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S SNO | SNAME | STATUS | CITY SP| SNO | PND | QTY
51 Smith 20 | London S1 P1 300
52 Jones 10 | Paris 51 P2 200
53 Blake 30 | Paris 51 F3 | 400
54 Clark 20 | London 51 P4 200
55 | Adams 30 | Athens 51 | Ps 100

S1 | P6 | 100
s2 | P1 | 300
s2 | P2 | 400

P| PNO | PNAME | COLOR | WEIGHT | CITY 53 P2 200
P1 | Nut | Red 12.0 | London 54 | P2 | 200
p2 Bolt Green 17.0 | Paris 54 P4 300
P3 Screw | Blue 17.0 | 0slo 54 | Ps | 400
P4 Screw | Red 14.0 | London
P5 Cam Blue 12.0 | Paris
P6 | Cog Red 19.0 | London
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(LS e onlial &y Jobs
o3ly 5 o> S fos 555 Gsh> 03 gudoes 5t 52 SJOIN SP Jo 5,le S
S Al wls ol ST Sy s oo plnil s o i 4 1) Lok il 55 0 (55l

fon) le ST Jadetia 063 g a1 3T plonil o o

do for all tuplesin S ;
fetch S tuple into TNO, TN, TS, TC;
do for all tuples in SP with SNO = TNO ;
fetch SP tuple into TNO, TP, TQ ;
emit tuple TNO, TN, TS, TC, TP, TQ ;
end;
end;
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SELECT DISTINCT S.CITY FROM S
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Jade 55 b oo 53 5 daly K Stoles o5 JSK8 93 Mie (At alaly SQL (slad st

Ilzes Oglate SQL

SND | CITY CITY SNO
51 London London | S1
52 Paris Paris 52
53 Paris Paris 53
S4 London Londan | S4
55 Athens Athens | S5

Dl Sl Jgdm 93 ol oS sl slas 5 5S)

SELECT S.SNO, S.CITY FROM S
SELECT S.CITY, S.SNO FROM S
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CREATE VIEW SST_PARIS AS
SELECT S.SNO, S.STATUS
FROM S

WHERE S.CITY ="'Paris’;
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DELETE S WHERE CITY = 'Athens';
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S0 SNO | SNAME | STATUS | CITY
51 Smith | 20 London
52 Jones | 10 Paris
53 Blake | 30 Faris
54 | Clark | 20 London
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AS a5 LT o Sk T 51 a8 pline

1 SELECT P.PNO
FROM P
WHERE P.PNAME = NAME('Screw)
OR P.PNOIN
( SELECT SP.PNO
FROM SP
WHERE SP.SNO = SNO('S1'))

Result: P1 * 3, P2 * 1.
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2 SELECT SP.PNO
FROM SP
WHERE SP.SNO = SNO('S1)
OR SP.PNOIN
( SELECT P.PNO
FROM P
WHERE P.PNAME = NAME('Screw’) )

Result: P1 * 2, P2 * 1.

3 SELECT P.PNO
FROM P, SP
WHERE ( SP.SNO = SNO('S1') AND
SP.PNO =P.PNO)
OR P.PNAME = NAME('Screw")

Result: P1*9, P2 * 3.

4 SELECT SP.PNO
FROM P, SP
WHERE ( SP.SNO = SNO('S1) AND
SP.PNO =P.PNO)
OR P.PNAME = NAME('Screw')

Result: P1 * 8, P2 * 4.

5 SELECT P.PNO
FROM P
WHERE P.PNAME = NAME('Screw')

UNION ALL

SELECT SP.PNO

FROM SP

WHERE SP.SNO = SNO('S1")

Result: P1 * 5, P2 * 2.




6 SELECT DISTINCT P.PNO
FROM P
WHERE P.PNAME = NAME('Screw)
UNION ALL
SELECT SP.PNO
FROM SP
WHERE SP.SNO = SNO('S1)

Result: P1 * 3, P2 * 2.

7 SELECT P.PNO
FROM P
WHERE P.PNAME = NAME('Screw)
UNION ALL
SELECT DISTINCT SP.PNO
FROM SP
WHERE SP.SNO = SNO('S1)

Result: P1 * 4, P2 * 2.

8 SELECT DISTINCT P.PNO
FROM P
WHERE P.PNAME = NAME('Screw)
OR P.PNOIN
( SELECT SP.PNO
FROM SP
WHERE SP.SNO = SNO('S1'))

Result: P1* 1, P2 * 1.

9 SELECT DISTINCT SP.PNO
FROM SP
WHERE SP.SNO = SNO('S1")
OR SP.PNOIN
( SELECT P.PNO
FROM P
WHERE P.PNAME = NAME('Screw’) )

Result: P1* 1, P2 * 1.
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10 SELECT P.PNO
FROM P
GROUP BY P.PNO, P.PNAME
HAVING P.PNAME = NAME('Screw')
OR P.PNOIN
( SELECT SP.PNO
FROM SP
WHERE SP.SNO = SNO('S1'))

Result: P1* 1, P2 * 1.

11 SELECT P.PNO
FROM P, SP
GROUP BY P.PNO, P.PNAME, SP.SNO, SP.PNO
HAVING ( SP.SNO = SNO('S1') AND
SP.PNO =P.PNO)
OR P.PNAME = NAME('Screw")

Result: P1* 2, P2 * 2.

12 SELECT P.PNO
FROM P
WHERE P.PNAME = NAME('Screw)
UNION
SELECT SP.PNO
FROM SP
WHERE SP.SNO = SNO('S1")

Result: P1 * 1, P2 * 1.
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VAR S BASE RELATION
{ SNO SNO, SNAME NAME, STATUS INTEGER, CITY CHAR }
KEY { SNO };

VAR P BASE RELATION

{ PNO PNO, PNAME NAME, COLOR COLOR, WEIGHT WEIGHT,
CITY CHAR }
KEY { PNO };

VAR SP BASE RELATION
{ SNO SNO, PNO PNO, QTY QTY }
KEY { SNO, PNO }

FOREIGN KEY { SNO } REFERENCES S
FOREIGN KEY { PNO } REFERENCES P ;
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VAR TAX_BRACKET BASE RELATION
{ LOW MONEY, HIGH MONEY, PERCENTAGE INTEGER }
KEY { LOW }
KEY { HIGH }
KEY { PERCENTAGE } ;

VAR ROSTER BASE RELATION
{ DAY DAY_OF_WEEK, TIME TIME_OF_DAY, GATE GATE,
PILOT NAME }
KEY { DAY, TIME, GATE }
KEY { DAY, TIME, PILOT };

VAR MARRIAGE BASE RELATION
{ SPOUSE_A NAME, SPOUSE_B NAME, DATE_OF_MARRIAGE
DATE }
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KEY { SPOUSE_A, DATE_OF_MARRIAGE }
KEY { DATE_OF _MARRIAGE, SPOUSE_B }
KEY { SPOUSE_B, SPOUSE_A};
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VAR LS VIRTUAL | CREATE VIEW LS AS
(SWHERE CITY ="London") ; ( SELECT S.*

|
WHERE S.SNO IN | FROM S
|  WHERE S.CITY ='London') ;

