HEH SO s =8 A thieel 4224 1355

B AN 2de Y T2 Aol Adsts] Ad JlEs BAY vols BYe ALaWA FAE B
Z4) dolel Rdolnh £ R 24 A3 299 U4 A0S 22 ti5y F23 A8 gl folB
e A AGE o8 AN S4, 2T A NeE TR ALY 1T WFES BFH WA 7
WY HeAE ZIELR VR RAYT EE Ge BRAY, dolet Fao ¥ FANY, B EE AA 4
A 9HL e 8¢ A4 BiE 448,

At e 54 BFE Toel B AA0l U e s ve
A3t 7ol Agol Fol@ Polrh Bz & A7l 4AE 47} A= d4E
BEHE 2EE BT
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Design of the Complex Object Algebra for Enhancing Expressive Power

1.M E

(entity) 224 3t g AHEBT A2 So) AA E

Song Gy Young' - Bae Hae Young'!

~ ABSTRACT

A complex object model is one of the value based data model which exlends the exisling relational data model
for supporting complex structured data. This paper studics a method lor designing algebra for the complex ob-
joct model. For this some others® algebra supporling complex objects are compared and analysed in terms of the
applicability of algcbraic optimization strategics. The complex object algebra is designed, based on lour
prineiples, simple and clear definitions, no restriction on input data, single specification system.

The eentral naturc of this paper is to kecp the basis of algebraic optimization method through simplicity,
safcty and the applicability of algebraic optimization strategy. Finally, it is shown that the designed algebra has
the cquivallent or enhanced expressibility with others” algebra.

S8le] g =8 N H volele] H=, EAF A

e 253 BAEE L FEFOEA oA}
=2 H A AN g B4 delgr L A #AE dolel wd[1}2 gk F4 dolel mde 1

A delth, FAY dHeolgk RdoA, MAe FF

F=z Ee ALY -&?—i’é-‘% F-NEHRE & At EE 718 AHEste FEE 2, A =3L 29

AHjoin operation)® & AH = Jeh) = zte) =7

& FA olF oAt o2, BAY Holy B

2:98 A} A Z ok} . .
i il AYE dolekel $§RoklN 7 Bol A4
Ar:19959 109 49, MR 1996 84 29 ARG EdE 7, 2E NAE FEEAR
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ER TARE oAl g Heolg PHE ZEIR
2 A 5 EokllM aF=HE EF% Fx29 7)
AE mdRErede FAEST dAAY S38
2 AEE TZE e dASE deEds B8 A
ARIE FAR delgl 2d g o] RN ZE Y}
gsiAe A 1 G qEd e FdA F2F v
o] mo Psjof gt} o] AN B AHE 7
Aste AAE BRBA ] 98 HeolEE A
532, 7AA 214749 A (anomaly)7t SAse =, 4
AA A ZEE B 9nE Jehfi= B8 4A ¢
7 Qv Z FQ3ATHE]. =3 7]E2] A 5= A
A FA o] HolE, Fol #3He] 9oz H
g e AR 4 el AFEHA X, of
3] A | E(transitive closure), aggregates} e A4t
o] Hejxlo] A RerE FHEHE ¥}

B¢ A 22, 42 gt 4 deolg mEEA #
AR dveolgt mds FAstch F FAFE deolg
mde} A | BAE A9 A =P8 g5 €
deld JEGRHEE 9A4 & A g= 5T 44
E HA4gdozA AAY dolg AR ¢ £ol8
2 ERHen B ANE zdYPses £0E AT
g}, o]g} o] EEAQ EF A AdE A A
E7 ATE dHeole Rd& oA AAE Holg 2Y
I g2 2Eg md Y =1 E AR EFE 1E
9 dolgE 44 Rdgse A1TS AFAE,
2o1H o2 o)E dolete] g ESFA A9 He
719 % Bax ojof gt

AHgA7E Zg e Bl ARE Q] AL 2 FF H ol
E2 F&57] ¥ g9 dojghol2 A4
o2 78 FAF o2 HEe] a7Eh
AE do|els oA 2] Al A" (Relational DataBase
Management System:RDBMS)-2 A4 7@ ezH
88 =3¢l #A d4(relational algebra)& AHE-3
t}. ztzte] diejeldolX AAEL Fx Q44 of
57, o1F VAR THY AW AUR Apo]
2l g5 AAS AEE PEE o] 45 4] HY
A7He U= Aud Py, o9 Fo] FEFHe = ZF
Fon A dd NE F A HE g
RDBMS2] & 3ol

