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Aojolg dAE A Aoz HEAse dnES AR, AAZ Ay AN FAREE 7@
g Aiag ANt

1= AF dolehjol 2, AA delo], 1y ZAo] iy AH Aoof

Abstract Although most commercial relational DBMSs provide a graphical query language for the
user friendly interfaces of the databases, few research has been done for graphical query languages in
object databases. Expressing complex query conditions in a concise and intuitive way has been an
important issue in the design of graphical query languages. Since the object data model and object
query languages are more complex than those of the relational ones, the graphical object query
language should have a concise and intuitive representation method. We propose a graphical object
query language called GOQL (Graphical Object Query Language) for object databases. By employing
simple graphical notations, advanced features of the object queries such as path expressions including
set attributes, quantifiers, and/or methods can be represented in a simple graphical notation. GOQL has
an excellent expressive power compared with previous graphical object query languages. We show that
path expressions in XSQL[1,2] can be represented by the simple graphical notations in GOQL. We also
propose an algorithm that translates a graphical query in GOQL into the textual object query with the
same semantics. We finally describe implementation results of GOQL in the Internet environments.

Key words : Object Databases, Object Query Language, Graphical Object Query Language
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71 doe FL AQdslne £43 Ut #
39 4 QUoH1l AEE°], Employeed] Fd Wi
= Bonus(year, month)e A3 4& AA=Z 43d
ER A9 rU2AHFE FJEIT F di=
Bonuse AelA By £43 FIdA HIFE
4 glth ol d FAME whEre 2 GOQLYA =
B &4 593 299 842 R F
=7} Zueglr eijlel zhg #Estd Eﬂ”]ﬂ
oz, AEA F9 B9 AAE guistd F
vk ok dA U A
2 g distaez ¥ we £ U=
= JEH‘—‘} [AF ]*_‘”5“:} ay 8ellA FH2 Clel
g viA= m()e FAFE ARZ WolA C2 Y
o) AAE ¥ ‘?_"4'. AFEA7E Fdl2 ClaA dAE=
m(O)& Adsd GOQLE Ux9 e d8€I=sE 2
Fae, AMSA7E gAY o g 102 Y, Wi
= m(e] Fe3te AAY v C2 Fefzd o
& we=rt A9k 3% 89 ad Aoe m09
AEse C2 AAY £4 A3 gol 30 olgle =4 &
ANgAog EAF Aotk w¢d, vi4= mOe] M
e gty Clm(10.A3S AY A=y Hu
AHEAE o] A A2 dste 94 2o HE
ZAL HAE 4§ 3ok

ci Ccz

.
n a1€10)

A3 =30

aY 8 GOQLAA wWi= 3&

3.3 A= X=AEQ| AND EH
AFAA @Y AR g 2109 Ak HH
#ale Amrgich dride o2 2318 ANDE



116 CEELLES TR
2YSE 29 29 A2 FUHe YA 4
JeT. OR d4xE TId 29e 2 Ao

A5tE 539 AND J44 72 X3 Aos=
Wyste] 2T F oz GOQLAANE A|2jgtct

AE ZFAESY AND Z3e a#lyg Ao A
AE dnBozN HA o F 3k GOQL A
$Ae AE FAAsr] sty wA "o djdol
He 928 shi ddsia, o FHx28e B
45 A UtdA =20 A HolEL B
Hgozy Aolg #A4sA "Hrh JJEEC, 18 9
(@9 2#3" Aoge A8/ g9 B33 AAA
A3k

- A9 gidez FYx Cl1e A9

- &4 ALE AYEE C2 =7 AAHI, o7)A

273 A2=20& B3
- C2A &4 A3T% A4E MEIHE ==
7t A"
- csrlr Caol 27 A5=503} A6=60< Ztz B33}
o Ao ZHAL AT

A FA FAANM ALGAS 24 HolBE U
A F23E GOQLL °o|E& ANDE 973%c ¥
Ha)el 2YY AojolMe Fd2 C24d =7 A2=20,
C39) A5=50, C40} A6=60 Hi}stzm Qlow, o5&
2% ANDE 979 Zdeolth. GOQL Al=¥e 19
) 24 FJE ¥ 9b)g Z2& FUdF 9
2 7IdEe g2 A9 Wisle A% DBMSE R
WA dels AesiA fav W g2 Aoy
£ AMY F3o] ANDE dZH ULE 2 5+
ok 999 GOQLE HAE Fog Wgsie ¢
Z2 A 34 AN 2%

C3% C4

c3

A3
Pad l:| CLANCT A0 And

M GRS =50 C1ANCY AFC] A5=50 And
C1 A1[C2) AACAL AG=E0

<1 c2

AZ =20

Ab =560

(a) ANDE 9728 A9 () &3l d2E
ZAE =3
¥ 9 g9 A2 2FE) ANDE dZ"E AL
GOQL ¥@a

ol 2ol ANDZ 979 ZUEL GOQLE ¥
g @ WA F2% Aol stk AgA o]
99 S o4 B $4¢ Ao A4 Bl

toleblol 2 A 30 E Al 2 3.(20034)

Addte 34 =W gdse FH2E OQLoﬁ
A B Wo} EAEET} 7 = EAoltt 9%
a9 19 27)vkd) digte g FE 2A% :L°ﬂ

&3t GOQL RA& AzstA).

