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Abstract
In this paper, we propose a multimedia query language MQL which defines and manipulates
multimedia data as integration of monomedia data in time and space. The MQL is designed
for a multimedia data model. called the object-re:ationship model,

multimedia object calculus which formally describes operations on multimedia data.

and based on the
The
SQL-like syntax for class definition and object manipulation, such as retrieval, insert, update,
and delete, is defined. We show how the MQI. can represent the user queries using composite
temporal-spatial class structures and various relationships, such as equivalence and sequence.
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CREATE CLASS <{class-name)

MODE DEPENDENT [LOAN [RELATIONSHIP [VIEW
SUPER <{superclasses)

EQUIV (equivalent-classes)

FOR ({participant-list>

ESSENTIAL <{essential-classes)

AS (select-statement)

{dummy-attr-name) : {domain-type)

DESCRIPTOR (descriptive-attributes)

METHOD <{instance-method-definition)
CATTRIBUTE <{class-attr-definition)

CMETHOD <{class-method~definition)
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CREATE CLASS Date MODE DEPENDENT
SUPER Object
[vear:Int. month:Int, day:Int ]
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CREATE CLASS IntroToDept MODE LOAN
SUPER Object

FOR Prof, Dept. Lab ESSENTIAL Dept

p [ voiceExpl:Audio. deptintro:DeptIntro DEP |

Prof €e}~2} Project Feb~7ke] vidick(n:m)
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CREATE CLASS Work

MODE RELATIONSHIP SUPER Object
FFOR Prof, Project

[effort:Int ]
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CREATE CLASS Adult MODE VIEW
SUPER Person
AS SELECT p FROM Person p

WHERE p.age »= 20
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CREATE CLASS MyVideo

events ts{Event}

CREATE CLASS Event

p [ frames:ts{Image}. soundTrack:Audio ]
DESCRIPTOR (title:String LKEY)
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LREA'IE CLASS IntroToDept SUPER Ob]e(.t
plvoiceExpl:Audio, deptIntro:Deptintro DEP]
CREATE CLASS Deptlntro SUPER Object
ts<deptReview:sc[deptName:String LKEY
AT 10€@10,
deptHistory:Text
AT 30@10 150@350],
introToLabs:ts{LabIntro DEP},
prospect: Text>
CREATE CLASS Lablntro SUPER Object
ts<labReview:LabReview DEP,
labOrga:Graphic,
projExpl:Text, labPictures:ts{Image}>
CREATE CLASS LabReview SUPER Object
scllabName:String LKEY AT 10@170,
profPicture:Image AT 50@30 100@180,
profName:String LKEY AT 130@30,
profProfile:Text AT 50@200 150@380]
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Fig. 1. A schema for department introduc-
tion.
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/7 Person and Prof - spatial

CREATE CLASS Person SUPER Object
scltitle:iname:String LKEY,
i hirthDate:Date,friends{REF Person}),
picture:Image, profile:Text,
audioProfile: Audio)
METHOD (agellnt (*Date today year
- hirthDate vear.))

i CREATE CLASS Prof SUPER Person
scltitle:lname:String LKEY birthDate:Date,
friends:{REF Person}, prof#:Int,
writes:{REF Paper), affiliate:REF Dept,
supervise:REF Labl,
picture:Image, profile:Text,
audioProfile: Audio)

// logical structure - not temporal-spatial

CREATE CLASS Paper SUPER Object
EQUIV PaperLayout
[cover:[title:String LKEY, author:s{REF Person},
abstract: Text],
body:s{Section}, annotation:{Text DEP}]

// layout structure - spatial

CREATE CLASS PaperLayout SUPER Object
EQUIV Paper
pages:ssiPage DEP!}

CREATE CLASS Page SUPER Object
MODE DEPENDENT
page: sc{Text\lmagel&raphlc\lnt]

0 2, oA B Sx| Hie] irg}il ~7]a}
Fig. 2. A Schema including association and
equivalence relationships.
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(IntroToDept/p) p
(Ji(p.deptintro.introTolLabs/i
(i.projExpl contains "ALPHA project’)))

