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An Object-Oriented Database Design for Managing SGML Documents

Eh-No Han' - In-Ho Park' - Hyun-Syug Kang ™ - wan-syug Kim 11t

ABSTRACT

Electronic documents described in SGML DTD are effective to manage with the object-oriented database. To
do that, first of all, a database design for SGML documents must be preceeded.

In this paper, we suggest an object-oriented meta schema for managing SGML DTDs, which describes logical
structures of electronic documents. We also propose a method to manage electronic documents in object-oriented
databases through the application database schema which is dynamically created from the meta schema.
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<!-- DID for simple office memoranda -
SIENTITY % doctype “Memo” -- document type generic identifier -
CIENTITY % details “Q!Pref” >
- ELEMENTS MIN CONTENT (EXCEPTIONS) -
<\ELEMENT Memo - - ((To & From), Body, Close?) >
'ELEMENT (To!From) - Q (#PCDATA) >
<YELEMENT Body -0 (Px) >
<{ELEMENT P -0 (#PCDATA {%details)» >
<!ELEMENT Q -~  (#PCDATA) 2
C'ELEMENT Pref -0 EMPTY >
{'ELEMENT Close -0 (#PCDATA) >
I ELEMENTS NAME VALUE DEFAULT -
IATTLIST Memo STATUS  (confiden!public)  public >
QIATTLIST P id D #IMPLIED >
{IATTLIST Pref refid IDREF #REQUIRED >

(O 2.1) 2M & He|2(DD)2 tf(Memo DTD)[2]

(Fig. 2.1) An example of DTD{Memo DTD)
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W Memo SYSTEM “C:\MYDIR\MEMO, DTD">
mo,
<To>Coarade Napoleon{/Ta)>
<From>Snowbal 1</Fros)>
>

<Body’

<P>In Animal Farm, George Orwell says: <Q...the pigs had to
enoraous labour every day upon mysterious things called

files, reports, minutes and memoranda, These were large sheets

of paper which had to be closely covered with writing, and as

P>
</Body>

</Memo>

soon as they were so covered, they were burnt in the furnace. ..
</Q. Do you think SGML would have helped the pigs?

{Close>Comrade Snowball<{/Closed

(38! 22) sGML 2 A &lai5e] ofl(Memo 2A1)[2]
(Fig- 22) An example of SGML document instance( Memo document)
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ELEMENT BNTITY

BementType : HLEMENT_TYPE_DOBAN Raforance : (%ML}

StartTag : boolean EniityNameo ; siring

EnddTag ; boolean Kirl

ContentModal : CONTENT_MODEL Contentiiodel : ENTITY_CONTENT_MODEL
EXCEPTIOH_ELEMENT

Exception : {+,:}
Excoptioniey : SET of ATT_ELEMENT_TYPE_DOMAN

CONTENT_MICDEL
Occurmencaindicator : {*,+,7,NL)

A

SINGLE_MODEL GROUP_MODEL
ModelGrou : COMTENT_MODEL_DOMAIN ModelGroup : LIST of CONTENT MODEL
Comector :

ENTITY_CONTENT_MODEL
Ocourencekxicator : {*,+, 7ML}

ENTITY_SINGLE_MODEL ENTITY_GROUP_MIODEL

MociGroup - ENTITY_CONTENT_MODEL_DOMAN ModalGeoup - LIST of ENTITY_CONTENT_MODEL
. Connctor ; fORDERING, ORING ANDRING, NIL}

. . ATILST - ATIREBUTES .
Bt Type : SET af ATT_ELEMENT_TSPE_DOMAN Attributertame : string
Attributal it ; SET of ATIREUTES Attrbutevakue : SET of ATT_VALUE_DOMAN
DefaultValue : DEFALLT_ VALUE_DOMAN
SHORT_REF MNOTATION
Maphiame : siring NotationName : siring
Description = #tring Keyword : {PUBLIC, SYSTEM}
EntityName : ENTITY Description : siring
EntRyName : ENTITY
, piD
Diame :
Enittys : SET o1 ENTITY
Bements : SET of ELEWENT
USE_MAPR DOCTYPE Attributes : SET of ATTUIST
ShartRafs : SET of SHORT_REF
MapNamne : string Diciéame:DTO0 | | Usoiops : SET of UsE_MAP
BomentMame : ATT_ELEMENT_TYPE_DOMAN Notations : SET of NOTATION

(3% 32) SGML DTD H{E} A7|0HS 9J5H 24| £
(Fig. 32) Object diagram for SGML DTD meta schema
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SGMI_DOMAN_TYPE