Employee.Deptl Department]. Budget > $1,000K

And

Employee.Dept{ Department]. Manager{ Employee]

Age < 30

AbeAE e e E Employee Z2E A9
& Employee =28 AA3}1, £4 Depts A9}
& Department =& HAA&0, 7 Budget >
$1,000KE #Hol&g Hrlsth 183, Department
k=04 Manager &AL Hdad  ©HA9
Employee 27} oju] GOQLY ==2 &Asnz
olg #EFv WHAY-1I ¥R =g HAs}
€ A Y-2)0¢ 34 5+ Ao

Employee Department

"
Dept

Mo roger

Budget > 81,000K

Age'< 30

(a) A=-1

Department Employee”

o ————
Maroger

Employee
—
Dep:

Budget > $1,000K Ags'< 30

(b) Ae-2
3" 10 32 2344 F W o) HEYHE Fe=
9] GOQL %38

GOQLAAE 3hte] gel2rt M2 o8 F /) 9
28 BY 402 A8t F ¥ o4 AYHE 3
o dHE9 =55 A4, FAH2/EA o H
o 71 4 ¢, L& BYA 4 =EF MR FEIEE
o (2" 10b) #2). shtel ZFE2rt Mz ga
F &9 =gl AFog Hoo yelyd 1 g
2 AN FrAe & U 717 wE
ME2 8 k=2 AN pREoF REAo) glof
A, d&5e], 28 1094 EF %4 Managerd



a2y A Aol P 40 ASE TGS A2 Az} 17

9]3le} MelE]= Employee Sl Aol A "4 "

o] opet "#EA"Y] 9wl E 7PZI7ﬂ HEz 19
10 ¢} Zo] ¥x9] =t Employee’ 2 ¥ AJST} v
d, 19 10(@)9 #o] olES AR & =ER ¥4

8t o3 e =ER HASE MolFo] FAEH
of gg3te HAE Hog AAsted oA Fel AU
A "ot F 29 10@)d e £ Age<30¢] Em-
ployeed] W& ZHUA 5L Employee?}t o5-3t=
Department®] Manager®] ™dt =72 29 =
AzAe FE8717F E7bsstth 28v, 1@ 10(b)
o Ae o] Zye] Managerol W zxide] sl
=

W, Y% 403 Qo 3o gHAvt F
W o] A AY A2 AR ko FFEtes F
e Ao 24l F ¥ ol vEE GOQL
© g WY A dEEY Yo T ZHoM A
29] AlZ w==¢l Employeet T ¥ JEIA|T &)
el k=2 HAFYew, Department® 44 Dept
of 9ate %= W HAdE Yoy GOQLAME 3 He
B A= AT

TransGOQLtoOQL() :

3.4 GOQLEZ HAE x| Ho|0{2 Watshs ¢TSS

A71ME GOQLY 13y Aos FTY3 ous
A d2E A Aoz WEsc ndFs
g3 de W g38]ES Tachyon ODBMS[17]
¢ Java ¥ JDBCE o|&3ld A2 FEHO T
3t glow, vlAEE Tachyonolx YA @)
hZo Al =Rt

A w dndEe] 52 AJL2 g 2ok 9
A GOQLEHRE 4L =Z(E92E A57F 02 =
=)E ZolA o]Z From Ao AAFT £2 REE
A29 AF =7l 57 & From A
o, Yoz =oEL AlF mEgRE H2E
YERZ From Al vebd B4ar7t gt oo
GOQLel X8 7 =78 A 0 Boll tiste &A%
2E QAIY $¥F H=2E A
of vetd & &6 sty A2 l:Ei—‘?‘—Ei a
Aol Hojg FH2AY BRE £A4 olF &
AqdFe Fotk F, 2= FH=E L}E} BEE
£E ZE22 Ao 92 Fog A& AF
oty thgole ZAIZ IAF &40 EIHN= BT

J% m{m LT e ]

(1) Input: GOQL = <N, E,
(2) Qutput: Object SQL having equivalent semantics
(3) F-clause=Null; // From clause

(4) W-clause=Null:
(5) for each node M & N

(7-1)

(7-2)

(7-3)

} // for

”

(9) P-clause = "¢”;
(9) return(“Select”

if (indegree(M) == 0) {
F-clause = F-clause || “Mm,~
(6) F-clause=removelLastComma(F-~clause);// remove the last comma from F-clause
(7) for each condition A 0 B & C {
if (A is an attribute)
pathL=expandPath(A):
if (B is an attribute)
pathR=expandPath(B):
if ( Iset attributes si,..., sk & pathL and 8 is a scalar operator) {
// employee the object variable ti for each set attribute si
// in the From-clause: element comparison
F-clause = F-clause ||
pathl = replaceSetPathToObjectVar(pathL):

