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Abstract

Integrity constraints are important tools to express the semantics of databases and
can be used for query optimization. But no real DBMS (database management system)
have fully support the management of integrity constraints. Instead, they use triggers
to replace integrity constraints. However, the behavior of triggers is complex and the
semantics of them are hard to understand. Therefore, it is necessary to develop ap-
proaches for integrity constraints verification, and we expect the verification can be
done at compile-time so that efficiency problems can be avoided.

In this paper, we present a strategy to automatically verify the integrity constraints
of databases. Our method is based on the weakest precondition and predicate trans-
former approaches. First we reduce database integrity constraints in SQL into SQL
assertions, and then transfer assertions into FOL (first-order logic) formula. We also
investigate the semantics of the three data modification operations in SQL (INSERT,
DELETE and UPDATE). Based on the logical formalization of both SQL assertions and
data modification operations, we implement integrity constraints checking for databases
with the help of the program verification platform Why3. For the input SQL statements,
our program translate them into WhyML program, later Why?3 is called to compute the
weakest preconditions and generate the verification conditions for the back-end provers
(such as Alt-Ergo, CVC, etc.). Finally the provers will check whether the databases af-
ter executing the data modification operations satisfy the constraints. All the process is
fully automatic.

In addition, we obtain more precise backward predicate transformers for some
specified constraints. Experiments show that in these special cases, verifying these pred-

icate transformers is more efficient than the weakest precondition approach.
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1 RIEE=R

56 B M 2 IR (integrity constraint) /& F 48 14 15 A B 09 5 2277 1f: — J7 1M,
B A 50 Bk 20 AT LB 1k 38 S 29 R AS A v 45 A 5 2% (transaction) # A
ATs o5 — 77 10, B0 g 56 B 29 onT DA R ke SE I LA ) 4L AL (semantic query
optimization) , MM $ e 204 2 1) 2 A 1k g

k& T F 4 (primary key ) /Mt (foreign key ) Z b, SQL £\ £ X2 £F T 5 (assertion)
AT CHECK 11 FRJE (LA, IR Ly o m] LR IR Hl e T (R SR e 8 &R o AH H ISk
B 5 FH 170 56040 7 5 B 2R 45 (Database Management System, 5] /X DBMS) #1475 ok
SCRERLAE 1992 E A 4NN SQL2 FreEI I 5, — Lo 8l 2 B 3L R Gi X CHECK T
R SCRRBATIARAT PR o 3t B0 P A B AR 00 50 MR 24 TR S R AN R I s PR
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B AT B0 I 17 A2 20, X TCBE o AT B e B PAT R KA T340 ik 4
BERE PR E i 5 () S B e A B R GUR U, IR R A TGRS I, IX AR A

— U6 b R PR B R 48 (Oracle. DB2 45 ¥ 1 RH i A 2% (trigger) VE M il 7

%o

fioh . 2% 30 5 s S PR 01 (Database Administrator, faj X DBA) & X 1]
2 PR FEE AR EPATHRET, & B =355 4Lk

1. 1 Cevent) « PG i & 2 A 25 40 2 B0k 14 50 A%

2. 44 Ccondition) : 24l A& 2 BP0 J5 23 PRAT IR & v sl 565 254

3. BAE Caction) : 2l A w4 P H 25436 2 I S HAT IR T .

558 ZY AN, il R 2 2 FRARAVE OGS I, ANTE ZER AR, XA B
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R SLVFRIK (cascade) [, A & Ul —AM il & 2% B B A T LA ) —AM i &
A 2 HAS By —— 3L P fish e #3 PR A 328 U1 ik K 4 (recursive trigger) » 49— 4% SQL
AT WOE T — R AR, 5 A T R )l A7 L R ARG E LT —
LERR I (] 1 Oracle 72 #2418 61 IF TR % TP AT B B0 1) fid 2 # ) , (HIX 26
DA 75 oy 3 P A TS A A 2 1) S B AT A B TUARAT g AN — 550 A B9 n 17 47 B Ak
JE 5 A SO PR B AR 0 U)o DA R B A T 43 0T PR ik A 28, 3 A 75l e 24 1Y)
SERRAT kg B0 DA RO A 3

PRI, H #8224 BE AR GE IR FH Bk A 2GR AR I 5 3
PELTA, FRATATY SR i 2 S T — Tl AN 35 Wi 5408 2 FKJPRA T 003 (R 508 2 s M 4 TR
WEJTVE, O HAy BIX B ub B B B D I N T A3 A sl k. X IE 2
FATTXA PR 1) 72 ST AE o

2 AKXHRBERMAR
SQL SE#EMEZ o n] LAy Ay DU Fh :
1. 3 %% (domain constraint)
2. HZ1 (column constraint)

3. R (table constraint)
4. W= (assertion)

29 ¢ & th CHECK X8 5 1 CHECK 2 Ji5 1) 18 2% 4% 1 40 B, 38 5 15
CREATE DOMAIN A (1 — &40t B, 2 iz R ST A A 18
W — B A SQL bRk 4 e ST

CREATE DOMAIN <domain name> AS <predefined type>

[ CONSTRAINT <constraint name> | CHECK ( <search condition> )
Horf, <predefined type> #5 )42 SQL & 5 N & #9 %45 28 8 (4 INT.REAL.
FLOAT.DOUBLE %5), <search condition> K/~ 245 1F.

P29 AR 26 29 30 5 /E ) CREATE TABLE 18 A1) ff) 3 4 tH 3L, — 3 #8 nf LA
AW =K

1. B8 217K Cunique constraint) , X8 ¥ UNIQUE i PRIMARY KEY [RJE .
2. HMEZIIR (referential constraint) , H X8 FOREIGN KEY i€
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3. i CHECK 1) PR & F 2 (CHECK constraint) , #4548 7> CHECK 2
Ja A R A AT — MR R 22

NI FI R AV AN [FIAE T, H0 LR L REX R i AT 290, T R 4 ik
AL RO R] 2 A AN [RIZ EAT 29 9, DRI TT 710 249 S mT DL RE A 2t 3 249 T 1R e ok T
o FO B, MR [15] A1 (4], A= 20 2 AR A AT LU A S (R 20 TR
B 572 SQL F LR I i — OB 20, RV AR B Z AN RIATL A Wi
i fE SQL3 byt X I
CREATE ASSERTION <assertion name>
CHECK <search condition>
TEFRATT B R A, B A 0 BT B AE 3 252 SQL 1) INSERT. DELETE.
UPDATE ifi i), #4l5 SQL Fru It 25 H I e S, 3X O3 4 10 A 5. 58 50T, (R4
R LI k23 WHARFEM e B AWy C (FEX L SQL Wi 5 &),
HOE P 0 SR R O U (FE3X B il SQL /) INSERT &% DELETE 1§, UPDATE i)
T, WA H bR : CAEHRIE B A2HUT U Ainsig C Gl B E CO M T,
Uk B AT U G 2SR 2 C G UB) ECD .

3 ANGEHRH

VN AT (AR T

O R AR ARAN SR B 2 WP AT (integrity constraint enforcement) 453k 1) I
RN v LR S TS R

5 = WA A TRATIWIT FURE S 1 B 2 0 1k 2 SRS A S A AT
5 BRI, 4 HIRATTAIAE SQL W5 5 MU B s 48 1t 29 AR e X BAR 7 % o

SV /4 Why3 B8R & LLAIET Why3 588 22200 H 356 0E 1)
S

o HLE : oA M SR 45 R .

N S GRS AL AR, 38 AT TAR ) DTERFIAE AR AN L 2 Ak, FEX AT
DLRE— PRSI I AT T R
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HIR AR A R TAER

HOH A 1) 56 HE M 2 3R (integrity constraint) 38 52 1 0 e 7F B AR A #2420
WAL I 25 Ao TR BN A8 S 1 2 R B 2 AR A e i AL, T R
fiff — B 2 AT AN B OR 47, DA L 000 e o 2 — SR B R AR UE R R P AT 56 B dle 18
AR AE T, B 2R ) S BV E L R AR AR A2 o ST BEME LT HUAT (integrity constraint
enforcement ) USRI LRI I R A A& 1K — )

1 [BIREE X K5

h T IR HE ) R R L, DA FRATZE AT SR DB 24k e X

WU R H & 0T EOC BRI ) 42 R, f oK IE 5 (formula) , WA f
W H AR R R U R E R o BROAXE f AN RBE (valuation)

PR B, A f RS f 1R ¢, 74T By E f BOL, WA B
FEME ¢ DAL fo

BEERAE U & MBI B 28R U(B) g, 290K C &AM 25
Tk X TBUSERE U MW C, Wi TR A #dE4E B A

BEC = UB)EC

JSOL, WIBRATRR U fREF C, 8 U 15 C T4 (safe)
RIEXELIR C AL S A U B35 AN ], 58 8% 29 A
AT ) AT B3 A KK
1. 5232 K & (integrity constraint checking) : 44 UATELA K C P A
GRNBEEERE U, WRI5R A E SR AE U AT 802 AT 5 XA
PR
- MR (violation detection) : 7E AT S8 £ ds G U AE U Ja Xt
TERENE LY RBEAT R A, 0 SR PE AN 2 Y, W U AT IR
(rollback) #:1F
- MR (violation prevention) : 7 04T E s R & R AE U Firxt
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AT L R R A, an SR AT 58 1% B A 5 B0 FE AN L 20, )%
EAERE 0 1E Cabort) o