B9 AA P& A3 A dolet =4, 5, 6]

& A Ao A AR Avide % FAHG

2 7lEre] BEA4 dEof #AE dolet Bdg] A
tigo f&He drE At ol daes 34
e AgE FHHe A BES Basy 2%
o 729 Heoleld] it vhFg A& A Fahi).
I ol e FEH L FUEAAT #A
7} 7hA = <k 2 (safety), T/ (simplicity) &
A &HA] et

TA e 434S AT o84 13 T gye
=2 (first-order predicate logic)e] o]l 7|4l e =
T RE BEHe BN S0 2 A7 Lol
Aol HEE 2Adt 83 #A ddd =88
AL Bded ojns A4 7E dxdEg A
A FEU Ao TFS 2R FA 3o Qat
o HEA4E vt ofd e, A= UHS2
o] EAQl 7lyte] FE3] mlEEA ¢ FHeiy o
FE Helgtd F2F B4 g 444 9nzt
E3atc}3, 5. RDBMSH A o] &8 di$d Ao H
2 7IEe] Ade FA A7t AL e ¢34,
ol & Felr] g oY el fx
HA Zae deES o148 Al2YE do3 71y
8 HEo=E dolXxe HAFF o5& I Rt
wetA] B 4AE xet Fee) &3 A9 A
2 23 A ded A58 71ge] A Eo] Lol
ol e d77t 274k

$HE F¥, fl2E, B, w3 ZL s5) dlelet
2 56 24 9u g Jeld= I do]EHbulk data)
g 4 Ao YrFow G 74 #2454 o
& Fd I BE Art a7 ET. o]F %5
A 2] o] FAaHabstraction)= 13} =8 g o= =
BAHAND ot (619 T dole olE g i&
Aol g F43E B3 A4 (funtional form)Sl
2=} er(higher order form) = A& &sta 1A T,
dol B4 BHH A4 Agol Al glemz 3
A "ol o] & 5 A A o] H-Lo] BrHsscHIL

E =82 5§ AF 2 e) A A42 oy
o2 g4 BedE {3 T4 deA A
Az 7ige] Golg Y E AP EF AA =
4 #AAE Hojel RS &3¢ g T4 RdolL
Ed3Y #ole EF A4A 2= g g Eel
. B3 A 2dere] Ao E 2 5/ 4
A2 &, I doletelx, A Q4L doleH



ol w9l wlolgte] 22EGside effect)e] gl B+
2 5 4 Aok fas B3 A4 deleld @
FS A A4 el A vlojeke] Wk Xa o
dg #43E YAt BAL fAE. ol d
HEZ A o2 55 A4 dojete] A4 A4 4
e Q-¢7F o] FolA I QITHT, 8, 9]. o]5 B+ 9 7]
23 HZ W2 z2awy do BodlM HY
71€ Bl 85 74AE J484 =34 v o
B BYE A3y, ol5E 7H¥ ZE ¥H=E 3
T B AA ] AF T2Z Fdse At {4
& FEolth £ =EdAE s} fARE F W
& AHg-@h

€ =y 742 o4 2} 232 38 972
A B8 48 2ds] 7xe A4 BA4L Jedia,
FH @A dolet 24} 2 AH 2deA G
W4E B A4 4 ¥ d8 84, d5H
Hzst 7Y A8 S 7IEe R v I W) 3
FAME 53 A dE v she Qe 44
L L MG, AFETH L FAsE ¥A
o E3FHo 2 A4ke AWE 7W L HE4T 5 Ae
E% 4 dE g 434 e £ =E44
g B3} A s 71E FH A dolg
2ddA e & EE9, d+3 373 7)Y §9
A v, Hotdd 2o 5344 8¢ dert

2. @@ o7
21 S A oY
Z4 dojet mde BAE delg vd, 3
JAE dieojer 29 123 5% 4A dioje RS
Egdich. BAE dolel 2d(1]6A Faolde of
ERE go 71EgE 2= FF i)z, B4
A8 ATLS FHFHW), AA-), 2IE
(X), F&0D), 449(n9] d3dx= A} 23 &
A3 delel 2d[6]e] o4 JEARE gto
2 & g O E dEol i g HFE o=
+48d. & 24 FAY delel 2dg el
T4 fie 2FE ghd F9HA 43, FEIE
(relation of tuple set) = E3gv} ol d4x JAF
< 71E BA d8] A4z AR 2HE A
8] 7 715S $33= NEST/UNNEST d4tzlg2
T8t B3 AA deler md[5])e] AAe A5