}

(7-4) if (3set attributes si,..., sk € pathR and 0 is a scalar operator) {
F-clause = From-clause ! “m.sl t1, t1.s2 t2, ..., tk-1.sk tk”
pathL = replaceSetPathToObjectVar(pathR):

// replace the set path into the object variable
}

(7-5} W-clause = W-clause ||
(8) W-caluse = removelLastAnd(W-clause):

i1 P-clause }i

// Where clause
// find the source node

// From clause
// maKe conditions for the Where clause
// maKe a complete path expression

// maKe a complete path expression

", m.sl tl, t1.s2 t2, ..., tk-1.sk tk”

// replace the set path into the object variable

“pathl. § pathR And”

"From” || F-clause |} "Where” || W-clause):

a9 11 GOQLE #2E A dejz dasts ¢uds



118 ARG =EA) : dojgtslo]l2 A 30 W Al 2 5.(0034)

Bt AMEA7E 273 A 0 Be] |4xE AT 4
AE AHEE FE FAE ol FF B2 U
o 92 2AE JAF ALE AN A4 A4
gAA G2E Fg2 B3] Aol 4 =4
oA st X A=/ AAHE o]FE AND 4
AAE AFde FAF Where A& B4 o
22 ALRAV T2 H2ER ARG &4
Select F|2=Eo] gt Z2AHE 430
a9 118 39 WP nyE g BoFo A d
8 guFd 2 FFE g¥ie v 2k
s expandPath(A) @ &2 =E(E9E 57 091
=)o AZE BE ==X A2E &4
A gl H7Hgh
» replaceSetPathToObjectVar() : Ha< 7Hxe
AB A2E AN HeE A3
« removeLastComma() : From Z|A vpA = Hal
OE A
« removeLastAnd() : Where 298] 27 2E A
v gto) Yehes “And"E AAE
(kA1) 2 129 ey Ao ddlq 2 A
oE A AL AHRa.

Emplo yee/'
Hosarr
/"_\Add ress
sear

Age <30

Car Comp any

a4 oker
Csddr)
Address’

ISV 3
=

Ciry = City*

a9 12 GOQLY o)

Ao ¥g dayFe Jdygeoz AEHE GOQLE
e e Lot

N = {Employee, Car, Company, Address, Address’}

E = {Hascar, Eaddr, Maker, Caddr}

C ={Age < 30, City=City’}

wA), B3z Ze step 5914 F-clause = “From
Employee e'& A Loz 27 #Hol&E Ly
Zr z79 uEd step 79 19 WF FEZ(7-1~
7-5)00 A &5 go] £ ol &WF HZE FHt
3tk HA Age > 300 w3t AR A k=<l
Employeedl A Age7l &% Z#§22 Employee7tA19]
AEE Age ¥oll F7Hs} o] AS FHL olF W
Aol FAdF Ul zZt= AA HF eF A8

eAge>3022 ZAE AT dgez zA
City=City'l Wizt &4 ©o|§ @l A2E FI8
t}. WA, Citydl didle] PathL= Employee Eaddr.City
g A A33, City'ol W3t PathR=Employee.
Hascar.Maker.Caddr.City & 4%t} 184 PathR
= Employee.Hascar.Maker.Caddr.Cityol A &4
Hascar7} J@gs 7M1z E7dn 222 A48
=& AHE32E step 7-39A From Aol A w4
cE E90%8 3, AA ¥4 cE o433l 244 TEH
A¥ A= (EmployeeHascar)E Wx3d, waly o
=9 W g& AP

F-clause : From Employvee e, e.Hascar ¢

PathR : cMaker.Caddr.City

W-clause : eAge > 30 And eEaddr.City =
c¢.Maker. Caddr.City

ot o 2 step 1004 @®ste e oS
2o, g7 T2 Pd2EFE BRALS #3147 ¥
3l 2 EAISIE o, A 4 Fo] FHAA A A
Bt

Select *

From Employee e, e.Hascar ¢

Where e Age>30 And cMaker.Caddr.City =

e.Eaddr. City,

3.5 GOQLe ®EHH

A dolgiuol2o M= TA 7t BAZHoZ &
AF Folgdo] FHH Jouz N2 AYolE A
G o FA A} vaste 1 B9 AEE £
8 4 Atk 2, A Fojole] A Ao AA
7 43 @Al ey, ditsrt Fgee BF 290
T ok ARHA EF dejolm R olejg vlurt ol
& AAolth A7iME GOQLS EFYE 7€ oA
A Aol FolX TEFHo] Hlu A FHold XSQLI]
¢} vlmgPch XSQL 714 o 5HL gH4E B2
o gy 27 AHggte Folth UM E XSQLY
B2 U AL GOQLY x==9 HIAE AHE31H
Aoz EAE F USS 45Tk

wA, o7t 19 ARG Fd2=9 e &
oz olFojR)el uiF 2P AHEA o HL
Azo X ZY2E GOQLAAM AMtdE ===
EA 3, £47% 29 dF 23 =9 zA-d¥
olB2 FHdE vizrt TP FAE= A 3249
A AEE ke o] £437 {FAEHA AFEH, A’
&Aool A A2 AY ALIAE AHEIIY EA
B 5 Utk Loz ozt i (>=2)2 AZE A=