2. SEHEVEZ W AR FF (integrity constraint maintenance ) : X 24 516 i 4E U
HATIEIE, AFHE IE S B SURAE U IREFSEHENEZR C.

2 SEEMAREE
2.1 HzERm

A I (1) T 7 5 2 s P 0 B e L) AL o — R B RlUR 28 K AT A
Ao 4 B I B BURAE U, X7 S8R AR 4 2 1262 1) S8 BEVE L0 C A if
R, XLl #8 e T U nTRed R C IS DL, 2 U B AT I, 3 6 R 28 4k I
0 U 22 etk i

Chen. Hull £1 Mcleod[[10] KM T —Fi ] LL B g4 5453 2 (1) 3) & Limited
Ambiguity Rules (fij K LARD , FEE150) [ [a) 0 S 20t ZE S H T MR LAR: —Fig b
1T LAR, L5528 (base class) [ B3R &35 45 4k 4K 6 (derived class) , 52 X0 W IF 72 53
— PR AR I SR AL B L LR R AT LAR. T LAR S5 80 e i 15 24
BEAE AT WY Cevent) , [7] B S & — ' condition-action J& 3 [F AL, BT LA LAR 5K FR
AR AR A AN R 2R, R A8 BRI i G SR AR S0 I AT S HE M 2 A
. LAR B0 5 RIS R AT LAR 15 147 LAR R UHAT . LAR J7VEEUF
2% 8T [ 0 S B 2R 1 R AR A X S0 8 2 SRR 0, AH EA AR — A 2k
B2 s % - B E e R IS A, ek B ShHE S I B A& LAR. Decker[[17, 18]
F 736 )3T SLD IH 4572 (Selective Linear Definite clause resolution) [ —FjiJ i
SLDAI(SLD with Abduction and Integrity maintenance) )45k, IXF 7R T
— M SR S R s 4 B R RS CURAE U ARy 3 45 H AR AN S5 R
A R DUJE B — 20 YRR 4 e 1 1) S8 2 1 £ o H AR TR IR AN H bR AE 4
AT H AR GRS, R B F RS~ — A7 HAsE AT 145 XAk
B3 A PAT , H B 2 18 SRR A — R Vi fc 5 4 1E . {H Decker 1
JIVETRIRE VRIS T B A I 30 PR R AR, 6 T — 288 Xt/ SLDAIL Likgh
S5 B VA 25 %

NIRRT, R B P 0 BE VR LT AR AL D i A 2% 1R 7 S A7 T S A



WL AT SR 5 B Z AR AL 18 3L Kl PR e SV E L R T ER A

- il Ay H TR IR 2 3 AR S BE R 48 (Oracle . DB2 %5) IR, 1X ffi 5
27 GEAE S B T BT R AT AT P A AT N P A
- ARPEIZTT S K RE R B T AR R T A B, RN — B Gk A 3
VA 25 1R B A8 A A 5 N 90, 3 0 B e b A ke 1 ok e 2 A
HILES HE (1) 7] 7
ARATS G238 o ik 25 A 4 11 ) PR <
- 7T, B PR B 2 R O BAE — AR S it A s ) S, SRR T H
P P2 AR T T SCA SN R P BRARE A, BRI I AR HE I 13X — R A1) fl e 2% 5K S
SR AL
- U7, 4% SQL i 2 WOE T — R AUl A I, BT — ANl &5 1
AIE R LSO o5 — Al 2 08 2 JLAS B, DR 494 00 ik 88 1) SE B AT A
i AD SRS
55 RL BT VEANS N oA G B AE R OREAT 56 B8 PR AG B e )i st g s
PEHEAT SE B L) RAS B 1) 7 58, XM T A E AT O(n) IIFFES, i T &8 B kb
A S ABCHR B B A B R GO U, IX AR I TR A s a RAR R B R e i k. R
[33, 29, 271 &54E HH T — L8R4 7 7%, (HIX LEUAAT) JC L IR A NX IR PR AR . AN
BT 4, Hoh S TAE AT AR U2 48 FE 7 B 1t (logic programming)
JE XA I IE (formal verification ) 4535 R AH 5C B WY 12k, 33X — BB A1 b ST 97
AR T T2 (R - 5140 Lawley[27] 738 26 B0 2 A TH] [n) % 5 508 PR vh W
FH 5 59 B A5 AT T7 1% 5 SR IRE G o) 20 AN 22 4 (R B VR B AT [0 TR 45 1 P s R B FH 4 o
Lawley (1) 7775 1) — Rl b A& FH R HE 3 B 59 1 2% 0 2w Rt i 5 200 1 B, BE
AT I TR SRR AR G5, XA R Y H 32 BRI R H A Lawley 1
TIEENSRAE T — AN BRI S8 B 2 R 7 (1) S BRI 48, AN I 3X — R B 22 e 1
2] compile-time 3 iiE HH R BEAT PRSP , T AME Lawley HFEAIPA LA run-time %6
R 32 K e 59 /T B 47 2 2 A A 1) — kb 7
2.2 SRS
5SS A run-time MEAT 582 L1 RS A AN [R], PR TP 7 compile-time
R B A SR A E 1 e AT IO UE . S ok AR bE, X —  E B AW M
e
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- WA RERIAT e S U A 5 A B AR A e B 2 R IR TR A
- HAE RS SRR AE compile-time 50 UE N AN 2 R A SRVFREHAT , IX AT
AN 2 PR (R4 ARIA T = PR (B ) R

Bt LA, oI 75 58 W U M figf e 5 B PR 2 SRR 2 5 | A B 22 A B R e )
R0 AT ) ) R

M IRT T3 1T R RIF 9T 3 8 QT B 26 56 M 24 TR 32 A AR A R R TS
CERATE B R P8 S, 32 4R D7 VRN HE S R U4 ) v Y 25X Tl ok . FL7E
[23], G.Gardarin 2 gt H! 7 W 1] Hoare 12 45 £ 598 147 56 Bk 2 906 1E 1) 5L 1) 5
%, 12 G.Gardarin 55 J2 18 it 52451 5K Ui B Hoare 32 48 Wife] i FH 2] v 52 1y |, IF
B 25 B XAk B 2R AH SC Y ik B4 T UE B, X A$ 73 G.Gardarin )74
RERE AT 250 . 1 B A0 Y B 20 SE PR I 58 2 2 i & Bk [9, 25] #8118 T partial
subsumption J7 V2 2 % B4 B 5¢ 0k 29 SR AT i Ak IX By v mT DA A R AL
H e 580 I B4 4, i BLRT DA AE s e R SR AE [24, 26] H1e {H 2 partial
subsumption J7 V5 52 2% IR EH 22 A5 SR A () Gan 2504 %2 95 5% transaction) B i —
FR AN 4 N R o B0 00 1) R A v R4S 7 e, DR A 3 — i 471 4] L A ) 2 44K
0T A v e ) ARSI X S B DB TR O A B (ks 1 il
MRS 7 5 BT HE AR R 0HE g AR (1) 18 8 45/ (1) 73 M TIAE [24, 26] 1, X &
% P A g 4R 1) A B 2 3 ik — L6451 1 ) IR partial subsumption 57
(IR, FE8AT K e — Mtk . Qian[B4, BS] 7k 4k 2 i G.Gardarin 25 TAE, B H T
Hoare 4 Mg T — AN 2 3145 (transaction) 70 BT I R R 45 . {H Qian JiTkb
PP TS 2 55 A R B B — R s A8 A (Rl A G2 IR oo 41 BE o4l
), BRI PESEBRPT I “ 557 B I 2.

PE M ST 77 TR B () — M 7 Vi b SO B ) dee 59 i B 4 A T vk (kg
L5 2 M R B i 4 715D » McCune F Henschen[B32] 45 H T 785 R B8 4
(relational database) | ] 55 55 Hil B 45 14 75 v ¥ 312 25 il , Stemple A1 Sheard[36]
W 2L T Boyer-Moore A v 8185, S T — AN J% (1) #E 2 45 59 1 B 45 1 JF 30k
LXK FRG. )5 Lawley Hl Topor 55 [28] JE T —Pri& %, SCIL T EE Stemple 1
Sheard 7712 5552 3% R ESCH08 EA SCHR AT £ B 59 T L 2% A4 SRR AIE
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IR GHTE G AT (et i B A1) T3 I A AE e 3 Bt T 4l A2 B A 1
R R AR T A RINZAR A DR PP B R LR K 78 70 b B2 A o (HIX R vA AR
AFAEAT SR PR A -

- B 59 0B A AT TR ek aE T I AT R A 8 2 /E . Benedikt Al
Griffin %5 [8] UEB T, A7 AE — S8 8] L 1 B 12 25 049 21— B a2 A ) i
59 1B A AT 1y HLAT BLSE A HE T B I B R B 59 HT R AR ) — SR

J2E 2R 55 OV A A AR et 12 = 55 G ARV 5 T R
- T A E AR HE S — R ] deductive programming, 7 S A JFE
16 U A B F IR 1 0 5 5 A VT B 8 1) TR VR 6 A, T LS ) H s e
16 CHRAE BT AR P8 5 A BRI, Clarke[[L1] 2 30F B 7% 14945 i1l
% Caliasing) 5545 11 11 52 2 5 s e g B 05 5 GVEAF 21— A8 R AP