VAR NLS VIRTUAL
(S WHERE CITY # 'London') ;

| CREATE VIEW NLS AS

| (SELECT S.*

|  FROM S
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CREATE VIEW LS_STATUS
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FROM LS
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CREATE VIEW V
AS (SELECT S.CITY, SUM ( S.STATUS ) AS ST

FROM S
GROUP BY S.CITY ) ;

SELECT V.CITY
FROM V
WHERE V.ST > 25
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VAR LS VIRTUAL (S WHERE CITY ="London") ;

VAR NLS VIRTUAL (S WHERE CITY # 'London') ;
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VAR LS BASE RELATION
{ SNO SNO, SNAME NAME, STATUS INTEGER, CITY CHAR }
KEY { SNO } ;

VAR NLS BASE RELATION
{ SNO SNO, SNAME NAME, STATUS INTEGER, CITY CHAR }
KEY { SNO };

VAR S VIRTUAL (LS UNION NLS) ;
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CREATE VIEW SST_PARIS
AS ( SELECT S.SNO, S.STATUS
FROM S
WHERE S.CITY ="Paris') ;
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DELETE
FROM SST_PARIS
WHERE SST_PARIS.STATUS > 15,
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DELETE
FROM S
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CONST PERIODIC_TABLE ( RELATION {

TUPLE { ELEMENT 'Hydrogen', SYMBOL 'H', ATOMICNO 1},
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TUPLE { ELEMENT 'Uranium' , SYMBOL 'U', ATOMICNO 92 }
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SELECT P.PNO, P.PNAME, P.COLOR, P.WEIGHT, P.CITY,
S.SNO, S.SNAME, S.STATUS

FROM P,S
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S.SNO, S.SNAME, S.STATUS
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FROM P NATURAL JOIN S

LS?JL:;L@:SK‘ﬁcsfg&:}l\JWBQJL;J\JJMLQMCJBOL:A}\J)
,;ﬁ;&.u%gjusa,;u\f&;itjswjjt,;);@L@@\SQL\{5@1

(3dL,y 5 5 03 3de 4> J8l>) e Iy = sSQL el 550

B9 Sl (a0 35058 S0 5 9) Slome s abk ‘_;Lzrl.s SQL
s e $3db, 5 5

S 1 ol g Ol b S5 5 06 i (s3dly 55 53 3l ge (S 03
S i Vpera SQL 53 S5 5 o0 ol r,\ptunjgs,t?;u(uﬁ
63Jdb,y 55 ;3 RENAME sl (255 lyls SQL 5925 ol L) Al o
1B ealind 3550 cy3 al g ey e 3 4T e sl ol o7 o
(,8

Jos 53) 2,16 SQL 0 Lo n slaply 4 5L s2dby 55 e o
L e lael lr 4 ciple) @y S 55,5 s S s b =% Ao
Gosws Slas b cpl plil pde Do 3 g el a5 4 ol
(U5 el 505

Sl 5ISQL (gl S s S5s 5p 5 ad Sy esdle
(LS ax) 0 danes EXISTS o ol o) w8 o Slziy 55 slabal

o1y 5 U5 4 SQL « sl opl w53 3,0l Sl e 63db 5 5




Soldio slaoly 6558 &G i s sl OT 53 Vsame & 3550 Joks
T Sl & s e Sl 5 oS ils) 3515 55

il SELECT-FROM-WHERE ngfd\ L sl SQL a8 @
O 03 5 Jed ) 3 I B BN e sl s Aal als
LS al g it 3 se nl 53 03 S 4o 5 0ol 5 xS

.als ("A‘j’- Ol s 4 SQL 5 s5db, 5 5 5 sladls aslsl 5>

il il 0592 Ay 3590 90
ol o dlasly & (5 Sles jp (s 5 018 (55 4 LB odag ol sl
°@ﬁy“bw[§@)ﬁ63}“gﬁ|)}b~‘(";@’K‘w“ég"d?’\i’&)‘

(SQL sl y Can 5 3L, 5 55 o Coams 0l 51 S50 ) 25 e b ollas Dlte .l

(PJOINS) | SELECT P.*,
WHERE PNAME > SNAME |  S.SNO, S.SNAME, S.STATUS
| FROM P,S

| WHERE P.CITY =S.CITY
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RELATION { PNO PNO, PNAME NAME, COLOR COLOR, WEIGHT
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S RENAME (CITY AS SCITY ) | SELECT S.SNO, S.SNAME, S.STATUS,

S.CITY AS SCITY
|FROM S

SNO | SNAME | STATUS | SCITY
S1 Smith 20 | London
S2 Jones 10 | Paris
S3 Blake 30 | Paris
S4 | Clark 20 | London
S5 | Adams 30 | Athens
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S { SNAME, CITY, STATUS } | SELECT DISTINCT S.SNAME,
| S.CITY, S.STATUS
|FROM S
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ol ol San 5 L3y AT Wg 3550 53 0k 42 o L Lo 57 (itabao SLlS”

S35 Dl 5 OB WS w55 s o 0 $)5Tob sl el o 086 1) SIS

)AL o3l g s 354 B4 555 ai g 6165 4 SQL 5 Ikl b Ll 5 on n g
S oo 030zl * 5 SELECT blie 1oy st o5 Y s 8 cslow 51 1!

SELECT *
FROM P NATURAL JOIN S

S el Slmiy Sha) ) SISQL DY suamme oled Ax 0
S Lo p ) M=P=0 1355 5 oy Cosl gy 1 ol g 55 ST 20 ¢ rogo 5 05
J7 T INTERSECT $ 4, 1 JOIN S (sl ¢ 55 o abasly 53 5 3L 4l 5 gy I 5 X
(s 1 ST 25 iy a8 53) ST o Iy plis

4 tae p i N=0 FV il Wiy 1 ol £ 5 oa (G5 0 cor o Sl s p g
rTIMESs@rJOINs‘.u:zl{um,uU;J;.:ML;M@AS}UMVJ}?}A@Y@

.vfyw)ﬂu\&gw);l),uﬁ)f\pajﬁ




135

4 gaza(Cdl 1 LY bl 4§l (U 1) L85 Oy da Galand 53) Al o IS
s Sl seme sl Ser G BE Al (0l (8 S 5 TS pe S S s
Ly S Sl ol 4 151 LG (2 Gho JB) dies OLSS e lyls da S5
s Sl (GO b 5l s 2
okl o3ls dnu g g5 Lajli s S Sl ol 5 255 0 odalia fas 5o cp)ler
(I3 LB o2t 1) g pb b b ol oK) 358 g0 0ial g oS dinn g
D e 9 4Bl g S 5T Il G S LT gy o iy 85 (oo g Sl 5550 0
1) ankss o Bl oS oy 1) GBS 0550 (6558 e 358 o0 S T SO S 25 655
Moy |y oS oo 3L
S SEMIJOIN SP | SELECT DISTINCT S.*

| FROM S, SP
| WHERE S.SNO = SP.SNO

anks 6 Jilao T SEAS 055 e dal g 555 p) A S slilen
:J)‘J)lf U‘i‘ 6\_,: 6_;43[2‘»133 o‘) ‘;JJéjjJ:}f.u\S g;«w‘}ﬁ-)b |) ub"o.}}a.; G)}:
S MATCHING SP
Sl opl s ghate) al o T JOIN'S (g, 3t ar L P=0 148" A8 s Jl
cw(:)b.ltn‘.(b)bb}a-}rhr)bsg;}‘)ﬂ\i_gs;w\ro‘}lﬁwwﬁjSQb&4{
sl azils 4 5) Cowl S MATCHING 1wl J 55 rJOIN s - oyl 55 aS” ail
(45,15 &35 o2, S MATCHING rsr MATCHING s &
@;;ru,,_w..;);x,wﬁufunw\,"@t@upéﬁwuu,\sﬁ‘ﬁa_.
il (U8 o Slziy OT 51 ol s 3) Gl dde 5 Sew OT (6lisduy 5 2N
e 5 JSE 2l ) SLe ol 5 o8
JOIN{r,s,...,w}
OS5 5 Sl o s Jle Sl das Lgy o 4 |y daly sliw 8 b
:3}:“4;:,;‘)&@\4{.&};@
JOIN{P,S}
oS eslizal lalal) en g b daly 5 s g il e s e SISl
osliinl 3550 ol &S )y o 3w il 135 JOIN{IY Joo alasly 5 L5y ool




