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(Design and Implementation of an Unnesting Front-End

for an OQL Query Processor)

2 9% ODMGe E3 24 deloldl OQLE vl £ate], A o] A ool A= g Ao &
A glol select, from, whered 5 oAU 3 +28 A58/ & &dte] G o] 53 4
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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 pro-
cessor. Therefore, an OQL query processor should have effective optimizing techniques for
nested queries. This paper proposes a new framework of an unnesting front-end for an OQL
query processor. This unnesting module can minimize implementation overhead when devel-
oping 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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222 A A A 3F ) o] Bl o] 2 (object-oriented database) 7} B FAHol = Bsta, dE RFHA £

2 % A dlolel 24l (object data model)3} & 2} A & 2] o] (object query language)2] F-
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Aol 71918 ulzp 2w shzlch 3449, 2 ODMG(Object Database Management Group)ol A
WA A & g ol e o] &~ BFE 0 F ODMG 2.0[1]& A A Txste], o]y AR FA 4971
ZAel 9tk ODMG 2.0014 &= %5 24 deloj2 0QL? e Al g8kl OQLY 71F #A 9 dlol et
] o] 2 (relational database)®] SQLI} &9 27} w4 FAFSE vhde, th& F7FA] FHol| A 2 Aol
e 7 Ak AR, OQLE A5 o] (orthogonal language) 241, AoJu) £12]o Faglo] A
£ 292 ZH(nesting) A2 5 Atk 2 SQLAINE 23 292 A A3kA v where o] 4 5t
A FZE & &3kl OQLel sl vha A ghE el Fejo] T3 do o] 7hsatttk. &4, OQLS thF3h
dol et Bl & A3} 7= SQLelA 71 EF o7 A5k, 3 SH(set) T} 1 (bag) B ol 22
E(list) o} vl & (array)& A4k mElA, dv SQL "o A7l & AA T wek= g, OQL A9
AL 71 & AAE vz, o] FI7HA el W & FE] v of ek, 53] T dej= Fo Ayl 4
soll % TS MABR2, Fed] FH A AW AFE WU, FH F2 AAE T T3

Aol # A Fol| B & 7] &oloF Tt

1.1 33 9+

TH FEAAAE T FH A HA Fel AWM= 25T WS ATt ol FolA gon, FH T
Z A A A wet o] & A7E A AR EFE vk A= dejo] FEellA e FH 2
Al A 2] (query language level unnesting) &8 37 SQLAIA @o] A1 Y Walolt} o] whalo
M SQLe $3 29 E %91 A9 (join query) & WI3Hel= A 52 AMSsle], TH do g HHF
szt s (2], o] W oA Wy E= Ug COUNT ¥ 2[3]E sl datr] ¢la) 9% %2 (outer
join)& =Yt e [4], o] Fol = Fr UAntFH Fejo] T SQL A& A& Far] 9% @S A
7F AATHB, 6, 7). o1 E %, SQLAIA = Aolo] il AT SuFFEL g5t T F2E AAS
, 0] Aol E 71Fe Aol Ay 2 AP shE $A S HskAh AT OQLE 83 ol 7

ool M= F3H FZ7F whered ¥5t ofu) g}, selectd 2} from ol = vebE 5= gle}, 7A@ 7 A 5
stk webA, SQLAA A8 715 S AFEste] A dojojo] dutA FH F2E A skl

k

weln) WA S Tt S £ F % A4 w2 (algebra level unnesting) 2 23] D)oo A o] &
A A E A st= 7 dubE wold (8, 9ol AE = AA B E F3 4 AARK nested
algebraic operator) & Algate] tlaAl o WHsl T, o714 deUs $3 F2E 22 A4k(oin
operator) &2 My FF F2E AAY S, o 7)ol AMEFHE tl AAdAE] e H3keka, A
g 4 A= T 24 THILF AT Ak

npReto g g4 ¢ FH T A7 W2 (calculus level unnesting) @ 2] o) 4*(query algebra)