SELECT *
FROM IntroToDept
WHERE deptIntro.introToLabs
(projExpl CONTAINS "ALPHA project’)

a2l 3. gevige] A4 M MQLE 383 A
ofof
Fig. 3. A query represented in multimedia

object calculus and MQL.
2. HY AefFe] 74 84
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[ (session-variable) : = ]

SELECT [ + ] <(target-list) [ASOID]
FROM <{range-expression>

WHERE (WFF»
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R A

(select-statement? := [(session-variable) := |
(select-clause)
{from-clause)

[ {where-clause> |

{session-variable} ':1= (variable-name)

{select-clause) ::= SELECT | + | <{select-specification) [ASOID |

(select-specification) 1= * | (select-result-type>

{select-result-type) ::= <{select-item-list)
| {structured-select-items>

{structured-select-items) ::= [ {select-item-list) |
| I{structured-select-items>t
| (select-item-list))

i (tag)(structured-select-items>

{select-item) :: | {new-attribute-name): | {path-expression)

| [{new-attribute-namey: | (structured-select-items>

{from-clause) ::= FROM (from-path-expression-list)

{from-path-expression) ::= {fromrclass-item) | .{from-method-path-expression) |
{from-class-item) ::= {(from-class-item-all>
| {from-class-item-each?
{from-class~item-all) ::= {from-class-target) [<object-variable) ]
{from-class-target?:: = {(class-names)
| {class-names) (set-operator) {from-class-target,
| {class—names) , {from-class target}
| ({from-target))
{class-names) 1= {class-name)
i {class-name>”
! {class-name>#
(set-operator> ::= UNION | INTERSECTION | DIFFERENCE
(from-class-item-each) ::
| (class-object-variable-pair> {(set-operator) {from-class-item-each)
| {class-object-variable-pair) , {from-class-item-each)

= [ (|{class-names) {object-variable) [ )]

= {(class-object-variable-pair)

{class-object-variable-pair) ::
{from-method-path-expression) 1:= {from-method-item)
i {from-method-item) .{from-method-path -expression>
{from-method-item) @:=

| {scalar-method-name>+ [ {object-variable> |

(scalar-method-name)
| {set-method-name) [<object-variable) |

= WHERE (predicate}
= {atomic-formula>

{where-clause) ::
(predicate) ::
| (atomic-formula) AND {predicate)
I atomic -formulay OR {predicate
| NOT {predicate)
| {quantifier)({predicate))
| {quantifier}{({select-statement))
{quantifier) 1= ANY | ALL
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'ASOID §41& A58}
2) A W4
Fekxo] 3 Wy AA me A4 i3k 3 A
AAE Vel WS A4 M4 (object variable)
gl gt} A5 E9, Prof p¥ p7} Prof Sek29

‘SELECT+'+& 1

o i

o
o 10
= é’:‘f

I:

g Qlaglx % vehll= A HegE ol &5
o] 9& A5 Ik olFS AA WeE W8 5
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A Hgrt AoHE Feleot 88 At =i

= "E|te] dleolelrl A= AA Havt

g ARt FRks R0 3 la'AE vjehdic)

5o, ‘IntroToDept p+& p7} IntroToDept &

FEZ sk 83 AEzt ek 72 & <

2 Jepde ovigiel. nE ) 4ahE Qs
e Aol vl 7o) Zads] ZHEY F 9ltt

SELECT p FROM IntroToDept p

A W4 pe IntroToDept Zeb~9 B3F At
Fels 29 3 drElag ov)e AAe} AR
2 A7 B8 34 AAe Az 3 A4 ®
o} 7Y B3} Fupeo] By A FEie 729
3 QAR AE oulshe AA W A9 YR gl
& < grk dlE o], o] "ol i3} o] B4
e Fdalc}

