L1 53 cache
F1 32 KB ] L1 $§4% cache, 256 KB ffJ L2 cache FI3L5E 13 cache. ZIEANHSLHMAES A



Bl #ose wesdimss

BB AIIEEE L3 cache AR F UM K. B 15.6(a) 6 #% CPU 45k, HA 15 MB [y L3 3
% cache; [ 15.6(b)% 10 #% CPU 4544, E A 25 MB ) L3 L cache: [ 15.6(c) ki
15 #% CPU 45#J, BEA 37.5MB ) L3 JL= cache.

pce || o | | Pe || oL |
) ‘_ = | 3 ;_ H— =" il
(1L om | [cudlf Core Corel||[ Core |icore
Shared
Corelll [ Shared |[{lcore Core Sh;;ed Core Core Sh:;‘d Core 4 ore
Corel|| > | Ilicore Corell| cygne ([[Core | |Corelll| gy [HlCore | oy, |fCore
Goroll| (13 a4z | [ Corel[|| (25 Mp) |[Core | | Corell|l a5 p) |[Core | (125 M) | |Core
I Core| Core Core )||{Core || JllCore
Memory Controller 1 |’ l‘-ﬁ \ o s }
e _J | Memory Controller ] ’ Memory Controller | [ Memory Controller J
: 4 S ) S Zs 1 o b F4S LN
1337 TTTY T3 I T
(@) (b) (©)

¥¥: PCle Jj PCl-Express #1-1, QPI A tRidia i 51k .

[ 15.6 %4 CPU W1 £ 4 cache HLil

% ¥ CPU WK JE a2 5 J5 —%% cache (Last Level Cache, LLC) 78t #% %5038 hn i
BK, LLC K/ cache PERERI— D EESE IR

CPU 4L /& cache 1 {I5HE, 3 CPU 75 E (I ANTE cache ', & 53 cache K%K,
SEI) CPU 75 T4 A5 50 M AP 32, BRI s 2 2 S5 1 A 38 ) . 9F 9 38 A 8038 EE E B
ACALER R th AT B AL B, B R — PRI AL RAE KRR . HA KL 20% M ZE iR
Rl T 2L (s SGRAD SRR, WAFRERF K 2R T — 2% #54 cache
RAUA LLC RB5#M. cache KAATLLSr A5 #] (compulsory) K%, A& (capacity)
RBFPRFE (conflict) RAFARA . 5 HI RFOUZEHE & K5 10 FHHE cache 1 BT 7= AE 19 2%,
RNFEIE Vi R AT EE RN AERBUEH T TEBIEERL cache B8 K/ S B %
#5175 1) B 7E cache H A R34 PR R AANZTE cache 254 7 2 I B T K& 55 R b HE B (—
O ) HHE 50 R R AR K B K5 R v s OB A R RO B 4R ) IXE Y cache
T E X 5 JR) 340 P Bl JE 2 07 il N P2 A5 1) cache 252K, 98 SRR BIAR P9 77 30408 2 A ) 04k
WA R .

F1— A5 WAF VT ) RE3R %5 V) AHOCf#44 /2 TLB (Translation Lookaside Buffer, 3% 4%
BGEh, BFRA RGN . TLB REMFLZAF, 5 CPU ¥ cache 8M8l, FHHIRIFM N
FFIR. ENAFI TR B, 5% i H0L 0T T A B A 6 1 6 2R IR0 o — D iR 4 H
(entry). 7E TLB BLEEAF T —STIREKH. 24 CPU AT HLAIWCE N FR 7 &K i1 R fl b
J&, BSEE TLB 2 HA N i SR B, Wik TLB wh IE4F A7 1806 T T i L4, ARk TLB
frd (TLB hit). # K CPU KIKEFE TLB L3R BTt b i 4 py f bk vb A 8 2 A



15.4  PEEERIEN R IRER]

REOSHE—%. —HEHFRT, MEARTFENN TLB miss, 752 H URXETIHE, X
ANWeE R RE R E TLB LA FRAEH . T TLB X/AER, ifii—H I TLB miss, H
WA RS, FTLLBLR CPU M3 AR ER AT T — L0 4k DASE i Mk S O 280 % . il
2 P b ik 20 4 PR M ik A% e — R 4R % R [ FE TLB A P9 47 TR X 2EAT 20, 1 AS 2 7E TLB
miss JG H SRR TR AW, [FHE% TLB LA TLB, £ CPU WAV (context
switch) IfANES (flush) TLB.

cache P AEMLAL S — 2L $2 %1 cache HCHE (142 1) Ja S A 0 () Jm) F e AT 0 20>
cache K& T4k cache TEREMIE L. AMTTMASE F BEWFFT cache PERERI IR AL, 7EXIE
U 19) 75 1 £ cache PLALE AR FZARE LT LK.