S AA Aol WS4 MAEE ERE AN A2 119

7} i-191 Aze ¥3o=vE A FFste] Y
Z 9tk Al 322 A7 A 323 A Zol7} 291 7
28} o)k 3 o)Al ZEo] W =@ 1y
HHE AgsAct vARo g o] HE 2HE0]
ANDZ dZ¥ ZA$d% GOQLAAMe Ef =z
olEg HHUY 4+ Ut EEoME ey Ao
shie] Fal27t T oA o4 ddge FALdE FY
3 &£Ae osle] Addg FHAEE iy w2
HFAFoEH BFPE Foli, 1% ¥ Fede
=EE FE3le HASE WAooz REAo] WAl
A FEE sl o7, ORE d2" A%= %
oj4te] ANDZE dZ2% doz HIse HAg
denz oriMe thFA @tk mEkAd GOQLE
XSQLAAM Atg=He Az gt 21 FA4 ORZ
AA" 492 Aodlne EF Adsn ULS ¢
4 Atk ook, BE XSS Aot ool o #at
a9 Foo] HHL ¥k AT HAloln E =

BAE TEA gt
4. goaLel 7

GOQL2 Al 33 &A% 249 248 ]88
A B ooty A& HOE FRAF7 st &
7ivl @, dolgt WA 9o W J15ES /AR
Atk G71ME GOQLY T #Ee] EdEFag A
g B4 s 7Es

4.1 Y ENUE

GOQLS 1y 137 22 ZYTolA A=A
GOQLE Java/JDBC 2o g Ao PC 4ol
A QY-S T3t 4FA AH dojeiwo] Lot d
2", 974x DBMSEE Sun GEZgo]= 2509
] &&5%E Tachyon ODBMS{17]171 A145=, &)
Odysseus ODBMS [18]¢}9] <12 AYx Ad ZFol
At 28 1301A ALEAE GOQLE AMg3te] 9
9o Az B olel wloleiiol A BRI HRE A

Sun Enterprise 250
PC

JDBC
GoaL o e ¥ il
ava -— i
Result

catalog A X

Result 0OSQL

database

=

og 1348 87

W 4 glon, of JHE AMRAV A9 E FAsE
o o] &gt

GOQLY A8 42 19 149 & A|¥ A tho|d
agez gAETh g FA FAEE AYHY
gujsta, * EAlE ¥ 53E $ Qlte 9vo]
EF, GUINAM w2E GOQL AH&AL =88 &
< du @ adeN AMEA7F GUIS 271338t
GOQLE AMgA2RE [PE dHwolx 973
DBMSE dddch Azl 92 A DBMSOA #e)
3t dojgHlol A YAEEF Agloly 11 F e
A g, DBMSE dgd oo~ @ Zdtd
Ao A3 H3Yo] 7t FE &ar, AHEAA b
olgiol e X 3te EHlo|B H2EE WL AHE
A7F A9 thide]l BHe HolES HE3tH GOQLAA
T 2 HoES =t dee 1#y A= PE GUI
o) A)F3ta, DBMSEZHE HolE AR (547 B9
wolx GUIZ XG9It AHSAE HolE HRE B
|A Aol AL AAsHA =3, GOQLE °}& 1Y
Aol Hej2 GUIY Hesie, AH&2I7E F712 HolE
< Aesle A$o) 1 HolBo #3 FRE DBMSZE
B golA GUIZ Agste A3 & vhE 3% 1
A A7t SAASA AHE R Execute WA AE B
I, GOQLE o] & 5¢% 9v & 7HA e d=E Fo=a
H# sl DBMSE Ruln], DBMSE ol A gste 2
o A7E GUIR Bt}

fr ok

(2 2 & oo

e

GUI GOQL DB8MS

P

I

il

ESIE]
OB 212 E

DB_name 2&

A ] DB_name &€

DB &4
< __HolgerE N
EiOI 2 table_name Mg

table_name & &

M EH
REL R
le ENEEERT
] }_a
i;«i* EaAzA ®E table_name & &

Jei® ol 4y

ST R R T RS
29 Execute MAIX Mg Text o= pigh Mg
a8 ol &g

|

2% 14 3%y doo] A4 43 33

4.2 GOQLe| I8t of

ggelE GOQLY AHg e ofg Fihdl 4
ol GOQLAl= 28 15 Av3 o] Connection
Manager, Schema Manager, Query Manager, Util-
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ities W57} 2t}. Connection Managers UIEHlo 2
A2 9AA "olehlo| A5 FAA AHEA7E #A
o] e dolgo]AE MY F URE Tt
Ay dojefujoj 2o ot
&7t W3 AYJEIEES], FH2 AAEH A
) AYsts 9= %ot Query Managers 1)
I AoE FAAHY 4 YEE AYde =5y,
Utilities= HioJEldl o]~ #Elo] K& =7(=Zul/A
2E 5)EL I Y A7INE o)F FOA
Query Managerdl @3l Amio