SELECT * FROM IntroToDept

3) wlHA) A 24

gl2le] A e Fela Qofl s A%z oz dl4
27} A3-4% 7L '0.MSG1L.MSG2. .. . MSGn' 2.2
F7)8b wAlx] 224 (message path expression)
olgbar e} 7|4 &4 olES 1 AMAIF} li=E
FAER= 44 vlAac=(attribute method)olc}. &
Z9], 'IntroToDept p 7t A= sdcbd,

p.deptintro.deptReview.deptName

= wlAx] A2ZAE vepdc 3714, p=
deptintro. deptReview. deptName<-
EIEA=CH-Y

AA W prh A F4 olF AV A%
137k Eekn FREY AR el T2
AedAdel 9 B AL FIRE F2)ulelA
s pR Azl G4 wis=ERt A AR
F71) A vlas=d sty p A HE
& 4 glch A Wew g2kl £ Qe A
AR Bg A4 B0l A2A dhd A3
| War) gl Zxe] ofuiy) wEsi A4
£ ket 5 qlok olE Bol, ko) wlAx] ARAL

p.*.deptName
o2 ale 4 3l

‘MSGi q Fele] slAz S 237 AAA] A2AE
4 oAdlx] AH#Al(quantified message path
expression)e|2hiL &k} o] -9 W4 = MSGI 7}
A2 H4g Ax A A3 & dxRAE e
= 24} W4 (bound variable)olt}. A wAA] A

T

I

2
a

> 2
l%m[mﬁ—p
N

|

p=
ES
2

A W,
4

7
%

4

d
o:

rlo Sy
2o
RLAE N <

o

7
x

4 2 ;_{EL ke

23 il
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677)

e

E 17
ZAlo|A o2 Fella] 22o)A] o &b W AR
2 % 9Jck. 'CE Dept.’9) ‘DB Lab.” HRE Ho]
Zh= Aoy FROM-Ael| &1 vz A2ae AHe
slo} chga zho] B 4 girh

SELECT i
FROM IntroToDept p.deptintro.introToLabs i
WHERE p.*.deptName = 'CE Dept.’

AND i.*.1abName = ‘DB Lab.’

4) 34kt

dakatell= Frks QA A A4k}, vl ¢
g 6 odARx), =] QdAR) sick SRk AiREss
UNION, INTERSECTION, DIFFERENCEZ} 8l
t} =] odikAtell= AND, OR, NOTe] glc}.

A Aibke o2 2ot A, BE A4 wSe} g
o (A.BYE A AAE o=z} B A AAo]
W AA Addl AA B U4 AASe] A «s
], 529 'S.Lee’2] AR} AT =59 A Helx]
HAaskhe AYe A3 A o83l ofg3}
] maigi)

y4

A
1l

3

m}mmm

SELECT {p, p.writes.pages [1]>
FROM Prof p
WHERE p.name = 'S.Lee’

9 AelellA] ‘p.writes.pages [ 1] & HEmt]e] 7
A ez B¥sPH  p.writes. EQUIV.pages.
AT(1)7F I}, EQUIVE 53] 3o gl AL,
AT(1)& w2k AAle] A A AHE BHAe
vlztolt} MQLolAE A4 E37F A2 ged
729 53] #A gl Ade) Y miie EQUIVE
ekt = oIl (FROM-3, WHERE-ZJA%E F).
AT vz (0] ez #2718 4 gle}h 2
B2 ‘p.owrites© 2 poll o8] A = AAE
o] A3k BAAIIIL, powrites. EQUIVE ©] =&
B9 #ololy- AAES A & BAAZIR, HFEHS
2 AT(]) ®lasr} o) =% #Hojoly AAEe] A
A i F AUA o)A S BHAFA ok

Y& &3 AA, a%} bE o] A oo} dE ARE
e 212t b, Y [ab] & Ao 23 =2
AL Y [cid] e A% ARl ofdt A8 O
epdic} o8 5] 'K.Honge] A ajal =79
3-5 #HolAE Mslels A= T4l 2F 224
AL o8] thg o] BHE < Tt

SELECT p.pages [3:5]

FROM Paper p
WHERE p.author [ 1] .name

"K.Hong’
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2] 20&E] 40274x]2) W8-S Holels Aol che
3t e}

SELECT p [ 20sec:40sec |
FROM IntroToDept p
WHERE p.*.deptName

‘CE Dept’

