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Abstract Many object query languages including OQL(the query language proposed by the
ODMG) allow query block to be nested in any clause: select clause, from clause and where clause.
The processing of nested queries can affect the performance of its query processor, Therefore, an OQL
query processor should have effective optimizing techniques for nested queries. This paper designs and
implements a new framework of an unnesting front-end for an OQL query processor. This unnesting
module can minimize implementation overhead when developing a new OQL processor or extending
an existing query processor to be equipped with an unnesting facility. This is accomplished by
separation between logical algebra operators used in an unnesting front-end and ones in a query
optimizer.
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A F2 ATHAE HHolth o] WM SQLY
Z3 ddE &9 AY(oin query)E WHEs= L1g
B2 AHsle, 3 AdE F4sstna Q2]
o] ¥ }Fojr A= d¥ COUNT H[3]E
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dolgl BES d#HA 9E ¢ e, OQLY o
&3 dlolgl edd A quantifier) 2 FA I
(aggregates function)E& EF Eko|= HZzgHo
2 e HElg 4 doe Aol ok Exols
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Aol AAHA B FH TRe =7 df 48
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2. 20l HZ2#M M (monoid com-
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A3, OQLTS T AA AdojelN AFsie 7sE
£ g olE(set theory)ol Z|HIg HAAF ol
(relational theory)22& AUYE A Y717t JEoH
I 9k dE Eof, OQLAAM A Hdle FAdHset), W
(bag), B£E(list), WA array) T ohFs 94 8
JE, AFEL TH 729 A9, vxr=9 AY Fol
Utk olol tigt AT AAE Ho] Bol= F4
(monoid calculus)[10] o]t} M BE 94 g9
€ FolE(moncidiEle WF FRE OlEToEN,
OQLeA AgsE= dudd BYES J3HA &
glon, 3 Eirol= i o= HA=WHo|gt
t 594 Brges BEFo2A, OQLe] 7RE F
o Aol(orthogonal language)2X9 EAS 7z wtg3)
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2.1 B250|=(monoid)

202 M(monoid, M)< 359A(identity, zero™),
@9 L (unit  function, wnit®), W FF(merge
function, merge) & FHLAZ = U =
2, (zero™, unitM, mergeM)9) Zrol Eo)gTh A7)A,
@9 e wnit?e A2 B9 AAE W4she T
2 949 3% 94 sz Y YRS AYe
@52 B 5 vk HY T merge”L zernd” S
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Y% 2ol =(primitive monoid)&m Ft}r AF 1, 2,
3¢ 9422 e A5 JAYL Hwol=g FAIE
FFEL AR o3 2ol 7A4E £ itk
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merge “(unit** (1), merge *(unit = (2), unit *(3)))
={pu21V{3»=11.2,3)
2.2 250lE HZ2|$HM(monoid comprehension)
Brols  Me] g Eiolc ’én“ﬂi"ﬂ%
Ml q,....q}8 BB E73Ch G714, he
g3Ae Hal¥(head)dta 3W, ¢, ..., a4
sekn g Diﬂ-t%: z7FdA BAE =3
BE3= AHES dF JI) EFAZ o FE
AE YA gﬁi—_}e gt 2ARE 3A Us
o Z2AAqualifier) 2 FAE T}

T -
e r\
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oW flr mo BN
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o W4 AAANgenerator): v — EY FEE 7FA 1
Kew, 24 E7} E?ﬁf}‘“ BAE A4S
vell BiQIg A7 d8e F

o 3 FAHfilter predlcate)- Wy dAAA
AA) 73 ulgE W g z2R4e He
gl FlA ARAJRAE Bk

A% Exol=d gt BEwolz HEAAY & o

£ SolRd oS gk

set {_p. name | 2 o Smdmzzs _b.age < 20}
w3y d4Ax  z2A¥AR

o714, StudentsE & AAEL] JFolgtn dot
H o9 AdAe FAE Z}Z%— Wy poll wiIFGAA,
p.age < 20& UFse AANES AH G2 Forh
i, ©] Wi pnameclZE —’r—é‘% At dnp g

T 204 vty SAES] ool XHHEE Fct o
Zo| Brolt AmAYPHG o8&, ZAR HAL
ZAES UEI}E AANERZ TAHE HEe 3EY +
R, Birol= ALAWPA YA HeJe o=
Az foz w¥V}