136

Al o DEE 0T a5 ol WJOIN{} Lol r dige s 5o 26 Sl
i | (ol B SS L5 (S 0ok ol dal, o DEE 8 oS s (655T50)
bYs lwax g L 9545 o DEE
XH0 ol&T X sl o 2 45 Line pdy ol () i 520 0 DLl 55 @
sl .W/FQM@A@?JJB@)}.JﬁM\f—Xﬁ‘ﬁO"’X}
Jol 0,8 555 1) slanp andsh (ol Jgine ol ol Aty oS!
I oy par ol 102 &7 gl 44 A o loma |y 346 N men
Sl 4z 5L N=0 S1.48 s e 0T L (K (K1) slitel s s 0
(RET
a\iJT‘Xulfqg-ﬁKl;md.\.g.@\«Xn&chaij@ .
.\:leu;»@ﬁgyg}.@u@ﬁ.;ﬁM\};xﬁthlelxx
A Ly Jols & Las cply . Conf gy 25 400 DEE (Gl ;> 55 @
Ak{b@kvuﬁy\a-4>.=._.:5)>.>}:.M\}>'-r>}>'-DEEL3I’4;3Ln4k{\)
55 dal = DEE
2233 (81 ey (5 L3l OT 0185 55 Mab ol S Ol Ly 40 il 25755 5
DEE 1 JOIN DEE j5 s o 48 dolise |, 065 35 o5 o a5 3,55k 0T 0l 2
i )3 Loy 350 Ligy o5 Coly (pl 35 0 g ol ) Nsd a1 12 JOINTT

g ]
Olea 1 (gladasly calasly 55 ol ST il oT azsl gren daly 53 SyT A8 5
,;rﬁ,rﬁ‘.ﬁtsémﬁm;ﬂ\txu&u&u oles (53l o Sl L3y dal s 6 5

e gl o la 5598

S{CITY} | SELECT DISTINCT S.CITY
INTERSECT  |FROM S
P{CITY} | INTERSECT
| SELECT DISTINCT P.CITY
|FROM P




137

o5 15 T 2 3ds W5 4 oo s S 53 WDISTINGT & Ll bai 53)
(5o Lom plazrl 25w 533,558 (52 .05 (8

o Sl Jom Gl b el Ly 3l ol 55 ST 20 s S S S sl
£5 3 mmen @3JUy 55 S o Glziy OF 5153 2 SQL 5 oadb, 55 Ol i
.(,deaoT@;;\@Q\,JJw@@%QT&Un,L;x%

Eloi!
g5 Olon 5l (slabaly calaly 55 ol plazrt olGT il psinn SaT ST 558 cosbss
Lus,nur);tSétaf@}wtt.&sudu&ucwwu«f@mgp;ﬁm?

1l gl p a3 9 95

S{CITY }UNIONP {CITY } | SELECT DISTINCT S.CITY
|FROM S
| UNION DISTINCT
| SELECT DISTINCT P.CITY
|FROM P

3525 SQL 3 w3 p8 0 b 5100 13503 3y (gubiadi 351 S5 plazl 550 5
) o8 Oled bzl 53 4lS 1 Jbm 31 b S 655 0 UNOIN walS” 51 ey DISTINCT
gl 55 (ALL Jlas > DISTINCT) 55 Wl 5 SELECT ;5 o 5,0
(3 Joad 31 5,55To SELECT ey @ ps) ALL & ol 5 3 by DISTINCT
oo Ll a5 a0 5Y SELECT 55 55 52 50 cLDISTINCT i Cug,ﬁﬁ a3
(s el $255 & JOWB ioman) LS (0 B @ ST 2505550 55 ol ol ke

OT 53 &8 plazzl (o5 S oo Sty D_UNION L 5 jzee gloz! 51 (onl 5757
e 51 5525 T o (S pie JoU s 45T Line oy s [jzee Lashes

S{CITY}D UNIONP{CITY}

S 1 s g st ply oo 4 mie Sslbe ol Oles i Sl Sian (slayliae b

4 150 SQL 3 Sl ol aliun s Lo OB A8 w5 55 (gla g 5 oaalad (gla g

MLJg..Zd.ll




138

SELECT *
FROM ( SELECT S.CITY FROM S
UNION
SELECT P.CITY FROM P ) AS POINTLESS
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SELECT S.SNO, S.SNAME, S.STATUS, S.CITY AS SCITY
P.PNO, P.PNAME, P.COLOR, P.WEIGHT, P.CITY AS PCITY
FROM S, P
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SELECT DISTINCT SPX.SNO
FROM SP AS SPX
WHERE NOT EXISTS
( SELECT P.PNO
FROM P
WHERE NOT EXISTS
( SELECT SPY.SNO
FROM SP AS SPY
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S o1 SV I ol 4 SIedllE s 1) o ol Lz 8 lodts Jlow b
)@')K-’%‘jﬁé)ii"Q)‘f“‘-ﬁ*"\:“")ﬁ‘}"‘r“{"W‘ﬁfrﬂasﬁ‘)d"l’m}

filadgl by Khos plus”
3 ok 5 i gl S 350 sl Shas plad p3 S 05L31 0a U3 57 slailen
Sl Sl See s (5 6 ) K Towd s gle Klas 1 w1y o T
);(:Uﬁtﬁ)}k{45.,\:5;7.?:;6@‘&I@j.&ﬁiﬁ}t&}\c&}ic}?ﬁcﬁf
Jo 5wl S S5 o Jo S sl op U o Sl 53 0l s s S g
Sl 055 ot 5 03 padsl 45 Aas e O Lo s 4 sad pl plas s o3leT L g 15T
Shes ol @ity SV o (08 S5 0les g pb i Shoe 5 @315 o5 (0 Lohos 1t

e 4 )

SQL ohhle (2L 5
ngL.JLglquT);S.s;p’a{ﬁbL‘JLﬁcbgﬁ;&cﬁ-U}:.L_J'eg.slf
Rlas o155 esbizal (o8 5 <) (@ =) d5k) (Sl lio sla Khas 51K o 51 Ol oo

348 0 4 3L S8l J=S S S0




53 Gl bl s Cwl S8 Ol el U.:Mijf dslee Gt 55 5 s adyl
)\}j,@.&é})j&&ké)d@&fcjj ((6)L~.AU)) Jd}:g’ QTJ)&.’\”@ b Lg)JLi)}SjS
(C,.w‘ (f#)) \:;.{‘\Jbt:w) \L.w‘ ol