Hoare A BEZR S8, DM AR JG2 A ildee 99 AT B 444
B0 S5 99 1 B AT VE AN AL, — BRI 5 RN T e A 59 W AR R B
BT CEIURH Y. IR, 30T B ik e B AR AR R 0 B 5D SR IR AT 8l [ e BEME 2 A
. 1E [B8] *', Wallace 1 it 4™ i i U9 5 #7 J5° #1) (recursive update consequences)
[8] J7 5 KA B H T f 59 11 B 5% A 1 HT & 45 F. [6] W2 R T Dijkstra 4
1A 34k 28 (predicate transformer) ¥R i¢ [20, R1], 2= 5 X BHE ZEAS o508 4 1O WY 1) 18
1] 4% 4 4% (forward predicate transformer) F1Ji5 7] 1 7] 4% 4t #% (backward predicate
transformer) , AT 23 745 2B de 0 J5 B 45 1 I J5 B 45 A RN B3 dee 59 1 & 4541
IR B A AT XM R 7 NI T de 59 W B 45 A (el Jm B 4540 I3 VR i se S ik
(1% i 258 PRS0 B T L R 8 Ak B AT 346 A5 S R I R A e 5 . (HX 2807
VT T T BB A R B 5D LR8BS SR B R 45k i) ik FIFR
A BB A (et o B A1) R i AN A tir, By LU e AN 1475 8R m] LUK BT i

[RIAN 2 A SR AR, (H I A — 202 2 (P SR AR R A AN 4

3 FEBMARAR

SERENE LR ) U 5 (K02 - X145 € M Bl R B aR AR U, B e 81—
ANEHERIR f, f e SOT Bl e b DR N B 1 A 1 DR i B R O Kl
PEBE R U &4 —— A E A5 w2 SQL f) UPDATE it < H (1]
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WHERE 1) T FRE I B 45T B 85 G EMRAE £S5 B4R ©
XA AR AL LR Al 5 A 7 CROE RS BUd At U M 8o U,
{FASLE f IRRE T, U £ C T it

7 56 B Pk 20 AR B 5 1T, Wuthrich[B9] $& H T — Mgt 5 ml 0 b — R 51 5
A TR A N R T 53 458 AR B8 B80S SC A 1 T 3%, S A D77 9 R R A ) i A T
JINT 3% 458 A PRAT I B4R 2 38 I 1) 24 R g Tk ) e B M 29 R, B SR AR AT B
IEo RN T 285 %0354, Wuthrich 7775405 Bk 45 HAZ 1E. Console. Sapino 1
Theseider{[13] 7 VXS 8 B Al 7 BE— DR PE w] Be 5 1 v R A IR HEAT
ML FUAH N i A, A AT 0 77 40 EE Wathrich 7 70T DR AE 5 22 1018 04
b BT P ) A 2 S B A AN A A B 22 TR B T - A8 e M A R 0 A
& 2, HAVE A PN 1 3C 7 (literal ) » Lobo A1 Trajcevski[30] ft) 7 £ &0 A
WA f #AL I HTEGE L (disjunctive normal form) , f1 #r f TS S RS
SEHEMEZR C h5E (5 Console 55 15 1AL, 1l I A4S v e 5 SR 58 1 RAED
I 2R X BG5S BOBT I B WS f7 o SRR 7200 T8 el AR R o
IR PR D AR T BE 808 e A, SRR 7V g IS 1E S I B 2218 2
B SRARFF SE 3L

SO RN 29 AR I B RS SR AR U AB IE, SEBI T 208l P S8 2 1 41 R
(R R, 1 B T U AT Py SR I 29 AR & M RIPR A5 h) . HIX — 7 %€
[ It A 28 Jy PR R 43R 4 T

- SEREME AR OIS T T T R e BE R 2R (BT

- 1 e R 2 AROOR o i B AR B RS R AR AT R R AR ) T
AL AB[A) I 00 308 TT A BEAT T ST, I DAL e 1 AR e P i LI R 4
(transaction) JiL 11 Cautomicity ) J5 UG BT 7 & -

4 KB

REE FEANE T 522K AT (integrity constraint enforcement ) 451 [ fiff
FUIR ARG T 58 1 Se A4 T 203 PR 4 A 22 4 B SO A R S5 AH SR 1A E S
TR & SCBR 13X — U8 N 1)1 [ ) 40 28 B, AR T &A1 il K
(R0 T7328, A T e TR e 0T JRATT3X — BRAR U, FeAl TR H (1)
FE B I e 22 2 K 2 (integrity constraint checking) H [ 58 Tl Bj (violation

9
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prevention) Jj %, i [ FT /44 1) 5 59 1 B 214 (weakest precondition) % 1 18] ¥ 14
#¥ (predicate transformer) 55 J7 V% 1F & AN 11X — BF 70 B8 (1) BRI Al e 72 F — 5
o AT TR H A THIAE SQL 1 5 BT T 58, FFEE X TE ) e A0 25 7 1)
AN Z A Gt e it
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AR ST R IR IRFF

1 HRPESTEEMZRE] SQL Bi S A Y

7 [4] ', Behrend 545 H, Bodfa ¢ (1 A 20 AR T LURZ 7212 80 B2 i
Wi, IRt T PR IR

- WA AT LA S 2T

- FNAR AT LLEAL N R AT

- RAR T AL W=

XU W] HATT AT LI Bt 2 56 #0202 A T i I T 4, 306 T T I A A1
JEE 8 R A 5 B R A O R . SR (4] R e ok IR By
& I BATMS IR T 2R & Bt o AT 5 A 45 5 Bt 5 58 BEME LR Y SQL b
HEVE 8 U4 H HARI L R0, AT UE W] SQL I &5 7R84 b AR IAAE R )
Hea i Se LA, BATRT LIAEAE I — SRR T3 MR 3T RGE 4 21 SQL
TR RINE v T ot

XA, DL BRI 3h d, )

CREATE DOMAIN d AS <predefined type>
[ CONSTRAINT <constraint name> | CHECK ( <search condition> )

sk d B BRI 2R r )@Y a, BI d #HAE W CREATE TABLE 1)
i
CREATE TABLE 7 (...,ad,...)

WZIL LT RAE L 3 SR T LU IR AR

CREATE TABLE r
(

..., a <predefined type>, ...,
CHECK ( <search condition>)

)
BEARSTF AN, (18] U8 T X AT R BN L0, #n] DLk S84 iR 29 1%
e, PRI IHG I — ) 0 N VA &5 B R 20 B W 5 LT R, g 5 TR Tk, RZR
3 M B2 R (unique constraint)  #g 24) W (referential constraint) Al ff CHECK 1

11
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)P 32 2 %R (CHECK constraint) , PL R 3ATTEE 23 A58 & A1 2] SQL W 5 12y
FE
1. B X T 4% UNIQUE S8 7 PR 7 1 B 24 o
CREATE TABLE r
(

.[”CONSTRAINT <constraint name> | UNIQUE (aq,...,a,)

)
XA R X JBYEES a1, ... a, TTUUEERER » P ME—FR iR
T, e R) B L AE R TPANAEAE AL [ I T 4L, e AT BUE T
ar, ..., an PESE AR ARPEIX— 18 S, AT nT DK HAE 20 2 W R B

LN

[

CREATE ASSERTION <assertion name>

CHECK ( NOT EXISTS ( SELECT * FROM r x

WHERE ( EXISTS ( SELECT * FROM r y WHERE = <>y
AND z.a; = y.a; AND ... AND z.a,, = y.a,))))

X 4 PRIMARY KEY 87 FRUE I B L) -

CREATE TABLE r
(

[ CONSTRAINT <constraint name> | PRIMARY KEY (aq,...,a,)
)

PRIMARY KEY [FJiE X2

(@ BIHES ar,...,a, "TELHAIRAER » e AxHocdl, X— 5
UNIQUE #1353 —2L,

(b) JEIEEES ay, ..., an MAFEAEARMT A TERB AL AT (a)o

12
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AR — 38 S, FRATTRT LUK FLR L o R I 35
CREATE ASSERTION <assertion name>
CHECK (
( NOT EXISTS ( SELECT * FROM r z
WHERE ( EXISTS ( SELECT * FROM r y WHERE = <>y
AND x.a; = y.a; AND ... AND x.a, =y.a,))))
AND
( EXISTS ( SELECT * FROM r =
WHERE ( EXISTS ( SELECT * FROM r y WHERE = <> y
AND (
(z.a9 = y.ao AND z.a3 = y.a3 AND ... AND x.a,, = y.a, )
OR (z.a1 = y.a1 AND z.a3 = y.a3 AND ... AND z.a, = y.a, )
OR (x.a1 = y.ay AND x.as = y.as AND ... AND z.a, 1 =y.a,-1)))))))

2. AMEZIH N T N i FOREIGN KEY PR & IR AME 4 R .
CREATE TABLE r
(

FOREIGN KEY (a) REFERENCES ¢(b)
)
FATTAT OB LR L) A an 5
CREATE ASSERTION <assertion name>

CHECK ( NOT EXISTS ( SELECT * FROM r
WHERE ( NOT EXISTS ( SELECT * FROM ¢ y WHERE z.a = y.b))))

3. 1 CHECK FH]BR 2 2 W .
CREATE TABLE r
(

CHECK ( <search condition>)
)
FATT COR LR 2 T B 55
CREATE ASSERTION <assertion name>

CHECK ( NOT EXISTS ( SELECT * FROM r z
WHERE NOT <search condition> ) )

2 SQL B s B —MZigRiA AL

2.1 B#friEs

X AR A 04 Ok R S (tuple relational calculus) 2K FATTH H A5
s — @R IA K (first-order logic formula) 475 Mo

13
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— P AR IA U] DAL
- 0,1, -, ete.)
- B B R & (relation) 4% 5 (r, etc.), 7 41 (tuple) 48 & (z, etc.) Al J& %
(attribute) 2% & (a, etc.)
- BUHISH AT (+, -, %, /, =, etc.)
- R (= 4, <, >, <, >, o ete) ) NIEREHEAF ()
- =i (Y, D)
— B AR R IA T I (term) JE LUTH
- A )R AR B AT T
- WR o AT, a2 a2 W NEYE W z.a 2T
- AR p Al g FRET W “p < BUEIZHAT > ¢ &0,
— i i A A LU R )
- R AT, r RN IRREE, W e r” &I RIAA.
- W p g 2T W “p < BURAF > ¢7 & FriZikiss.
- AR o A @ B RIL L W o A gy oV o BT - e —Frig iR Ik A
- R ¢ BB RA, o AR R, W Ve, ¢ M 3z, ¢ g
R
22 RES