DOMAN
CONTENT_MODEL _ ATT_VALUE_
DOMAN DOMAN
ATT_ELEMENT ELEMENT_ DEFAIST VALUE
TYPE_DOMAN TYPE_DOMAIN DOMAN
DECLAFED _ ELEMIENT_ ENTITY_ STRING _ DECLARED ATT_ ATILIST_ DECLARED_
CONTENT_ DOMAN DOMAN DOMAN VALLE_DOMAN DOMAM ATT_DEFALT_
DOMAN VALUE_
spec: ELEMENT apec : ENTITY WP 2 AT spec : ATTLIST POMAN
Spar : WOCDATA,— SPEC : MREQUERED,
spac: COATA, —

{33 33) SGML DTDE &t =4 =il F2iA ERl AHIE
(Fig. 3.3) Domain ¢lass hierarchy for SGML DTD
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4571 98] YA 222 UNDEFINED_ELEMENT,
UNDEFINED._ENTITY, 222 UNDEFINED_EX-
CEPTION-E 4 AN#A olg8rl. 0|52 474 € DTD
7t Wl 279ld] APge] gEdY AFH o 49
2q. '

SGML DTD9 wig} 27[al29] A4 34 62
AR o]Fe]AT.
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2715kl A
DTDe] Uehd 7} dEEE 292 ENTITYS] &
Aagkrg AR}EE AEEE AT APz e
AHE A4 HAAGEE 7/t ENTITY €& 29
Ao e obef s} 2}

ENTITY (Reference:{%, NIL}, EntityName : string,
Kind : {PUBLIC, SYSTEM, NIL},

ContentModel : ENTITY _CONTENT_MODEL);

o] Z¥ 2 A olof we} A A== A 9 o entity;
€ ol s} 7t
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entity;: (Reference: %, EntityName : “details”,
Kind : NIL, ContentModel : entity_group_modeliOid)

geljA AFF bhe} o] Q2T 2e 279 9
28e 2FAR ¥ 4T eMN2 FAE
oA Jepdch & E Bof, Fel& ENTITYS] Q2
A= entity;$} Zo] #7150, F=is 4R &4
2 veldth. 23 X e AAH AL s Y
AE Y2 it ol F A EAE oS5t
2 AFY AF, 2 JHEA7 7HE e AFE
Eg} 7t £4gke] 29 H = A& oL 2

Referencer= 9E|E] F= Fe|= FE5 Fx ¥
27} st2ivfel JEEQ] A %, 49 AHE]
ASE ‘NIL'E £$43te2 §t}. EntityName &
AL TS AHRFe Jle#th Kinde ox FF4
A EE F=xH st FEEI 98 Aoz, 4
g 227t 342 AU 9 dejEE Fx¢ A
$-0= ‘PUBLIC, 54 A=A J7FH oz F=
g A 49l ‘SYSTEM, 89 M4 AEA 39
&he] AMEE 7 S-of| & ‘NIL'E £4z2te = gt} Con-
tentModel & HAEJE]7} stelw e} AEEd 35, dH
Ele] A o] oA FHRLER o|FolA
slew &S shiE Fo] S#< ENTITY _GROUP.
MODEL?] Q12822 SAA7] 3, ¢ 742 348
42 olFo|x] glow Fd|2 ENTITY_SINGLE_
MODEL%] & ¢l2®rrs AAQAZ F Content-
Modele] 4 zho = ¢ S35 AAAERE 7
£t ENTITY_GROUP-MODEL} ENTITY_
SINGLE_MODEL®] Ed £ F 9& th-&=

ENTITY _GROUP_MODEL(OccurrenceIndicator:
{*, +, 7, NIL},
ModelGroup - LIST of ENTITY_CONTENT_MODEL,
Connector : JORDERING, ORING, ANDRING, NIL});
ENTITY _SINGLE_MODEL(QccurrenceIndicator:
{*, +, 7, NIL},
ModelGroup : ENTITY_CONTENT _MODEL_DOMAIN);

7)o M} S = entity_single_model2] Model-
Groupe] EAAelAY o|n] F¥E F|Y=(=PC-
" DATA, EMPTY, CDATA %) €< #A¢ 2 4