2¢to 2 OQLS ODMG 2.09] OQLE A A st7] & 3o}



FEoll A A B 710 T 2 AA I de] A9 @l A (query calculus) FEoll A o) F-72]
R TP AA=RCG H 2ol A 2ol = Az sl A &) 4 (monoid comprehension calculus)[10,
1]& AH&-3td, OQLAIA A sk ol 2] £y Fx2otvolgt Bl & 4497 b 5 Jov

t}oFst o) o g B3} 8- R (quantifier) ¥ MA $F(aggregates function)E5S BF Eko]= 7 E

o
O
—
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glaldew Mesto] Al e = vk el vk o= AEMA 4 & o] &3y FE T
A TxAA S A FEodAMe T X2 AA ARG A9 o F (transformation rule)o] 7t
taloe] FH o] go)aly, =2 th2](logical algebra expression) & 2o] M e Y3t Hixol=
7 29l A (monoid comprehension) 22 W3H OQL Ao E A% 3 (normalization rule)g &
3te] TH FER7FAATH, o] AAA AAFA X FH FE2= =8 g A (logical algebra

transformation) 8ol Al A 2] ¥ t}.
2 ErolME RrolE I sl A & o] &3 N E T 2 AA BA S AFEste] OQL
| Ag)71¢] T3 Ao A 75& Agshs EE2 At FAsAY FF F= AAE
A9 BEolg B o] T A2 AA ALES e T S22 AREE Aok A4, OQL A
ol AE 71 E MEA S W, TH +=AA 7T =

T =85 A7 F Utk 24, 7180l FE 9 = 2o AU E ] TH = AA V)
S F7etaA e A, 71 2o Aol "R HAaTFete], AR s FolFth o9
F2 BAES T 2 AAL AL EEolA AREshs =2 e AabRier "e] Ao A 14 st
= =8 U AARE AR FEYE RS AA U] diel 7hs e Aseldeh =i 82 vt
Aok 2o A= Bl HE A s A& AvlskAL, 3ol A= Biol= FH e a A s A& o] &3t
ol T3 AARFH FH +ZE AAS = HH & AP, 4FoNAM FH +Z AAEL A9 ZES A
g 38& AYGst, 5NN B =5 T T2 AAEL A REQ FE ARIE AR, 67800 A
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Ehol= A=A 4 (monoid comprehension calculus)

ODMG dle]el melg v 53k of 2] A dolet R}, OQLGEe] 22 2| Aojojel A Al gat= 7]
SES A o] E(set theory)ol]l 7]9He #A & o] &(relational theory) 2.2 = At 2 A 434771 I &
o] 2 L Yt} o & S0, OQLo A A al= A E(set), M (bag), 8] 2E(list), v] 4 (array) 59] t}%3k
ZEd Bl E, AREE T 72 A, WA= A9 Fol Sk
olell th 3 Ao AAE Zo] Rixo]l= &4 (monoid calculus)[10]e]th. o7] X = BE 29
A By e Exol=(monoid) et g FER olsf FoBM, OQLA AT = ddd BdES o
2
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24, 0QLo] 7}x = A3 o] (orthogonal language) 2# 2] 54 S 2 vt 3t Ut}

2.1 XEXo]=(monoid)

E5ol= M(monoid, M)S 5 (identity, zeroM), @29] ¥<=(unit function, uth) g3l gk
4 (merge function, merge)& 74 4 22 st 589 L2 2A, (zeroM, unitM, mergeM) o
2 B8 o7)A, 99 T unitMe Ha 99 AAE B R FUN 49 da
stz 7RE YA AAss G5E B 5 Aok 3 35 mergeMe zeroME F5dow d

= Aotk & Eol, AP 45 mergeMTFE T3 F(union) A4kl s Fahe, zeroMe

T (empty set)ol]l SlBHEZ, WF2> ({}, {a}, V22 XA F 3. ExoEdE T4 F
F7F e, unitMo] FH A& AR Fol ASols Al D Rinol =g ¥ 1o =(collection

monoid) 2} 313, unit™ o] &= 3= (identity function) ¢l 73 $-ofl = v B x-0]