TS SUE 2US S8 x| th5=0] AH 1357

T FE B9 FAAT FH 99 o2 741
i Age BUST, £ AA Atols) FR4e A
A FZE ZAMtraverse) e 24 P} g4 4
e Aoz FUE AR, TR A9A
£ T3, JgdEpowerse)F set-collapses 5
ok, B§F A s 78 d4AAE uhE A}
£33t 53 B4 di=re NEST/UNNEST d4=1&
83 B9 7M5Eid.

B E=EdM dAse U Ede 2 4 =
deo] Fx& £ 4L 7oz gt [4]9 B9
23 pde FEL P NEHARE o= 7
By, FEg, A#Le sesz AA F=A e
ol &3 & F4 delg Zdojtk £ o] Helet
nd.e #AY dele 2ds 54 2AY dolg 2
da] galold T2E 2T EFe

B =R E% A5 vde 228 YehllE=
Hold e JEARE gos B A At FE
Agos Ao HA= (g, e Boz +8
o g Ao, 432 v &S 9] of
EIHET A, Az, -, A =103, 259 77
Etgdo] Ty, Ta, -, Tad ®, 5 &L [An Ty, Ax:
Tz, -, An:Tul, €49 TS AE el (T2 dzh
bk @9, gk f@el v={Vvi}d d, 91« gL
FEUT AU A7 [A: V1, Al Vg, -, Agi V],
{Vi, Vy, -, Vo) 2 eldich B Ae A2 93
Adde 98 AA2EEH AFE +x=o gd AAE
xd&7] g8 F2 7349 AY #A4AE A
th (2" D 53 4F gde] XY ool . g
=59l O& 71 delg 8yl @< F& 744, @
< 3% +RAE 47 dERdn. & o] COM-
PANY E}g] ¢l2¥" . A(instance)= (NAME:w, AD-
DRESS:x)¢ F& FAWO[C]= JER] 2, PERSON
ElY] ¢l&¥A= (NAME: w, ADDRESS :x, PHONES
'y, EMPLOYER :2)9] & J§ @[T]= Jepict
COMPANIESE COMPANYS] Sl28E& FAHoz
4 ®[C]2, PERSONSE= PERSON ¢l2812 &<l
®[P]= eERd ).

A9 A B3 A o g P4 QA
AA F¥ A2-Aset operator), A TA A2k restr-
ucturing operator) 2 FAE ). JA{ A7 o9
712 99191 AY S AAS2 2ol F dakAlo]
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/ A
O © \© ©
NAME ADDRESS PHONES EMPLOYER

LN

NAME STREET CITY 7DIGIT PERSON

(32! 1) =& 2N EJY ‘PERSON'
(Fig. 1) Complex object type “PERSON”

=, AT AARE Aske A9} 2% 271 A9
Yol F28 WARE AWAIT Fozd 1)
g4 B89 729 A48 A9z dode A4
AsThe, ANE A4 AL oulw

22 th=2| 8w

B AL 3AY vole 2d-L s B
£ AYse 23 2AF deliet ndd [4lg] 2
A mddA B 44 A Qstr] 98 A4 7
E eSS N, 238 el E Ui &
H AAY dolel 2d-g Zjgo s F (1019 Hlse
$ FH #A g5 5 8, 1118 &8 FH #4 o
&, 283 B9 44 2de Jve g Fe U4 B
T A geelnh. ol F daE Zr) Y olaL 7
o 2 d g F4 dojel Rde g EHA dxS
olv], ti¢ 74 Ak}, H§ AN £ rxE ¢
Fe Wy, d53 A3 7Y L AFHAAN
Hl w2, 3Fect

221 534 BAY dole}l melle] g

H 43 =3 #AF o4 (non recursive nested re-
lational algebra)e]l A3AE FF E494 AFA4
Az T AF 432 UNION(), DIF-
FERENCE(—), CROS S-PRODUCT(x)2 & 74 5]
I o598 ofv| A diF{i]A o} F-d stk A7
’? 22= SELECT(e), PROJECT(xn), NEST(), UN-