((SRENAME (CITY AS SCITY )
TIMES
(P RENAME (CITY AS PCITY))
WHERE SCITY # PCITY

SQL 5 Ll 5 SCITY sPCITY .coal (g 95 Gyl et &S US4

SELECT S.SNO, S.SNAME, S.STATUS, S.CITY AS SCITY,
P.PNO, P.PNAME, P.COLOR, P.WEIGHT, P.CITY AS PCITY
FROM S, P
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PNO | PNAME | COLOR | WEIGHT } CITY GMWT

P1 | Nut Red 12.0 London | 5448.0
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SELECT SP.SNO, COUNT(*) AS P_COUNT
FROM SP
GROUP BY SP.SNO
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N := COUNT (S WHERE CITY = 'London") ;
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(93,03 3 g 5 O 53 oS 5 55 i) 05 S e bl 53 K5 Jte o
SUMMARIZE ('S WHERE CITY ='London') ADD ( COUNT () ASN)
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PEr (g5lw 4D 5 S PER (S5 5 sl)ls Lo 3 5 oy e 035 4Dt ol
oM e 5 53 o olol TABLE_DEE

SUMMARIZE ( S WHERE CITY = 'London')
PER ( TABLE_DEE ) ADD ( COUNT () AS N)
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R4 UNGROUP ( PNO_REL )
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WITH ( SP RENAME (SNO AS X)) ASR:
S WHERE (R WHERE X = SNO ) { PNO } =P { PNO }

Sole e &S Conl ol WL Sese WITH L. ASR o)Le et
SP RENAME (SNO AS X)
J‘)‘wAEJWRcuwwdﬂfchu)df&\f&mb
ol it X & SNO (55,5 45 Sslis ul L3 tal 5 SP alal 1o sl R a5 jltie Sl
S 8 e (ol Wl J15 31 (6,8 sl R 5 X bl 51 salizad 51 ) Tt iy
QJL&J‘\QS@‘JAJSXaA.XG)};
(RWHERE X =SNO) {PNO }
S ol gl sl oyles Juli &8 Wils S ey 1L PNO (F5s oK b (glada
o) A g Iy slankss Sx BT 48" sl axils 4 55 S o 55 1 6T Sx oS 55
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S WHERE (( SP RENAME ( SNO AS X)) WHERE X =SNO ) { PNO }
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o2 TX el sl glabaly Sole &K a1y S (glabaly &)l &K s 55
WITHry ASR1: WITH rz ASR2 : rx
WITH ry ASR1, rz ASR2 : rx
s dal = (g 5leasds Sl ool 5 sladle sy T 5o
Cald oy 1) S o 55 1) Slalad ples 6@\?.\;5@;}:» Jd Jte oJl> a5

L5 ke (383 sk 2l e sl y Shes 4 65L 5
SP { SNO, PNO } DIVIDEBY P { PNO }

CFS 8y ooke g 4 Y gans (ws &) Lol gl Khas 2o )3 s (sl &)
S J 53 3450 il oy [ S o 55 1) Sl ples 5@\?.&;{6}}; o slad
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WITH ( SP RENAME (SNO AS SX ) ) { SX,PNO } ASR1,
(SP RENAME (SNO ASSY )) {SY,PNO } ASR2,
R1{SX}ASR3,

R2{SY } ASR4,
(RLJOINR4) ASR5,
(R2 JOINR3) ASR6,
(R1JOINR2)ASR7,
(R3JOINR4) ASRS,
SP{PNO } ASR9,
(R8JOINR9) ASRI10,
(R10 MINUS R7 ) ASR11,
(R6 JOINR11) ASR12,
(R5JOIN R11) AS R13,
R12 { SX,SY } ASR14,
R13 { SX, SY } ASR15,
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(R14 UNION R15) AS R16,
R7 {SX,SY }ASR17:
R17 MINUS R16

355 o plowil oy Sl b s lio 3l oslizal b Js

WITH (S RENAME ( SNO AS SX ) ) { SX} ASRX,
(SRENAME (SNOASSY)) {SY } ASRY :
(RX JOIN RY ) WHERE ( SP WHERE SNO = SX ) { PNO } =
(SP WHERE SNO =SY ) { PNO }
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2525 Ly Slsian Glddaly o 5 Ol5 e 5 BN Gl ladal) o 4 baalal o) bl
3y50 53 G0 bl ) psls Al J- oyl L L Slian BB s s G 5 S
& UPDATE , DELETE dNSERT (sl Slas & 5 o5 oo slalal; ol
o Ko os (o gaodls bbb Shoe opl dils o & shilen oily wils 5es 5
Soge 4 T okl e Lol il 5 0 S (s (i se 53 058 e (s s (sl
230 ol Jls i L1 S ol as OLES (6 sl Shas
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R:=rx

ol Gl s S R g ges gladaly Sole oSCTX 5 alal o 66 R bl s
2 Jead 59 Sl Rodal e 4 codd i TX ol b oS T alaly Sldie Sl oo )ls
Fol s nl 355 L3S e RET (J g Ssle (oLl 057 (0 65Tk
tosle Je G (ol

S := RELATION { TUPLE { SNO SNO('S1"), SNAME NAME('Smith"),

STATUS 20, CITY ‘'London' },

TUPLE { SNO SNO('S2"), SNAME NAME('Jones"),
STATUS 10, CITY 'Paris' },

TUPLE { SNO SNO('S3"), SNAME NAME('Blake",
STATUS 30, CITY 'Paris' },

TUPLE { SNO SNO('S4"), SNAME NAME('Clark"),
STATUS 20, CITY 'London' },

TUPLE { SNO SNO('S5'), SNAME NAME('Adams'),
STATUS 30, CITY 'Athens' } } ;
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4PQ sl o S 5 3 ¢35 » UPDATE ; DELETE UNSERT 1 Ji

I PRV AP B (G
VAR PQ BASE RELATION { PNO PNO, QTY QTY } KEY { PNO };
QT RXBN INSERT ‘J.Qu;j
INSERT PQ ( SUMMARIZE SP PER (P { PNO })
ADD (SUM (QTY ) AS QTY))

:J& el o i J,.A_Z':u: d:l&c E)

PQ := PQ UNION ( SUMMARIZE SP PER (P { PNO })
ADD (SUM (QTY ) AS QTY)):

—PQ 5 s plazrl o8 Sl ol das oo il INSERT o7 (6,8 S5 0l 4
3P e o Kol ) ol 1035 4o &G ol &7 (sldbaly — el PO 15T

(oS o3lizel D_UNION SIUNION (glows (sl o5 (53 i S35 dal i o

DELETE I Jtw ¢ Jl>-
DELETE S WHERE CITY = 'Athens';
:a.«\JJJ.aJ&r.A JJ\&A
S :=SWHERE NOT ( CITY ="Athens') ;
UPDATE ;I Jts oyl 5o