T b il BATTAGUETE 5 0] LA EGE 12 5 BEME L RO L) 21 SQL T 5 E
FA1127% SQL2003 b, H LA N ALK K IL SQL Wr & CLUR A R4 5 B,
ARG FH AT A8 5 1 IE AR AR B R R AR R 454, 17 R4 5 A RHA AR B R 7R 248 &5
£

CREATE ASSERTION <assertion name>
CHECK <exists predicate>

<exists predicate> 1= [ NOT ] EXISTS ( <query expression> )
<query expression> ::= SELECT *
FROM r{ x1, -+, 1, Tn
WHERE <search condition>

14
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<boolean term>

<search condition> OR <boolean term>
<boolean factor>

<boolean term> AND <boolean factor>
<predicate>

[ NOT ] ( <search condition> )

<search condition>

<boolean term>

<boolean factor>

<exists predicate>

<comparison predicate>

<between predicate>

<in predicate>

<expression; > <comp op> <expressiony >

<predicate>

<comparison predicate>

<compop> = = | <> | < | < | >|>
<expression> = <term>

| <expression> {+ | —} <term>
<term> := <factor>

|  <term> {x |/} <factor>
<factor> = (<expression>)

| [+ | =] <constant>

| [+ l-]ea

<expression> [ NOT ]

BETWEEN <constant; > AND <constanty >
<in predicate> := <expression> [ NOT ] IN ( <in value list> )
<in value list> <constant>

<in value list>, <constant>

<between predicate>

2.3 BLERH

FATTBERE SQL I = Wb jl— P& A R AA SR e B0 T, WK 2 T 5 X
Nl TSR AT SQL WS Bt HE I8 5 (7 ) 7 AR JATTHL T ik 77() k&
2Ok

T|CREATE ASSERTION <assertion name>
CHECK <exists predicate>]

T[EXISTS ( <query expression> )| ~» 3 (T[<query expression>])
T[NOT EXISTS ( <query expression> )] ~» =3 (T [<query expression>])

<assertion name> : T [<exists predicate>]

7| SELECT * ~s T €T, .., X, € Ty T [<search condition>]
FROM ri x4, -+, Ty Tn,
WHERE <search condition> |
T [<search condition> OR <boolean term>] ~» 7T [<search condition>] V 7 [<boolean term>]
T [<boolean term> AND <boolean factor>] ~» 7T [<boolean term>] A T [<boolean factor>]
T[NOT (<search condition>)] ~» — (7 [<search condition>])

15
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T [<expression; > <comp op> <expressiony >| ~» T [<expression; >]
T [<comp op>] T [<expressiony >
T[<comp op>] ~» <comp op>

T[<expression; > ~» T [<expression; >|
<numerical op> <expressiony >| T [<numerical op>] 7 [<expressiony >|
<numerical op> = +| — | % |/
T [<numerical op>] ~» <numerical op>

T<constant>] ~-» <constant>
Tlx.a] ~~ z.a
T [<expression> BETWEEN ~» (7 [<expression>] > <constant; >)

<constant, > AND <constanty >| A (T[<expression>] < <constanty >)
T[<expression> NOT BETWEEN ~» (7 [<expression>]| < <constant; >)
<constant, > AND <constanty >| V (T [<expression>] > <constanty >)

T [<expression> IN ( <in value list> )] ~» 7 [<expression>] € {<in value list>}
T [<expression> NOT IN ( <in value list> )] ~» T [<expression>]| ¢ {<in value list>}

B exp J—> SQL Wr = 1A), MBATTA

Tl(exp)] ~ (Tlexpl)

3 SQLIES BIRFEIZHURIERNIZEIE X

TEHE SQL Wi & Ak oh — B i@ 5 Rk X2 g, Tl 10 75 0 B A8 oA
(T AR AT AT B XAk, DU R BATTZ 5 FH AR F B A0 S 300 v ) 5080 e 5 14
ERAE BB HRAE S5 AR N AR B SEBRE AT, 5 [6] SFF5E & Ogv Prolog 55
Ko PR AR08 T L [28] SFFFT B2 BAT i SO g R 0 55 I 00 A8 AR AN TR,
XA BRAIF I %2 SQL T8 75 bk (1 B8 1S A

7E SQL &5 v, Bl 2 45 e 4E 4 INSERT.DELETE F1 UPDATE — 2%,
N ETEATE 2 B2 e AT — O sCRB HE o 4 T ) 3 [n) R £ 3
AT I B 45 H X g 1 — OB 2 IR fe 22 43, B AR KB 40705 (9]
DELETE &) n] LA F USING - A) k51 FHAH QB FE R S M s A8 N — 3 1F
Mo LN IRATEAIEAEAR LN ) SQL Bl B I AE R U, BT U J&
AR IER A U(r).

16
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3.1 SQL HY INSERT #21E

e S AN K FERI T ¢ WHE ¢ Sl ¢ i SQL R A — B X

H:
INSERT INTO r
VALUES ¢

SQL 1) INSERT #AE 118 SCA « 204 23R » H T A IH A AE U (r) 5 1M
JCH t WAHIE N BIEE R Ur) s BRb 2 46, U(r) AeHHE e, X—
T ST DA AL Ko oA -

(rervez=t)ezel(r)
3.2 SQL B9 DELETE #{E

SQL ) DELETE i&A) 11—

DELETE FROM r
WHERE <search condition>

W SQL ) DELETE A1) 1 ()4 28 45 £ (<search condition>) T i, [1) 12 #5
K& N g, W) DELETE 84 115 XOh « s 2 r TP T AT 2 g 1 TG ALK 15 I
b, Rt A 2 AR EE E U (r) 1, 10 e ) oo 20 0 4 4k 22 08 B A2 308 12 U ()
e Xl T DA B A R oR A

Jg@) = H(zeU(r)
VxEr.{ —g(z) = x € U(r)

HT (9(x) = ~(z € U(r))) = (~g(x) =z € U(r)), LIREEREGEMT:
Ve er:ng(z) < xelU(r)
1Ak, £ — SQL HJ DELETE i f# A 2> 3 BUB K T B i A 2 5 U (r)
o B R U (r) e 5 Wt B r Tl (W e e U(r) = z € 1o
L iX iR, FIREE IR A g ES
(xern-g(z)) < xel(r)
3.3 SQL B UPDATE ##{E

SQL 1) UPDATE & A i) — Tk 5

UPDATE r
SET <set clause>
WHERE <search condition>

17
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% SQL ] UPDATE iEfi)Hf <set clause> AT XS N IR R Bl o, 18R 54
(<search condition>) i Xf . (¥ 32 45 38 8 g, W UPDATE 8 &) (1) Xk - 2l
B r YT AL g e E RSN o (x), M ETCH A . X —1 T BAgh

e AR . ( )
) og(x) = Ux) =0z
‘v’xEr.{ﬁg(x):U(@:x

4 mBEIERGRHENIBIRGEILIERE

FeAT A 3BT L N B 59 BT & £ 1 (weakest precondition ) >R 34T £ 4
ZIRIIUE . T IHIFRATIES 85 5917 B 4 A AR DG & o

I E 45 1F (precondition) >k [ T Hoare &% 1] Hoare —Ju4l, HARZIE s 2
i EAE T DUB A e SCh

WU WESHRAE, fI—ADBERIE . WREHREN g W2 0 TIa
(WA B, #H

BFg = UB)Ff

WAL, WL 50 g RO B EERME U MRk f & 54T

NS ESE R TP BRI E 4 g MR B, #8H

BEg = BEh

AT, WIHTE S A L FRA U R f 1559 00 & 41

% 99 1B A — M ] LUod i 3 28 4w 72 (deductive programming) [ 75 74K 45
2], B SOMNEEAS pR E N Jim 5% A1 380 e 99 FT B 5 AR IR R A DA R — BT S R,
T ) R B R 5 A AU 2 0 I ) e 599 1T B 2% A1 o

PATT P 5 AE 1) 2 AT e 8 R AE U J5 BB 2E U (B) 159K 1 2 56 1
AR CPUB) F OO, MM T FI A E A E B 8 S8R 1E U AT T2 2
WCRI B C), N H 5 5500 E 44 771, ATATFLAE C M U 55910 B4
wpe(C,U) Wi /& C = wpc(C,U), vl Ll S A5 2] B F wpe(C,U), FARYE
B SS AT E SRS BATRAGR] T B F C, ZXIE2 AT 225 0E 1 B bR .