GOQL/Query Managere] W9l 9=+ 39 159
Zol 27Ivt AR Jd7 a8y Ao o % Px
Ho] gooz FAHL 27vt FR FF& Y
gojelwloj 29 ~7nl AR (FH2=¢ -—‘r*é AH)
BoFa o, 2o NE “ARSAH” ool e
o2 car, company, department, employee (B
ZYX2E engineer) FH2T TEH e, 7 F
Hroe £4 AR/ RAx3 ok 2y Fo
e AR ad® AdojE FAAPde Gt
ARSI 270 AR FGelM A di}e] HE &
HE FEYsid 2 F2o) dig =7 a9 A
9] ggo) YetuA o mF, ALAs ddd 2
Haor 23 £48 YA HAE =W AT
OHZ- FHhro =7t a8y 29 Fgo Yl
oz A=Z7t ANdRog FAHD AAEAE :L"'H
Aol 9o Yehd =z gste 27 gold
Bigtozn A9 AL vpXA Hrh g2E 734

Schema Manager<

i ee fm

_p'

E_lﬂo"—"

ol a7 ool FE@ GAE Aert A
HEE Rolth AHEAE 1 Ao oA 29
o HAos —V*ﬂ ool A2 Fo g4 BES

Zysa gud das 29 I Y@ vl
drE g_47} A9 &4 Tachyon ODBMSS]
£ 2= 0SQLOl ARET. 4TV AsAT 1

29 Ao A4 glo] vl H2E A9 g9 0OSQL

HEA SO N VA INd o[ A TVE-111 0N BRI 23]
o8 io car valsee( HIDD, oot ald irem company wheta i |Gl sowiect o

J902 W OER My

2% 15 GOQLS} HYd 9=¢

dojeluo]2 2} 30 # A 2 S(A0034)

< J38bsld APY = Ik

d& Eslo GOQLe & 7L A 19
16(a)s ¥ 159] 27inl AH JHoZHE em-
ployee 228 Heste AT a0y Aol B
oF1 gich

T
PARCHAR

pedsmas

bo_ocT cu

pE_REF employee

arae omutoyee.dept

a) 4% 274¢ #£98 :id >10 and dept.id > 1 and
dept.name="Hongbo";

d2E AR o9 44
29 16 e @ele} 2hge dhshe daE o) 4y

(b) H&3h=

AL 2= employee =T A B SA diE
AL NNEAY & 5F £48 HE 98y
3 E£Ae Eue F¥A =z YR YAE
ek 28 16(a)x AHEA7T employee.id > 100 &
A< 2AF F OB HA4 deptE FHEA
department ==& AT Egeolth ), AHER
£ %E departmentol] thsled =7 department.id > 1
# department.name = “Hongbo’E R3slx vt &
# = departmentol A 2 Aol A=A AEAE
g4E MES FHIlY g2 ZE YAt 29
16 ¥ 16(@e 2y HAod FYH H2E
AYE BAFH g GOQLAM= 1Y 16(b)9] H
2E AJE 9ZFA A dlojgiujolzo] HEdA
APstn, 2 AARE 1@ 159 2 Feo] FHq
HolZ FH R BoFA "otk a9 16994 59 Al

Z g Z2H44 2EE AAHG BGgE RAE
. HA) Ade =Z2AHM Y2EE
employee.dept.id, employee.dept.name®]™,

By de B

UE=% 1:1

employee.id,

A9 Az



e A Aejolol A U A4T MASE EHG A2 A4 121

A olE £A49 gl AFH 29 179 119 16
o] Ao ANE roFT Ut do Adye ¥
Ao Fdo) gold ez it

Abg-Atel Aol 4w Al #AHLe 1y 189 Hrh
AHEAlE GOQLE Adste] Y93 A doleHol A&
AZT F, 1 159 2k AR FAel ey &
Ha FolA Ao el He FH2E Hdsoh
GOQLS HeH 22 AR (547 1 g§hE Al
5] slgzazre stAeld 1y 169 ol 1dl
o 49 9ol == ez HoFET

Age gda ARE Bax SA4d Fo 2
& HAEAY Ze £49 =Wl He Sd2E
Ao dgos 78 4 Avk. 19 1634 #ol 1
g Aol dAYeld 23y HYE AHT T
Exccute HES 2w d2re #Ho odd 139
Ao} AT ou|E JiA= HAE Ayt YA
I (¥ 16(b) 1), o1AE 944 DBMS2 Hul
A AgstA Bk dele Aze 19 17 3to] A
9] Azt Gl dlolE FuE vettA Arh