2.3 20| Hze[giM siAMat oL Fe|

ol AHEHAM ML Yol A3 miole
e dlE FRE nge g o EAE ulg) 2ol
Brxolze] T QAET Folz HuEPPdes 7

A
oy H
o ¢ A
o ¢ A: Z2A M (projection)
® (A =e,..., A,=e,> H3E A2}

® o,®ey Q={=,{>, <,2,#}
® zero™: FFH
® ™ T d

® merge'(e;,ep): HE I

® Mel gy, ....q.0 AZHIA

o) ZA ABo" Eic’\‘: AzRR ¥ 0QL A
ool AFse & ZE & wgstn 7] WEel,
OQL #A9g Exol= %‘Ea?ﬂ’ﬂ oz WwEsr)v}
Ads] 43t dutH o2 select-from-where T
22 Ad OQL #Hoje Rirol= Hxedd & A
|3t g¥ o] ok FHEgRxozm P
4 Utk
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select E, oo
from x; in Ei, ..., x, in E,
where E,.»

= bag{E e | %) < Ey, ..., Xn < By Eppegd

OQL F99 selectd@e Bixol= A Mo o
o) 3, fromdL Hicol= Axg Yol ]:‘ﬂ;
4 AZA}, wherede Zxolt AEZPH 23
Bl @k FAHY OQL HdE Rkol= ZjE
AR NI o the Ak

gL

select e.name
from e in Employees
where e.salary > 200

— bagle.name | e — Employees, e.salary > 200}

0QLE Bxol= HEPHoz uE: Ao BH
uoh (A Yge F2g Fusy) wan,

£ X HA

Qo AHE A ol9dox Biol= AXFIAM 3
AL OQLAA 715d o27ta] o] Qe A
Yo addoz FAF 4+ ok "M, AR o
g3 OQL A9t ¥ Exolt= HEZPM Fyo=z
o] uiE ez EA%, 1 g2 Fis
(normalization) #AE B3 Ho dstn HFIH
Helol Rxol= HAEPA S4E AA Fcth OQLe
A vehds 3 dey dFe o HAFE B8 53
F27F AAEY, selectdoA YEuys AR H
of A%g di$ ¥F HPoIA AABC

3.1 B2x0|E M9 H7sl

ErolE M s LiEE(normalization
algorithm)elg} Eele W 73S AMRsd Awsd
Bell(canonical form)Z ¥}AA Hoh 128 1o A3t
duEES AEdr Jot

ExolE e FFde Exolt ez RHP
3 AdeA FEH 849 T 7T AR E 3]““
3 AAGe 2N og G FH AA FHUL F
28tA)7) e 1 3 o] it

selectd & #1913 from2 T whereds 54 F=2=
of A3t HH L B3 & AAHA, ol Uds) B
ol= FAe] Wy dFxet 27 AR SHE He
7} AGAA gk gEbd, og gAldNE segR
(head)o] UEI}E selectd ] 33 F27e Hahd
Hrh

A AFE AA A 63 A 1 3(20002)

A4 1 Mel g0 zero”, s} = zero™
& 2% M{elqvﬁumt(e)s}
%M{el 7, v=¢s)

8 3 Mel g0« merge™(er, ey), S} _
— merge(M{e| q,v < e,’s),
Mel g0 — e, s))

& 4 (A =e,..., A,=e> A, — e

#4 5 Me| g v Ne | 7,3

— Me| q,7,v=¢,3)
4 6 Me| g, some{pred | 7,5}

— Mlel g, 7, pred, s}

(2, ¢=aq...., dwn 20, ¢;Z271A)
a9 1 73 E28lE(normalization algorithm)
ag 19] 73 1L ¥ dEAe mrdle] A
Atole B Azxe Fxyd THAFYE A9Ely, #F
F 2e ¥s d2AY Eﬂﬂ?l—] Q29 AF7}
73—%%—’:‘ A HFE i 922 JF @Y 5+ 2
28 % 94“1?'{“4. ﬁL—I 3 017“ 7&42 T éﬁl-@i
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= =3 5@“3] ’9_01] 31
£HEe 7EOE olF F3 ??ﬂ Ao} FH FERE
AAG 4 Aok e AR YAE 72 58 47
3l7] % S OQL Agelt}
select distinct 4. address
from ks in (select c. hotels
from ¢ in Cities
where c.name=""Seoul "),
h in ks
where h.name=""Hilton'’
A A= fromAo 3 FIE Az YoeH, &
ol AzmIAdoz HEAM H AFE dndFe
74 5% A48 08 2o AR B8 & ATk