YRR BN I TT 2 BN A2 [6] BT A ) 585 [0 15 ) % 46 4% (predicate
transformer) o R [ 1 1) F L35 [7 s HAT I P P 24 3 ik 5

BEC = UB)EU (C)

18
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ST 3ot 5 SR T I 83, 6] 30 850 P 5 2 e 24 SR AIE ) AL U (C) = ©
AT AT T S 1 B AN 5 B BT 5 S5O P 06 5035 10 U 068 3 O P AT
5, I SEILLE S I 1] Ccompile-time) BTG TAT o 15 AR 7619, i 1 1 il
s 7 BT R

BEU (C) = UB) EC

Ji 1) V3R A S 5 SUJR S B P 5 BV E 2 RIS AE ) G © =0 (O) BT %
S J5 A T SRAIE A T G5 6 I 5

(FURH L 55 55 8 4% P 42, 8 e L 8 T RS 0 M 2 26 5 A6 A 11 11
AT, T LA 6] 107 32 LA AT ARSI 1 7 01 240 AR 22 4 0 00 P A6 5 A, 20
24 T 43 240 R e 2 B P A S VAR I 2 RO e o LA T A
U 81, BT AR E U(B) E O, ORI B £ C, 1 C =U (C) A LI
BEU (C), i HT B EU (C) R BATTEIAL K H BRI 78 50 A 535 4, i
VTV T T T EH T AT 1 24058 2 4 0 S5O A i e o (B FRA T T LA 3 5
S REMBIRIAR O 17

BEC & UB)EC

WA 518 SR AR R RS2 R IR FF AR C 55 W IR B e 75 L i AR RIS 2K
C" AN, BRLKGAE B E O KA U(B) E C A2 8L R e A I 5 1216 o s
PEBR A T B TR i W, 752 57 BT 1) 3 1) SQL T8 5 f 8l PR 48 el B 1 1 X
AR A L, FRATT AT OGS 1 238 3 1) K5 P S B R Y IR C 4k B S5 (138 i A 50
'
1. C 2B an b xCH A7 AE =i B 118 ] 23 2
Jr € R, f(x) 3.1

Horb, R ZHIRFERRAHE, f(o) 25HBHARR » FEHEEA.
fEC ™, Ra2HMARR, o ALYRAE, Kim&kAIHB LU C(R) K
TR Co CAVIIRMI B EZR r WL C(r), W r | 3z € r, f(a), AT
SERUE A H bRt AT 5818 SR AR In BRI R U(r) W2 C(U(r)), RN
U(r) Edz € U(r), f(x).
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B 1 N TIEE LR O, 45— SQL ] INSERT BEAEH# & £ o 224
R

UEHH . W o HAEBIEEER » P f(o) Mocdl. ARHE 1 SQL 1)
INSERT #:1EMIMERG: 2 € r = o € U(r) , RAVE 0] « o re Bl e
R UMW) B BENEBHRER U(r) fA4E—A 04l o W2 BHRIEX £ 0
U(r) E3z € U(r), f(z), TRA U(r) E C(U(r)) JAL. u

SEH 2. #1T5¢ SQL ) DELETE #:4E M R U (r) W2 L8 C(U(r))
P78 sy B4 s T e, f(2) A —g(x)
UER] . R AT R W TR A A A

s ot r EIrer flx)A—glx)=U(r) ECU(r)):

W NEHHRIER r P L f(x) A-g(x) ocdl. R L5
SQL [¥) DELETE #4% (K 5t :

rerA-g(z)=xzelU(r)

Jul x BRI ER UQr) b M EIEESR U(r) A5 —
Noe o RIS LRI U(r) 3z € U(r), f(x), BT

rE3Jxer f(x)AN-glx) = Ulr) ECU(r))
J8AT, 7853 PHEARHIE o

Ur)ECWU®F) =rE3zer f(z)A-gz):
AR A 55 HL A FR 390 75 iy A

riE Qe er f(x) Ang(e) = Ulr) F~C(U(r))

T H:
~(3z e, f(x) A g(@))
Ve €1, (f(x) Ag(x))

Ve er,—f(x)V ( )
=Vrer, f(x) = g(x)

W U, X T EIRER r FAT—36E f IOCH 2z, o e i 2
Wi RIAN go WG —5 SQL [¥) DELETE 4% i1 ik -

~g(a) = x ¢ U(r)
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Wi f e o BB MIBR A BAR EER U(r) e X
Ky x € U(r) = = € r, Bl DELETE #1E A 25 5 A8 11
2 f WO, LR E R U(r) "WAAEAEW L f oo, B
U(r) E-CBz e U(r), f(x))o P a7, Wb ENELFUE

O
SEH 3. $AT5E SQL 1) UPDATE #:AE HIBHE FESR U (r) WL C(U(r))
M7 BT AL T € v, (f(2) A =g(2)) V (g(x) A flo(z)))
UERH . R ERATT A3 AIE B L 7 A I R B
« eotEr F3x € (f(x) Ag(x) V(g(x) A flo(e)) = Ulr) F
C(U(r)):
FIT LABHE % o+ R B AAEAE A f(2) A —g(z) I, B ALEAE
WAL g(x) A flo(z)) FITCHA:
- W AERHRIER r AL f(x) A —g(x) Bt . iRdE E—
45 SQL #] UPDATE #§: 4 () 5t -

—g(z) = Ux) ==

el o BRI R U(r) i BUOAERIESR U(r) £24E
— /N Je x WA RIEX LRI U(r) F Iz e Ur), f(x), BT
L

r 3w er (f(@)A-g@)V(g(@)Af(o(z))) = Ur) FCU(r))
J}AT

- B WERHREER r P g(2) A f(o(x)) MTCAL. HREE 1
—F5 7 SQL f) UPDATE 4 )1 i -

g(a) = U(x) = o(z)

Lo o W2 g(x), ITLATA v = o(x) fEEHEER U(r)
o XD TTd o WL f(o(x)), BT A R U (r) fAE—A
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TCl y = o) WREEEILL fL]I Ur) E3y € U(r), f(y),
it LA

r =3 er (f(e)A-g(@)V(g(@)Af(o(x))) = Ulr) FCU(r))

JAT o
LE_LPTIR, 78O YEARIE
s MWEH UMW) ECWU() = r FIzer (f(x) A-g(x))V(g(x) A
flo(x))):
TATUE W5 FLEF O (30015 i

r 2@ er, (f@)Ang(@)V(g(@)Af(o(2)))) = Ulr) F~CU(r))

T #:

—(3z € r, (f(z) A—g(@)) V (g(z) A f(o(z))))
=Vzer,~((f(x) A —g(x) x )
=Vr er,~(f(x) ANg(x
=Vrer (-f(x)Vg(x))
=Vrer ((=f(z)Vg(x))
=Vz er, ((=f(z) A—y( ( -
=Vz er, (=f(x) A—g(x)) vV ((=f(2) V
B LI T80 PEER r AR — 0 o, B4 2 WL —f (2) A —g(x), 22
A x Wik (—f(x) vV g(x) A= flo(x)):
- W TCH 2 WA f(x), W) 2z AEH L (- f (2)Vg(z))A-f(o(x)).
H (—=f(x)Vg(x)) = (f(z) = g(z)), TATG : 04l 2 Wi 2 g(x),
{4 - —5h SQL 19 UPDATE BE(IE IR

g(x) = U(z) = o(z)

JITLACH y = o(x) FEEIRER U(r) o X ITAH © W2
= f(o(x)), BrLAESBHR AR U (r) ThifiTeal y # 2 - £ (y).

- WRITTH 2 AL f(a)EW R g(x), W o 2 Z0 i 2
(=f(x) V g(x)) A ~f(o(x))s F EA43: CH y = o(x) 1E
Bl ik U(r) 1, 3R HAWIAL - f (y) .
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- R ICH & FIRANE AL f(x) B g(x), BY 2 352 — f () A—g(z)o
s - —" " SQL 1Y UPDATE #:4F AP -

—g(z) = Ux) ==

B2 —f (2) A —g(z) BRIIC o HAERH ER U(r) H,1M
HLARBW A —g(z)o

LR EPE, WA AT, b BEAEARHIE .

2. C &I F 2 A F & 1 PR 22 1118 18] 28 5
Vo € R, f(z) (3.2)

o, REHIFERRLE, flo) BT HAHZE » HEHRILL,
£ CH, REAHMARE, v BONARARE, B &EATE T L C(R) K
Rk Co BRPIRMBIRER r W2 COr), Bl r E Vo € r, f(x), Tl
TLUGUE K] H br & AT 5818 SUEAE IS BB PR SR U (r) W2 C(U(r)), B
U(r) EYz € U(r), f(x).

SEBE 4. PUAT5E SQL 1) INSERT #AE 15 PR U (r) WE LW C(U(r))
(P75 S BLAA I BRI TCA ¢ W2 f(¢)o

UER] . R b5 SQL ) INSERT #4514 5% -
relU(r)e (rerve=t)
L NEEE
Ve e U(r), f(x) & Yz er, f(z) A f(1))

HEREr EC(r), Bl r EVe € r, f(2), BAEE]: Vo € U(r), f(z) &
f(t)o O]

EHE 5. 0T IREBDIML R C, £ — SQL [¥) DELETE #1F #5 /& £ i %
oo
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WER . T8 E R Ur) P IAT — o4l 2, AR 4 £ —75 " SQL i
DELETE #&4E (114 it :
relU(r)=xzer

v WEWAEYIEEIR R r P A&t r ECH), Bl r E Ve €
r, f(z), A1E: ol o WKL fo FLLU() EVe € U(r), f(z)
8T O
SEH 6. PU1T5E SQL 1) UPDATE #:AF A FER U (r) W £ LR C(U(r))
M7 LA IE: Vo € r,—g(x) V (g(z) A f(o(x)))
UERH . T FRATT o3 S B L 78 o PR R Lk
* Bt r EVr er,ng(z) V(g(@) A fo(x) = U(r) ECU(r)):
X THAE R r P IAT— 0 2, B4 2 W —g(x), BA x Wi 2
g(x) A flo(z)):
- WRICH WL —g(x):
FR 4 5 SQL 1) UPDATE #AE ¥ i «

