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A New Benchmark for Object-relational DBMSs
Sung-Jin Kim'- Sang-Ho Les™

ABSTRACT

"This paper presents & new henchrmark for ohjecl-relational dalabase syslems, which are regarded as Lhe next-gencration
datahase syslem This benchmark has been doveloped to evaluate system performance pecular io ehject-relational database
syatems. The design philoscphy, test datahases, and test queres of Lhe benchmark are presented This benchmarl {eatures
scaleabiity, use of a synthesized database only. and & query—oncnled evaluation. We have mmplemented this henchmark with
Lwo commercial ohjeel-relational database systems and the experimental resuits are also reported,

1.4 B o4& A" AA-7HA D (ohject—relational) Hl e EH
oAy BAFE dolg ndL ywoz AA-AFH

19800 W) Fbel] vl 2E AA-A D w ek delgt 29 qi 755 AL,
Ol“i Fdg AR 22E AFdnt Teu AE-A doleiwels WaAvtaes o delglfo]s AAg
aky dlelglel s Alagle @AE de|ge] A & dmale] #t Ao gse <Hgn delth T
ét#M AEHE F49 NFEE Bol TA4 Ao, 7 oo0ed el dsE wAvae] 4 uEe Wis-
g5 7lE, Bk, Fe delek A5 Fie FL8 A consm YA B2 [2], TRC(Transaction Processing Coun-
Fatal Balz Uk oA 2§l eil) A& 2[4], AS"AP[E], 0Q7 MA7}2[3], BUCKYIL]
23 CADACAMT 22 IE./J 8 ok A FE AL sol gk o1% WAvlae A 49 A MY 2
go] H3 glvh 1900 o] UniS0LY THustrashe] g Ao, AE A f)E F9 FE2EHSE sAhG EA
o ;{ﬂ{;@% 1968 @SR EAAGEe] dedpule FA sode] ele] b8 Z2 #e]E #FAc). Wisconsin
tE 3 4 Sagm Ay HAvAas BAY dele ol Wi R A
" j&];]ﬁ;}l 2%3%@@ /ﬂ%ijfk]lil;}&rzmm 69 219 7, Q07 A rkais AA-AgE oo efuo] 26



1998 BIRFEX eSS =2X H7E Wi=(20070

g A% Er7h TPC AlEl2 dArtas Ed440
2k 3% 2AE A 952 wEgwt 53, TPC
Alglz famtae oE ARERE SAdA EdAA

i de #AZE RS &grh delstol A
Hofe 4 g] WA vk T AT A7 2 oAE o
F2 Grayld]Z FE57] v

19983 Wisconsin tEHeAl EZ5 BUCKY= 44A-

#AE deolg 2dE ’—Erb Fdg dAelmEA B
A% dele mdal 2328 dlolgl Bds] Ao
of e A H7E % o2 g wEM BUCKY::
AA-AAY deofel Zdds 9zt A5 Gz &
AE 7M. BUCKYs 9% AFE de|ehule] e
& AR -PAF 27 vkschema) 2t FAE ~7|0E
wE E 2 A7l 5UY e AF-wAqE A
gt AAY Aolzx A5 HAES pddct BUCKY
sdde, VR A4 A4, B A2l gk A,
MATE FZ(reference), HE £4, A3 fas, ADT
(abstract data lype)? W4t HHo® viye] 4
T #7hs T

1=
&

rlr

BomRda] fEle DA 1 ¥ EHC’]EWIC‘])“ N
e 23 g2 é Hrt PHE, F UANIE
Aergktl, BORD(Benchimark of Objecl-Relational Data-

basesi® 2 WAE 2 @A s AA-DAH ¥o]E
o] =g 218k R 45 A7l ez AL
31-1101]*'] TR AA-AAY delgule] 2y 7T
gatel grhao, 2 dAvtas #EadE Adee,
192 A dlelefda]~E ALgatm, ZAe A
st delglse]lx dF 37t ETo|ch

r‘.‘;‘_.

e

[t

E =R AL e 2t 2330 = B oalF
vpas] AAEA, A delduels 7 55 e

A, gadlAs AF A8 7
dag ¢ % 4% W0k AUE 7ea], 59904
2Eg P,

=T =

2. dA H=f 3l Al dfofete o] &

21 MA Tk

aulz 9] FHAe|a £ ) AA-FAE dojet 2d
£ AAY delel 22 7l Hel AA-AFH ele)
zde] 83 7lE(el® B, A4 dlolE #4435
TV FEE oy Rd=R dyx duh ey A
A-gAE dlolet mde] #g FEd A E e

grgtor] mu A gelE T gle A AR-H2AE

Nede Zler AFel v &2 7% ZoE K

o}, B dlXn=e Stonebrake [7]54 Kim[g]el 2 A¥

of WA -TAY doljuel2s] F8 M55 YFEUE

Ao, 4He Y5g Téﬂﬁlt A #H7 Y

WNES A A 8 “"'ﬂ'. =) ”‘ﬂ"]“WE‘% -—E—;‘éé; -5 2
2|

e ;