Folu} 719 =8 A4 7l 28y o7 A4E
A go dEHEY QEFE AAE 2 SR e= g
A, 2 d)nedt A AX7 489 o 2 A
H= £A47k2 2 3 entity_single_modelz ©A =)
ojof gt THA F gA FE L UNDEFINEDL
ELEMENT(Object : Oid, ElementName:string)$} UN-
DEFINED _ENTITY(Object: Qid, EntityName :string)
J AAHA go dEgAEL dEE 4H ARE A
Zgr) old ModelGroups] &4zl d=|vE A
H oA Fa2 UNDEFINED_ELEMENT F&) 2:9]
WA 2 E A entity_single_modely& Object S4gte
2 52513 4 9E o]FS 44 ElementNamed)
FE9). ModelGroups] &gkl AHE AA o
Al @) UNDEFINED_ENTITY<| 74328}
entity_single_model;s} <1El8] ©|g& Ztz} FE2¢
t}. ol 3§y T5E 4N EY dHE LA EE A
| entity_single_model;¥] 2/ Occurrencelndicator
ol 4249 A4 59
& Eo], (ENTITY % details “Q|Pref") A%,

entity, 1(%, “details”, NIL, entity_group_modeligw)
entity_group_model,; : (NIL, [entity_single_modelioid,
entity_simgle_modelzoia], ORING)
entity_sinple_model; : (NIL, NIL)
entity_single_model,: (NIL, NIL)

undefined _element, : {entity _single_modeligid, “Q7)
undefined_element;: (entity _single_modelxgia, “Pref™)

7t Evh o714 ‘NILE <} d7 471 APHA
WSS gt

[@4 2] SGML DTD&} 2|dEE-E ve} &~7|n}
o A+
AR EY AL AdAINET} 4278 /A dE &
@2 EXCEPTION_ELEMENT®] Q12%27} S
87 god F~ ELEMENTS] QlAgrAg A}
Ag. d2HE 2 bt 2e S48 £4
g sHag.

ELEMENTTElementTyi)e: ELEMENT_TYPE_DOMAIN,
StartTag: boolean,



EndTag:boolean, ContentModel: CONTENT_MODEL);
EXCEPTION _ELEMENT(ElementType : ELEMENT_TYPE.
DOMAIN, StartTag: boolean, EndTag: boolean,
ContentModel : CONTENT_MODEL, Exception:{+ -},
ExceptionKey: SET of ATT_ELEMENT_TYPE_DOMAIN);

oo wiel A A clement;o] 4L A
e 42 o) s} 2o

ElementTypes] 43S dejdEY0] 5, o|n]
Add AEelE7d v dEE dHEAAE 2 &
Azre 2 it} StariTag, EndTagd] S5+ €2
9] Aeo] 7H5% A T, Ae] B8 A%
£ ‘FE §t}h 44 ContentModeld & -8 292
ol & A FHRAE olFoA glew Sy
SINGLE_MODELY 14g2g s} A4A7 =
¢ & AAAEAS S4Pes et i =
de] FHar7t AEHMNE o]Fo]A gloW £~
GROUP_MODELZ| & 9iAg2E @447 2 2
d dgd ANPIAE 4R ek FHS
SINGLE_MODEL=} GROUP_MODELS] ¢l 22>
AN} e 44 SRS A 2T

GROUP_MODEL(Qccurrencelndicator : {*, +, 7, NIL},
ModelGroup : LIST of CONTENT_MODEL,
Connector : {ORDERING, ORING, ANDRING, NIL});

SINGLE_MODEL(OccurrenceIndicator : {#, +, 7, NIL},
ModelGroup :CONTENT_MODEL.DOMAIN);

ol uv}e} wAIE= A3 single_model;2] Model-
Groupe| ©|u] A28 7|4 =(#PCDATA, CDATA,
EMPTY ¥) ¥Hd 3¢ 2 J191=8 4 718
o} e} o} AR g dAUEY dHEE A
A& o F4YLE & 7%=, ModelGroupd] &
Azke] A2HE A oY YA S UNDEFINED_
ELEMENT®] ZH| 28 %} single_model;s} dWE
92 ztz} %283, ModelGroups] &4gko] HE
€] 784 o)™ UNDEFINED_ENTITY &2 24|
A2 single_model;%} AEE]H& @ FFE
ol ¥ £358 dWEY deEdA s 4H
single_model;8] %A Occurrencelndicatorgte] =
W A% SS9} Exceptione 977t A& AL