[

(primitive monoid) 2}
IS B 1, 2,38 94AR S AT AT BrolEE s SrES ARkl et 2

of +4E 5 Ak

merge**t (unit** (1), merge*® (unit*** (2), unit***(3)) = {1} U ({2} U {3}) = {1,2,3}

2.2 REXxo|= =] X (monoid comprehension)

Byol= Mo th3 o= AZMAS M{h|q,....q, }9] FEE F7)3h 971, hE B3
g Ao o) P (head)St 3, qi, ..., g F-ES ZAFI b HE R e ZARAA A H 27

£ AHSE AANES A3 4P TPND W H475 439 B0 4 BE Dok 2AYE 2

I3

o W5 AZd A} (generator): v < E°] B E 7FA AL Qlow, 4 BV} X9sts AAE 44& W

F ol MIIPAA = L Bk

o =7 3 A (filter predicate): W AZAA A AA g} vid W H Aol thaf A =734 & A

S8kl FAA AZJAE FE T

Qg miolso] 08 RrolE Praude] & o & Solnw oI Bk

-

set{ p.name | p < Students,p.age < 20 }

o] 7| A, StudentsE 3t A E¢] H¥oletal i, 9] oAl = & 242 | pell mdgAl A,
page < 202 NEIE ANELS 47 JFoZ ol 11, o] o} pnameo] = AL AL3lo] 47

A= 204 vwe] hSPPES ol Fo] THIES Ak olsh o] Mol = FLeAAS o 45



#4972 Wgow, o AAD v}

o unitM
o c.A: Z2A (projection)

o mergeM(eq,es)
e <A = 617"'7An =e, > AIE LA

M{e|qy.gn }: BEHAA

eg e ®e{ =,<,>,<,>,# }

o7 B Riol= B e 4 OQL Aol A A Fahz By F2E F WYL 9]
m o], OQL 4ol Bl = Pl A sj A ox M5/t 38 FUsich. Q0% select-
QL o) th&st o] Himol= Hxal @A 4% Abgste] BiolE 7

ZdMo g MIsk = Q).

ﬁ
O

from-where 1+ Z&

select E,csuit
from xy in Ey,...,z, in E,

where E,.cq

— bag{ Eresut | T B,z EnaEpred }

r

OQL Z9)9] selectd2- o= Hxglg el vglFof & F3lH, fromZd-2 Fi-o]= a3l 9
Z

W AAA, whered & Kol = Pag|dae] 270 g atel s gttt #1249l OQL Aol &

td

L
o

ol= FH= Ao T U3 o = o}S3} gk

¢

select e.name
from e in Employees

where e.salary > 200;

— bag{ e.name | €< Employees e salary > 200 }

o 2] 5 w2 oA %) =7 37
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M{ e | (j,v(—zeroN,E}—>zeroM (#2 1)

M{el|guvunitV,5} — M{e|quv=¢€,5} (5+2) 2)

M{ e | q,v+ mergeN(er,es),5 } — mergeM(M{ e | v+ e1,5 },
M{e|qv<¢e2,5}) (72 3)
(A1 =e€1,.., A, =e, ). A — € (7+4 4)
M{e|gvN{e|F},5} —M{e|qgFv=e,5} (73 5)
M{ e | g,some{ pred | 7 },5 } — M{ e | q,7,pred,5 } (4 6)

29 1. 345 ¢3g F(normalization algorithm)

3 FH = AA

Sl A A A olgel & Bxol= FHaxeald s A OQLAA 7Hed o8 7kA Feje] 2ol A
ALgy g or 29 + vk wabA, AFEAZE 482 OQL Foj = AT Biol = e
Aoz niyol Yi Jef 2 =235k, I 22 F 7 F(normalization) 38 & F3) R} 7HHsta
HA 9% Fejo) Rxol= P 4 S A Bk OQLAIA YeR= F3 dojo] dFE= o] 3