‘ 217 #] Database <14 ‘

v

| 49l dgol s g Ay |

v

[ Ao golel a7 4ol 44 |

v

[ sk gaz ae oas gwes o) |

v

{ A7) DBMSolA o) Hel J

v

[ Qeldz Qele] A5t A |

19 18 GOQL Al&=Rlel def #tgdat 2] w4

5. GOQL Alagel #I}

o] oM g A Aol i EriA H
7} 848 AAsta, oo et GOQLH 7€ o
®#24¢Q Y AN doolE it s]Ee g
o Aooly WRE BA dHoleuoj2et 7 A -TA
doletdlo] 28 thdo g 3 Aojw, A do]elu] o]
2F 93 AL &g Bag 43eIti[10,20,11,134,
26]. A7NMEe €Y 2dg Ao FoA AA
olgtlol A5 9% Ty Heojolz FGsta] A%
oy A Feloje} vl Hrigct

ady AA AYgelE AAsy] Hstd AAERE
27 0te) 3 43 a9hY HA Fdojy) HE W
2e AAste Aol Fastth oy Aol EA
B8 Z 78k (form-based), oFe]E 7]HF(icon-based),
tholeja® Fe = 7%t (diagram-based), ¢}
Be= W (hybrid-based) L2 FRET([21]. A
A dlolelwo)xe] 2AF|vlrt WX FEHZ EAHE
Z(elE 27l ad=gx 55)(19] Iy A3A
Aojolx ~7)vt e zel FASE FEAE FHI= A
o] AkgA AR ZHA uigHth olFA Fo
24 AHgAe shue) AERd aHEE A7)ukst A
ololg RTE AAE 4 A "ot F WA 18T AL
goze oy HAooje HHFHL A3 o ¥
o= Holth wA doolg) nlmsted A dole]
714 F2F SAL U4 2 AHE Ads ¥
Hal7) st 2ozl 2 o] ARAE AMgSTE
Holth, 53], A2Hde A{ade e £44 A
227 T8" 4 de HolA ¥ fA ool
B} gL 233 Azt 7iyel a7gch A2 A
gz 4o THEHW JF A4 AHEE ® oy
g B4 2 24 FPol(quantifien’t AHEE F e
o, dasr FFEHA AaHE)7 BeEE oS
Ay ztabebed Bade] FulEy] W&ol

A7\ E ol AA Aooje] FAS s
29 #HolM GOQLH 7I&9 13y AA A
og Hlnl s}

(1) 2 Aojole] By ¥

A doletolxe A7wlyl aHE ez Ad
2YA FEHEE(19] F2EI (42618 AL o
BRo 71 g Ax Fe[1020,11,13)7F 22
B#EWAL Hatw o LE= sNke) A9 s
ANH =279 2HZE o &3t 27ivnist A9
2T BISER AgA FHgA EFA) F9
. 53], A2de AMEA S Eol7] Hdkd

A o

I
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AT T FE 71 AU10,20] obolEE Ft
FH11l EF 4ol AEHE FAold. Aetd
GOQLE 270} agl=Z o] NE I#Zo] =& A
7t ERE 28 VHARE B4S EF Wl s
o '

(2) Zel7t 2 014 AzAe) A3}

R Ty Ax ool AL aFHZ
oMo A=} Fo] =9} oixg YlBog Az}
3tz JeH20,11,13). Z3u, BAY 2#F Bol]
1514 F rytel 23y Aooj[426]dMe F ==
Aolsl 29 BAE QBE[15]9A 8t b7 2 FY
3 J4EE A BE@T GOQLL 27vF 1
#zo] MB adfZan A2/ =9 dixg wkE
o2 HAA. 53, AgA7F A2E AHE 4 o
u AREY xEoy B £48 YW 2 £49
o gle fFste FHx 25 YHHE FHom
2 Zol7t 1 HARE HEA A43 v AHLE
7t ’

3 A7 £47 AY AR A2H

GOQLE ¥ diriel aum Ax ojojolA
A 49 I AAAE AFsn AvH[10,20,11,13,
46]. 23HY, Atd GOQLH Fx2F [206] X
B39 722 (extended path expression)g AH&3dhe
XSQL[11) AFst=S A Zssrie HolM Fo)st
At ODMGY A =®[16]e st (10,1114
AMe ZAEAY F) IF &80 FHHE AA) A
FE o83l o] UiFd AR FHINAT,
XSQLIlsid = AEH Ao Wsid 228 23
sl JY =A% ¥ 4 9a0l Oy 28
F5te 994 RALE FEIA oS HEE =
AL ANY & Yomg T He PAsg A7
3t 7ol A F ook Fth GOQLAIME [206] 7
gy d4 2773 JF 20L& AHEAT 258 94