]
¢ Z sl {ponter swizzling)e] #3 A%
fﬂxlﬂlm:fﬂ H7Hs 12] etk AH-Ad BE
g dcle) mEe] #9 553 7 |

7L S A] o]y -37]-_?]_?_ 2loo @ FowlR e

2

o
rle
X

B
to
off
ol

A dlelEMelas A deletile]2E AREEHA
gz, o] &AL BSUA A9HeE PP (sy-
nthesized) Flelehwo] 28 ALRRUE A deEHfe] X
B dAe 5 Eef ulelE SAE wddte F

HE AT glag A dolehlejind thEs) 2

€ 7 7HA e g AT A, AT Hol e 0]
ol 2H ‘}J\E} 24, Helxt £ FAHHL

2 ste Al Adel] W HE Aol AR
=7hga

£ ARSI LS AT AtElas o

“7—‘1'—r] random) ®ES IlE

e g AETAUE Sl
z

DF’FJI

Y (umquedelch @8 2
& UG H4E FI R o] FEH dolEEy
AE AR B2 gy dolg ARE 2E" ¢ gk
191 &% dlejete Al AYdHE AMEEH He
e #=2(5 delee]s §1ApAE FAHE
Al

-,

+ DBMSS| el A
B AlRnlaE % 84 (scale fac-
forts B8 ALEAST AE daEwel s are 23

Ag delgej e 7]



& # QEE @) AMERE AMgsmd) de 874

e delgtllejs Z7)E A% #HArt Ad wdE

T ooz ddy ol Helgde]x Alsgl A

5 Z 98 g}

s Faeh od A4de] g AlEEe ¥
Zelle] upel #o]x)

Rld s A gleis Ags B

Hrg Be dYss AARE

~J

-
u

Rc)

g AeAE s «*15%70]}1] By 22 7}
{evaluation, credity® F7] ¢ e]x},

2 wAupe) Apgke 2 DBMS-} Byloll 754
o Aole) o8 cpEZA Tl @ 5 glan, 24
L8 AREA] e Ehe]a f‘éilﬂrﬂ b ER
SElel k] DBMSAE & FakR ke 7%e TEEs A
£ 3E5A et S, DBMSH A AlTEts 715U
€ T BVE s o) B FiFAE AF
gl 2 A% g WHUES slFe A2ddA 2

e Grs ] o))
FowiAwlae A e Hrle 3o Aty 4 3

oo sl &g AREA #gelA A0 sy A7
22 gl & A7 S72 108 2= Flcold run)
& uhgale] e o gl Tr HolR do w
E 8 A ¥ (puffer) 7} B9 A o AL FH0)
AHE vRA GE AL gG@rh B dxeas S5
AlZE #e] ®@7t dEoF QPMqueres per munute)®|

P/QPM(price per QPVDE xwshd). QPMI PAQPM

e 2R FUT £ dx 49 £ 29 59T 9
= odel o) Y g2 B QPME A% 37
o 23 E B FAR sel AAY oias 4 A~
o) wmg folsl deh, o, A AFeA A2
2 A%EE A% e deid L3UeE AR
%odg g0l A% BFHE AL AFed U
$53 A¥e BT #4 e 94 as

o PAQPME Hf%% aH&te QPM 23 A Els
= As o4 dEelgl g 59 ;.:@_c‘,_kgl =3
ek AEE o] 5:&551 2E W&e =),
P/QPME ALEapell ] 2ol s e g7 chekst
HFE el B AT 3o Z3g @8 F U=
=

2.2 Alg Hlo[Emol A AF(ol2l elAR A
ANE HoetwWelse Aol 2" (IF 1)

5 el 2428 Jehlis FAgde Z9
2 ol Fdlave] £4, 7 £48 AaYess F7
Aty 2 B2 Wge] gt 4L 7 S4L
ojmlgit), GukARl =42 g P4 (inheritance re-
lagonship) S JeR9, WAL A= APde 2z 3

e
Arelerence relationship)& vepbdv} B wA[wlagf
Ald Eﬂc’] el Ad e F 1749 v glon],

= 701 474 E(hoph & 71710

gl 5

W e ek SSN 4L 9Alele] ERPEEA ¢
8 F A 2xde & 225 Jehie deA
e 2AEE 294 g 938 ghen ahigd
Z#2-2 name £4

[

R0

o

=

=

Rl

ol

wo (1
Tl

s

)

\1

b
“

=

Am g &4 I
E o|Folzlt cty, state £42 4 1%9 10%4
7 A W F(key average distribunon)E ZHETh o
5 £, dly £AF8E AEZ = 10078 @] TF
T ¥ (umilorm distributior) =91 glel, &4 Fvhe] ke
EHeE st A8 A (exact malch) 2eE & 4
5, BEEA 1% daflrh 2 Z2RL gERY.
age A2 £AFLR 2094 607 g A
‘%’li‘?iigl 1365 & —l s 22 E Pt Zip 42