—g(z) = U(z) =
Todl o VPRTERARER U(r) H, B O r E C(r), B
rEVr er, flx), BMA: ol o WL 2EKIAL f.
- WRITTH 2 WL g(z) A f(o(x)):
FRHE - —17 7 SQL ¥) UPDATE #:4F (1)1 ik :
g(z) = U(z) = o(x)
TG y = o(z) BEMAEEIRER U(r) b X ITH o i
flo(z), FrUATCd v W2 f(y)s
R b PTIR, s PEARIE

* B U(r) FCUR)) = r Ve €r,ng(@) v (gl) A flo(2)):
FAT TR W] -5 LS5 (1 39015 i

rE (Ve erng(e) V(g(x) A flo(x)))) = Ur) F-C(U(r))
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TR

Voo NBHREER r P g(x) A —f(o(x)) BT, 35—
SQL [F) UPDATE #4/E [f1 1 i -

g9(x) = U(z) = o(x)

JTGH y = o(zx) BEAFIER U(r) ho X AT © WL
~f(o(x)), FrATGAl y 2 —f(y). Fr LR 3R U(r) 4745
— A y A fLENU(r) E 3z € U(r),—~f(x), T Iz €
U(r),—f(z) = ~(Vx € U(r), f(x)), BT LA 75 iy @l o7, 0 LA
ko

5 AENE

HTH R 20 FATT 2 A 5e 3P E 2 RS 7 (integrity constraint checking) P 13
5 ¥ (violation prevention) J7 5% K S H B4 4 2 WK 11) 9 BF 15T 8] (compile-time )
BAE, X —F AL SQL i 5 HIHELL X FATHIX —J7 7T TR vl Wl T
FATT BT K W 5 7R3 T2 R ¥ 1 (logic programming) « /2 3 AL 56 4iF (formal
verification) S5 A K B8, B LA AT 75 B4 A1 18 45 )2 1 0 AT Ik 700 G ——
B A o0 #E M L N R B PEAS OO . N T AP B se S 2 o, FRATT B SR
BT SQL AT —5E &M 2y SR A ml LI 24 o8 i 55 1 55407 (1T W 5 (assertion) , AT
faf A T 1e) s 2 R SR AT SQL W F e Ak o — [ 4 2 i 5 (first-order logic
formula) : F&ATTAR P& 70 41 5¢ R i 5 (tuple relational calculus) A1 SQL2003 A5 #E X}
AT H bRl 5 LU TE 5 SQL W 58 17 RARMIBR &, a4t 7 SQL Wi &
Bl — B2 4 KA S AN . 6 T s PR AR, AT AT T SQL B E
H1 (%) INSERTDELETE 1 UPDATE = K ¥{(4#5 A5 SSUi A (138 08 S e Jm 3k
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WL AT SR 5 B Z AR AL 18 3L Kot e e HEPEL R AR B

T EARBE R T BATT T K F 1P B 59 I 2k 11 (weakest precondition) 11 17] 4% 4k #%
(predicate transformer) J5i%. Fodl B XS 21 o) (132 45 %5 22 an B 1)k B.2) 1
] ARG OLET T R A A I O, TR AR SR S5 IR IR . (B — 3212,
TATTIT A 21 (13X 20 56 BENE 29 0 (0 55 00 30 UE 4% 1248 wT DUAE 5 208 e A A T i
ST B8 , X)X 2 S IeIE 45 2R B 30 UEATY SR B A b S 1T U v LA
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ET Why3 - arIHHEEZIR B hiuiE

1 Why3 & RARBE NI IER B ARSI

TAMED T Why3([[7] 1 & R SEBEHR LR T A 35 UE. Why3 & — M ET
—FriZ % (first-order logic) FIFE P IAE P 65, SCHF Alt-Ergo[[12]- Z3[[16].CVC3[3]-
Yices[22] Simplify[[19] Gappa[2]- Coq[[l]] %5 £ /™ & it 5 B H 3 iF 1 #% (prover) o
Why3 5 ST —Fp i i) B A 280 ML s 800 S RFIE ) WhyML 55, B S
KH{ Hoare — e MITE Ak L (CFLr p W& 4&F, e NEREUA, ¢ HEE
ZIEDF

let f(z1 @ 7y.oyxn @ )T ={p}e{q}

FEFIH Hoare 32 45 i #E 3 M0 15 211% 05 75 P77 X (operational semantic) » &
T, Why3 -6 0 SEA AR PP B SO T 58 4 IR v 5 0 59 117 B 4% A2 D7 9k ) s U
Mo AR XN, Why3 0T BL A B AR5 B AT g KT REUE e RS9 1T B 4%
.
FERATTH PR Y, Why3 -5 /] LUISR B 3h 45 208088 2 e B 4 01) C 3
FEAE AR U (855 1B 44T wpe(C, U, A Why3 B34S 5 Bt (1032 #5A1
v Csyntax) Fe A4k o4 J5 s £ B e B2 A B) 56 IE 25 (prover) [T H (R348 IR e 1) 1%
FH e BLIGUE A% 5K H 3hE B 56 IE 45 44 (verification condition) : C' = wpe(C,U). T
S SEILE A PR 50 BEVE LT R IR H Bl 30 U FRATT T 58 K 2 M SQL 1) ) WhyML
RPN H A . ik, TATTSEEL T T AMERE 2% (parser) :
1. SQL ) CREATE TABLE ] I fi2 B¢ #% » . CREATE TABLE i 1) 15 %
WhyML F& 5 s B 2R 85 P N
2. SQL W5 MRESS, ¥ SQL Wi 5 #4L5 WhyML F2/3 1] predicate .
3. SQL ) INSERT #:1F [ fift B %%, ¥ SQL [ INSERT #:1E#4k 25 WhyML
FEFF (1) R 4o
4. SQL ] DELETE #:4E ("fi#FE 2%, % SQL ) DELETE #4464t WhyML
eI
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5. SQL [¥] UPDATE #:4F [fIfifF: %%, SQL ) UPDATE #EAE#:4k ) WhyML
TR () R K

TATRPRE 2 F 8 i) WhyML B 5 32 B BLR JUAN S 23 20 1k

1. FEP=k3, 322 import BT s 211 theory B¢ module.

2. ARESE o

3. XFMT SQL Wi 5 1) predicate & X .

4. RFRT SQL ot FEAE U HRAE B R L

T FRAT R B AR R FATT LI T R A% AR 25 A Y. SQL ) 1)
TEANEYE, JF I F AL R ) iR dn e SQL & A6 WhyML REfy. fEiX i,
AP B 3 A ) H AR 138 B AL T b ) B e e B It 2 R
i G R AR 2 4R T A T AE .

2 SQL B9 CREATE TABLE 1B a1 iR %% 28

£ WhyML F2 7, BAT 130 80 3 o R 48 B AF A2 U0 AR 517 list, 8020 AR
AT E PE CRIR 2D [ 24 FR S N 2R ) record AR &,
SHF4n R )% FE X i CREATE TABLE &)

CREATE TABLE <table name>
(<table element list>)

<table element>

<table element list>, <table element>
<attribute name> <attribute type>

<table definition>

<table element list>

<table element>
PATTEE A= B an 1Y WhyML AR :

type tupleType <table name> = {|<attribute list>|}
<attribute list> 1= <attribute>
| <attribute list>; <attribute>

<attribute> <attribute name>: <attribute type>

TR )8 M B 2K B <artribute type> S ANFIN K] theory 5E module. Z J&
H 213244 4 <table name> ()X Z A5, H2EM N 1ist tupleType_<table name> .
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3 SQL W= oSS

i1 T WhyML X FH #)& — B & %5 (first order logic) , AT LAFAT 0] LR L —
PTIRK) SQL Wr 5 31— Firi& 48 2k s e AL B 445 31 SQL W 5 %) WhyML
FAS AN . R T 5 2 H0F SQL W 5 Wi il — B2 4Rk U i 0 T AHIX
53 BATBEKE SQL W 5 Wiy il WhyML F2 P IR ECh 77 LU IATIZ %k T7
[R5 S, 0 1 G A SQL W Bt FH IG5 “ (7 )7 ARV, FATTH 7)) i dE 77()
Ko BAh, A TAETHELE, 75 2 J5 1 WhyML A4, T A1 WhyML i 5 3%
NEHUR N\ R A A ERIRHTEUR /\ dR v, R R4 Gimplication) Y — > 1
N = RN < — > WA <o

T'[CREATE ASSERTION <assertion name>
CHECK <exists predicate>]

PUNY
predicate <assertion name> <parameter> =
T'[<exists predicate>]

T'[EXISTS ( SELECT * ~  existszy,..., T,
FROM ri xq, -+, Ty Tn memxy vy A--- Amemz, 1,
WHERE <search condition> )] AT'[<search condition>|
T'INOT EXISTS ( SELECT * ~> not (exists xy,...,Z,.
FROM ri xq, -+, Ty Tn memxy ry A - Amemz, r,
WHERE <search condition> )] NT'[<search condition>])

T’ [<search condition> OR <boolean term>] ~-» 7T’[<search condition>] V 7’[<boolean term>|
T’ [<boolean term> AND <boolean factor>] ~» 7T’[<boolean term>]| A 7’[<boolean factor>]
T'INOT (<search condition>)] ~» not (7’[<search condition>])

T'[<expression; > <comp op> <expressiony >]
PN

T’ [<expression; >] T'[<comp op>] T'[<expressiony >]

<compop> = = | <> | < | < | > | >
T'[<comp op>] ~» <comp op>

T'[<expression; > <numerical op> <expressiony >]

>

T’ [<expression; >] T'[<numerical op>] 7" [<expressiony >

<numerical op> = +| — | x |/
T'[<numerical op>| ~» <numerical op>
T'[<const>] ~» <const>
T'x.a] ~