& B FH 2 AATRE, o] AN AATA = FH 2T FHol 4P 5 A9 Ay
ol 4 Al A%t}

3.1 Exol= #4e] Bl

Byole d A4S FFF &3] 5 (normalization algorithm)o] g} B2 = W3 F2 2 ALg-slo] FFF
%] &) (canonical form) & vl 7 foh. 2 1o B4 g

27 1o AR ZFTF HFAE FAA, 53 73 55 FH HoE Erol= Ao 7
e A Do e FH AL A LHE FHoR o8 Tl FF W FH e A

I e
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el



TS Bt dael s 3 58 A9sky] 21 T3 0QL Z ool

select distinct h.address
from hs in (select c.hotels
from ¢ in Clities
where c.name = “Seoul”),
h in hs
where h.name = “Hilton”;

5] Qele fromdel F Ao F AA I Qod, RirolE AxeANon e 7 AT L
o F% 5% 445 b 2 AR AL 5 Uvk

ot

set{ h.address | hs < bag{ c.hotels | ¢ + Clities,c.name = “Seoul” },
h < hs, h.name = “Hilton” }
— set{ h.address | ¢ < Cities,c.name = “Seoul”,

h < c.hotels, h.name = “Hilton” }

oX
_‘m
l-U

Sole gz el o Feki= OQL o= vt &ov, 33 o B4t F ALzl +F

i=

_H_
58 8oz OQL dojoll 2 T +x2EAATL =+ Aok

L

select distinct h.address
from ¢ in Clities, h in c.hotels

where c.name = “Seoul”, h.name = “Hilton”

4 OQL #He] #z)7]

715 o] Ao e o] AP A v 2ol deu, AFer Iy 29 AF S A3
A Ak AFEA7F 988 "o ZRE 57} kA E(parse tree) S A4 3 5, Wl g} d) o EFE o] &
ato] EFS) HAME T ske] Fol7t ARZE ANAE FA v, - M HF S AXHEA =2 of
2] (logical algebra expression)& A4 atA . o] & Mo H A F7| 2 @7 &gl of 5224 (physical
algebra expression) 2.2 ¥ gt ¥ 24 38 2] 523 A = (query execution plan)E 44 3he], 29|

W7NE AA WG Ao AAE A=A H

a9 29 22 A S AX = V1S9 Ao ATl FH A E Ades ¥ A T
itk ¢4 AA FH SQL Mol E AE)shy] sl AFETH WO Aojo] Ak o)A AT F3
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sourcelev_el |
transformation

9 20 7)1 Ao ATeA e de] A A R FH Ao A

parser typechecki ngJ " angfl ?ﬁfgn on | optimizer executor

t normalization

3 ot Faxddd 4 e 483 0QL 2o A= %7

Y
Y

Y

a1

sl

mlo

A gslol TH FRE AAGL, o)BA FTH TR AAR A= 7)E A A9 WAglo] Z
& A€ 7F 7bs ek AR SQLelA AR o] H 3 WA o2 = OQLolA A sk b et FE) <]
T A Fx2E AP D ES

FHAE AA Do APske iR o] Arvt 2yskkel, T g AARES A

&3t T3 72E A HE A B AA dg wE A8 S AW K5 Fe (internal
representation) 2 ¥ HTh Ao A F TEINAHE FH 42 (nested algebra expression)2 &
o7 wop, T o] 3 FH F2E AATY AL Avtdoen FH Fx2E A Ase
ARSI E B o] U kst o] Ads] Habsith e, 7S] FE el e o] A
71l 3 2 AA NNe& MR F718H7] Sl A = ole] Fo]Hol At AMNAES] R W
WA 7HA A A, 29 2004 B glRe] Ao HA T e g 58S 298 s A
o] W] Ael7)e] o] AR FEAAA ek

29 32 Biole FEdA s & F83 OQL 2] A27)e] o] A2 Aoy Kiol=
Az dd A Aestd Ydvtd o g o e Ao A A AXA A

1. 5H4: OQL 49§ systo] Wimo]= 848 MY T ¥ E3

[

o7 WA, o] wf, Exol=



2nd d %
transfor ation

Y

executor

Y

optimizer

L normalization J

9 4 F3H 2 AAE A9 ZE(unnesting front-end)

o] TFE dotd & gl Fiol A E £ 9t OQLe Exol= s o s wdshs Zo &
N

o 9lth.