UPDATE P WHERE CITY = 'London'
(WEIGHT :=2* WEIGHT , CITY :='0slo") ;

ol eatius J3las

P := WITH ( P WHERE CITY ='London' ) ASR1,
(EXTEND R1 ADD (2 * WEIGHT AS NEW_WEIGHT,
'Oslo’' AS NEW _CITY )) ASR2,
R2 { ALL BUT WEIGHT, CITY } AS R3,
R3 RENAME { NEW_WEIGHT AS WEIGHT, NEW_CITY AS CITY }
AS R4,
P MINUS R1 ASR5 :
R5 UNION R4;
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a. SELECT * FROM S, SP
b. SELECT S.SNO, S.CITY FROM S
¢. SELECT SP.SNO, SP.PNO, 2 * SP.QTY FROM SP
d. SELECT P.PNO FROM P

e. SELECT S.SNO FROM S, SP
f. SELECT S.SNO FROM S ORDER BY S.CITY DESC
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i Sl &S5 pan s )l s Bl &K K bl s e s $355 0
w#.(va;wQT))}AJJMJ&)J&Aj)@\L;UJB;L&MﬁVUVL&:M

Bl 5 1y 5 Koo pb | 48 0 -4

dal a5 Slle 288 e (Solabss olf,uf@,: oL Jyane (slajliie L =5

o S0 (5310 Ol b 5 (o) b (6 oS L 1587 516K o 3550 55 S
a. S SEMIJOIN ( SP WHERE PNO =PNO('P2) )
b. P NOT MATCHING ( SP WHERE SNO = SNO('S2"))
c.S{CITY}MINUSP{CITY }
d. (S{SNO, CITY }JOINP { PNO, CITY }) { ALLBUT CITY }
e. JOIN { (SRENAME (CITY ASSC)){SC},
(P RENAME (CITY ASPC)){PC}}
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SUMMARIZE SP PER (S { SNO } ) ADD ( COUNT () AS NP)
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A S G555 ) gy s OS5l Ol b 3550
a. EXTEND S ADD ( 'Supplier' AS TAG )
b. EXTEND ( P JOIN SP ) ADD ( WEIGHT * QTY AS SHIPWT)
c. EXTEND P ADD ( WEIGHT * 454 AS GMWT, WEIGHT * 16 AS OZWT)
d. EXTEND S
ADD ( COUNT ( ( SP RENAME ( SNO AS X ) ) WHERE X = SNO ) AS NP )
e. SUMMARIZE S BY { CITY } ADD ( AVG ( STATUS ) AS AVG_STATUS)

Cliwn Jslrs o~ Llao,le ol 5 Salas-14

a. SUMMARIZE r PER (r {}) ADD ( COUNT () ASCT)
b. SUMMARIZE r ADD ( COUNT () AS CT)

c. SUMMARIZE r BY {} ADD (COUNT () ASCT)

d. EXTEND TABLE_DEE ADD ( COUNT (1) AS CT)
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(R4 WHERE TUPLE { PNO PNO('P2) } e PNO_REL ) { SNO }

( (R4 WHERE SNO = SNO('S2") ) UNGROUP ( PNO_REL)){PNO}
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EXTEND S
ADD ( ( ( SP RENAME ( SNO AS X ) ) WHERE X = SNO ) { PNO }

AS PNO_REL )
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INSERT SSP RELATION
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TYPE QTY
POSSREP QPR
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CONSTRAINT Q >0 AND Q <5000 } ;
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SSen 630150 53 Iy 58 oyl (So3d Gluesly o 4 (Saaled )
S Sl G5 e g s Ll s planil ISl

g5 3 53550 0dal Q 4 50 o S Lo Sald S 8 (03 s
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S WS Jle oS
TYPE POINT

POSSREP CARTESIAN { X NUMERIC, Y NUMERIC
CONSTRAINT SQRT (X A2+ Y 2) < 100.0} ;
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SSesles 1l L THE sla Shes 5 o SKanles b b Kbl S s bimed o Saslel |
e Ly s o, 4 Sy Bl S, 1l

QPR(250)

el ol (ol pliga 655 b s S’ o 1 1 QTY g5 Sl Sjle o
s LOb ST g sen 5 blae &8 3505 (63555 0l ST K 5 Sl 5 0T (Saales sl
Y gons ba Sasles a7 Zl QTY 55 S8 W15 5 e sldie ¢ 5 ol Sasled oo
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TYPE QTY POSSREP { Q INTEGER CONSTRAINT Q >0 AND Q <5000 };

L Kbl gl 5 Ls o0 0kl QTY 53 58 0T bl Kbl 5 - SKaales Jl
PQTY Gy e Gy 0l 4 0 o (55 (r 00 I 4 b Sl il (sl
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TYPE POINT POSSREP { X NUMERIC, Y NUMERIC };
(A3 aslsl 1y Cllas Jia b

POINT ( 5.7, -3.9 )
2ol (POINT ¢ 55 51 ot &S il5 ,3) POINT Kbl Sl & )
THE X ( P )

P) s § o 1, P i 5,55 7233 1y 4l (Jgb) X (3o e Sjle ol
(POINT g5 3 Sl ()lMae
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TYPE POINT POSSREP CARTESIAN { X NUMERIC, Y NUMERIC }
POSSREP POLAR { R NUMERIC, THETA NUMERIC };
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TYPE QTY POSSREP { Q INTEGER };
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CREATE TYPE QTY AS INTEGER FINAL ;

CREATE TYPE POINT AS ( X NUMERIC, Y NUMERIC ) NOT FINAL ;

0T 6k 2 a8 (ol 5 6l s o i (il OLL I S AT S5
AU zr S 558 0 e QTY 55 5ISP ol 3 QTY (S50 G o oy 3y o0
wsls Cilas QTY 655 sl L 0T QTY s 5 go e ST S 5555 430y SP )

(25 g otaal S s s S5l A 5,50 opl) i

oSl Sasd
5 ke ) Lss al oKL s WilS e S pla)lie @Bl 43 S 55Tk ol
L 5 CONSTRAINT wlS L bid cix @3dlosy 55 S e 35w
eSS 4 s ol 50 SOL 53 ksl o Laseine (Azes OT Jolas &5 oo s 5 e
o Nyhige el (OT odd e sladshe oa U L 5) CREATE ASSERTION
o & oy Sl o |z (DY) (ST 03] g ba g 5 s D3 3505 )10 ad
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l Jte
sl 100 B T osgiome 5 sl baas

CONSTRAINT C1 IS_EMPTY | CREATE ASSERTION C1 CHECK
(SWHERE STATUS<1  |(NOT EXISTS
OR STATUS>100);: |(SELECT S.* FROM S
| WHERE S.STATUS <1
| OR S.STATUS>100));
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Sy OT osp ol ol ol 03,8 8 55 1y dlasl o & 1 (S5 o Lo 43
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O sl (S 15 e @) (Ld ) 505 Sladlal e b g dal e ol SO gla b
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CONSTRAINT C2IS_EMPTY | CREATE ASSERTION C2 CHECK
(S WHERE CITY = 'London’ | (NOT EXISTS
AND STATUS#20); | (SELECT S.* FROM S
| WHERE S.CITY ='London’
| AND S.STATUS<>20));

o cpl gy pl b odS o35 8 55 1y (dal o &5 5 e S35 55 A3 o)
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CONSTRAINT C3 | CREATE ASSERTION C3 CHECK
COUNT(S) = | (UNIQUE ( SELECT S.SNO
COUNT (S{SNO}); | FROM S));
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CREATE ASSERTION C3 CHECK
(( SELECT COUNT (*) FROM S) =
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CONSTRAINT C4 IS_EMPTY | CREATE ASSERTION C4 CHECK