4 00007t 8] Al RS 2=t} gepder £4& &
2 M FTE IS, % 7] HE BES

Student F# 22 courseTaken £4L 1-20714
& s ARE ZEE delel eeln, 94 3§
4 27)= 5utelEe|th Graduate ZFd29 course-
Teken <72 201-25070¢] A4 AFE HAle A%
H molEh gEleln, §4 sife] 27| ulelEeln)
AFE SAg syt B Der A Fyigels
A g ZHE 5+ U=ES AAHAh

Student 2822 major 4L Department S92
9 departmentld &4E FH3:s)7) {E )itk
Generie ADT A8e 99 2902 Professor 2
2ol rank t, c_project t A&, Ra 24 E timet,
c_projecl_t, p_project_t AAEH o] glch ADTS} A%
AR 2 3 A o #alE] TRl Aot



000 SEEEMIES =7 MTE WTEEE0 N

churdy
e chart20h Colless
Hate Clartdy calkenald niezor
Iy chy pealik
:] 3 h'u{g) nams char20}
= i) louncatanDaie  char(203
age nteger . =
acndot Tt N departmenis, seimufDepatmeit
| Depamuenl
elepuim ol ntuger
e choni20)
ofCollege chan20)
- clirpoivan ref(Profiswor)
Student Employce ollers serfrefiComee)}
g nteger watksln  oul{Depamnent)
cobrseakin ~m(v1«cim(10n salury methad Course
rile misger I Wi ger
nams chan20s
crdit ntuger
Ouadunic } Stall Professa ofDepartneal chan 2]
. N sechions sei 1 afSections))
advisor  rel(Prpfiessond wlalus  ateper rank e
cogentProjerl ©_progeel T
counsel Tinwe e L
Intemal | Exizral
asuran P ownenc(7 2} company warchar(30)
Section
setionld nieger

Puttime Fulline n-lmL\‘ chan20]
lours Pervenk  minenctd 1y datelbd  dae from o Jntegel
Losirucion ruPmiessor)

Assuant
whalusbip  miteger

{ Ta | Ra

I sectianila 1akger I cutnetPragect 2_projert_t

postPiongct [-projeti L
mectngSanTane vme_ty
mestiugladTime et

o e

T2l 1) AIE Holep| 0|2 ~7(0}

2 WAstay 8 8% Fa) 062 s o2 AT, & B9 AIE APED $I= B
2 AFAT H 24 (scalo factor, SPIE ALEATE A BH-AAY Aol AE A8 zEaE
A dolehielag e ek 439 =272 4 SQL giole FAsivh 4 deis A% sElde
A £ B E ) 7lEHe dolguela A7) scriptiom) 3} A& A dlefElwe] s Al2slela] A4

= Hi SQLE Al = she] Edwch

o AAgrrS 58 gt 31 Ze{Class)

FLE ORDEMS A 71242l Bdy wejeict
{# 17 A& C|o[EMH|D] 2 PIARA A&/4L ORDRVSAIA Agsls g 242 sl
Class Insiance | Class Insrance ofth, QI-1& st Fejzel g 7lE49 de=
Student 100000 1 51 Professor 30,000 + SF A AA-sAE mde) YA y]He ohgxw A
Graduate GO000 1+ 3P External 40000 = SF _ _ -
. }“TLD'- ] 5l 7 =1} =] QL 2ol o
Depertment 50 - SF | TFullome | 20000 1 SF | 5 G7hel vhe szl wek Ql AE ﬂ%
College WO - SF | Parome | 10000 0 BF g "olEA Qi-1sr & FAE IRI o AE
Seclion J 80000 + SF || Ta 50,000 = SF Fxo] fEk el A Alie] TEAL AlF
Cowrse | 30006 # S | Ra 000 . SF
-1y el AL dlF sl e Fuy
77 190000050? abgre] ol &, =, ZA], £HUE Y

3. AlgEe]

3
A

ot
T

Select name, slate, city, zip, age, gender from

A9 gels 2 Aol W o)

o,
~
-
i



ZHR)
only{Graduate)
where 55N = “120000050";
Qi-2 2d~ A2 A vA BE ARE Fd F9
WEAF 12000002031 ALEe ¢lE, & =A, FHYE
vpel, AL 34T,

Sclect name, state. cily, zip, ape. gender
Person
where SSN = 1200000507

32 2= oto|=/{oID)

ORDBMSo|| 4] = OODBMSE} o B D R ) [N R
12 2o tiEle] HgE A aAFE OD(Ohyect
7154 Aok 2 o] ODe AH-#AE
o]l e] 2 7lselt Q2-12)

d¢l9] 0D BEE

Az

ﬂ_}l

Select chairperson from Deparlment where

departmentld = 10

=]

Q22 0D A% 53 A&7} 1099
= S5 ODE A 49U,

Select offers from Deparlment

< 10841 B3l A Fat

where departinentld = 10,

33 =2l Jom)