AAE Pl A3 A

o

o AR Biol= s Aol diel] B9 HAME A, ATANAM Biol 2o F/E dohi ]
X Zo] AR, of HFA s F A

3. AFsk Qele] AWA o 2ol Felo] 9, 19 1o] GA AFF BT E FHEL 4 L3hol
wiol= o 4 e A F e

4. =2 g+

e

PR HE Bl S Aoy FH U AARE st e g5y e

4.1 FH F= AAE F$) 2E(unnesting front-end)

29 29 A7) HAL AAE FEE AA D) G5 AT 2ES] BE =2 5 AR A
2 3 Qo] 29 29] Al RS 19 33 &S PR P AN E 4T mE 4P

FR o] E7v st} oY 3 & FEEY] 98l T+ A AE A9 ZE(unnesting front-end, L

td
—{ﬂ

d 4) M= o= FFFo} =8 54 A4 BE Aold] 7t =8 )54 (intermediate logical
algebraic expression) 44 EE< A7/ om2A T3 +2 AAL A9 BEAA AT E =g A+
oF, A F gl M AREshE =] th7te] &8 & A ASEY HFF BE A 8 H 4TI
.

e T3 7+ AAL A9 Bas A9 Do Ar)e A el

rlo



2. B}l 7AF @ Exol= PEalaA sAe] Mok wiol= Prad fAos wdD ga

frmt

2ol sl el AALE A, AGANAN F/HE dF A X3 Bxol=7t A9 vkd o] 73
ol A &l 4 gkt
3. BF3}k o] AAA = B HALE v Bhol= FHaglsld e tiE Rl P
BAF 204 FFF3E HEF oz S5t FFE FE o Rio)l= Frgsd S vt
=
(1) Rxo]l= F=Zg]AA A3} (monoid comprehension normalization): ©] 3}l A
= B FAAE v Brol= HEAA s dis] 19 19 A F sS4
o B39 Felo Roj= Frad S d e e

(2) 2712 A F3}H(predicate normalization): ©] FF A= Fio

I
¥
[kl
i)

ol
rY
1o
EN
N

g =}ol] 9]x] 8 o] 2] %7124 &2 DNF(disjunctive normal form) ej 2 W8} o] 3}

Aol M ORE FEio]=9) mergeM Ball tha3t 2ol R Aoz uiyA k.
M{ €head | €generators, Epredl OT Epred2 }
— meT’geM (M{ €head | €generators, Epredl }7M{ €head | €generators, Epred2 })
4. ¥ U g 43 o] /| 19 3 A o= =8t AN FEAE Y AXA Hok

(1) 12} =2 g2 A Biol= P23 4

148 57t =8 U4 A (intermediate
logical algebraic operator) & AR8-3}o] F7t =g tf =41 & 478 ghu.

(2) 27 £2] WS B F70 = BEA o TY AA =2 o5 AAAE Aol F =

5. A% 9 A% 2% el 5 WD A2 AR AT HF =Y 5L dH o wol, B
W5 AT F g Aol AHY) A9 AR Aty o) F WY At

4.2 1x4 =2 g5 133 23 =2 g5 w9

3 T2 AAE A9 RES A9 AAF BEQ) 2 AaFe) AN $2 =9 B5 A
AASE A =2 B AAAI) WP FH S Ao Folok shel, 7 =e] th5 AAE FFHLA
sh= o) Ael/sk A gshs = U5 9