NEST(wE T4 8. ©]% SELECT, PROJECT &
Pae ZA dpolA et 1 75 FUsch NEST,
UNNEST= 5% AAE x3sle (4424 g
otnl & Zh=H10)

NESTa—as(8): 8H 0|4 S¢] ojE2|HE 2 Ad

Z¥E REYHES ANT 28 dEGHE g

ol BYH FEEE ¢d 7FEZ FAHET, AE

IARE FF A THH FY9 JEAREYS

o] 2L F&Eo JEHFE A2l A Dol

UNNEST4+(S): NEST €14te] o ¢distoln] P o)

A 89 2 FEEe digd Y AL e e

ZHEA* divit 28 BES T4

ol & 5y EE QaAtSe] 71 2% gy
ol ghell tiAlA T A& & = Qe Folt) of
EQoZ oaf o] HEH Lol o] thak A
< UNNEST 944Z dH82 283 iz s
H das mEst, 48 % F, 902 NEST 9
422 A8 49 fA= AN ol Wy e
2 59 AA e £ 7= Adsiog, qEEe] 2
o 4342 AA 48 NEST, UNNEST g4t &
T ot oA HAH BHPNA BZgke ),
UNNEST, NEST €4t4t= Zb7] 283 08 |47
o] R Yo APHA 47 W E 0|5 £ g
T Addd= AE EE ALY ¢ gok. =28
NESTS} UNNEST 943} Alelo] o g4 A& o
a4z} g o]4 o] PNF(Partitioned Normal Form)
o] Aok =A[10]2 = of ). PNFE @ @4
oA oA 73S 24 g 28 dEdRES
£ 71EUE T HEARES Hroz oEs
ofgt ot AL 24 D A3A Helg Fxd o
g AleFS e ch

<& Z3 A4 th(recursive nested relational al-

gebra)[$, 11]= 8@ £ A7 di4s) Q42 74
L FAFHA T A4 4L FolEit)k. £ FH B
A dre] w8 dA4Re A2 $£2|(path expression)
Seg & ool =7 (scheme)2 AHEslA] 2o
yxd gl JEAREE ATz A+4
a2 BARE A st QURES &
g Heo e e o YA o) &
A& e A4 B =3 FH 4 g 2 89st
dE2znz A AHE AT 45 HE T34 44



o] £o]5}7] &tk [5]9] 7% PROJECT <44kA} 8n)
FH107HAY M2, 7 AeEE 2EW 95 98 F
2g AgsA ZE.

2.2.2 B3 A =l o} ol
[418] B 2 th(complex object algebra) A%tz}
= Y LA A4 a2 FAAED. 44
A2 UNION, INTERSECT, DIFFERENCE, CROSS-
PRODUCT=Z 74 HI, 2 vy AT o]E4 A9
| AdA guls} Fdsitk A+ A8 SET-
COLLAPSE, POWERSET, REPLACES 74 €t}
SET-COLLAPSE : ¥ A 4k=} 24 =2 $H(set of set)
o] #+oiF & o, V4 HFTS Fold vY AL
FA sk
POWERSET: 42t A ¢e] = ¥ AHS
A gt
REPLACEGy(S): 9 €442} 3 59] 2 fl4of o
& X ¥ o M| (replace specification) G& & &34
O 438 74 2422 de N2 JATE 44
Lig=
B3 A4 2de F3 @AY dolet 2dung =
WY $AE dols T2t B Bsn, g
3 724 doleE 2337 A 8 279
A7 A2t 8 +¥Ech REPLACE A4 |44
Z SELECT, PROJECT, COLLAPSE 7] %& %
Egete g AdAeld. 53 o) ¥gEA
REPLACE €1217he] %2 2 4-2 5| 8-go =X o]
HEZE gelolddd] dAME A7 932 7
o) 43 HH3 A A 298 v, REPLACE
QA g A4 B9 7)15S AlFsies dat
A w7t g A4 HlE AgF ez FHelAe B
4L MR 3 dAw, 44 JHs 35 wgde] 571
Aoy oz zHigch T3 REPLACE 9444 v
N RgE Jleste o AMgEle X8 P94e 29
HA ofr2) o F A4 e FeE AA R ¢l
7] W&ol o] X FAANE el 71PL AL
T Qo