set{ h. address |hs — baglc. hotels | ¢ «— Cities,

=""Seoul '},

h < hs, h.name=""Hilton"'}

—sel{ h.address |c — Cities, c.name=""Seoul’,
h < c.hotels, h.name=""Hilton' "}

33818 Bl Pz AP 0QL A
dE tew gor), FRHow BHS YuS 7Y
5% AgFo=H OQL Asde] WER 33 722 A
Ag %+ Ak

select distinct #.address
from c¢ in Cities, k in c. hotels
where ¢.name=""Seoul ", h.name=""Hilton"

4. OQL &eo| Ma|7|
2] A AL Fe A} chazre Aol



OQL A9 XA/ AV 32 ) T2 AAS AN 25 44 L 7 15

PPe dAdes 19 29 #3& AXA dok A
22471 4¥% AYZRE Ay #2 Ed(parse
tree)E A% H, ek dHolgtg <]83t B AHAL
E F83o st AT AAAE U oS, U5
HE 4L AXNIM =8 I (logical algebra
expression)& A3 Btk ol A9 A ¢
A 8] t$=2)(physical algebra expression)2& W3
gt 5 HF3tE Ao 43 A¥(query execution plan)
< A3, A9 F9718 AA AT 29 AnE A
&3 €tk

oQL nested algebra algebraic
et
[ parser H (ypecheckingH . Hoptimizerl——l emcutorl]
/
/ SQL
N source-1eve

a9 2 71E A9 HEredAe 2ol AE 3 % F
3 29 H9

oy 2¢ 2& AYE AXe JE 29 HY7)NA
€ BE og TR diez 3 AYE AHsu
gk -4 A 3 SQL FE A3 f8 A8
HE Yoz Fojo] &2 FEAAM U 73 AL
st F3 FXE AASI, ol¥A FH 727 AAL
Ade 71E A9 A9 ¥Agle] 2F AL 7be
stk 8lAjgE, o] WA SQLAA FE AMSHW e
old} OQLAA APt Gl3 Feje] T4 29 7=
E3] select@3} fromdo Uelhje= FH Ao 7R
E A7 77l ok

FHAZE 4A 2E A3 dFEY 39 A
grlMAd, F3H AYE ¥ Fel(internal
representation) 2 ¥ &sle FAAM T4 did AR
ES AMgshes Wle] sled, o8 $3 dif JidRE
L FH FRE UF A FEM IH 288 +
k. Fel FHFY EEoAMe= $FH di2(nested
algebra expression)< Yoz ol F3H uld
2EE S FERE AAIL A, 712 TEH
AE Y He 2l F31 F2 AA J5E A= FU)
7] HAslMe olv Foso] e Ui dARES F
A o GUAEE AdAsk 39, =% F34 d54
o] 33 FEE AAsTH AHEHe AE F3o) 43
3 B33, ARFo2 FHTE AAE AYAE F

23 259 Be wWHo) Yasi
I m%:{xlﬁcnj_-{ W‘imimri——-Ex_nm_lo:g
[ normatzasion |

29 3 mxols FLIAM A4S H8¥ QL 4
SEDEE:

typechecking

¢ 3& ko= AzAM ML HE&F OQL
49 A7 29 A HAelth Exolm FxAA
A Mg Aestd dibdo g dga e A9 A
#3E AAA ok
L 34 OQL g st Riol= sj4g ¥
B BE BHeR WP o] |, Eiol=d
FRE dod 7 e FEo TN 5 Qo
OQLE Exol= 4oz wlsle Zol #sjA
€ FEd A3 dHse] Atk
2. B9l Ak Exol= #dd] disf By HAE 5
P3lz, AGANA o= FFE UobiA
£ o] ATk, o FHAA @k
3. Aitsk Ao YA %7t glel HH, 19
1 4Ad Awe dxdE TFHES HE8
BExol= 34E st
4. =39 dg 4¢: FFsE Bxolm HHozRE
3 diF QWAL AN =8 diedog W
g}
5 Az % 29 =7 dFHe 29 dFHe=
HEE § olF 7 uigo] & RAE HdYgsio &
ikissd