¢

TH T2 AL AR BEe] 12 =2 tha WA Abdets 3t = vl AdAES] TR

¢

get: 13} =2] th4= Wio] 7} A& F&9= BZ A% N A4 A AR generator) 2] =u

?l(domain) F-i-¢] © 2"l E (extent)ql 790 AR-&-3hrt.

o join: B 7 Az Ao s A% 9128 W5 A7 (generator)©] =] 9)(domain) F
o] o A E(extent) Sl 7§ A3},

e reduce: 13} =2 t] 3= ¥i3te] ml v} @ FFH A AR = A2 7 =g sl He] v g
3 o) A3t

(head) &

™

e nest: FEZFAM o] FTH T AT Aol o] TH FXE AASE FHAAM AHEHT. F=2
select T} whereZo| A & T 2E 7IX 3 Q= "9 7% o] AAX 7} AN HL).

I

e unnest: FFFH FAEZAM] 7 AZo) £2] 3 ¥l A AR (generator) 2] Eu] ¢l (domain)
o] 7 22 (path expression)l 7 $-(from&o A H4=2] = Ql(domain)e] FZ4 o7 x3

_Hi_
g 75)el ATt

2 5
dA o AR TR, el M) HA T BES Y 72 A

A= 2ol = A 92 EA @7 Dk oj7le] TH 2 AAS A9 BEe] AFss 47

ot

B =RoA 8E 2] 2Z AAL A9 ZREL F7F A8 48 A A)(NGIS, National Geographic
Information System)ell A 7| & FQ1 F7F AXA F dio]elo] 2 #e] A2l OMEGA(Object
Management systEm for Geo-spatial Applications)¢] 2 ¢] 2] 7]%e] A}-8F k. OMEGA A A
o] el A7) 7 E gt Do) E T APt o, ol T do)E AT F AEF
Al ER S sk AN 2 =20 FH FE AL A9 BEs AHEth

2 AZRA) AS, T AZNA ol A Az PP EA Dk o] Fg A7) HZe P s

13} =2 o) 4 ¥ $ho] o] Fo} A Th.
419983 109 A4, “NGIS 712 712 A7 €] “DB E(tool) Z3HA” U e] “Z7k 25 @e] Al 28] 7 uH(development

of spatial object management system) Al - Z}A| "ol A 7| & 5

11



2nd algebra optimizer
transformation )

- — I—P I—P L —

unnesting front-end

Fo| :—»
o L
rr o T B L
parsing l normalization l 'thre{}}gﬂ'%g final SOA tree executor
typechecking 1st algebra

transformation
I3 5 OMEGA A 2®le] Ao Halr)e +%

5.1 SOQL A Xz

OMEGA A]zgle] Do) A7l A= 70 A4 A& el OQLE sHge a7 AA A ojeiql
SOQL(Spatial Object Query Language)& ]2 ARE-3lH, o] SOQLS 37k 2] t4=(SOA,
Spatial Object Algebra)[13]S 7]¥te g 24 9 9]t}

24 5= OMEGA®] de] A 7]e ] de] Ae| P& Be]F3 3lvh T3 73 AAE 2]
BE] 12t A AZ & AXNAA F3F =8 S A 9, A FN 2 AR 7] Al 23
g M3 38 AXNEA HFFI)o A 278 SOA ET(SOA tree) & W 3=l th52 SOA E
gl & Hgshes = U AARES] dFE A vk SOQL de) Agl7]e] A A T REA =
SOA tf 5 AAAETHS Q1A akH, 12} v A8 oA AT = F2F =2t AARES] E4
off el A= &) 3k

e GET: 3749 18& 7HAH, o] gJ&e)l th ¥ 27 wh(schema) ¥ B A7
AANEE A 9o ¢of Sk

b otk 99 o

ol

rln

gl E (input extent)oll 43l= &

e SELECT: 3i¢] ]2 7FAw, A9 2712 (selection predicate) S 7FA AL Slth. F& Ao
el 214 & BFehs AxETS d9ste L A8 M(bag) Yo WATT. AA O
T2 ‘select’ AR} 1] 23X TH Jagi %‘J?}(Set)%ﬁ’_u 0}\43} an (bag) lﬂéE(hst), HH
d(array) Eb§}e] B 7bEEkeh.