ORDBMSe) 48] x¢l& 7|29 RDBMSHA 2 =
43 QODBMSHIAM el 54& 25 7z g}, 72
RDBMS3¢] Zela) Folgld Sl A 730 erﬂf
3l ol Halth Q3-1, Q3-¢, Q3L AP Lo o 2
o1& APy,

Q31 B4 724 gk B2 Az 247 449
stAuiz el gate] o] 5% A

Select SSN, dname from Department d, Student

where deparlmentld = major
Q3-2 A4 x4 9e Fds AF 2910% 498
ity EAlel A shile sgus ﬂ‘ﬂwﬂ SEE

A4,

Seleet S8N, dname from Department d, Stadent

HIOIEMHIO| 2 MasE 28 (22 H5 T/ 22 200
where deparlmentld = major and city = 'city25";
Q3 2 2 P B AT 2U00% 298
86 Ro A Sld AN Ed e olge A4

A

Select SSN, dname from Department d, Student
where departmentld = major and state = 'S5,

34 &=(Referance)

ORDBMSE e 2¥22 #2d 5 g 299
(domain)& $/do= 7td 4 ik o 42 7 4
A 2E 4] 95 OIDF AMEEH. ATE dlele
olze]A gl FE BAE -F2-hopid] Fx 2
A NFE 31{— T3E ML Hdd 04,
Qd-2. Q4-3, Qd-4x 12 &A1 Hz dAd o5
Z7] 1%, 10%9] 49 ?;—E AR RS delF Al

A5g APaT

-1 -7 FE2(1%
¢ Faidlsst ‘?JOP

Select SSN, worksln—>

DeityB) EAle) Ate Ta
o] ol2& A gc)

»name from Ta

where city = 'city50°,
Q4-2 1-F 3108 A48 85 T Als Tad] =+
s ohiﬂ%*wwwﬂ%%éﬂau

3 Ta

Q4-3 2-F F=(1% DE) eityhd Z=A4] Al Ta
o FRuze geln Ax ke suA ogg 7l
By
Selecl S5N, worksn->>chairperson—>name from
Ta where city = ‘citys0’;
Qd-4 2-3F F2ii00% AEg): 55 Eo AR Taf] F
W gl dslw e e e o 5E PAwcl

Select SSN, worksIn—>chaimperson—>name from Ta

where state = '35’

35 HEHSe)

ORDBMS+= RDBMSH A A|F3k= &8
L AR A HF 4R 3} (zel),
(multizet), 2] 2E(het)e] A 7R £
.

[

a
Be %

=
LTF'%]:

Wz s Y4574 28 5854 &

S



2007 S=EEHARE =EL AR MT=EC007

#Bo Adgcl HEge 2749 web £ 2ED o {
& &4 1%E &0 2079 4
1. of AL FHi 201A5H

o
[
o
128 7 AT,
=1

T

DBMSH A F 5 x]-ﬁﬁé% Ri I wdle 34 F o7}

oA ThE dels £43 @l AP A

3 F3t J
ot olEl@ wrle & Had A5E kA FH
AFel felstch + oulA Jde 49 dasd 54
g a2 Agstel, F3 A2 g AP 2
& #esd gon, dasd s Iz FAAS
ol falel 28 T HHE ATk Wt ol
& A2 e 2ago] §E 9 Eu 9280
P, A, A Fol Wl Hee) AU

FY AE d9z 2 45 Pk o)F Q529
Q4= 50%2] MEes Ay AdzM 4¥ 498
2 FgH Azged A ue Wi FRF 24
9ok Q5-17 Q538 10%4 ddds e HABA
FPARYA WY Ad2s] FHo| s AR
2o} g WrhE 7] Al 2sY

2

05-1 & FAeHi0ss A49&) A& ‘spaea'F THIT
B osgsvie] FeimsE HAgc)h
Select SSN, name, state, city, zip, age, gender
from enly(Student)
where cowrseTeken 2 {'saasa’h
Q5-2 & FATE% MEE) : A5 ‘gasea’, ‘haasa’,
‘agad, ‘jaaaa, ‘kasaa T AR Y dAEnte] FAI
WT, o5, &, EA, HEHT
Select SSN, name, state, cily. zip, age, gender
From only{Student)
where courseTaken={"ranaa’, haaaa’.... " kaaaa’'};
Q5-3 o B0 ANE) BE fchaa' & e o)
stogerte] FUWE, ¢, £ EA, $EHE
of, 4 & HAgch
Select SSN, pame. state, city, zip, age, gender
from only(Graduate)

where courseTaken =2 {'(ehaa’}

Q54 W H}EE0% A2} : FHE ‘ghean’, ‘hbeaa,

“Tocaa’, ‘Jocad, ‘accad, ‘herad’, ‘cccaa’, ‘docas’, ‘eccad,

feend'E F7HE dgdAsdd] FUWE olF, E
=A, S, o, Ads dAdh
Selecl SSN, naine, state, city, zip, age, gender
frorm only{Graduate)
where courseTalen =2