HaE 913k 6 Adikxbe ket el AAe) A A9
u]wel= [DEQ. VEQ, DVEQ, REQ A7} AR
¥leh, gxjel i) wlhtel eibEel 6712 Biw
Ak (=000 =({=)7} "H%‘%Dk Rl =R
do| A% nhabrixjelct HEo) tigk F-xlge] ¥

& ol 2u]Rol digt o} erjee] T3 of R <l
ol CONTAINS d4kzb7h ARgxIch, ol & 5, A
o] ’Object—Relationship Model 8! +=¥#3 ‘time
synch 2R 718152 Z33t solx)Sqt 7 dstehe
A o) wlaEe EH??} Fatge] 23k o H-F Fldh=
AXIRE o] g3 thgat o] mHE 4 it}

SELECT g

FROM Paper.pages g. TEXT t

WHERE title = ‘Object Relationship Model
AND t CONTAINS "time synch’

A Al B4 F=hee] AArE x23¢Ee) gl
> 3holsh= dl= CONTAINS 9d4kxiz ARgsic)
ol Hel= {Object) CONTAINS class.
name©]th. odlE *'é*’i, A=) "Object-Relation-
ship Model’?l +=73% 3o} sl HojA &%t 74
ghelae Aol = dlelolre] 2} so)x] AA (3t
T4 Azl el el GRAPHIC Selxel 43 wisf A
Ho] Fx) 3% = CONTAINS 415 o)4a}

of Tl 2o EalR 4 ek

m‘m i

Zl

1©
rE

SELECT g

FROM Paper.pages g

WHERE title = ‘Object Relationship Model’
AND g CONTAINS GRAPHIC

Ao} A3t ARl e 27 of 5 gelell IN 4t
2}, 43k wlsel] =, (), SUBSET. SUBSETEQ,
SUPERSET. SUPERSETEQ® 671X aiakxbr} A}
8=t

5) W=

5)

A2 B2 el thekt wlaert 230 4 9ok

dEjoiyof dolepulol g U dErito] Hefo

(678)

HERE S

o

Helrjo]e] diele} od4tel "pAdl dAsEe Ax
) FEpaoli] Ao] XY=z, o] el AN A9
gt WAsE FrlHoE Alge 5 glel A5 Be,
#2449 ek~ Object®] 3% EQULV,
SYNCH. DURATION 59 w|£=& Random-
Sequence A|&8l FelAe] 29 COUNT. TEXT,
GRAPHIC. IMAGE, AUDIO %9 wicE,
Sequence A28l F2}~2] 249 AT(index), LAST
=9 = %x]91%lt}. RandomSequence 220l
4] GRAPHIC w4+ 94 AA o GRAPHIC
Alzgl bz & Qlrvas AAEE BHAATE
Hasoelol b wlA=o] AlHe]l FE AR B o=
Foll M= A=kslr | o)

DURATIONS A|ZHdelA #]4 AZHduration)&
A= QAL A& A7 FEhe wliselr)
AlZke- st A A 1 AR w2 7

A2

AT E
L=

5 )4

Qi AlE7k Aukalel ofal ExhEl AAL A A
sjol Wl A A% A AEEes ds
A Hh o2 Bel. 7 sk} Avle] e A7hE

el Ao ohgat 2
SELECT DURATION FROM IntroToDept

o] A2Jo|A, p. DURATION 2 IntroToDept &b
g /‘]4‘7} Foh & QU] A& A7k
SAREE AEHoR (Ao R) tsla ezl

A ZVV} ‘S Leedl =2 25§ Pz
A= w2 AL 5 A AAE 5IEh=
AT(index) "A=% o]43}e] o}23} o] RHT 4
et

£

SELECT abstract
FROM Paper
WHERE author [2] .name

'S.Lee’

o]7)4 ‘author'= &3k AA7} =3, ‘author [2] =
2 =2k AA9) oA W4rt g}

Azt AA-E e A 74 onlb dlolelmo] A
8 COUNT. SUM., AVG. MAX, MIN #jA=% o]
L3l e ARE oA ¥}