((SJOINSP) | (NOT EXISTS
WHERE STATUS < 20 | (SELECT *
AND PNO = PNO(P6') ) ; | FROM S, SP

| WHERE S.SNO = SP.SNO
| AND S.STATUS <20
| AND SP.PNO = PNO(P6")));
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CONSTRAINT C5 | CREATE ASSERTION C5 CHECK
SP{SNO}ES S{SNO}; | (NOT EXISTS
| (SELECT SP.SNO
FROM SP
EXCEPT

|
| SELECT S.SNO
| FROM S));
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VAR LS VIRTUAL (S WHERE CITY ='London') ;
VAR NLS VIRTUAL (S WHERE CITY #'London") ;
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CONSTRAINT C6 IS_EMPTY | CREATE ASSERTION C6 CHECK
(LS { SNO } JOIN | (NOT EXISTS
NLS{SNO}); | (SELECT *

| FROM LS, NLS

| WHERE LS.SNO =NLS.SNO));
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CONSTRAINT C7
COUNT ( (S WHERE SNO = SNO('S1') ) { CITY }
UNION
(P WHERE PNO = PNO(P1) ) { CITY }) < 2;
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UPDATE S SET CITY = 'Paris' WHERE SNO = SNO('S1") ;
UPDATE P SET CITY = 'Paris' WHERE PNO = PNO('P1") ;
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BEGIN TRANSACTION ;

UPDATE S SET CITY = 'Paris' WHERE SNO = SNO('S1") ;
UPDATE P SET CITY = 'Paris' WHERE PNO = PNO('P1") ;
COMMIT ;
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UPDATE S WHERE SNO = SNO('S1") (CITY :="Paris') ,
UPDATE P WHERE PNO = PNO('P1") (CITY :="Paris') ;
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/* suppliers in Paris * /

SA[ SNO | SNAME | STATUS | CITY

S2 Jones 10 | Paris L
S3 Blake 30 | Paris d
u
m "
SB| SNO | SNAME | STATUS | CITY m d
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S4 | Clark 20 | London y

S5 | Adams 30 | Athens
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4 505 (b ltis LSB 5 SA (claddal 0. 7-7 JSa

) S oS 55 BN AsL wils ) pa dlail o 93 8 55 4SS &S LB bl sl
Olgz 025 @ 55 LSA 15 g pite jla)l 525 SA 55 Jy s SB 55 L6
22k 3353 & 8w SB s e sl S35l e o S i Ol
0313 S 1y 345 5 onls oL 5 ol 0bile Oloews (69, 235 &K by Lo/
sl

adal e 53 55 Wil5 o OLSS JU 93 oD jsh . Conl gt 7-7 b S
L) S gn Sl O Sl ol dlal o 55 55 U 65 5Gds 5 sk b e
sl 056 6 L 5h sl IS

23 b oK 8w ol sl s (s 2 5) ((KSE) doleze 1 b o)
sl ol ol 6, a5

Wl o Jool pl b 457 5,05 o il Comdly cpl 4 bl 5 (KK clolazs 4alS”
(Gl gpar g T (sladd S Jlor — s byl 53 = il Jiisn 5 Lo oo 1 (2l
3 as BT i LB 4zl

53 5 WS a1y Jeol ol Al s LB ¢ e ey 53 S48 ol
Sy elalg 3 5 3,0 G 50 6000 iz 53 Jeol (8T AST ) gl i Al e
S K 53 1587 JSa s e slie Ol oKL gFen akl o L L 9o
23 5 gnd B S o s pl b das e 0L 1, OE S w5 5 s b (b oS
2 0L 65, shls SY 31 L eSS 5 SX 51 L &K ol (Sae a5 all alal o g



224

33,5 Slayiasn s JusT 5 Syl o 5 i ol 5 5L {SNO,SNAME}
s ann g L (b Jol (el g nl

s Al o 53 B 5 A ST 5 5 (ol s a0 AI) (KK dalaze o b foo
3 AnBoAr & ClS 508 o a i BB S 4B s A ST s osls oL S )
2l bl eSS S Gl S @ sl il sy 6IB) 5 A pa (sl il B, BaBy
sh ol g s

il S5 e OT L 5 3ldle i 53 o5 ol (G5 Olod Gl T30S o 2o

SX| SNO | SNAME | STATUS SY! SNO | SNAME | CITY
S1 Smith 20 S1 Smith | London
S2 Jones 10 S2 Jones | Paris
S3 | Blake 30 S3 | Blake | Paris
S4 | Clark 20 S4 | Clark | London
S5 | Adams 30 S5 | Adams | Athens

4 505 (Lol is LSX 5 SY (gladkasl 0 8-7 i

0S or e 1) e S5 i (5 S 3l

g S8 WS I aphie Jali oa ) Jsl 2SS (ol al ps K
FA 0T s oy Rodale o (ly 5 atian & Cur CulS 505
(sl R sla S35 plas Jols &8 (5 5) Sl R Lol

Jol ol Js ol G5 (e S3ledle s LSl 55 eleze (S fof @
idu op ooy 0T 4 (G5 ledle 5 Sl 0 51)

Sl JlogT 51 6,8 o ams 53 5 sl Sl dolaze 1 b 5l ods @
Giledle i oS calas Bl 53 (G5ledle 5 dile o 5b) il G554
5 ladal o s (Son 3l (55ladle i S 015 o0 (o B g 4y 5 Sl
s o Sl 1 baakal e (gl S0 531 (ales) oSCSKis

low 855 G yw Khes opl 51 500 015 or 8 Sl g, YalS” Jg ol (slebaly Shee &K 55, 7
sl Kles 51 s (13050 53 ol ) 3,5 1 1y B &S 51555 0T L 5 487 5 s b L cladad

e 33l 55 (lelal



4 oo Sl (S3ledly oSl 5 6 K5 pp 4 () S
de’Em@..\iJSJE)JbS—7Ji.ZﬁSYjSXqSAb.gI,»
BNF v 53 5 53 IWlods Suley (b pl 3 s3ledle i Jseol
Sl s Hlokd il b Soly ol CalS308 4w e
Sl = 3ledle 3 6 g ol o) UL 35 0m 5 93 2 S dal e g5l
ol 48 K plonil g3 4y b e S o b S
S5 lmel o ayse Jes 53 Dbl (il Jy Sl G130l 4 5 el @

sl > (55l o315 el 3 clasl [y (b o g i 3,8 s
ACTIVITIES_2001 { ENTRYNO, DESCRIPTION, AMOUNT, NEW_BAL }
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ACTIVITIES_2004 { ENTRYNO, DESCRIPTION, AMOUNT, NEW_BAL }
ACTIVITIES_2005 { ENTRYNO, DESCRIPTION, AMOUNT, NEW_BAL }
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CONSTRAINT C1
FORALL s (s.STATUS >0 AND s.STATUS <100 ) ;
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s RANGES OVER { S }
x RANGES OVER { S }
y RANGES OVER { S }