{’ghcaa’. "hbecaa’, .., 'fccaa'ls

36 EHW*':(Method)

ORDBMSsl 4 Afsle sl4= 23 DEMS %4
Aog AFds '-H" el AR Ay A o5
Algals ARgEr e vihzz TRy 2ol
2 DAE detebye]zdr Agaa ge AgA
7"]9’] uﬂj‘tg AR T, 24 £ dlznlas 89
g = = sglary WAEE Ho#r}l Em-
ployee E“Eﬂﬁ"“ sl AeE salary WASE 2
o] FAA AL WA FHe Fae oldg
7},

salary = rate » SALARYCONSTANT

mlo
i:,
")v
ok
p

A7 dd AgEeE #4243 rates Em-
ployee F@lzelA Aes &49012, SALARYCONS-
TANTE 4pelth olu] Ta 2w W% salary
M4acE ARRElA] @, Fd& ZAA G
salary PlA=g AHSEHG

salary = (basesalary * (age | AGELEVELY) BSRSIARTALL

+ cerdl (SALARVOONS TANT T # hioursPerwesk) % rafa)
— floorV msuranceleet basesalaryy INSURANCERATE)

27148 Ta FolzdA AMEEE salary Hld=0]
t}. Ta €8> Employee &9 sglary Wl4&=E
AR galary WA g 29 E Y {overloading)
o=y aae] QG nHe WaASE AREATH
AR d4E 2R dFAE Agdse HFEER
Agolth E busesalay HFE AW AEAE
AEEE HREE Ta Y271 7T gde £
t]. basczalarys F1EF o 2x el wEl 200,0004]

A4 300,000 Alolel 4=F duEich Q6-1, Q2. Q6-3
< Uﬂﬁ‘.EOH E}]?}’] H) W Cé,ﬂ! 75:-%;— Ag HA ]‘_\.:! -‘7‘3
7k

Q51 22 Zgs WaD Ao wrbeln A7
5000000 Y& Ta®2 FUHE, o5, &, &4, 9
WE, el g A i,



-2 =

Select SSN, name, state, city, zip, age from
anly(Ta)
where gender = ‘M’ and salary(Ta) >= 2500000

Q6-2 "Selecl” FEollMe v FEs Ham Al
| @a2gl Tagwe] FRHE, < L
¥, o], Ad 938 gas

Selecl SSN, name, state, city, zip, dage, salary(Ta}

= I~ Q_37
g = E4 93

from only({Ta)

where gender = "V,

Select 88N, name, state, city, zip, age, gender
from Imployee

where salary{Employee) »>=
"M

2500000 and gender =

3.7 o &EHOperator)

NA-FAY dle]Flol T AMERL o Qa8
Aol ATl Ea, 2A-3AD delghiel =
ALgal Ao fakabel BAE R Ho Ay A
o] 7HEetejop dul E Al vz ARERl g4t
AR ) SHE AP OB 2EF A9

A7t 8% HAH4ARo £ oo R e 9Esiw

SyE 4% NEAA L2E eddun 2 1
W e wRsE Quskdth -1, Qg 0738
W Qi AF8A el 93, e Aol A0
o e A HAHoE APAch £¥ 1% Az
Ags Ahgat Ae @l dE es Aol

A5 Aadel B} U B4R £ ¢ U A

Q7-1: 7 dibA)
Select SSN, name, state, aly, zip, gender from
only(Ta) where age >= 60;

Q7-2 AR A g 1Ak
Select SSN. name, state, city, zip, gender from
only{Ta) where age > 60;

CIDIEO1 AARS 2

fot
=
ML
Ho
0%
or
¢z
=~
DE
[l:
L]
L)
=
[¥%]

-3 Q729 g ¢4a)
Select SSN, name, state. city, zip, gender from
only(Ta) where 60 << age;

8 ZHEY(Falienng

ORDBMsoﬂﬂﬂ Wiss Z2IW dsE e
A SQLE #ed = glv)h mazr) SQLE e
Ao 4 HAg gAY izg EEe Ay
ol AFErt slEahT], MAErF C dojy e
Zaad dej&at Fpdo] rhed HEe a4

& EHEye] e Al Er) o w
Ve FEZ dAEdch Q8-Lo] Al malegrad-
ualet}= SQLUSA A4d¥ Aoe=2A4 Graduae
2d4] BRE gx dEgAL f#Ee dave|n

malegraduale()E SQLZ Td &4 of sl zrl
Select + from only(Graduate) where gender = "M’

o A=Hel 99 AAA} ATk, SN 4

of Wik s HAE Fadshe] Ql-19] Butet vls

A,

08-1 & Fead M B 2] EgEy . Mg
el 71 12000005021 Ak2ke] olB &

EA, $RUE, o], 4EE PR,

Sclect name, state, cily, =p, age, gender from

malegruduate()

where SSN = "12000005(0;