3. 8 243 chse| Ay

WEd A 1Y Hgo] §old BE A4A U+

TS =ry

ey

A

PIot 25 20H( CH==2] MM 1359

2 QA A9 ZHAQ AT AR Fe
27T ATH AAAE A B GE
AVIE 2, AW ol A A2 FHel FH5a)
£ gAsolel Bt BE 9 Q%A dolgd g
A A0l glojok Bek. 249 13 AHE T ]
54 AA3% W9 B4 WA B AL ATA
auAe] BANYE ¢ & Aok WA A7 )
d Aol §ol8 B AA 94E B2 ANE
AFY AWAE EAN o2 YA ol Bk & @
Fo AYR AA 4AE B FIL T3 9
o 47 48& thgsh k.

&R 34 WA 5o B9 o] @Y G2
2 9ul7t A FRR ol ALk B A4 %)
2AFel TARES A el B, 3
B8 okt

@M&R F4 1A d4od AFY QA9 o]
9% dolet Faol tish A& THeh= A4l
BHY 9 EARE P Ada D
229 g A ool glojok o).

(3)71& 2§ A U5 REPLACE |34} 7+
o W7} Waol MY J1HE H8Y & fE
A2 TeAsel, AUAEE A1 YA R
#2¢ 40| 7hselok dtnl, A9 o]
A dedE Aol A Aok Bt

@S VAT VEA 25 3T ARREe
Y Et vh /1 AUAES) 29 Yok
gov), U453 245 719¢ 2AY o onlg]
£ QVA4ES BYL 2 P o} Bk o @
Fe 1E BY AA el B9 o) 2%
9 AHF AVATZE FAY U5olN B4
¥ EAYEE Te® Aolh

® eRANE olHF g Teistel, 23] B

H AFoA M 7 & e e A Ao 2A
AAs, A DL HEY + e BY A
&8 449

3.2 58 2

2 A7 dAE dre A Fo1A 4L 7
=0 A¥A 548 o4 2E v4(many-sorted al-
gebra)oj A o= @& Bl HFHE= 7 2EAT
GAAE0 FoEn}. o] B4 AAA volEE F
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, AY 5 EEY Y FHz L2t F
g fggt. FEA 54L A
2A AL 4 1A Aaxe 3™EE
Re®g, 32 A4z B8, vl d dads A48
AejE wE TR @I AddAs §LE S
AHggich o] 54& ZE diFe] B dig AA
g 7|vte s HEE T3S v

2 ApoA AT B 4A 4 dAAEL 2
18] FoA% BF AAE hde= s @it i
Zo] =& dioletgtd] wld el 718 444 7
g 9434, A A= vd A7 9
AL Aoz stog P A4 74 &3
o} o] g @A o) 27 ARG 71FE BA
F9] 71%5-g 3% 7e A¥/AE THPL

o o
Hy X

|

=3

o

ok

£ @ i

3.21 714 |A4A

<&, B4, 7&:9] 712 g 7€ ddAe
ApE QR+, —, #, /), ¥ d2HAAND, OR,
NOT), 4 d4A=, <, <=, >, >=, <>)& £
ook FER JEAl @ 5 vl A¥A=
==z JehE, P 2B4L €4 IA
(e)st =3 BAA(C)2 ehdt}

3.2.2 & 44%

& AdAR=s A4 QaAHTUPR), 2% 94ZHCON-
CAT), 2% APAHEXTRACTDS &gt 44 @
PAAHTUP (W) AEARETL a0l @AFko] vel
BZo g8 4% A8AHCONCATH, )= F
5Z 47 e 2EEY ARE @Y FF tnd 44
i} 22 AXIHEXTRACT.))E FF (S 7%
£ EIRE a9 @AL Wit

3.2.3 A da4

A A4A= A4 (SET), A R(UNION, DIFFER-
ENCE, PRODUCT), A 74 4<HCOLLAPSE, AP-
PLYTO, GROUP)Z FARET}. A% A4 A=
71& AA Qababel M9t 43} COLLAPSE(S)E
294 o4 2P JIE se T SAE A F
A7 AL 33T APPLYTORS)= 24 A4t
24 A s ZF Ao €44 EE 9F E
A%e wEYTH. GROUPKS)= A 89 & g4

|4t EE HE434 A2t S99 942 744
ATe v@gss 2A4 Jidelr) & Eo 2234
71EH A E Abdstd, AP SR A8 FUE
Fo AFae AAYSS B olFoE aFH3)