4.1 58 F= HAHE H9
front-end)

ag 29 FRE HAHYY| gF JAF RES)
AN AMgEE = dg QA AEke F
I Qle], 17 33 2 T FF3) JiHe HA
3 m5o AR $Ho] Erimict oleg A F
B3yl 93 53 7% AALE A9 ZE(unnesting
front-end)& AHE-S ¥ 49 FRAXE a9 39 =
g i W RES 1A =g dif W3l 289 23
=g U4 Ag TEE g 13 =9 dis ag
EgdAMe AANY =8 df RS SPHLR
AAE 7 =8 diF dMAE ASEY $7 =g

TS AR, 23 =8 Ui ¥ EEorxs o
F7 =7 U5 S =9 dig JARE JF3)

BE(unnesting
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.

i
i | optimizer H execunEl
H

i

!

i

b

EHL- unnesting front-end

a8 4 3 72 AAE WY 2 E(unnesting front-end)

9] =g df AAE HEI gATE, 1Y 49
2H 7= AAL A ZEL HF3) EHHA F
Y ggae AAE D, 22 =g df P REL
o] 7t =g U4 Y3k HAgr)d gt =g
2oz Wgs F& Aok olEA FozH, 2%
=2 g " 2L 2 7= AAL A 25

Aate A8 ABAI|E olw &L 3, FAl
o HHslr)e] =7 g Aibxte] WHE Haslghe
ZA AA7E Fgsted gazs £5s Y 4+ 3
A He Rtk g2 FH F2 AAE HY RES
Aegk de] Azlr)e Ay FAe|ch
. 34 9 Bxol= AEZAAM dHoze] W
OQL AT #Asle Riols AxIAM 4
< W3 g2 2 T4 A, Rwo]
T FHE AR F e 2R UL F Ue
g, ol By A A A sfiAgn
2. €9] A 2 ol AWM N nek
Exol= A=A HHor HHE 32 E
o dish &) AAE 331z, AN FRE
AR 2§ Eiol=rt UATHE o] g A
A
3. A3k o] HAANME B HAE #l3 2ol
= AEHPR SN g Bl HzeIA
Atstel 214 AslE RIEFHSE £33y
ArelE e Hieol= HuHPM g w
1=
(1) Bxol= HEAXA A53Hmonoid compre-
hension normalization): ©] #FAMe Y
AAE R Bxol= HARWA s dis
a9 19 Fqst €385 A83 Y
HHe] Bixole AxAA oS e
(2) =74 AJtsHpredicate normalization): ©]

Ao Brole Axy@Mde] = FFYx}
o X3¢ oy ZHA2EL DNF(disjunctive

normal form) |2 HE3c}) o] HAFoA OR
B EX0lB9 mergeS B theat o] A

g Aoz ulpA "ok

M{ € hoad | egenemtors, epredl or eprecﬂ}

M,
— merge” (Mo | Egomorators €orea)s
M{ €head | egeneratons ep«edZ))

(D 1A =2 d4 ¥WEk AFstd 2ol H=g
P4 e F7 = d4 d4HAHintermediate
logical algebraic operator)& AM3sle =71 =
g d4E A8

(2) 28 =¥ dF "4 F =9 dFHezrg
AA =8 tiF QAAE AHREY HE =8 o
FAES A

5 HAF3 2 43 23 = Ui EF 3PS AR

AT HAF =g dede gd¥gez ol 59
g A4 F BES Adsld e A9
AZL At o5 APFr}

4.2 1% =d| Cfj5 @ 2% =2 i et
ZH] 72 AAL Y 28 Ao HHE 2E
geye HiFdr YsiMe B¢ =8 U a4
o AA =g dig At W 7L s F
oF &tm, 3t =g uF AitAe FFstax e A
o Azt AEdte =8 de INES FF 2H
g 4 ATE MAlsks Aol uiEsit $H 7= A
Ag A EEo] 13 = ug AN AMdse 2
7 =8 g ASAEY] FF9 4 dAREY oue