HA Aelels BA Fuhro 43 4% olayls
MNAE o] deR o) Fubx T2 digh AR
Fe}~E AR receiver) 2 3R mlhsE o]f
3 st = Qlek dE el B3 Eukre] o3 29t
22 SUPER ®l4=g ¥y B S2br9) 4% A
A 45 COUNT #l4Asg »uy o8 4 9ok Fa

L

pu.
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1995% 5H ®FL Wik
2 A ZA7E A ik o ol w depa
(0]8) 5 AR sl wAIRE Eslol AN 275
E&3A flo) dF 501, 2k Profe] $HEeix
F Flehes AolE vk )

Prof. SUPERCLASS

Ao} 45 Foleh= Wele o

g e virie] dlolete] 4kgl
Helw|c]o] dlo|etel] 'l Ak
LB A gk
Hyxvjrje]l AANE WA ARRIgH
: 48] AL AAE Asish € H
gujoje] ZelvjelH A4 F wiv|cle] Ao gt
AEE ovlA] 2olvl/HA7], aaiE HHY] B o8
o mivivje] WA =7E & Xloh wlev|t]e]
dlelels A= AFdEe] Fae o ok

INSERT {multimedia-primitive-class)
(session-variable)

AubEel AREAL Ao Zek AAlel Aigh Akl
AR v A

INSERT INTO (user—class)
({target-structures?) {session-variable)
VALUES ({structured-values))

9F E<}, IntroToDept Zlxel 'CE Dept. &
avlsks Helrit]e] dlolebs: ARishe 395 a9
3] 22} 'CE Dept. ol F 7§¢] 974 ‘DB Lab.’
3} ‘PL Lab.’e] %&f gla, 2+ A4S 'S.Lee’ 9
Y. Kim'e] FHejgtcha 713}

1514): LabReview A% A Algl
INSERT Image :slpict
INSERT Text :sltext

INSERT INTO LabReview() :db
VALUES (sc['DB Lab’. :slpict,
‘sltext ])

'S.Lee’,

# 32 % B # 5%
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19
2544 Lablntro A% A 4kd
INSERT Graphic :dborga
INSERT Text :dbproj
INSERT Image :dbpictl
INSERT Image :dbpict2

INSERT INTO LabIntro() :dbintro
VALUES (ts(:db, ‘dborga,
ts{:dbpictl, :dbpict2. ..}»)
3%1A4]: Deptlntro 4% Aa] Ak)

INSERT Text :cehist
INSERT Text :cepros

“dbproj.

INSERT INTO Deptlntro() :ce
VALUES (ts{sc [ 'CE Dept. . cehist ],
ts{:dbintro. plintro},:cepros))
4 IntroToDept 4% A 4H3)
INSERT INTO IntroToDept () :ceintro
VALUES (p [ (INSERT Audio :cevoice),:ice])

A 4ol icevoice 7F A AFRE 2] A
“lce’®) AEA FRo| we)l oz Y B4
(subobject)® Fa]€c}, AREA= AH|&2H oz R
“cevoice’ AL wT kv x| tispom 9
e ABAAE AN, 338k €

2) AHA

AHAI -2

o TEE

AT

ches} Al
DELETE <{target> WHERE {WFF>

& 5°]. Prof EefzellA] o]8o] 'S Lee'd! W&

el Aol chest et
DELETE Prof WHERE name

‘S.Lee’

Z)\r]

EA AA AAA 2o Ex F5% AAER A
AAElc), olE £, IntroToDeptell 43 53 24
£ AAEPd el #Al £43 Deptlntro, La-
blntro. LabReview ZJAEx oA 2k}
IntroToDept Ee}2=0ll4] 'CE Dept.” FHEE 2|3}
ghe Aole ohea) 2}

DELETE IntroToDept
WHERE *.deptName = "CE Dept.”

3) 74l
HALFo) FrE ohew) g}
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UPDATE <{range-expression)
SET {update-path-expression)
WHERE (WFF)

dejnjrje] AHe] Ui virje] dHolels: WA=
749 ®ipuit]e] INSERTHOZ Mz wir]e] d
Mg F AR HElwtie] dlojele] 3
UPDATE®& AH-& 4% 9)al, UPDATE® Witei
2xvit]e] INSERTES ARlste] Al48 = g}
& E°] ‘CE Dept.” 27 dle|et ¥ ‘DB Lab.'&
27Nk 848 wAEhs Ao oga 3

o=

=

ole}-g

UPDATE IntroToDept p.deptIntro.introToLabs i
SET i.SYNCH(INSERT Audio :newvoice)
WHERE p.*.deptName="CE Dept.’