(1) cache-conscious fALE AR

cache-conscious YL H AR LA hash A N IRE . 7F hash EHEH, HZH hash KK
/NPESE T hash BRI FE b fE A RA] g 2 &3 cache 11/ 7] hash % . A& hash #ll
if B cache dr %, 75 E4H hash KX A4/ T cache AR ME /N4 X, Mifufl hash HEH
I cache iy 4EH .

FF 43X hash EREFETERERER L 1 R B ERBMOBE, %M FE K hash
PRECHEAT hash 73X, MiEHER L Ml R BN, XRRARTER S N EERLZ 85 X LMRE
A X BN T cache H&E, MRE M5 X FEEIEE S XN T ED RIBEERLZH
Motk P=AEEK ) TLB Sk 240% M . Radix-Cluster 4 —F{!Tf [i] cache il TLB AL I4r KA,
B R FEEEAT hash XA,  BIME B0 0 Al B A bR Bdi 04 b 22 A4 X,
i i 2 R DA — B X BCR, PRI TLB R iema. W 15.7 fis, £ L

HEFSIXH

A B X hashifE B i ok
(001 57 57 el T~ PR A RSTIX
(001) 17 17 57 | 000 96 17 03 (011)
(011) 03 81 W7 39 ik 06 17 (001)
(111) 47 96 T g1 | Ol 32 66 (010)
w92 & 75 75 10 66 o 9 (000)
(o1 81 © _ 03 _ 66 010 2 o 2 2 (010)
(100) 20 "~ 66 ~ @3 66 10 32 (000)
(110) 06 > 92 g2 011 03 - 03 35 (011)
(000) 96 20 ©20 0 35 35 g, 471 (1)
(101) 37 30 a7 2022 20 7, 20 (100)
(010) 66 4T o 06 1 47 D 47 10 (010)
(001) 75 06 ~ 47 v

1)

black tuples hit (lowest 3-bits of values in parenthesis)

€ 15.7 Radix-cluster



2155 NEEEIERY

R ARG =4 bR BRI 08 8 MK, AR IR BB e, B — B S
SALPRIRT ALK L M R RE BRI HN 4 X, RIEFESA X b PR B AR ALK 2 A P
AN X o 58PN radix £123 5, ZE0 B L R AT R K43 X _EHAT hash SEEARAF . 288 radix
SREARUE T TLB PERE, 5T 20X hash EHARVEIRTE T hash JEREN Y cache PERE.

Eet o} B A ) PR A 5000 2 T A K B b el 45 R, AR K, MonetDB/X100 K T [l
BHAT (vectorized execution) F%A, FUTEREHIFRE—HAFRI HME (vectors), —H&RF
FEARR AT, AR ALK RAT LY o B P A S

(2) cache-oblivious b H A

cache-conscious B AL H AR T ZEARYE cache JZ2£(. % )2 cache K/, cache line & .
TLB % HEMBHSHCRREIEST L, M- & R Ao tE s & . a4 Gk
WE A, FIEMERIEELE — AWM RS . 5 cache-conscious Ui 4kH: R AHRT,
cache-oblivious 5 7% B 3l L & cache 1% i . cache-oblivious I % R H 4r i & 2
(divide-and-conquer) ] 774 — MES S IA MR h — RV FHES, BRI TFAESREB BN
cache.