o3 gow o= [12]8 F=dArh

o get: 1z =& dig W] 1F HE HEHE
Az WAV A Ag AZHANgenerator)e] =7
Q(domain) B-¥o] JAHE(extent)d AL A}
23},

e join: AT3E FHAzAA 71F dFe) A&
W dZd2Kgenerator)?] =W ¢ (domain) F-&£0]
] ~Hl E(extent)ql -5 AME-EL

e reduce: 13 =8 g W] Wl opAY Ao
A e AR HEEAAe e R(head)
& HEY o AE3

e nestt AZFWAMo] FHEH Ue Ao o F
A FERE AASE FPAM AEEHY F=2

2) 237 Az A%, @ ATV oA B
el EARY. o A9 2] AzBA B 13
w2 W5 Aol o)At
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select# wheredoX &4 Fx& /1A 9l
© Z9je] AS o] AxAt A

e unnest: AT3E AT G A= ¢
2§ Hg AdxHgenerator)?) Ew S domain)
BRol BAEH(path expression)q] 72$(fromd
oA W] =ul(domain)o] ZAZAog EEH
B Al A

27 w2 Ud ABE 14 v o wae Ane
Qoir 37 =Y e Ao HAs mEelA A4
she w2 dedes WBeRe, oeby Ao A3
5o 34 72 AAE A9 REold AddE 2
At A 9P WA @l Ak ole] 4 7= A
A% A9 nFo| AFsHe 4A FEoIth

&
5. HE Al
2

=24 783 T 7R AAE A9 mEL

=7} A AR A2(NGIS, National Geographic
Information System)olA sfdt 2ol 7 MA=)gE o
olgio]~ #E] Al2=¥IQ) OMEGA(Object Manage-
ment systEm for Geo-spatial Applications)®] #¢)
Al 7)o AHEEATE OMEGA Al2E9] Ao} 227
= ¥ R AE AYE 5 Y o, o4
of 4 Hog AT F U=RF A=HE e
HGoA B =59 FH 7F AAE 09 ng& At
&3t

5.1 SOQL &Q| Xa|7|

OMEGA Aj2Flel Aol AH7ldXe 3¢ A4 A
9& s OQLE: S T A FHejoid
SOQL(Spatial Object Query Language)[13]& 22jo]
2 ARSI, o] SOQLS FZF AA di(SOA,
Spatial Object Algebra)[13]& 7]¥tez 245}

unnesting front-end 2nd algebra optimizer
transformation
o — >
R
Exl
[
P !
[P S % (j
T
/ v intettnediate ]
parsing nommalization algebia tice final SOA tice cxccutor

typechecking 1st algebra

transformation
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3) 1993d 1€ #4539 NGIS 7€ A2 Ad'e] DB E(toal) 5
A e F7F AA #@2] A2 sHEdevelopment of
spatial object management system) A& ZA) A At

¥ 55 OMEGAS Ze] AMe7ldxe] Ao AF
AL B3 gk $4 722 AAE Y BEY 1
2 A WE AZE AXEA S0 =8 s 4
A =Y, ole 23 uig W AL AXUA SOA E
22 AP} o W), £ =¢ diF4e FH= F
7+ =8 g daAEL SOA EJE FAshE SOA
F AMAER Agdr g SOA ERE 748
=8 g daAEY dRE AT Ak SOQL
o] AEr)e] HHd BErMe= SOA dF AIAE
£ A4, 13 di WE RPN AHEHE $3
g g AAAE] EAd) M O I
* GET: 319 94¥< 7FA0, o] 48 dig &~
719H(schema) FEE @S Uk 43 g
HAE(input extent)ol &3he EZE AAES 49
d9goz go E<ith
e SELECT: /49 94 71A™, A9 234
(selection predicate)-& 7FA 2 3t A o)
8 2714& WSk AAETS JYs 1 4
#E W(bag) ez g3l #A4 d4e

o o &

‘select’” A9} wIEsAYE YYo=z ¥
(set)®gt ohugl, ®i(bag), BXE(list), @i

(array) EFlo] B5F 7b5sich
e JOIN: F79] ¢948& 7[AH, & 2ZA4(oin
predicate) S 7FX 9tk FHY Aol HIs}
= 2dXA02RE %9 ZAAX(join predicate)S
W& A9 HA(attribute) S EF E{E}
= A2 AAE AP o) A9 H(bag)
< vHEgin.