A8 Asle Be 2ok

LiveWhereWorkPeople =
select (x. ADDRESS =x.EMPLOYER.ADDRESS)
(PERSON)
group (x. ADDRESS)(LiveWhereWorkPeople)

25} AL (CITY, PERSON)S] M40 24, AF
A, B 2AZ TG ARES A g
ol T Ect

B4 A5 o] zh dadle) dAa g (2
@ 2ol vteht 2ok t, s, = 7 8, A% e,
23 A4 sde 47 veldt. o] F A7 4G A
2z4el SET(V)L 3t vE 4o 2 ol f47} vel
A/L g

ALY eaba) : num X num — num
=] da (bool) X bool = bool
#A 4447 : num X mum — bool
str X str — bool
o glz A=l t X t — bool
s b4 g — bool
e 4 bl s — bool
=3 A s Xx s — bool
FE 24 a9 ot
Z2y | t X ot — ot
22 dax : t - 7
Y 48 aux {Y:r = SE(z)
COLLAPSE : {ehr — {1}
APPLYTO : ~{g} — {r}
GROUP : {oxz} » {{oxz}
FILT : ¥ - 7 |unit

(28! 2) S A i AT B
(Fig. 2) The fuctionality of complex object algebra operators



324 27 A4R
AF7HA ZoE di A0S 2% g4 47
< et olHd 43R dF AAE §AE) g
2 AP ME =74 (predicate) & @Y Az
HFE FILT,(v= 2 3 vE Qa o} v
To] Zle¢d 224 < Grsch 2o A7 Folw
W vE WEEly 2¥A] god Y(NULL)LS w3
gl
CERESE
DY g G444 E,, Bl tial Ei0E;, Ei==
Ez, E €E;, E\CE2 ZA 20|t}
(0= w2 247
Q)99 F =74 P, QY 3l P AND Q, NOT
P =74 ol

3.2.5 71€} 4=
718t AAAES T I AAZE Yol Had @
AAEZ B sMsstz, B4 g 2oy A
€ 5 948 dIAEY 715e ¥ 29 Ewd )
T VAT 2 [BE B T4 B Ao HY
2 YT AogM, vhes o] Hejgr).
(B8] 2)7 e g4
(I)Intersection: ANB=A—(A—B)
(2) Selection : gg(S) = APPLY TOr1 reaneuS)
(3)Product: REL_PROD(A, B) =
APPLYTOconcAT(w, i) (A XB)
o] a, field, — EXTRACTreq (INPUT)
(4) Theta@ )join: REL_JOINg(A, B)=
APPLYTOrureaneun(APPLY TOconcattreta, feicsi{A X B))
ol W, @ fi{op)f; AND - AND f,_; {op)f,
°|X, (op)& H|E QA fiE ) Ui da
o]t}
(5) Tuple projection:M . ... u(T)
=CONCAT(TUP({,), CONCAT(--, TUP(f.))
(6) Projection: REL_PROI(S) = APPLY T Ontinpup (S)
©] o}, ¢ Tuple Projection?] fj, ---, f, o] T}
(N Constant : CONSTANT(V) =v
(8) Pairing : PAI RWITH(Obj, 8)=APPLYTOconcAT
(TUPIGL, TUPONEUTH(S)

Q47 49F INPUTS APPLYTO, GROUP,

Eia STHS QIS 28 208 0] 42 1361

FILTS] 23} Aaate] w7 ¥ dateo] Agse
vl D (binding) WA AL} wloler QY
ol 4§ JeEpd o INPUTo ol 2 2§ W9 &
3 Q2o AHEE HEHRE o Fol A ds A
Ao A2 Uk

4. H|m 9 B}

£ HE g BB 5 QUAT 201N 2
¥ G U4 $50 TUYS 2o, 05
¥ =g HAY U+ AR d4 AFy
el ol golghg naTh