SGML ZA Q| 222 2Tt M| KIZ HIOIEHHOIA MAH| 677

includeo]® ‘+'& excludec|® ‘—"& HAgo= 3
). ExceptionKeyi= o197]2 AHEHE P 4
HE i AAEAE 4G Z 243 o7 F
ol E)z] gL d2UE]] ALde 94 S8 UN-
DEFINED_EXCEPTION(Object : Qid, ElementName
:SET of string)ol] 224 A} exception_element; 2}
27 deNEES T2

¢ & 0], (IELEMENT P-O (#PCDATA | %details) +
>4 3L,

element, :('P’, F, T, group_modeloid)

group_model; 1 (¥, [single_model o, single_model;oigl,
_ ORING)

single_model; : (NIL, #PCDATA)

single_model, 1 (NIL, NIL)

undefined _entity, : (single_modelygia, “details™)

7k 8o

[4A 3] FAHA g AUE, AEE, 49 3
BE o} AR

¢1A] €¥ 2 UNDEFINED_ELEMENTS] 44 El-
ementName®] 7} &~ ELEMENTZ £4 El-
ementTyped] gtol] AF3te A 2 vy
clement;E A& tH& Objects] 3ol A3t AAE
Feth 238 £ £4 Objectd] gtol sFsle A4
224 ModelGroup $te 2 A4 HA element; S A}
A 7). YJAl ¥4 UNDEFINED_ENTITY$t
UNDEFINED _EXCEPTIONAA | 712 Hio R
Abdgch. 28 g F Sl o FEE A4
1}, o] & E9, undefined _entity, : (single_modelyoi,
“details™), single_model;:(NIL, NIL), entity,:(%,
“details”, NIL, entity_group_modelci) ¥ 725,

single_model; :(NIL, entity;oid)

-entity; 1 (%, “details”, NIL, entity_group_modeloid)

7t Bt

@A 4] DS AHE o & HEAFED
2EE v|el 27| ofo] ALY
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JEAREAAEE S XA ATTLISTY ¢l
EEZ YAHEY g e $A458 1A HEHE 7]
300

ATTLIST(ElementType: ATT_ELEMENT_TYPE_
DOMAIN, AttributeList:SET of ATTRIBUTES);

old] wat B H= A attlist;e] ElementType-2
JEGHEN2ES £ dedEL AEEHS A
AYAE SAFes et AttributeListe El-
ementTyped] WElY AAEL} dEE] JEHH
EES 22 ATTRIBUTESS g2 2AIA
I 2 Q22 ARAEAEY] JEE S48
2 et ol AEE Z# 2 ATTRIBUTESY
22 AH Fo] 7H e £4-& te3 Zo

ATTRIBUTES(AttributeName: string,
AttributeValue:SET of ATT_VALUE_DOMAIN,
DefaultValue : DEFAULT_VALUE_DOMAIN);

[2A 5] 718 NOTATION, SHORTREF, USEMAP
52 g 27)ule] AP

A g7 AR g2 NOTATION, SHORTREF,

USEMAP 5% Ztzt wie}l 27]|vle] 3| Sl

APGA D T (R =B e At

[ 6] HAE 2 dnEs dEE, JEH
E2ETe gl A5g XS DTD
£ DTD &4 2= AV

DTD A& A% #A7} M= £4L8 g

)

DTD(DtdName: string, Entitys:SET of ENTITY,
Elements : SET of ELEMENT, Attributes:SET of ATTLIST,
ShortRefs:SET of SHORT _REF,

UseMaps:SET of USE_MAP,
Notations:SET of NOTATION);

24 DtdNameof = DTD%] o] & ZHA &2 ojA
74 ¢AE ZE dEE A28 AFAEAss
ZE dIAUE 282 ARAEAE, FF, A,
rHolHEAE 28T JEGHEN2E A2
2 A A 4 FAE o] £4) Entitys, Elements, Attributes,
ShortRefs, UseMaps, Notations®] =Z43te] Hrt
(ShortRefs, UseMaps, Notations 52 2 =1 A
2rt)