['

€ AAES 29 g9o= glo] ]Itk
(path)ll 23 = BE SAE
I 9l

e PROJECT: 39 ¢¥gg& /M9, Z=2HE
(project) &4E59 €2=EE FAh OQLe]
1} SOQLSY select@olAe g9 40| & &
UeEE & #2EM U499 $£4g XAY
& U=E A=A

e NEST: 719 488 71X, 489 Hd &4
(flat attribute) a8 FH(nest)AH ZFEH e
9 &4 o' Ve FHAHCE HIAYY F3
#AAE dolel Sd(nested relational data
model)[14] 9] 'nest’ Q4kAle} FUd

e UNNEST: NEST $4kzte] ol sjgsin, ¢
g ZHA gslel &4 oF U S4(flat
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attribute) a'& 7HAE FHH 02 WA} o)A
gAl, $H IAY dojel R4 ‘unnest’ d4H
28} FYs}e
A FA3re 23 uig W9 AU SOA Ed
£ dgog ol HA Ee| dgHE wEY] 47
2 ¥AEY% OMEGA A" A9 HAr=
Volcano A3} A4 7)(optimizer generator)[15]S A}
£3i}.
5.2 OQL &9| AM2[2|0|M2] i est
SOQL Al X7l 13 =8 g 9§ 33
2 423894 29% AF 53, 4239 F =€
4 dAER 749 U s Ed(intermediate
algebra tree)g& TEC] Wk 23 =g v HE A
M o FT U= EY FT g JAREES
SOA FAMAEZ A@g SOA U+ EE AT}
¢ =8 df JAAES EF 2A4E XY ¢
7] HE 2AYe] WER 7 =8 dif s
€ SOA €4A=2 WEg u= w=A] SELECT SOA
AAAE FUEiA Rk dE Bol, A4S WEdE
get FU =8 Ui dAeE SOA A
SELECT$¢ GETZ #H@dy. thge 27 =3 diF
4& SOA U EZ HEste A3 e Moz 4
Hatm glon, 2ANL UTsA ge 7 =7 dF
ABAE SOA 9dxz ¥@¥ w= SELECT7 A
g}

get — GET(-SELECT)

join — (SELECT-)JOIN
reduce — (SELECT-)PROJECT
nest — (SELECT-)NEST
unnest — (SELECT-)UNNEST
24 (path expression) — MAT

a% 62 SOQL WelE Az 5o} A7 HHL A
A FdE B 3 gov], 1 olFe ke W W
Hge 23 79 4ol ik

select struct(E e,
M (select ¢
from ¢ in e.children
where c.age > 18))
from e in Employees
where e.name=""KilDong"

— bag{{E e, Mbag{c | ¢ — e.childven, c.age)>18}>|
e «— Employees, e.name=""KilDong '}

1% 6 SOQL JAst Fsld Rxol= FxHIA

PROJ(Ewe, M: temp)

|
]
reduce(E:e, M: temp) et ':
e + SELECT(c.age > 18)

%

nest (c,c.age> 15)""

—_— MAT c: echildren

unnest(a.children)

get (Employees:e, e.name = " KilDong*) !
.. SELECT (e.name = "Kildong") |
1

E GET Employees: e i

............................

After the 1st algebra transformation After the 2nd algebra transformation

2" 7 2Y 6 dAle 134 % 2% =2 dig Wg A7

6. 48 ¥ g% o7 A&

OQLE HIZE% HT9o AA Aol uiE 33
AoE Ag¥sta glew, SQLE 2y AU Ao
Fagel AREA FH TRE F&3x Yok oI
v, 3 2de A9 Are 433 R#IE /A
F de 7F, A A AMrls dod x¥¢d 53
TZE AA%, ol T3 FH 498 B} 5830
2 AT & =R USR] ueke JiAT glojok
gt B ole), A FH FEE AASA BRI
A9 AMErle] AL NEY FH A d$E AMS3HY
FH 29E AA A o, 71E Ay A7) F
Azt RES AAFoE FASo} e £FS Aok &
th B =9 3 7= AAE gL A2 29 A
718 AA £ Fasna & o 3 72 AA B
RES AZTo2zN FEAZR 3T BEE dojFy,
Ao A3 79 Ao A3 RE FH x=HE JAF
& & RS 3, ojn TEHY Q= J1E A9 AT
7N1g FAstax & Aoz HHs09 o ol A
9] Hgl #HAAo BAH U= REF] &AL H
3t go 22X ojm FAHY e HAF g A4
FAge] 29 XN7E FFE 5 Utk FHLS AT
=S