41 o] T

YRR i ANRTe] YESHE 4L Ho)
gl o] 2o AAE Hojgt AR P29 tE Py
o} dlole} APL 2 ARAFE Folek ti4 At
A% $2 DF6E QAAEE 4R dade
FEEe] $Aolth gty Aold T 4] ¥RY
S Holy] HeAE UL PASE g4 AdA
3 399 §44¢ 2 AR £ 92
AR F)ol NE Bl EQ AEHe B
o At £F Yoo T P+ $A4L 5 99
3} FHYL 2% 359 99 Ul BE 920 @
= F4gel 2ohs 2.2 BES oA

B A7 HAF e 9974 THge 214
8 83 A% 2de) B4 A Yo 2R YA4E
= dolguo) ot} Wl ZF BA gldst B
EEAA A9 B AH g gy REHes
222 AAH e FEO) G973 gL D=l

[4. 5, 10, 11]9] B3 A g 58 A4 g
AR HY L o7t YAT FEF FHALS
Feth o) W= Ao 2A (1019 Y4E ALe
T & A7 AAS Q57 (1008 q2 FEY
AXN A F5H |2 FASS Yo e AR
gl 4% HAZ AZE 2, 10904 7128 o
& AR FpAT B =R Aty 5 Ay
Ao g44o) TIFE RYewA AL g4
o] A o] 24, 5, 10, 117} TEFL nY.

(1)-(5) UNION, DIFFERNCE, CROSS-PRODUCT,
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SELECT, PROJECT:
£ AN A FY ol Fe) AUAES
P40l 2k,

{6) NEST;—24(S) = APPLYTOg(PATRWITH(S,
REL_PROJ,(S))
e {gx1t—{ox{1}10o2 Fd3c}.
E=CONCAT(TUPI(EXT2(INPUT)),
TUP24(REL_PROI(sp(EXT,(INPUT))))
P— EXTRACT(INPUT(1)) = EXTRACT(INPUT)

(7) UNNEST:x(S) = COLLAPSE(APPLYTOKS))
g2 (ox{t}} =~ {oxr} o= Fd3t.
E—PAIRWITH(EXTRACT (INPUT), EXTRACT:
(INPUT))

a2 == 2X 3 7Y

oA RE £ 794 4AF G5t G drEEd
vlef A HHE 71ds] FHol o GolEE ud
o} B8 23 dioes) vlaslr] 98 (29 309 ¥
doldg st} (29 3)E =Hles 84, F
AR T A84 (1), Q= Y 43 Iy eld R4S
A+=th

(Dva—a ((alvp T aapr(uc(R: < R2)))) D<I Rs)

(2)vp~cll a,5,p, Fpclva—a(ua(R1 DA Ra)) DA R))
¥4 R1& R2E} R3% dAHE FEFIF F
Lo RIS RIEZ UA &Qde 44207l H &
3ot} vla# F3 TA digolA Lyelug] 7}
Z A gl did £ 9492 ¢ Qo] JHHtl
e} i EE el gkl e &l 94 NEST
AIAE XHeokste o, £ dS4AHDDE
NESTQ4bA1 8} mgto] 4gEA] geug A44(1)
2R 7 28 & gk whg, B w24 Algt
T dellA e NESTE A E] =Eglel EE €9
o] ghol tisk FR AL YUY ¢ YouF 4
EAZ g4 etk A ¥ |3 e d
242 (3), (4)o]th

(3)APPLYTOna',p,c, n.Fanpun(REL_JOINg (R}, R2), Ra))
olff, @1—R,.C=R.C ©2—T, .A"A=R;.A
Ti— REL_JOINg (R, Rz}
R;.C— EXTRACTR: c(INPUT)

R2.C— EXTRACTg2c(INPUT)
T1.A"A—EXTRACTA(TL.A")
R3.A— EXTRACT Rz A(INPUT)
Sk, IIA"B.C.D.F
A’ = EXTRACTA(INPUT)
B—+ EXTRACTs(INPUT)
C.D—EXTRACT(C)
F-+EXTRACTHINPUT)
(4) APPLYTOga- 5. . . Funeun{REL_JOINg2(REL_JOINg,
{Ry, Ra}, RY)
olnf, @;—R;.AA=R3.A @;—+T1.C=R,.C
Ti~+REL_JOINg(R;, R3)
Ri. A’ A—EXTRACTA(R.A")

=

Ra.A— EXTRACTriA(INPUT)
T,.C—EXTRAC (INPUT)
R2.A— EXTRACTr2c(INPUT)
Rl RZ B M
AT Cc (o] A7 c
A Y F —— B +—F
A D | E D|E IR D
bl dtfet aja | o4 blﬂ
a2)e2 dz2lez
E! b2 ||a1 el |ez]ez || 22
d2)el
d2le2 [ 3
“
=] "
»