T.a
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T'[<expression> BETWEEN <const; > AND <consty >

D

(T'[<expression>]| > <const; >) A (T'[<expression>| < <consty >)

T'[<expression> NOT BETWEEN <const; > AND <consty >|

>

(T"[<expression>] < <const; >)V (T'[<expression>] > <consty >)

T'[<expression> IN ~»  mem T'[<expression>]

( <comst, >, ***, <const,, >) | (Cons <const; > (Cons ***(Cons <const,, > Nil) **+))
T'[<expression> NOT IN ~» not (mem 7’[<expression>|

( <comst; >, **+, <const,, >) | (Cons <const; > (Cons *++(Cons <const,, > Nil) ***)))

W exp H—A SQL W5 1A, WA :

T'[(exp)] ~ (T'lexp])

4 SQL BY INSERT 1#21ERVfZT% 8
SN — B R SQL 18 5 INSERT #:4F -

<insert statement> ::= INSERT INTO <table name> VALUES ( <column value list> )
INSERT INTO <table name> ( <column name list> )
VALUES ( <column value list> )

<column name>

<column name list>, <column name>

<column value>

<column value list>, <column value>

FATTE RN 5 WhyML 4GRS -

<column name list>

<column value list>

<insert function> 1= let <fum name> <fun parameters> =
{ <precondition> }
<target table> ++ <new tuple>
{ <postcondition> }

<precondition> = <assertion name> <assertion arguments>
| <precondition> A <assertion name> <assertion arguments>
<new tuple> ::= (Cons {| <new column list> |} Nil )

<column name> = <column value>
<new column list>; <column name> = <column value>

<new column list>

Forp, B & 4t <precondition> J& T A1 Z HI € X ) SQL Wi 5 i A B, 327 ix 48
SQL Wr 5 Pt 2 7= 1 £ 142 50 B 29 SR AE 20008 A DU AR AT ARSI 2 . Je
A <postcondition> ] fE 5 I E 41 <precondition> [ B A FEAA
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7], AN <assertion arguments> H7 H 75 0 548 5 (1) 44 BR800 OCBE S result, K
Y result £F WhyML 15 5 FH £ 78 WhyML R BT 58 )5 1R [P AR i . 76X BORE
[+, result B} j& <target table> ++ <new tuple> P33 1145 1, ‘&K H br R id
ANTCH JE P 23R .

5 SQL B9 DELETE #/Ef0fiRfEse
XF A — B SQL i DELETE ##:4F:

<delete statement> ::= DELETE FROM <target table name>

[ USING <table reference list> ]

[ WHERE <search condition> ]

<table name>

<table reference list>, <table name>
<boolean term>

<search condition> OR <boolean term>
<boolean factor>

<boolean term> AND <boolean factor>
<predicate>

[ NOT ] ( <search condition> )
<comparison predicate>

<between predicate>

<in predicate>

H A AR A EE T IE VRN 5 SQL W5 A i — 350, 3 LA .
an ) USING ¥~ £ fil WHERE 1 ) A 3 Bl 7E DELETE iF &) #, ) 3 i 1%
DELETE #4455 H AR 2R T ool BRI AT T4 80 R 1) WhyML AR5 .

<delete function> := let rec <fun name> <fun parameters> =

{ true }

match <target table> with

| Nil — Nil

| Cons {| <tuple exp> |} <left table> —

( <fun name> <fun arguments>)

end

{ <postcondition> }

<column name> = <column value string>

<tuple exp>; <column name> = <column value string>
<table name>_<column name>_value

<condition> — <consequence>

<assertion name> <assertion arguments>

<condition> A <assertion name> <assertion arguments>

<table reference list>
<search condition>
<boolean term>
<boolean factor>

<predicate>

<tuple exp>

<column value string>
<postcondition>
<condition>
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Hrr, Cons {| <tuple exp> |} <left table> FK/NIEF LA {| <tuple exp> |}
K <left table>, Lt <left table> F7 4 il bR H 1 1 K <target table> B2 7041 |
<tuple exp> |} J& I TG A LR . BREEES <fun arguments> [ — K JE X
LR #IY 2 <fun parameters> [ — I XEEAA A, Bk T 2 Hi<target table>
AR <left table> T o XA BRELITE SUZ, W YT (1)K <target table> h 7%
CNID) , JUJ 3R [ 223 A DAy 5 SR s 405 DU BT 5 — A o 2 7 73 0 AR 3 R 45, Tk A UKy
25 AN T R B AR5 6T FR ) R e AL AL R 136 <left table> 4k 423 91 H 1%

J34b, <condition> & X F I HTE 41, <consequence> &1 X FIEE
e X B Z P LA <condition> JEUEFE 7 I T & 4% £ <precondition> .
<consequence> AEFET 15 & 414 <postcondition>, J& K 4 M 7E WhyML 155
o R B L T A A S e N R IR, R T IR LU SR R ) T (G A R
] B TS D, AR N1 B bR R AR T <target table> N 7S I ICTEIN A2, 41 AR 3K,
fITHEFEH <condition> J{E <precondition> 7, 1% I o B i J5 B JCIEUEN BRI AR
Ko BT LA THEIX B <precondition> B A True, PAERIIE bR EUARBE 1F 5 04T, 18
<postcondition> 5k ZHA X, DAkt G i AR FLB 1 X

<consequence> ] JE X 5 HIE 4 F <condition> [ fEIE XXIEAAH [F]
HAIL <assertion arguments> ™1 H A5 08 R4 B ¥ 44 FR<target table> &k 4
7 result.

W 45 WHERE 1 f) 3L 7F DELETE iy, 3 B i% DELETE #:4F:%
T B3 H Bk 2% BT AT 35 A2 $8 R 4641 <search condition> [y, iy HE R &R 5 H
PRABAT IS, DA A e 1 ) WhyML GRS :

<delete function> := let rec <fun name> <fun parameters> =
{ true }
match <target table> with
| Nil — Nil
| Cons {| <tuple exp> |} <left table> —
if <search condition> then ( <fun name> <fun arguments>)
else Cons {| <tuple exp> |} ( <fun name> <fun arguments>)
end
{ <postcondition> }

B USING 1A F1 WHERE ¥ 11 #8 ! 3 £ DELETE & f) 7, ) 3% B 1%
DELETE #4555 M Bk H b5 2 BTG 5 2 8 R 514 <search condition> H) G4, i H.
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RSN W B e B USING T R)H 1 22 A28, 0T IX P 24 s 0, FRAT TS A2 B
S50 R ZAAAXS NI predicate [ — ZR 413 7 oA BORT— AN PAT M R B4 1 e84
L5382 S AR XS N1 predicate [ — 201 R -

<sc predicate> := predicate <sc predicate name> <sc predicate parameters> =
<search condition>

i 7 B <iter function> A T-7E USING TA) s [ [ H k138 LA, LA
R R R F) AR .

<iter function> 1= let rec <fun name> <fun parameters> =
{ <precondition> }
match <iter table> with
| Nil — False
| Cons {| <tuple exp> |} <left table> —
if <check condition> then True
else ( <fun name> <fun arguments>)
end
{ <postcondition> }
<precondition> := <assertion name> <assertion arguments>
|  <precondition> A <assertion name> <assertion arguments>

X TR 45 11 <check condition> , 41 5 1% 3k 77 B HIUE 55 S B S ) 3k I oRy
%1, ] <check condition> il /& 18 & 551f <search condition>, 75 M W >4 i FH g7 —4>
1 e SCH I [ R 8, K 250 b 1Y) <iter table> {30l <left table>. 275 4b, i )1 B
I HITE 45T <precondition> & 55 X4 i T 48 ik [y ik iR A 5C 1R T 5 1) 5 B

<postcondition> ::= <precondition> A ( result = True <+ <exists statement> )
<exists statement> 1= exists <tuple>: <tuple type>.
mem <tuple> <iter table> N
( <sc predicate name> <sc predicate arguments>)
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i 77 e RO A R e BA T3 7 A e oK 7 H AR PAT IR RAT:

<delete function> ::=

<postcondition> ::=
<condition> ::=

let rec <fun name> <fun parameters> =

{ true }

match <target table> with

| Nil — False

| Cons {| <tuple exp> |} <left table> —

if <check condition> then ( <fun name> <fun arguments>)
else Cons {| <tuple exp> |} ( <fun name> <fun arguments>)
end

{ <postcondition> }

<condition> — <consequence>

<assertion name> <assertion arguments>

<condition> A <assertion name> <assertion arguments>

6 SQL HY UPDATE 12{EHYfRfRE
SEF N — % B SQL 18 & UPDATE #:4E:

<update statement> ::= UPDATE <target table name>

SET <set clause list>
[ FROM <table reference list> |
[ WHERE <search condition> ]

<set clause list> ::= <set clause>
<set clause list>, <set clause>
<set clause> := <setcolumn> = <const>
<set column> ::= <table name>.<attribute name>

H A AR A S IE VRN 5 SQL W5 A i — 350, X HL A .
i USING ¥ 1] fil WHERE -1~ &) At I /£ UPDATE i A1) 1, ) 3 i 1%
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UPDATE #4556 50580 H br R i e, U ERAT 2R e = 1) WhyML 465

<update function> 1= let rec <fun name> <fun parameters> =
{ true }
match <target table> with
| Nil — Nil
| Cons {| <old tuple exp> |} <left table> —
Cons {| <new tuple exp> |} ( <fun name> <fun arguments>)
end
{ <postcondition> }
<column name> = <column value string>
<tuple exp>; <column name> = <column value string>
<column value string> <table>_column>_value>
<postcondition> <condition> — <consequence>