AND i.*.]1abName="DB Lab.’
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=

V. g

£ =ieMe A A3 "evijo] dlo|ehuo]x
oAl odub AREAPZ} AMEE & Sl ad EEIYe]
deje] MQLE ARkIgdet. o] MQLel 71e8k= u}
= o} o] ok 5 Q.
Helrle]e] dojebzke] vhodgh A (AEAE A,
A FEE 9 T B $)E o8 B
AAE 7rsstA ek (o714 oA pEst
el 4 =] i 73 =2 7= ojokx
T2 Arigit)
71 MA A3 Aol 7l5E 72 e
=2 AA A3 DBMSS] Ajei2x &-go) 7453}
=3
Heejt]e] dlojebs 2%k SQLY EFERRoR dA
AT 9 SQL/MM x5 A4 ARz 848
et

]

\_
)

Ak AR MQLE ARS8t} "Ejwitio] dloje}
of thgh A, Akl AHAl, Al Ak B2IE o 3l
o} MQL®| dlole} Aol HEjvirie] djoje} wdl
A AA-BA melelA A YEhe FRkas) FRka 7
o] AL Aeke 715-& derh MQLE dojgt =
AN ohefRt A2 vlaisrt 23R wAA] AR
I AakE ol gdl AEitdor Fik HEIY
o dlelete} ciekgt AAZRe] HdAAHS B 8%
AR Z4e 7hssHAl drh

AA A% delojrjo] dolgtulo]2E A vyl Ao
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ORI A

MQLS] 58 ARERl AHAR e wedde

el 1 3L A dlojetuo) 2] BFE ALjeiql
SQL fr2kebAl =] gleh e} 71EzeE 1 o]
4l wjA-g Al B3 dejuirie] dloleks $)37t
Heluit]e] A 4L spikeg sl glon] wew
tje] dlele} HulE 918k 7lee] A=} gl &,
MQLS #Helultje] dlojele] Azt Fz2e} tiedA
T BS ol8% AR ZAS sl s Mied
tje] a/dE/EE vlie whe 2ske A X
tolepo]ne) Welwrje] B Alxwleld sk
7R} ookt R e AgsiA =} 53 MQLY A
A Aspe whegh A AEzpl opm AEE F&
zbe "Et]e] dlelelr} s}
MQLE HEevjrje] oo 7)%5 2ol 7]&2al 7
A =3 Ae] 75x 7R A glerm g2 A 2gF o]
gjo] 0] Aoy 83 4 gjrh 3l 7]E9]
A+8- DBMSe =Helvt)e] 29 7)55-& F7ls7] e
gad £5 iy Hentle] dlolefuo] s AlxglS
ANEFA aeksl FRsR= sl 243 5 9lo) o]’k
7A$-9] shig &zl MQLS ALPHA Hewt]e]
DBMS'P'e 3=517] g 7k Aojelz AgH 1
glth ALPHA Al~#l& ORME 7|4t mdlg MQL
&AMt Aoz AMgshes, AMSR} QlEjHo) 2 E]
A2 A AE7ER] s A2 dAsl] sl e
DBMSeit}.

ISO/IEC JTClollA+&= SQL 38 = 3usjd H
glnjje]  dHolel  z]gle] rFeRt  SQL/MMI(SQL
/MultiMedia)S A-gelxe g Az o|wjA] %
1009708 FEog FE3|] A Folc}.
SQL/MM-& A =g 7)5o] B7ksl dnbdal #A|
dlole} malg tjAke® sk ¢l MQLS ORM 2
gule]e] wEls diae gz sl gle) AR] 9 Aol
E 29 zloz ofabdr} SQL/MM EEsle] s
2 SQL/MM# MQLS v Hrista Hgdsh=
zlglo] S-g=]ojo} & 7o Wt}

=
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