(= 3) oflx| 2lyjo]M
(Fig 3) Example relations

A1), Qg TLE ArE vdehllE 8 F
F A G52 FA4d G442 6), (Bl

(%) DA@(A’, B, C(D), FXD<(R1, R2)))(A), R3)

® (A", B, C(D), FXP><(PARI(AY), R3), R2))

A4y (62 (92 FE fol8A frz T e
o, o] o F4" FHL &7] A= S84 Wl
THE Q4R o9z el 27 =g et
e Bt Fge]l a3t £8 ] #A o



o) AaAeA AYste ANE FHL AR ol
gox gold 23 o det LG FHl A
0§17l g &elrt. 22} E AN AR R
FAE 944 3)2z2 FE 944 @E RfEde
& olzjg 27k ZYe] a¢HA e S,
B =RoA AgE dFE Y Q84 @ A
g 73 28 dd ol 2310 disf d&d By
o7 AgdErt
¥4 (g 99 Holetol A /M ET.

Student
{[Name:str Dept:[Name:str Floor:num] Addr:Str]}

Department
{[Name:str Floor:num Emplayees:([Name'str Salary:numl}l}

Employee
{Name'str Dept:[Name:str Floor:num] Salary:num Posst]}

(32 4) oflA| H|OfEtH|O| 2 : UNIVERSITY
(Fig- 4) Example database : UNIVERSITY

AN (DR “5Fo AT &t Y oL 2
5 ek Ao 48] B AN 5= 388
dojr}. A44R)E £ #9494 4A% U= 71E
T A4 elth

(7) REPLACE; iamey(REPLACE iF 1.00R - s TEN 5)(Stadent))

Q32D vlolA Mol 753 A] AT, A4t
A(6)e wiA WEEA glf QL AgEE v
o 9ad A= AF 7l ol s 3
F RE A4 e Aol @ ved T3 st
28 23 Q5dME 42 58 Sl

(8) APPLY TOmuameaneur{APPLY TORLoFL00RDEPT =5

orrn{Student))

(9) APPLY TOname(FIL Tarroorimert) - soerm(Student)

g |4243), @), 2 Ry B 474 44
57t 2189 dE vlE 53 HF5 /e
Hgol Bl folge & AUtk

5.4 E

B efdAe 28 44 mdo A4 4ds gy
o2 5d HA3 71Ye] Hgol Lol¥ 57 AA

TEE SOIS QIS =8 WA Ch50 M 1363

W48 AA Y B BEA, dole 73 o
FAA, gd EH A 4A gL shgtes
AAE g4 A¥sE dojekd dg AE Az
o2, 2 FA% AdA, A4 L 9y ddRE
e =3 A4, B AAE Q9 S 34 o
T A4 Al Q4R FAHBT B =EdA
A d-2 B T3 o8 v mEd, NEST
AIAE AFREA g2 WER d#l o4 gol gg
Q A48 ZEE T Qlens Gt iges A
A44 2 7jed ¢ A 23 £ £33 B o
o Hlastd, Ao HHFEE AF Ad F39L
Ao} B Akl Yol A7) TR wE)
£ Wye] BEd. a2} B =/ AdE g5
t RE ZHolA 23] da] dAE wPgez Ay
g o] Aadct 3 E =FoA AgE o
7t 1€ S N o, 5T ERH L AT
B4 HA3 78 Fgol o Folge BT

go=y Fo JHE G TS AL A4,
€ =AM AtE d4e] ik Alole] Agse
49 @A HAHE g FF @E FIHL AgH
k. g5 W3 FEHL FA dFdAe FAEEA T
W AR daddg FHsaase 2k dA(E
o A AU 7L Tk g, A7 €A
e 48 A dsdAy &5 98 73E4 54
T Y& s 35 HWE 732 Agg 9, v
£ wdd Autg E 249 A3 7 gel g
A7t s7drt. dojeld o] A ddte] FH syt
HA g deol A3 AL ™ e @nl
AN FEF, QY23 £XF 54 P o
EEoE2 F&4o] BAE u2 2dd 7|e F
3l Aye 977t €Y

o PN
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