39 YEKGeneric) A

DBMSlA] AFdle AEEE U A23(F
o], integer, char, date 513 ADT #A&3o] sivh
# ARYE DBMSHA 71RHo2 AFse AR

ol A Ui

2 s ol wE @i go] 4FFT. ADT
AZEE AHgA oF WY T2 AoE A8%o]
th DBMSE ADT #r28e] u[F 745 ofdst4 &
R AMgAle ADT ARHe FoT 5 e a4
A5 AFsredof g

ADT AREL 9 A& HAlaomic type) ADTS
23 A& {composite type) ADTE FEHTE ¢

DL



o4 BSEEYREE =FR WP WT=000.7)

ARE ADTE 94 ghatomic valueld & AHEY
At} s =9, AF H49 weighit B2 ¢ F
8% ADTZ A=A, g8l d&dart AFe %
ggen R ke 27 shielth 5% Asd
ADTE 1t olite] ge 712 ¢ g ARl
S B, F4 HA0] adidress t 4RHL=E ;‘49‘.9.
. address_t7} nation, state, street, zip8] 47 FH2
2 749 3% AEY ADTolH, siife] dide
o] EAFOTAM CFEAmion, ‘Fislate, Fh
street’, ‘FhAap g 99 402 e AHch address ¢
AeEe obx] C/CH+HelelAl structel ol Aok
address_t A2 ¥ og Aoyl £4L 7 @58 TR
oz} B Titag)E o2 Y}

"]ﬁ @] B} o] & W oA B Alsd ADT=
| p_projecl_t AEEe] glth
2 744, 7 g
Ha] o]2& proectld, projeciName, projectStariDate,
projectEndDatee] i BE8] Az ge g Argd
integer, char(20Y, date, date® A& ®ch p_project_t
A dFd J§ Azder 22 Fe¥Y 5
2 o2 7 sk wY A2Y ADTZE rank r A
283 timet ABFe] ok Professor 249
rank_t AAEHL U AEEY charlh)$ 29 tme t
ARYE "]"]' delets #3sty] Hall Fol8 A%
ol timet ARYE Nz o) UiE HuUE I
ge 04 ORNE 234 SowrAlel RlfE ARE ¢
gk AT B FRe L EXR _’L_', AT, DBMS
E lmetel] W UF FEES g7 £IEE 0|
27 318 O Ak olal rhale] nlm A4k
= %, {3y, = =7} FeHolol L

EoAma ADT A@g fla kA e E
Aotder shelmy 9% ADTH g @ = d9,
Frelme] 102 ADTe) oe B¢ @ik 2o, sholae
112 ADTel o =8 Aejelet, Zzhe] 7he|aeie]
e 9y AEY ADTS 23 A8 ADTel O Al

rlr

= c_project_t AE

c_project t AEH & 47114 gEo

05.

\r

from Ra
where mectingEndTime = '14 @ 305

a8

Qo-2 B3 Azd ADT Ha (1% H98): A3
Pzq zadsel Widt 109 med FUNE
£ &, BA, $EHE, o], AEE
Select SSN. name. state, city, zip, age, gender
from Professor

where currentProjecl.projectld = 10

Q-2 A progectld= 8% A3 ADTe] 3l 97 9
LolEelth QIO-13% QlO*Tﬂ]";] AlMEE  elapsed-
Timel() F4A4E timet A8EL 7 AFF e} 5
7 Aghe] FelE ‘ﬂ%il Q10-20 49| project—
Term() {44 c_project_t #2282 QlpE Fol
corajeci_it AR EY 39 projectSiartDate, project-
EndDate 2= 39 A8 FpPon gy
Q10-1 B9 #A2% ADTl WF
A o159l Rag] FHEE, ©F
Lhe], dE P Ao

Select S8N. name, state, ¢ity, zip, age, gender

4t 38 A7) 1

==
y I,

from Ra
where elapsed Time(meetingStart Time,
mestingEnd Time) <= 13

QLo-2 Bak A2d ADTe) fd |4k 1d ol =
2AEE Ao FFo FHWNE OB £ EA,

(u[u

Rk

rﬂ

SHAD, o], - =3
Select SSN. name. state, dity, zip, age, gender
from Professor

where project TermleurentProject) <= 365

Q11-1 g4 AEg ADTH diF =gl ;e A
27 Ragl 38 T Atte] 2 REY Rad o)BE
77t s

Select pname, rrume from Professor p, Rar

where peounsel Time = r.meetmglindTime;

T9¥ Rag] o] &8 244 A8
Select pname, rname from Professor p, Ra r
where proorreniProject projectdd =

r.eurrentPraject.prajectld;



2|2 o

S B oAAAEE F e 48 DBMS AEL
2 a3 78 e 44 Aagd AT
7} olug], £ Ax ez 7RAl A (feasibility g T