e JOIN: T2 ¢lg & 71%

]_

Egete M2 AAE P ol AA ] ¥ (bag)& W2

%91 2714 (join predicate) & 7FA 3L itk F7He] ) Hel 2

I*Nu_gd

e

FUdozRE 29

ol

el

712 (join predicate) S THEslhs A A E9 479 (attribute) S BF

et

=t

rﬁ

12



e MAT: 7 22](path expression)ol| A FHZH = ZE AANES o] ggo= 9o E91d. 24+ 7
Z(path)oll 24 AT ZE 459 FRE F23ta Uk
e PROJECT: 37j9] 982 7IA v, Z24 E(project)®d HA4E2 g 2EE &8 %t OQLo]

U SOQLe] selectdoll A= dole] 4]0] & 5 Joum, £74 2 LEd o9
T UAES A 980

4>
1>
fto
7|
e
ms_{:

e NEST: 3719 J8< 71, Jg< F9A %4 (flat attribute) a S FH (nest)A17 FH A g
dol £4 o5 VHAE FHAeR ASdt. FH 34 3 dole 24 (nested relational data

model)[14]2] ‘nest’ AA4kA}FS} E A 3}k

e UNNEST: NEST <4tate] oo sjgsie], o] 44 e9lel % o5 39 74 (flat
attribute) o' & 71N = FE A o7 WISt o7 JA|, FH IAE vlolgt 2d 9] ‘unnest’ A
AbA}e} 5 d 3

Aol A4 [ =23 5 Aske] 432 SOA ER| & g g or wol FFH o 57| U445 e 4
B2 dASET. OMEGA A28 9] A9 ¥ 2 F7] %= Volcano 2 & 5 4 4 7] (optimizer generator)[15] &
A&t

5.2 SOQL Ae| Azl7lelAel o4 ag

SOQL &2 AHe)7)e Aol 12} =] tha gk g 4.28 A AP 27} TLshH, 4.280 A EA
3 =7 =8 ¢ AARER A 7 )4 Eg](intermediate algebra tree) & HEo] Wtk 23

=2 g AS A M= o] S g EF O T3 U ddAES SOA dAAEE 22T SOA

g Eg & A8 St =2 Ulg AARES BE 242 W ES A 917) b el SOA A=

W83 )= vz A] SELECT SOA 9441 Sulab] 9t} o & Sof, £7F =2 t) 5 A4k7be] get

I L

e
r>~
_|>i
i
w
O
F—.~
R
ro
wn
=
=
=
Q
—
Yo
Q
=
H
Hﬂ
rE
i
i
£
£
dle
rlo
ofy
N

=g A SOA Y+ E

e get - GET-SELECT e nest - SELECT-NEST

¢ join - SELECT-JOIN

unnest - SELECT-UNNEST

¢ reduce - SELECT-PROJECT e 7 22](path expression) - MAT
I8 62> SOQL A& A2 5o AdF A= 713 2345 Bol T o, T o9 =2 tf
T R F2 TY Tl A He] Ak
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select struct(E : e,
M : (select ¢
from c in e.children
where c.age > 18))
from e in Employees

where e.name = “KilDong”

— bag{ (E : e, M : bag{e | ¢ < e.children, c.age > 18}) | e < Employees,e.name = “KilDong” }

I
2

I 6: SOQL dlAl ¢} A58 mxol= FH=xaqld

PROJ(E:e, M: temp)

NEST temp: ¢

SELECT (c.age > 18)

reduce(E:e, M: temp)

nest (c) ‘
‘ — > MATc: e.children

unnest(e.children) ‘
‘ UNNESTe.chidren

get (Employees:e, e.name = "KilDong") ‘
SELECT (e.name = "Kildong")