(3) page-coloring fL{bLHi A

page-coloring J&—Ff N 77 Sl [f] cache Huhbmi St AOMLH . BRAT 25 4% 4b F8 3838 3 K
FH 2 B8 4 K BK cache. FEIXFP bk HLEI T, B Hhk 3% R4 o DL page K/ (4 KB)
S BT MR B, FR W page color. S FE S (4 i 02 0 A0 7 M ik Ao 40 1 28 G i B py
Tk, ARG IR bk ) page-color AL 45454 page WS ] cache I E X IR, &
T XTI SEERAE ) Bk 55 cache Huhil 2 8] iy Bt i 4

EEWIAT, WAREA RS RS ERE NSRS Co— SRR R
) hash B WA —/ BRI RTEREE ) £PHILTE cache I, KEKIFE)H
8 A I 2 o e S S S O % 1 PR 9 cache, AT % cache 5 A 77 2 [B) 44 1) B 28
. MCC-DB R4l page-coloring FAK 4y B A A [R) Bl =5 55 1 56 E 11 25 1445 43 B AN [)
il page-color, B[IXd 55 J& 3P A I 4E 45 7E 3 T page-color /A 77 1 A 1) 7 43 B 82 2 4 color,
{EH A WS XN cache /D HHIUEVE R, % 58 J& #ME B AT 45 0 Bl £ 1) color, i
o0 ) T 1 A AT 55 R 5 A FH B KYE B Y cache MUHEYERE, Wb AR EHAESEILT cache
FrhoE.

page-color IR 5 A7tk 2= B K/ BA LB R, 50 JR 50 S R4 % 8/ MET
B Z ) page-color, 5 BRI NAFHEEVE R, 1 55 f5 30tk B0 4538 3 B K8 R g
/> page-color, 7 DI A HEEVE FE o X T 508 45 A T B 9 AR I PN PR SOHE 2 Sk
BRI 55 Ja) P R SR 13 A e BE 0056 40 IO ABE K I P A kS L, o %220 9 page color R
AR Mt 1k Y PRI A0S, ¥ A & R B SR A i R R

Ht, AFCEK[16]3EH T W-order AR, WK 15.8 iR, ZH AN T8 A 55




15.4  PHEEGRAEN SREEAR

Jo B SR A R b e k94T (Z-order) #1122 4% page-color M #9514
(W-order). 7E%F—> page-color HAHifT B, 55/t EESE R 5 cache F 4[] page-color
(I BOHE TTP= 4 cache 4+ FH, 5 HoAth page-color (I T ¥ cache #h5E, MM P& T A ifiit
T FE 34K cache M5 .

L2 cache

11 | | 000000 00...0-11...1 |||/ 000001 00...0-11...1 | |-+ | 111z 00...0-11...1 |

0000 | | 000000 00...0-11...1 |||[ 000001 00...0-11...1 | |..| | 221111 00...0-11...1

e o e e | et e e e et e e e . e | e e e e e e e e e

1T U000 00 O T T 003, 0-11...1
e e lli——"

0UU0E" 0010 o I geTi0-11...1
| L= =<3 add

|
|
1
' 0-11..1 ||\ gz
|
|
1

e T Sl l DTHO01—66-4-6-=4 1 et 1
—— ||[200000 00...0-11...1 [ 000001 00...0-11...1 1| |[[z01a1 00...0-11..1 | e
—— 1/1000000 00...0-11...1 |||| 000001 00...0-11...1 | |.-.| [ 111111 00..0-11...1 |

~ pagecolor  pagecolor  pagecolor
W

Bl 15.8 Z-order £t W-order {34

B T A SREREAT gk Z A1, T. M. Chilimbi 555X} $(3 45 #3347 7 ek, $2H T —F cache
BURMEEIR ZH, PR T PR R R . K (clustering) FI¥eff (coloring),
4k T cache PERE.

cache DLALELA /2 P 77 SR P 35 {0 At DA fink B2 (O 0 4508 . =32 R4 cache 5 B8 2 Rl 14
ZHIHAR . B, BAEESUIEAN cache MRALEA 328 i o) Bt 78 W 77 b (A2 A = 7
IR, B S5 S T T AR AE B B v A B R R R 9 cache vt R . X T K
YERGE R AL B AR J7 THI 1Y) cache TRALBEARIBIFT, T BB H4FE R G2 440
S FP R A R TR . 7 & R S BRI FH 9, S8 B %90
f) hardware-conscious AT A MIGIR ZARALEEHF, hardware-oblivious [IHIFFTH: A Bk 2k
1,32 A7 1l Ay B P 57 DK A ) ) A

2. FSIEAK

R RS RS IR MO iR, TERESEARE 2 Y hash B3|, B+
ROVEANE G NFBARENT R, FToA—25 0 SR PR RO R B 188 T T2 IS .