2 o] f

Zoleh Aol 449 DBMSY AEWE of

7} Al~dlg Kok YEA BrEE .S,

Ag g e d =7 22(Sun Ullra Sparc) 715
o, 96Me] = mlmar} AEu]e] ¢rh, AlAEle] w)
2 dad A4, 32ME B PR AsEY
AAe &8 2Solaris) 2510 ARERER, AE
4 old 28 =29 ESQLCR %ﬁ;%ﬂ.}, A
o ALgEE Holeflelaz M4 H2Aaw dsklE
ApgEa @1 fYaUnm)d] ALA2HE o &8
) Aak e o)

B2 odlAntzme] Alkg Rk Axd wEl X&) Y
*1}‘5“—2“ 23 A2)ul7) %‘]_,RC]E]ME]- de2 o X=

e

rel BxF AWIA et v olg AdP

—l

o

A
CBoalAekazt A 27vke] 2@ Depart-
22, Section F2, Profes-
sor 247 B9 FF(ciroar reference)g] $HAE
AT g3 Fx 244 ode 2Yase Al F
Pl A7) elme] 2 FY2rt 7A AA
2 7geER oud Fdan dr AAE 4
2ARE AR ok fele #3 wxe] EAF
g@dst7] ¢sl 4 Department E @220l chairparson,
olfers &4 (0152 7}7] Professor®l Course LT
Azghe] A9E Depurtment Z3AE Agsedch
Departmenl Z#49 AAol3 7 £8 252 Profes-
sar Zd2, Section Z¥2, Course 228 £A4R
MR Ao “alter” TEL ARESS De-
partment 29129 charperson. olfers £744& F7fet
At

A7|npe] wpE gl AL Xep YA A )

o

= W 2¢(bulk leading) 7168 ol&stEd) §4.

ment. ]2, Course

ﬁ,

1
o E8
ol 4l

G 7% Bosgd Hol6E oler] Hdw A

gt of2-7] Sl delels g YL s
A Hed 2 dasas pEE 9d sx =Y
{CR, carriage retum)e] AFEERT 4z +
alal K&h vollAl gt Zzhe| 7EAE ARE
th, AE delde 3 7] £49) & LFAE

ot
o gl

CIOIEHAIOIA: AlLEE S0l MER s B SRS 2008

o
W
a,
2
=0
xQ,
fink
i
ro
o
gt
)
i)
_\'l_[
il
rle
e
T
by
=
l !
&

¢
1o

=o] Section &

o

R

o)

o

& ;
my W o

Uit

A

7F glom s

Department

[
iy o
g
€]
ibfy
g_'
[
air
2
il
o
fu
msth
i,

e 2ag] dags sled Hgrt Ay e dR
aly e 10%2] 7] WiE BEE 7HA

7] dtedigl delBE name £4¢l LHU" Ak

29 sorr HEeFt AEET
name Aol g8 AZHE deojele F 7 4 o
slM FALR Aol Z¥E stRen dFHA H
dielele Xof Yol HA=Arh

&

SEE AE delgtulelzel WEl ZF DBMSX 7
daE @A (ndex)t 74 AR J15E FE5) A
@5t FFo] Age] Vengk vietutt. ddaE
delgtme] 2 e] BE &3 where /‘40%]%1 =]
fdEel zgen Y4HL er SEE X YA A
Hate 7lee B [El‘ 4849, AMER HY vk

!

=, ADTo wisjA = .E; Adadch FH2H

(cluster) 92} ;'aﬂﬁ Az ddad] sled 2%

i o] E AMdEld W A (range query)2l F
AZ 72 o zga o] 4 Es gy
Ag ke 4 adE 12 AU £8 A

o] 2RL fYada AFEE gettimeoiday TTE
Agaidn), =3 SdeE 22 de G945 fokd A
49 B 9 Aol B e MR gof o
of 74l(cache)® dlolelE E#Al{fush) &4vk i
e deojo] wshe] o] gt wleld] EHA Exrt 4
FEitaer, 184 g 7&]%‘3%1"‘5 RE=S-TE
(rebootmg) 53 HAE vE

2 AE A fﬂ"ﬂ ﬂ—ﬂ A3 AgdE
—4"{]0}% e Hal #EE Felvk 4 ded } ik
2o A3 FEE delelde]a gligs
71urEte], C'Il’“ He de A% d2wi 'fﬂﬁ‘?% 2

1 H

g £q & AA gREHE 2Es S ek

i r
]-l:
2,
1
=



2006 gt=flEAEEE =2 M7 AT=E0007)

o A s ¥ wHE: diEs A5E dsss
A fel) 2 il G2 ool

B eEdA e
& y2& Adaupa2E Al ]ﬁﬂ: oA e A
A A=, djelslo] 2 270 e ]EMM; Q2 E
A AoE rlestdch 2 dxe2E AHA-7AE
dloleto] 2= AlAHE 24 ’“/‘IM‘?JELE 2 -
A deleld ol Alade] "R FE at
o ogled B dA«A EAdeze Ay dlols
ol=2x P delsilo]aTte] ALE, A delE)
el 2ol G4, Aol ek AlE Feo] §lvh