<condition> 1= <assertion name> <assertion arguments>

<condition> A <assertion name> <assertion arguments>

<tuple exp>

W1 17 WHERE 14 i BL{E UPDATE 54, U/ W] i% UPDATE #4144
BB H b2k B 36 2 48 R 41 <search condition> o4,  H R FLM4H 5 H
PR A %, I IRATTAE et T~ i) WhyML A
<update function> := let rec <fun name> <fun parameters> =
{ true }
match <target table> with
| Nil — Nil
| Cons {| <old tuple exp> |} <left table> —
if <search condition>
then Cons {| <new tuple exp> |} ( <fun name> <fun arguments>)
else Cons {| <old tuple exp> |} ( <fun name> <fun arguments>)

end
{ <postcondition> }

U1 )¢ USING 1 f) fl WHERE 1 A1 %8 1 Bl 7 UPDATE i& fi v, W) & 8 i%
UPDATE #24E ¥ 56 3 H A5 2 I 3 5 /2 48 2 45 <search condition> [ 704, 1My H.
PR ARG 3 USING 1 H) I 24N, T IX RS = 1 DL, B TR A il
B R EAT AN B 1Y) predicate [ — F A1k [y pR ZOF1— N0 T ST AE 1) pR 2

B2 A A% MK predicate [f)— BB 1R -

<sc predicate> := predicate <sc predicate name> <sc predicate parameters> =
<search condition>

i 77 BRI AL <iter function> ] T-7E USING 1 0] H [k 1 H b3 LLANR 3, DA
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TR R A E S A

<iter function> 1= let rec <fun name> <fun parameters> =
{ <precondition> }
match <iter table> with
| Nil — False
| Cons {| <tuple exp> |} <left table> —
if <check condition> then True
else ( <fun name> <fun arguments>)
end
{ <postcondition> }
<precondition> := <assertion name> <assertion arguments>
|  <precondition> A <assertion name> <assertion arguments>

<postcondition> ::= <precondition> A ( result = True <> <exists statement> )
<exists statement> 1= exists <tuple>: <tuple type>.
mem <tuple> <iter table> A ( <sc predicate> <predicate arguments> )

b [ R B A S S S FATTIE T EE AN e ek Py H AR, AT TRk

<update function> := let rec <fun name> <fun parameters> =
{ true }
match <target table> with
| Nil — False
| Cons {| <old tuple exp> |} <left table> —
if <search condition>
then Cons {| <new tuple exp> |} ( <fun name> <fun arguments>)
else Cons {| <old tuple exp> |} ( <fun name> <fun arguments>)

end
{ <postcondition> }
<postcondition> ::= <condition> — <consequence>
<condition> := <assertion name> <assertion arguments>

| <condition> A <assertion name> <assertion arguments>

7 KRN

XFER AT T Why3 TG, il T W] Why3 REEAT Bodle 7 e
LI HBhEUE . FATSEEL T AR 5ok SQL 18 1) H 34k WhyML #2
JP, 1K — TR X TR AR AT T VR PR : AT 145 T AHSC SQL 1 AJ I 58 4
VL, AR Z R R T O (8 B R AT 2] SQL 5 1) 21 H BRI Ak
R, PR IX S HE AL ), FeATTH ocamllex A1 ocamlyace SEHE T X FLAMRFE 2%,
M 58 AEAN B UE S FE 1 H 34k
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SKIEERS 1

75528 o, oAl 148 ] Alt-Ergo[[12]- CVC3[B]- Yices[22] F1 Gappa[2] DY & #i
H 3k B 2% (prover) £ 4 Why3 -5 11 )5 ¥ (back-end)

XF AT T 2 AN 2 A ) B8 T AS G AE, A (0 5 B BIE W] A8 1 45
Unvalid 8{3% Timeout 1458, F7n 503 2 2 R ORFE I 45 18 JCiE Ak .

X T2 A B RS O AE, FRATTHICDY A i 3 E Bl Uk I 233847 45 R
B KIS AT I TR)AE A 12 458 A () 56 UE I8 1A], JU) SQL i 75 1) INSERT. DELETE Al
UPDATE #8411 21 56k 1 [) Oy -

INSERT #:/F | DELETE #:/E | UPDATE #:1E
SEA5) RS TR] () 0.205 2.338 1.149

TEBATT T () 1 1 v, 36 UE IS TR) 55 40 . SQL W 55 (1) 12 48 ik 51 52 2%
B K. R IRATTH A B (Conjunctive normal form, &8 CNF) Sk R 1A X £
SQL Wr 5 iy ik 2, W — Mok Bt B 2N () 1 1) B2, P iy 22 10 40k I [A)
A, 150 Why3 & W34t T Split Dhfg, v AEIGUE H AR F AL o — R4+
H AR S BOR I Bk . — o i R I 1 HARER 22, 50 H BRI e 22 1K 38 UE I )
3 W S = A A TR R EI RS & L 6 S (S SR S R N E A & A ) e
[¥) DELETE 5¢ UPDATE #:4F, BT 3A1 175 £ A2 il — ZR A1k g R 4, v DA R IS
(] — o b 0 B Bk R R R G

WIMHFRAT I FH 0.71 WA Why3 1 & I, 65008 2 58 28 20 i 112 45 3R A
2 0 B P b A7 ] PR s PO U 1) 2 2R o, s B 1 S W % T2 ) o
VR A U R AR . TR BRATT 5 IN T 1A #21k 4% (predicate transformer)
Jiik, ¥ E) T 4% SQL [¥] INSERT.DELETE I UPDATE $: 1 ) 5 4% 1 £ i 25
WA, i FLR B T 56 B R LA BRI 32 208 2 ok 5 A n (B.2D) 1y Pl A 1l PR 11
W 2 RS AR AT RN S5 18 o X 1 A AR AT A =& R RATT T uE W i &5 2R .
TATTIAR T R EE S A I BGIE , 25 R W]« Lo 22 4 M2 RO 22 4 IR U8 PR 18 24
AT AR E I o 5 R FRAT AT 24 5 b oK R A () Why3 ~F- 6 1 0.72 JRA
FUFTHEAT I, R IUETRRR) Why3 ~F- 6 0] LA J i R E BE B ShE W 28 A2 BCE kS
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Ff PR A N, A T T A0 A (1 i e A2 OB A DI T LA L ) T D 4 AR 4
AN, KPR IRAE R R AT 22 Y -

B P e R 2 R T A R 2R T G B P A ] PR E I A
IS, X A5 ¥ PR e EEan

INSERT #:1F | DELETE #:1F | UPDATE #:1F
I 5 1B A AT
JT s PRI E] (s 0.208 0.119 0.381
IR AIE S 1
T PRI E] (s 0 0.047 0.054

B P e R R Ak xR T A (B2 Py e A Bk 1] R S I A
U IXPR V5 A P REXS EE T

INSERT #:1F | DELETE #1F | UPDATE #1F
IS ERINCR o
P @ P mEE] (s 0.199 0.16 0.323
S IR £
P @ P E] (s 0.056 0 0.055

DL g5 SRR, 6 T @A .2) 5 L, 36 UE B PR 5 A 20 A A5 A S A
LA ] B 59 B A TR s e X SR, IR ZH A5 25 A MR i e 5
HEVE LR RIS A RV A2 SR A RO AR TR SCHE 45 211, g BRI 4% H 7
UG E AT A6 DR 25 PR B0 20 A0 800 2R A8 O A R A T 1 S AR N (R S5 25, AN 24
% R RS DR A A8 i L X A5 2 AT A 5
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CIK
¥

KDL

1 AXITERE
A58 B TAE 2

1.

TS [A] 10 A 5 R Rl R e A A AT 2 SQL B 55 Y ELARKII), A
M UER SQL Wi 5 7212 5 b /2 DARIA AT 5 (B e e B 2

Z:2% SQL2003 brifesE ST FATTHT HI SQL W & B TE R, JF4 SQL
W 5 e o — B i R s .

50T SQL #5551 INSERT.DELETE Al UPDATE iX — K% #is FE 15 tir i
YERZ TR .

SRS PR e 4 24 R e 2 2 T i (B (B2 e i il 4 5 1 o

2 th T IR AL AR I St JFIERT T A 1R

T Why3 BoUET- £ 50 T 0l P 5 B 20K 0 1 ZDKE

3k T H Alt-Ergo. CVC3. Yices F1 Gappa VU~ 3 #L H 2l ik B 25 A1 Why3
SP- £ 5K [ B0 50 UE HOHE PR SE e AU K80, e B EREB D)t R, xo
5 FE) o 59 7 5 42 o T o 4 ek 240 B ) A0 4 2k W B 7 AT T b

AH PO e #E 4 2) SR K 7 (integrity constraint checking) )L i 9T Bl IR, FeAT ]
TAEI S EoTERAE T2 SEEL T — B D) S RTAT I 330408 2 0 B 240 TR0 I (1) S s,
AN R R T 5840 E Ak, i BRATTI 7 S0 S0 )12 N H 1 ¢ R E s
[ (relational databases) F11 SQL 5 5 1, FL A3 % i 1) S F A s 6318 5 1, FeAi 1 49
AT ES i 2 T 5 B e S SR AR AT T IR AR o BT R AR 2R £ s 1
TEREVELT, AT B T SRS (IR IR A A% ANTTAE Db BRATT D7 S8 )b 0 A e
WAL, FATETE AL T [4] e 2 15t 1 e BV Ly aon] U2 21 SQL T 5 1) 45
W, XN T P T ) fai A B ) A%
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CIK
¥

2 RERIERE

BATH TAE AR — LA & AT H ) SQL WKt 5 k4 2245 D i A
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