(23 34)= SGML DTD #g 27|ute] M3
Memo DTD((Z | 2.1))S g 28 QA Eolt)

doctype; 1 (dtd;):

entity; I (%, “details”, NIL, entity_group modeljeid):

entitys : (%, "doctype”, NIL, entity single modeljoi):

entity_group_model;  (NIL, [entity single modelms, entity single modelsom],
ORING):

entity_single model; @ (NIL, elementjga):

entity single_modelz  (NIL, elementsoia):

entity_single models 1 (NIL, elementzsia):

element; I (‘Memo’, F, F, group_modeljpid):
group_model; I (NIL, [group modelzs single modelieid,
single modelzq], ORDERING):
group_modelz @ (NIL, [single_modelmis, single_modelws], ANDRING):
single_model; : (NIL, elementid);
single_models (7, elementsa):
“single_modely: (NIL, elementzom):
single_modelq 1 (NIL, elementsd);
element; : (‘To’, F, T, single_modelssa):




single_models : (NIL, #PCDATA):

elements 2 ( ‘From’, F, T, single_modelsea):
elementy : (‘Body’, F, T, single modeleoa):
single_models I (¥, elementsow);

elements 2 (‘P", F, T, group_modelsma):

single_models : (NIL, entitymm):

elements : ( 'Q‘, F, F, single_hmodelmld):
elements I (‘Pref’, F, T, single_modelmis):
single_models 1 (NIL, EMPTY):

elements I ('Close’, F, T, single_modelspia):

attlists : (elementioe, {attributesa}):
attlists ¢ (elementsya, {attributesspal):
attlists ! (elementie, {attributessoa}):
attributes; : ("STATUS’, {confiden!public},
attributes; 1 ('id’, {ID}, #IMPLIED):
attributess z (‘refid’, {IDREF}, #REQUIRED)

group_modely I (#, [single_modelsys, single modelmiq], ORING):

dtd; 2 ("Memo”, {entityigia, entityma}, {element.wid, elementzgq, elementag;q,
elementy:q, elementso., elementeo, elementyya, elementsy;a},
{attlistio, atilistagg attlistagal})

SGML 2Mel (% 2T HHIXIZ OB A M7 679

public):

(3% 34) vilE} AF[010] Memo DTDE AMMA|ZI H3}
(Fig. 3.4) Meta schema mapping result of Memo DTD

4. DTD S8 dIo[Efelo]A AF[n} AL

o] Z& SGML DTD v e} £7|v}e]] QlAgtrz &)
€ DTDM §-§ "Holeluo|2 25)utE 5
L2 BANIE $FL 71£3% 2E SGML DTD
E2 vg £7|vke] A Q2g2ER A7, of
EE o] &3t SGML 4 28271 38 £ ¢
€ &8 dwolehol2 25 ulrt YAt o] oA
O5old 4SS 2gez FH5A (=g 41D+
2o 294 A B A 2ol 53 DTDE vig =
Flatef AMFE R, olE 71RE 28 AyuE g4
L, o] §§ &F)ute] $4 FME AFEA] SIHA
= DTD FH7L 1914 6712 9] A=) L 28
8] 10714 2] A28 AXA QAr)

€9 SGML &4 dolguol 2t saimg o
E] ¥ (parameter entity) =71 JEl e 222 nwl
vlE Qe El2 Ao dte) AAHPAEL &b
&t X ¥ 3 H(canonical) DTDS] Fejxz By
t}. 184 ZE DTDE %% DIDE 999 &3

#) 8 dHolgtulolA AFjulE A& A @)
4714 ¥4%l DTD W& 7]l gt DTDE 33
g 7l 9 "a stk g ol £ 24 4
olgtd]o] 2 27ul AL A WA A Y &4
278} AP @A = o] Fe] A

[ ]

BrLM|mm

&8& pTp A0}

(% 4.1) SGML DTD| GlIE} A7} ApAF 5t
Apet

(Fig. 4.1) SGML DTD meta schma mapping and application

schema mapping - E
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(A2 24] 4 DTD(AEE 7 8 DTD)E
A4 DTDE WS}
4¥ DIDE JAYES ojEIHEAES o
HE Zz7t GeA g 2dE gt ogx
dedE FeldA AAUE o] R OR()Z £
A e 24F ZA4e BEso e gL 2y
A gelelt. 2, ¥ DIDAAE dvE A
28] R §4 shte dAET & 5= 97,
AEHFE2ES] dANEYAR shte dad
Eq & & Atk £9 JWES) AEGREGHLE
o Vel dEE 2= 2 dEEE Heoy Ay
AMAS 2 g = H oD Heelut
dut DTDE 48 DTDE #i§Hs}7] s E= 33
oA Aelste] Yyt DTD w8} 27|vhe] AR4}g A
F, 48374 &= DTDE 359 ¥ 4 2=
€ A3 A HE o|§R9 JEAHEFHIES]
dVEF OR(DE FolA gle 245 N5
o] A% DTD= H3gch 233F o}A] 3304 A gt
g o2 AY DTD W g A7 upd] A5