GET Employees. e

After 1st algebratransformation After 2nd algebra transformation

a1

sl

7o 39 6 A 1 8 24 ) vl WE A%
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OQL= mI 523 & o) AA ool i T3 Ao & AgstaL e, SQL3 &2 Aoy 14
of Zaglel AFEA T T2E S&SAL vk Hath, T o= Ao AR AT FehE
T A= W, Y Ao APl Ao 23 T 28 A, ol & T T3 Ao E
s3or A d F UAEF s =] Weks 7FAAL Qlojof dip. Bk ofyzl, dA FH A
AstA 3ok Ao Ao A4 71 FH AA s ARRske] 3 o E A A A
i, 71 Ao Al AA T BRES AUAoR FHH o} ot Bgs Aok Ik B =i F
A FZAAL BESMNE A A7 & AA e FAstaa & o $3 2 A7 48 52 A
THORN TAAER St F FES ol i, Ao HAF| e Ao AY BEe 73 Y= HF
g RS 3, oln] AT A= 71 Ao A& Gt A & el e H A F) 9k L o]
Aol Aol A2l el Fef o} = HEHe] EL S AL FemA ojv] AT A= HAHF
2Eo A% #4gle] Ao A& T 7 vk FHE AT
AR o] F3H

i gle, For FH X AAEL A9 BE AEEe =7 fd TH =2 AAL A BE
473 7] (unnesting front-end generator) & 7§ &ate] B} @2 Me] A 2] Al Ado A AL = Y=

AS Folt.

mlm

l

2 AAS A9 BES AE5e] SOP? 4289 Wl 4279l Sopogles®F 3

= =3
L AR
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A OQL 2.09) Rxo= FZPA Ao 2] U

- OQL Aol g Rixol= g s o ofwdr M9 =AE OQLs +4sk= 2+ &1 +

ZE 2 el g

A.1 OQL 2.0¢] W3

A.1.1 AA 52 (construction)
struct(ly : By, ..., 0, : E,) — {1 = E1,...,l,, = E,)

set(El,...,En) — { El, ,En }

bag(F1,....En) — { Ev, ..., En B}

A.1.2 33 $2)(quantification), 2% 7 AH(membership testing)

forallz in By : By — all{ Ey |z + E; }
exists z in Fy : By — some{ Ey |z + E; }

Ei 0all Es(=forallz in Ey: Fy 0 x) — all{ By §' z | © < E» }

E; fany Fs(=exists x in By : By 0 1) — some{ E1 0' x|z + E» }

E, in Ey — some{ By =z | z + E» }

o714 (9,91) € {(:7:)7(! :;75))(<)<))(<:7S)7(>:;Z)>(>)>)}o]—7—; 219 2 29 3 49 M

Ay =7 34 424 (existential quantification)S- some R-o] =g MF =), o] =3 3 F4] 0]

select-from-where Z oJol| A vtebub, 13 19] 3 6l oleff F+FE AA U AALDG.

A.1.3 €}y W3 (type conversion)

flatten(E) —m M{z|e+ E,xz e}
listtoset(E) — set{ z |z + E }

distinct(E) — N{z|z+ E }

A Bxo)= M3} N ole] T8} o] Faf Atk
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e distinct(FE)
set | bag | list set set
set | set | set | set 5 bag set
E | bag | bag | bag | bag list list
list | set | bag | list array array

A.1.4 Select-From-Where % 2]

select-from-whered = 74 Qo) & wiol= Aoz vz o= o3} o] Wi,

select K select distinct F
from xy in Ey,...,z, in E, from xy in Ey,...,z, in E,
where E,.cq where E,.cq
—bag{ E | 1 < E1,...,xn < Ep, Eprea } —r set{ E | x1 < E1,....,¢n < Epn, Epred }

A.1.5 o]& 33 2] (binary collection expression)

E, union Fy — mergeM(El,EQ) B,

E, intersect B — {z |2+ Ey,z € Ey } set | bag

Ey except Er — {z |z« Ey,all{z#y |y« Ey } } B set | set | bag

bag | bag | bag

o171A, R A4 AHe] Brole M QEF 39k #o] A
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