dx o] FH T2 AAE A EES AHEEH
SOPY Al=®lel Aol A7) SopoglesdE Al
oy, dog FH I AAEL Y BE9 A4S
Fol7l 938 FH T2 AAE FY =g A
(unnesting front-end generator)& 7f@sled W} 2

4) SNU OODBMS Platform, A-&thdtn ZFelF8tatoll A A
3 AA A dlo]eto] A Al2H]
5) SOP OQL Extensible System, SOP2] OQL A <] A&7
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OQL 2.09] ®icol= WA s|qoo] W

T2 OQL A9E Eixolt HEPA sixoz ojgA e

HEAE OQLE TAshe 2+ &9 F2¥=2 Jehiix Jrk

A A4 5% (construction)

struct(/:Ey, ..., I:E,) — {L=E,..., L=E,>
set(Ey, ..., E,) »{E,..., E,}
bag(E,,....E,) — {{E\,....E}}

B 34 F(quantification), 4% Z membership
testing)

for all x in E;Ey — al{E; | x — E}}
exists x in E;Ey — somelE, | x «— E;}
E|, Ball E, — all{E, 8 x| x — Ey}
E| Bany E;, — somelE, § x| x — Ey}
E,in Ey — some{lE,=x | x — Ey}

A7 A, (6,0) e {(=,=), (I=,%), 9, (=,%),
O=,=), 0,7}z, A9 T TR WAA FHANA
o &7 34 F2(existential quantification)& some Exo]
=2 yékgsd), o] 24 3y 422)] select-from-where 2
oofiA vehbd, 23 19 713 690 8 AFEE AWM A
A€t

C €] ¥$Htype conversion)

flatten(E) — M{x | e — E,x — &}
listtoset (E) — set{x | x — E}
distinct(E) — Mx | x < E}

HollX Eieol= M} N& ofzf Ee} o] Hazich

M e

set bag list

set set set set

E bag bag bag bag
list set bag list
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N distinct(E)
set set
set
FE bag .
list list
array array

D Select-From-Where 29|
select-from-wheredZ A HoE Rwol= AHuzAM
o2 uE i ogy Zo] Hugd.

select £
from x; in E,, ..
where E,,.4

Xy in E,

—bag{E | xy < Ey, ..., %, <« E, Epedd

select distinct £
from x, in E,, ...
where E,,.;

X, in E,

—selE | x) « Ey,...,x, — E,, Epel

E 1.1.1.018 A% 4$2(binary collection expression)
E\ union E, — merge M(E1,Ez)
E, intersect E; — {x | x — E},x € Ej}
Eyexcept Ey — {x | x < Ej,all{x*y | y — Ey}}

714, TS A o] 2iol= ML old B9} Pol B
chalas

E
M
set bag
set set bag
E;
bag bag bag

3 e

19969 Aethsta AFETEH AL
19999 AeUista AFETET A}
QA BRFAWNE) AWedT2
AT, BARoRE HAXFE dojehuo]
2, 2o} 73, XML, AAEAY

A

19739 M&gte FHNe A7) 3kt
(gFAh). 19833 University of Michigan
AFEFSA(2Ah. 1983 ~ 19874
9 GMATA A9979. 1987d ~
1993 HZ GMETA: A7,
19939 ~ 19969 3ZHEI)Ed AR
LEMNTEY Bug 19969 ~ A4 FEHEr)ed WS
g1} B BARoE GIS, AAAE tlolelwlols, B
glujtio] dojemjo]2, R4t dHiolebdo]x, CIM
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1982 29 Algdigty HFEHTH =
. 19853 8Y Univ. of Texas at
Austin, ZAASE 4AL 1088 59
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