p RANGES OVER { P }
sp RANGES OVER { SP }
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CONSTRAINT C2
FORALL s (IFs.CITY ='"London' THEN s.STATUS =20) ;
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CONSTRAINT C3
FORALL x, y ( IF x.SNO = y.SNO THEN x.SNAME =
y.SNAME
AND x.STATUS =y.STATUS
AND x.CITY =y.CITY);
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CONSTRAINT C4
FORALL s ( IF s.STATUS <20 THEN
FORALL sp ( IF sp.SNO =s.SNO THEN
sp.PNO # PNO('P6Y))) ;
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CONSTRAINT C5
FORALL sp (EXISTS s (sp.SNO =5.SNO)) ;
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CONSTRAINT C6
FORALL m & LS FORALL n & NLS (m.SNO # n.SNO ) ;
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CONSTRAINT C7
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CONSTRAINT C8
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CONSTRAINT C9
FORALL p ( p.COLOR ="'Blue' OR p.COLOR ='Green')
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CONSTRAINT C10
FORALL p ( p.COLOR = 'Blue' OR p.COLOR = 'Green')
EXISTS p ( p.COLOR ='Red') ;
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RENAME: <relation> RENAME ( <attribute> AS <name> )
Restrict: <relation> WHERE <boolean>
Project: <relation> { <attributes> }
JOIN: <relation> JOIN <relatiom

| JOIN { <relations> }
INTERSECT: <relation> INTERSECT <relation>

| INTERSECT { <relations> }
UNION: <relation> UNION <relatiom»

| UNION { <relations> }
Difference: <relation> MINUS <relation>
Product: <relation> TIMES <relation>
Divide: <relagtion> DIVIDEBY <relatiom
Semijoin: <relation> MATCHING <relation>
Semidifference; <relation> NOT MATCHING <relation>
EXTEND: EXTEND <zelation> ADD ( <exp> AS ¢name> )
SUMMARIZE: SUMMARIZE <relatiom> PER ( <relation> )

ADD ( <summazy> AS <name> )

GROUP: <relation> CROUP ( { <attributes> } AS <name> )
UNGROUP: <relation> UNGROUP { <attributes> )
Relation Assign: <relvar> := <relation>
INSERT: INSERT <relvar> <relation»
DELETE: DELETE <relvar> [ WHERE <boolean> ]
UPDATE: UPDATE <relvar> [ WHERE <boolean> ]

( <attribute assigns> )

Attribute Assign: <attribute> := <exp>
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SNO SNAME STATUS cITY
S1 Smith 20 London
s2 Jones 10 Paris
$3 Blake 30 Paris
Sy Clark 20 London
55 Adams 30 Athens
PNO PNAME COLOR WEIGHT cry
P1 Nut Red 120 London
P2 Bolt Green 170 Paris
P3 Screw Blue 17.0 Oslo
P4 Screw Red 14.0 London
P5 Cam Blue 12.0 Paris
P6 Co¢ Red 190 London
SNO PNO QTY
51 P1 Joo
51 P2 200
51 P3 400
S1 Py 200
S1 P5 100
sl P6 100
52 ‘P1 300
52 p2 400
S3 P2 200
St p2 200
S4 P4 300
S4 P5 %00
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This appendix gives a short list of suggestions for further reading. |
apologize for the fact that the majority of the references are to publications
for which I'm either the author or a coauthor....They're in chronological
order by date of first publication.

Robert R. Stoll: Sets, Logic, and Axiomatic Theories. San Francisco,
Calif.: W. H. Freeman and Company (1961).The relational model is, of
course, solidly founded on logic and set theory. This book provides a fairly
formal but not too difficult introduction to these topics. See also the book by
Hodges, later.

E. F. Codd: "Derivability, Redundancy, and Consistency of Relations
Stored in Large Data Banks," IBM Research Report RJ599 (August
19th, 1969); ""A Relational Model of Data for Large Shared Data
Banks," CACM 13, No. 6 (June 1970).The 1969 paper was Codd's very
first paper on the relational model; essentially it's a preliminary version of
the 1970 paper, with a few interesting differences. That 1970 paper—which
was republished in "Milestones of Research,” CACM 26, No. 1 (January
1982) and elsewhere—was the first widely available paper on the subject.
It's usually credited with being the seminal paper in the field, though that
characterization is a little unfair to its 1969 predecessor. In my strong
opinion, every database professional should read one or both of these papers
every year. Exercise: This latter sentence (not counting that initial "In my
strong opinion," of course) is a business rule! Try casting it into the
formalism of Appendix A.

C. J. Date: An Introduction to Database Systems, Eighth Edition. Boston,
Mass.: Addison-Wesley (2004). The first edition of this book was
published in 1975 A college-level text on all aspects of database
management. SQL discussions are at the SQL:1999 level, with a few
comments on SQL:2003.

Patrick Hall, Peter Hitchcock, and Stephen Todd: "*An Algebra of
Relations for Machine Computation,” Conf. Record of the 2nd ACM
Symposium on Principles of Programming Languages, Palo Alto, Calif.
(January 1975). This paper is perhaps a little "difficult,” but I think it's
important. In particular, the version of the relational algebra I've described
in this book has its roots in this paper.




290

Wilfrid Hodges: Logic. London, England: Penguin Books (1977). This
book is a very gentle introduction to logic for the uninitiated.

C. J. Date and Hugh Darwen: A Guide to the SQL Standard, Fourth
Edition. Reading, Mass.: Addison-Wesley (1997). The first edition of
this book was published in 1987. A complete tutorial reference and critical
guide to the SQL standard as of 1997. Although that version of the standard
has since been superseded, first by SQL:1999 and then by the current
standard SQL:2003, just about everything in the book is still accurate and
applicable today.

Jim Gray and Andreas Reuter: Transaction Processing: Concepts and
Techniques. San Mateo, Calif.: Morgan Kaufmann (1993). The standard
text on transaction management.

E. F. Codd and C. J. Date: ""Much Ado about Nothing,” in C. J. Date,
Relational Database Writings 1991-1994. Reading, Mass.: Addison-
Wesley (1995). The article was also published on the web site
www.dbdebunk.com (February 2005). Codd was perhaps the foremost
advocate of nulls and 3VL as a basis for dealing with missing information (a
curious state of affairs, you might think, given that nulls violate Codd's own
Information Principle). This article contains the text of a debate between
Codd and myself on the subject. It includes the following delightful remark:
"Database management would be easier if missing values didn't exist"
(Codd). Note: I've included this particular reference—out of a huge number
of available publications on the topic—because it at least touches on most of
the arguments on both sides of the issue.

Hugh Darwen: ""What a Database Really Is: Predicates and
Propositions," in C. J. Date, Relational Database Writings 1994-1997.
Reading, Mass.: Addison-Wesley (1998). A very approachable tutorial on
relvar predicates and related matters.

C. J. Date and Hugh Darwen: Databases, Types, and the Relational
Model: The Third Manifesto, Third Edition. Reading, Mass.: Addison-
Wesley (2006). The first edition of this book appeared (under a different
title) in 1998. An advanced (graduate-level?) text on database technology. It
includes a comprehensive definition of the language Tutorial D,which | use
as a basis for examples throughout the body of the present book. Don't be
fooled by that 2006 copyright date, by the way; the book is actually due to
be published in 2005.
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Fabian Pascal: Practical Issues in Database Management: A Reference
for the Thinking Practitioner. Boston, Mass.: Addison-Wesley (2000).
This book focuses on a number of common database issues—normalization,
redundancy, integrity, missing information, and others—and discusses
theoretically correct approaches to those issues, with the emphasis on the
practical application of that theory.