tloJebuo] & A 30 A Al 2 F (20034

32 Fnye Lutzd AJE FAAPY + UA=E
SEZM HAALE ol At

(4) 4ol (restricted quantifier)®} A]z+3}

Aol B (114215 A drie Iy
A2lo][10,201361 1M AlF3stx it (1019 F$
FHlE Y A= Ao AHste WA ol,
[20] e Edx9 ALL/SOME/NOT HES AL&3}
o §4do1E B3 i, [13]19 A$ wittelej
F g AYgsta doy dA) FHEAE ¥R
W, [6]19 A% HAZXIAE 274 HE(component
skeleton)?]8t3 3t= 5§ vtAE A8 3o
E F¥33 vk AAGE GOQLAME [201% HA}
g ol HES dYste did AMgAYE H2E
2 AllolEte A E VIS E gtk HoM A}
o|7} Sirt.

(5) WA=9] X2}+st

7189 ¥ HoojEL WIEE A3} ste A4S
[10,20,1119} 2¥= o2 7#$[816,18,19]2 ol
o GOQLAIAME Was: £4% FI3A AFsko
AlZglete Wb AASAY 53, dAE A= A
229 A9 Ao AHEAIY A7) g Y #
AEE e Wy 29y 292 AN

(6) Java/]JDBCE T8

e oY ddojs 5FF A4 DBMSE
AR AA AR Yot Java/JDBCE o) &3}
o AZA B+ A doh VISUAL[10]-& C++2
AZ=ol 02 Alxd# AZAH®, PESTO[20]&
C++/Tcl2 A=l DB2, ObjectStore 53 FAW
B, Visual-SQL[11] 2 DelphiZ F@8% o] UniSQL%
dzZ"d. 2, (13612 A2 FRHA I
AtH GOQLE JAVA/IDBCE Atgstd F&@3Igo
o Tachyon[17] 3 Odysseus[18]1% A€t =3,
GOQL2 JDBCE A Y3t thobst DBMSE A °f

E 1 37 820 oid 2849 dooE9 HE #4

{10] [20] [11] [13] (4] [6] GOQL
GQL 3344 Graph Graph Grazh Graph Form Form Graph

+Form +Form +Icon +Form
Zol7}t 20149 B2H B4 path path path path variable | variable path
54 D 0 [0} ¢} [0) [0) [0)
Kisehl 0 O X 0O X O O
iz 0 ¢} 0 X X X 0
FEA C++ C++/Tcl C++/Tdl X X X Java/JDBC
(DBMS) (02) (DB2) 02 (Tachyon)
Subquery 8] X O X X X X
Schema Query (¢} X X X X ¢} X




a#g] AH FejololX HF £47 HAr=E XFI 3

A £ dvke A &y Axge EAEFA 9%
WA gEne HoAA Aol Ao

(7) ¥ Aejols 27]n A9

B dejojs Aol ol dojovt ¥ HE=
A R oy doojMe EHA derh &
Aok Aojols XSQLIIA Aijtd RHez 27w
TERE A REE AL} 48 T 5 UR
g 3te 7lsold, o= dEEe] afF doold
A ATHA ¥ Ak

olte] Wyt fAE WF Hue X 13 €] 8
okt HolBoX ol 2 o] Q) drHe HEe
Z patht ==¢ A2 Hzde XFIGE 2n
o|al, variableo}& QBE[15]4 ¥ Y& W3S A

gt £ TAES HASE WS At o
vlojth Mol Visual-SQL[2]w 2¥ Aooju}r]
Hoh 92E AQE HAFA sty 4 kol
D2 #Hrtaise dFEE AdsA ¥oH, metA
HlaL el A A 98t

6.4 E

E = dAe gy g3 Al deolete) A5
A% g Aoolql GOQLE Aletatitt. GOQL A
£zt GUI a2 AF=He doletle]x 78z
ARE HAA Fo diie] He FU928 8o

Y =g A4, o|ZREH B £A48& F¥atd
N2g Fdlls =28 AAEAY mxd 2348 23
Gtoza A2 g £AL 13 AN £ Yot

GOQL® A& A HeojoA da AlgHE
Az gy 21g 79s adgy 82E2 A7
grteE FHojrh % 3], COQL°! Ae AT £40 28
A& 243 AFY 2002
TEst 7HE3 *lz}ﬁ}é}% Ho kS AA dait}. SES

A

e, A4 W5E =95 dxE %44; Wae
o g% 2 A 3 A dFols AR
Az AUAE Agdtel 2 Ay =2AS A4
s, A HFEES U "W glo] ol iz
gz Algste] 9iE dojz wagh FRe 2
o7} 2014¢l UWAHQ] A% ALgAE 1Y &

AES 2Y9m, wEo e 2UL Hast: 3
Hoz zus ady 49T H4T & Aok 19
3, vasE ZHS AN Wrse £47 f4)
A Adstel Y AGE AHY & UES S

F49] AlZs} 123

o} =& GOQLE dH2E A9z wHEsle= ¢
)& Al en, XSQL[1]Ae A2 3L
GOQLY z#H¥ deo z3og FAY F ULe 2
gk AdE GOQLL AHU A9 AR A dHel
ehijo]x AlAda Adso] ASHEE JAVAS
JDBCE o] &3l FE3HTh EF, GOQLAANE H
9] 7158 oty ALMEA HWolg sty £7|vp #e
7]%;4 Holel AMRl/AA/MA 7% % dolEhwol &
29/929 71%& GUI #7304 13 38 4
A=E 3ct.