3= E dAuzE £ o719 g AA-gAd
DBMSE AMgsted flslsien, 2 A48 B3tsl
th Z8EAE 87t Age 24 AR-4AY o
dEe] A Al2de2E DBMSY 5 FFoE
o] £ yiAvi=e] RE AYS dARe FET
flalch zet g7l £ wAviaE Ae dAE
Aldje B dlRetze] A2 RE FeE AETsE A
A-FAY deojefo]l= Alarlo] Al st 9l

W&g HAstn doh 7 DBMSE 24l AlFoR o
ste] Al Agd A Alebden e 2 AFY
ol dlA(license) & © o AAT + @ddch fE=
7l7E mdlel] alAela] B dlAvl=s) Apekel]A A A
g dele] qF g AU DBMSs vhehvbelet B
=

@] 7] A {Images), AHEZ(sounds), 9)€] % (video)s} 2
2 geEln o (multimedia) #eTElE 25499 DBMS
14 £33 AP £ g ddE At HY
W FAFTR, full text retrieval)e] FaAle] ZulF
Alg7te DBMSeIA ol E A 723 Ele] W
A gug g7 ol 72 9is AH -

s
o
2

4 2

2

Hr

r

ci
#

o

g dlojekve] =2 e )X et §& DBMS7)

9|8 Al wmE R o] dejetsl 1y B2 A4

o g wxulaE TR AAZ FAc
#1gd

[11 M. Asgarian, M J. Carcy, I, [. DeWitt, J. Gehrke,
J F. Naughlon, and D. N. Shah, “The BUCKY
Object-Relational Benchmarls,” Proc. of the ACM
SIGMOD Conference, 1897,

[2] I. Bitton and C. Twrby(ll. “A Refrospeclive on the
Wisconsm Benchmark,” In Readings in Database
Svstems, M. Stonebraker ed., Morgan Kaufmann,
1958,

[3] M. I. Cavey, D. . DeWitl and J. F. Naughion, “The
007 Benchmarle,” Proc. ACM SIGMOD Conference,
pp.12-21, 1993

[4] J. Gray. ‘The Benchmarlk Handbool, 2nd Ed., Meargan
Kanfmann, 1993,

[5] S. H. Lee, S, J. Kim, W. Kim, “The BORD Bench-
mark for Object-relational Databases.” Subrmitted
for publication, 2000,

[E] M. Stonebraker, ] Frew, K. Gardels and ]. Meredith,
“The SEQUOIA 2000 Storage Benchmark,” Proc, of
the ACM SIGMOD Conference, pp.2-11, 1983.

[7] M. Stonehralcer, ‘Object-rclational DBMSs', Morgan
Kaufmann, 199

[8] C Turbyfll, C O and D. Bitlon, “AS3AP : An
ANSL SQL  Standard  Scaleable and  Portable
Benchmarle [or Relational Dalabase Systems,” In
The Benchmarl Handbools, pp.317-358, J. Gray ed.,
Morgan Kaufmann, 1993,

9] W, Kim, Completeness Criteria for Objecl-
Relational Darabase Systems’, ThSQL Inc., 1994



HH-BHE BOEHIOIS ALES 215 WRE 85 57 wEE 2007

£ 5 o) SHAZE Ht 21 M &
T % Aoy X Y e-mail * lace@nownum nel
2y AL 16 25 1998 S gE AT =g
- Ze 1-2 19 41 Fad 2
43 oholr) —2 21 A 27 0009 St g
ke X 27 73 51 514 (4 )
49 31 1103 480 20000~ 8A ik P
z o | 4932 18 62 S ojshe sl
A9 3-3 237 39 O~ A A 2 T 7
ol A- r =
o . i 20004 ~ 84 FAUBL ALY 7
I T : - T Bok: e dlolEue]x, do|go] s Alad
= J =5 7L
92 44 X B3 ER
de] 5-| X We )
q g | 2952 X 1368 o] & =
;ﬂ g_i ; i:gig e-mail : shlee@computing.soongsil.ac ko
= : — woAerE s AaEea
42| 6] 578 1018 1584 ; ‘i].jf; iRl
iz | 4962 568 509 e (1M U
29 6-3 1164 Memory Leak 19861 'ﬂ% =As A A
29 7-1 X X I AL
A 29 7-2 X X 19800 M) w8 AE T Ak
494 73 X X & T (EFAR
ZAEY | 4981 X X 19801 ~19921d F= 30 72bE4 G
AT B | 105 x ] 9, Agai g
o | ddea 66 158 19606 ~2000d )2 FA] oler] £ Edo] An
ADT 94 449 10-1 105 X,, ze1 2@ o4
2 102 28 B 19001 ~ Q4] A shiE ey PR
ADT 20l %?ﬁlgl -1 | 24T oY 48 X @2l ¢lgd HelEbo) A, dlo|Ee] 2 A]Aw
_ 4 112 | A3t el & X A A WWW