C. J. Date: The Database Relational Model: A Retrospective Review and
Analysis. Reading, Mass.: Addison-Wesley (2001). An unbiased
retrospective review and analysis of Codd's relational contribution as
documented in the papers he published in the period 1969-1979.

C. J. Date: ""Double Trouble, Double Trouble™ (in two parts),
www.dbdebunk.com (April 2002). A detailed treatment of the problems
caused by duplicates. The discussion of duplicates in chapter 3 is based on
an example from this paper.

Jim Melton and Alan R. Simon: SQL:1999—Understanding Relational
Components; Jim Melton: Advanced SQL:1999—Understanding Object-
Relational and Other Advanced Features. San Francisco, Calif.: Morgan
Kaufmann (2002 and 2003, respectively). So far as | know, these two
books are the only comprehensive tutorials available on all aspects of
SQL:1999 (the immediate predecessor of the current standard SQL:2003).
Melton was the editor of the SQL standard for many years.

C. J. Date, Hugh Darwen, and Nikos A. Lorentzos: Temporal Data and
the Relational Model. San Francisco, Calif.: Morgan Kaufmann (2003).
Some indication of what this book covers can be found in chapter 8 of the
present book.

Hugh Darwen: ""How to Handle Missing Information Without Using
Nulls™ (presentation slides), www.thethirdmanifesto.com (May 9th,
2003). In Chapter 7 of the present book, | briefly touched on a technique for
representing missing information without using nulls. This presentation
elaborates on another such technique, similar but not identical to the one
mentioned in Chapter 7.




C. J. Date: "What First Normal Form Really Means,"
www.dbdebunk.com (June 2003). First normal form has been the subject
of much misunderstanding over the years. This paper is an attempt to set the
record straight—even to be definitive, as far as possible. The crux of the
argument, as indicated in chapter 2 of the present book, is that the concept
of atomicity (in terms of which first normal form was originally defined) has
no absolute meaning.

C. J. Date: A Sweet Disorder,” www.dbdebunk.com (August 2003).
Relations don't have a left-to-right ordering to their attributes, but SQL
tables do have such an ordering to their columns. This paper explores some
of the consequences of this state of affairs, which turn out to be rather less
trivial than you might think.

C. J. Date: "'On the Notion of Logical Difference," ""On the Logical
Difference Between Model and Implementation," and "On the Logical
Differences Between Types, Values, and Variables™ (in two parts),
www.dbdebunk.com (July 2004). The titles say it all.

C. J. Date: ""Data Redundancy and Database Design'" (in three
parts),www.dbdebunk.com (March/April/May 2005). A discussion of the
theory (such as it is) of database design, with the emphasis on reducing data
redundancy. In particular, the paper includes a detailed treatment of The
Principle of Orthogonal Design.

C. J. Date: Go Faster! The TransRelational™ Approach to DBMS

Implementation. To appear. A detailed tutorial on The TransRelational?
Model (see Chapter 7 of the present book).
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Lincoln, Abraham
Simon, Alan R.
Reuter, Andreas
update anomalies
atomicity
coercion

union

disjoint union
Abbey, Edward
Aristotle

arity

ungroup

Todd, Stephen
Faroult, Stephane
data independence
scalar

pointers
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intersect

Information Principle, The
Assignment Principle, The
Principle of Interchangeability, The
Principle of Orthogonal Design, The
axiom (database)

Principles of Normalization
Principle of Identity of Indiscernibles, The
declarative

redundancy

selector

tuple selector

relation selector

assignment

multiple assignment

relational assignment

query rewrite

body

Russell, Bertrand

closure

extension

intension
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optimizer St
semantic optimization s bae (s leang
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Third Manifesto, The oo 45l
Hall, Patrick b ¢S 5L
multi-dimensional database S L o
database Laosls oL
project Fr
identity projection s 5
triggered procedure NS 5 S s
Hitchcock, Peter S o 2o
natural join b Lo
implementation Silwesly
join L e
theta-join LS L g
equijoin S glos L5y
function GU
aggregate operator s @b
tuple L
empty tuple S kb
O-tuple e LU
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expression transformation Sole s

lossy decomposition IElS 305 4 525
nonloss decomposition kS 305 s 4
orthogonal decomposition Aalxze 4 3
TransRelational™ Model, The bl 1 5
transaction LS5
transitivity <58
order s
equality sbus
relation equality baalasly (¢ sl
cascade s
snapshot lalind y gos
direct image s 55
rename ol s
difference (minus) Jols
intended interpretation 5 3 g e
orthogonality (SSi5) dalas
divide e
isolation =l
null =
Tutorial D 3l 55
distributivity G g3
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duplicate

literal

relation constant
consistency
relcon
commutativity
integrity
referential integrity
entity integrity
Gennick, Jonathan
surrogate
relational algebra
distinct

table

Bush, George W.
Celko, Joe

Gray, Jim

Melton, Jim
delete

relational calculus

dependency preservation
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degree 4>y
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spatiotemporal
subset

procedure

proper subset
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Date, C. J.
database management system (DBMS)
logical system
associativity

ID

object

product (times)
cartesian product
physical design

domain check override

oS 6o,
|55,

S

4 goes 5 )
BIESY'S;

BT 45 gaee ) )
QO 5

e

o5

P 3E D
LR Y o

2 T
Laost3olly Sy ok ke
Sy &S 5

£
o
S
S b
aals b gk pke




300

operator

primitive operators
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first normal form (1NF)
fifth normal form (5NF)
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rules of inference
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extend

da Vinci, Leonardo
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Carroll, Lewis
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data model
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E/R modeling

database administrator (DBA)
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relation valued attribute (RVA)

ACID properties
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Heath, lan
performance
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base relation
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binary relation
Body
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bound variable
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built-in type
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delete
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derived relation
derived relval
difference

direct image

disjoint union

distinct

distributivity

divide

domain

domain check override
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E/R modeling
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empty relation
empty tuple

empty type

entity integrity
equality

equijoin

existential quantifier
exists

expression transformation
extend

extension

Fagin, Ron

Fagin's theorem
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FD

fifth normal form
first normal form
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functional dependency
generated type
Gennick, Jonathan
Golden Rule, The
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group
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intended interpretation
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Intersect
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multi-relvar constraint
multi-valued dependency
MVD

n-adic
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natural join

network model
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normal form
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n-place predicate
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object-oriented model
object-relational model
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optimizer
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Quantifier
Query

query rewrite
quota query
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Relcon

Relvar

relvar constraint
relvar predicate
Rename

Restrict

retrieval view
Reuter, Andreas
Row

rules of inference
Russell, Bertrand
RVA

Scalar

second normal form
Selector
self-referencing relvar
Semantic

semantic optimization
Semidifference
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semistructured model

set-level operations
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Shakespeare, William

Simon, Alan R.

single-relvar constraint

sixth normal form
Smiminus
Snapshot
Spatiotemporal

SQL
Stoll, Robert R.

Stonebraker, Mike
strong typing
Subset
Summarize
Superkey
Superset
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system-defined type
Table

Temporal

ternary relation
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Third Manifesto, The
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third normal form
three-valued logic
Times

Todd, Stephen
transaction
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TransRelational™ Model, The
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type
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universal quantifier
update
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user-defined type
value

variable

view

virtual relvar
Wittgenstein, Ludwig
XML
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