W 159 Fron, AVL WRE—FAERIESH, RH - XRE%E, R3IHaeikH.
BT 45 5 RAEE— e, BRI, BREN RS GEES ANTFERES



395 NG RR R i

B LUSR B R 51 A AR O /O BRI AE T AR, MR R SIS B A TR .

THRER
.Iiamntl’u
BHRE el
e |data|data,|datas| - data,|
icontro|
)]"“"l |datang] - [odatmalol  pencnia Pu___[5]o|  RightChild P
AVLRS: ¢ AVLE P / S - I -
ey b
e Y = =
Control ‘[1 ;} q - = -
= R R UG > 1
=2 (1 i
il - = S—— . ™"
159 AVL . B+RAN T #

BRI 2 B BT, B GS RURIEEER R, TRRERCR L, ST RE
BAf; BHMIEIRED, WG mAe b B, MRS RBMER 4 A R R R

T —Fh 4l mdl LS 2 AN E AP — X, THBERA AVL WA Hertae, XA
A5 B+MHIE KRR AR RE. B, MxXTT BRI ZEAEREE, TR =X
PRGN TR RE, AEE R A RO BRI N

THY B SRR . IRV T, THEERET B+, EZEE
FEAEANF D A Bt % DL F ﬁ?ﬁﬁﬁi%ﬂ%mﬂﬁtb’&” B+ AE A 6 H bn g {E 1t 72
PR EARNG A A B T MR T &G A AT EM T ERA, HAbg
R T B R K TN e NI A I 455 1 4 Tﬁ'&ﬂﬂ W THEL B+R s, A SERT A
WRNEG RRE, TENBSYRBEZ, FrUOFRIMERERAE BT

AP E RGN cache 2%, AMTREHR—4 cache line fF 8 — AR 51458,
T CSB+RF1 CST #4.

CSB+ fi FH AL A7 ik 1 45 0, S 05h SRR SR — > T sl dar, Sl FRET (o mks 1t
AbH SO LA sk, W 15.10 Fs.

SRR
/@ _________ mo‘ ]

1% 15.10 CSB+#

CST # & —Fi i [7] cache line X /N4 B IR 51 4544 . & 15.11(a) K JREH T REE544,



154 WNAFEEEEN SRR

w

7
/

BRI x /8 x gt

156/157/159)
—-»=76 |77179
2361237239
36 137 |38
116/118/119
196/197/198
27612771278 29612971298
286|287
1306/307/309
281/281/284)
2911292
301/302/303
3113131314

(0) THRUAESBAFMH, REAABTE A EH

% 15.11 CST #



WIS NIFHORIER S

NG S EET . B 15110004 T RN = SUHERR, MR THE A
B, TP RS EATER LS A E . B 1511878 T CST MHIfFil&ity: R
& cache line A/ (AGIH 32 NFH) WiE it T MG — R FR&EE (B, #
TG SRR 4 5, —A cache line TR EFME 7 458, M—N=ZE2XH): &
AR BT —ANGE R, N7 A TS5 54Uk EUESE g, FEitks
g S R EARE— NG A T RS A4l bk 998 EFERT . CST MAEE RN EAES A
M EHEAT IR, e RN S, REFUREIES A, BRETHFERENHE.