3% B Aol(subquery)st Z7)v} Hel & F
(view)E EF 9 71%& GOQLY F71E oA
olm, GOQLF dZF < AW A4 DBMSS F/E
#HAe] Odysseus[18]3# Tachyon Z{A DBMS{17]l
A A&Hoz s Uz Aol

[1] M. Kifer et al, "Querying Object-Oriented
Databases,” In Proc. ACM SIGMOD Int’l Conf.
on Management of Data, pages 393-402, 1990.

[ 2] UniSQL/Visual-SQL, http://www.kcom.cokr, 2002.

] J. Paredaens et al, "A-Gog: A Graph-Based
Query Language,” IEEE Trans. on Knowledge
and Data Engineering, Vol. 7, No. 3, June 1995.

[4] F. Staes et al, "A Graphical Query Language for
Object-Oriented Databases,” In Proc. IEEE
Workshop on Visual Languages, pages 205-210,
1991.

[5]1 G. H. Sockut et al, "GRAQULA: A Graphical
Query Language for Entity-Relationship or
Relational Databases,” Data and Knowledge
Engineering, Vol.11, No. 2, pages 171-202, 1993.

[6] K. Vadaparty et al, "Towards a Unified Visual
Database Access,” In Proc. ACM SIGMOD Int’l
Conf. on Management of Data, pages 357-366,
1993.

[7] L. Mohan and R. L. Kashyap, "A Visual Query
Language for Graphical Interaction With Schema-
Intensive Databases,” IEEE Trans. on Knowledge
and Data Engineering, Vol5 No.b, pages
843-858, 1993.

[8] G. Ozsoyoglu and H. Wang, "A Relational
Calculus with Set Operators, Its Safety, and
Equivalent Graphical Languages,” IEEE Trans. on
Software Engineering, Vol. 15, No. 9, Sept. 1989.

[9] K. Y. Whang et al, "Two-Dimensional Specifica-



124 PRI =FA : dlojeto] 2 A 30 F Al 2 T(A034)

tion of Universal Quantification in a Graphical
Database Query Language,” IEEE Trans. on
Knowledge and Data Engineering, Vol. 18, No. 3,
Mar. 1992.

[10] N. H. Balkir et al, “A Graphical Query Language:
VISUAL and its Query Processing,” IEEE Trans.
on Knowledge and Data Engineering, Vol. 14, No.
pages 5955-978, Sept. 2002.

{111 M. Chauda and P. T. Wood, "Towards an
ODMG-Compliant Visual Object Query language,”
In Proc. Very Large Data Bases, pp. 456-465,
1997.

[12] M. Gyssens, et al, "A Graph-Oriented Object
Model for Database End-User Interfaces,” In
Proc. ACM SIGMOD Intl Conf on Management
of Data, pages 24-33, 1990.

{131 J. Kim et al, "VOQL: A Visual Object-oriented
Database Query Language for Visualizing Path
Expressions,” Jfournal of Computer Systems
Science and Engineering, 2000.

{141 A. J. Szabo et al, “Graphic User Interface for
Database System,” U. S. Patent, #5966126, Oct.

12, 1999

[15}) M. Zioof, "Query-By-Example: A Data Base Lan-
guage,” IBM Systems Journal, Vol. 16, No. 4,
pages 324-343, 1977.

[16] R. G. G. Cattell et al., The Object Data Standard
ODMG 3.0, 2000.

[17] Tachyon AHE# vy d, $EAAFAATFY, 2001

[18] LY A]$2/00SQL Version 3.0, Reference Manual,
S sried AAsty, 2000.

[181 W.  Kim, Introduction to
Databases, MIT Press, 1990.

{201 M. Carey et al, "PESTO: An Integrated
Query/Browser for Object Databases,” In Proc
Int'l Conf on Very Large Data Bases, pp.
203-214. 1996.

[21] T. Cataric, et al, "Visual Query Systems for
Databases ; A Survey,” Journal of Visual Lan-
guages and Computing, Vol. 8, pp. 215-260, 1997.

Object-Oriented

=44

1985 ZFEuigt (3HAD). 1987 $H=7Eo]
<9 (44}, 1996 F=Hedried (A
Aaeh. 2002~2003 BF s ajrhoje
Post. Doc. 1987~1990 }=AAZ A
4. 1997~AA FEASn PPN
P PARok=  HoleMlo)l~, Data
Warehouse & OLAP, Wole} njolyd nio] QA n |1