Judy & HP A& SEHLHI—FhE 1140} cache Frthifi B it N AFSE M, EFREILRAER
Sl G50y, W ELA A G FFE R A A 0 A B8 S k. 2R 1 H 4R th i SR [21]
JEXt Judy S5HIEIEG . SRR B S A BT R BIREAE, AR REA Judy REFRE. J+
METEE . ASREREEIRRET Judy, BEHHEAEREESLT B+ T .

cache-conscious 2 5| Hi AR 3= LA cache line K/MMER S s KNSR, ol i S04 477
iR E4GIeE 25 H, BRI EILM cache line MR ER. HETHHESEFMHN
cache-conscious &R 5|4t FEEE T REM S ERNNHS R, DHKEEHFHFN,
Ry EF AN E

EHECEEN T, (ZEEBERS W ZH T s e fe . Yarib B8 TR KR
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EZETE L, BWEETENENZEITEE, BBRITRERIFITI. E2EF
1T B 75 2 A D B R BB AR L FE FEAT AL BN 3L 2 cache 4L, HdE o RUALHHAR .
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EHRER EXN LR R FEATE R E . ZEFTRAEZ R 2 XT3
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Bl 15.12 B8 T 2400 P9 A 5008 e £ 2R 10 =Fp 2 B2 3F4T hash SRR .
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[ hash &, F LRI Kb 1 IEEE hash ZH#f A hash il 3. S RFEFERHAHTHE,
AN I L 7 JE 5 hash KIEAT hash #RW, 58K hash i HHE 1 . JEZ hash RAEAY
P B BN hash R o) I A HIACH, FLZEH) hash RECART &  H cache 5 8E, M
M 7E hash TRINFT B 27 A 1) cache K. HEZE, R XM S REHHITHHELSX, H
T T 43 X = A AR A AR o

(2) #T 5 X (partitioned) H hash B HE . ZFIEX R LM S FK4AH A ) hash
PR B AT 4 X, R RG4S 20 X G @ J 57 ) hash %, S FIEFEA N 4 X 5 R £/ hash
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SERMEET R A S AT I FFAT hash FERARAE .
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SHF 30 MR RE: AMZALHIY Intel Xeon Phi PhbHRBSEE R T 61 AL, 244 ALk
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& 44 CPU 1% F1 8 /> GCN EJEHIE, 512 MBS, KL FEY B AKIKLTE.
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HEF A

17 GPU il APU V&5 b (508 PEB: AR 50 75 B o (1 258 ) JBL AT GPU 3448 FE Tt A
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protocol). ZMMX IR S R, BHEFIERANEIEE LA FB (mutex), ML AIERA
B FE7E 345 AR AC 0 R B A BA R 2 T R VPR S TG, IF BARIEAE IR MR F 55
o B AR A B

HEBEHESWR —EREMRN, W CPU RN, FHEAMNTE, BRI, AL
BoiEFERTE R ESRAER &, FTUAARERA, &N EEEENNET R, ERIES
% ACID Btk i I, R FH A F %o 1 R ) 5 e 2 7 Bt — 2 Wi 9 1) i)

TN R N BAREE, FHARIEEI B AR 2wk 2 S EWA cache BFF AV 5,
PR N AFEAE A AR . R A v AL B 5 AR R A ) 3 AN [R) B AT 5 AT I
AR A AR FNARIE B 4 AT I L S A A B .

AREWES I RIATESE OLTP 1 OLAP FFAMAT, LAEA BRI PERHER
OLAP #rif)Jf R AT. Hyper $2H T3 T#/E RSt snapshot L) OLTP 1 OLAP B & 1
I RIITEOR, i B 1E RS ) snapshot &2 OLTP ¥ H 445 M OLAP H A 5,
KRN [RI S A 45 1 9 K AT - MCC-DB i B2 8,55 R Ky A [F) $0 408 J5 58 PEASFAE 18 2 )
{E45 4 B A 6] 1t P9 Ar ol 23 18], ok 2D 55 J 3 4 2 VR0 45 o) o = 30 o B AT 45 7= 4E ) LRU
HH S (BTl LRU 5%, $87E LRU HLHIF, cache P — MV il (1955 J5 5 4 B3 K 45
7 1) 58 R B AR IRE Y cache) .

XF AR ERAES B R AL B, AL AR A% O 2 38 6} B 3 i S = 4k b 5F
KA WIS KR/ =) cache B, 3= Tl o 7 i) 40 20 LUK B v VE P REAG B 5y
AL BRI R A AL EL

2. BEHH

BT AfERIMESS A T A, ARSI EDEIRA SR MER, BTN FEUE E
B T EAE AR A ) R AE N FUh AT & 43, I BAEX S0 R f H BB B4R 5 5%
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HER N2 AR RIER, b T ED HEE DR ], B e E A2 sk
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