[6-8& 279} AM¢ 271 3% SGML DTD W& A
710tol A §-8 DTD v &} 27) o5 YA}
+4 2382 DTDY Q2g2E F 44 DtdName
2] 3t} DTDWe] 22 A& e g 7 deuis
2 T FHAEL Y FHEA A 3y
DTD Ed 9] £ Elementse] Z}¢] dzwie ol X
@2 A Ee] £PEL AAE B sto} Sz
£4& A48 4498 E Sd2E A S92
UNDEFINED_.CLASSY| Al 28 oz
= ola] 2 o] Eo 2 EAFe AT deAE
Al 2 UNDEFINED_CLASSO|A] ZARS &,
Aew I W= FPA ELEMENTY £4
ElementTypeo] Zr-& A& 3redh g8y o S92
ELEMENT®] £4 ContentModel2 #H|& =A}sto]
FAE SANAT, 7HF 40 BF BgHE g
Al ¥4 UNDEFINED_CLASSO|A 2 Zd29
< A @} ol A U Ao 7 o] R Ax,

(M LAES] £ ElementTypes} & 01§ 225}
= A8 AAJ.
S8 S, element, :("Memo’, F, F, group_modeligig)

€ 7%, Memo()9} undefined _classi(Memo)7} A4
=t

(A RES] &4 ModelGroups] Zro] SINGLE_
MODEL %12l GROUP_MODEL AA|¢1%] 7
Abgtel,

(2.1)ModelGroup9] gte] SINGLE_MODEL 4 A
el 7%, Z#2 SINGLE_MODEL®] A3 single.
model;%] ModelGroupg] 7+ HAbGic),

(2.1.1)ModelGroup2] gtol ANE AH < 42,

g deHE AAE ol EementTypes] gte

ol eRie £4-2 WEL, 2L olgoE A=

< S SE 4T B 2FdAe $4RL =

Lol A AE BoA Er 8 BAE £y

o 4% AFA BSoN Sy 29 AR

A7} 9t £ =N E SARL AEA 44=

FA 2% FA OIS Eo9M B8 o=z

273 Occurrencelndicator?] g2 ZAAES ‘1

*old WEolW £4Ze H4E dUE A

9 B 2EEE o|RojAYG.

dE 9], elementy:(Body’, F, T, single_
modelsou), single_models: (*+, elementsoia), elements

:(P’, F, T, group_modeko)d 7%, single_models

2] ModelGroup 3}o] elementse]| 2= elementss]

ElementType] & o822 3= g9 POS

A2 BANF3, S Bodyd] Padls £48

AAAZD F AEA 4R P FH29] ARy

A2 £ Padl o M zE3 S92

OccurrenceIndicator gho] “#*o] 22 Body 2] Ao

A £ Pas] g P E2E7} A} v} F

%% 2 2 Body(PA:LIST of Poi), PO7t A A},

(2.1.2) ModelGroup2] gte] A4 = 7Y =(#PCDATA,

EMPTY 3)21 73,
£4% 24N A= 29 PCDATALF
= °lF9 $4& HEI, 9] PCDATAZE ¢

FLE AEY SY2E Y4 4R £4

PCDATAA®] & MEA WEojd S~ PC-

DATAS] % AgA7t =], 32 PCDATAS

£ =rA(domain) gk& FAYE 3= ModelGroup

olgle £4-& WA
g8 9|, elementy:(‘To’, F, T, single_



modelsoi), single_models: (NIL, #PCDATA)Y 7

%, To(PCDATAA:PCDATA0i), PCDATA(Model-

Group:string)7} A €},

(22)ModelGroup] %to] GROUP_MODELS] %
<, group_model;2] Connector?] gh2 H A

(2.2.1) Connector2] Zte] ORINGS) A%,

A2 A4AZ Fl29 group_modelio] HAH
< €4 @ Bet 4 5E 221 TMPno|ds &
< AN el 3 S0 FHYAYE) F
A€ ‘CLASS'E 4723 33L 2 71 &=
(virtnal class)Z ORING A wg A& £
A, 448 7HE S92 dAERES &
4 TMPn®] &4zte = B4

Z£4 Occurrencelndicator®] 8 AARIA +
U ¥old &4 TMPE] 32 448 7H gd&
9 2 2E(LIST of)7} &}

224 ModelGroup#] Zhe] SINGLE_MODEL<®)
AL A-¢o)E 2 single_model;2] ModelGroup
e olge= s+ E¥2F UNDEFINED_
CLASSAA] Ztt}. o] 7] X3 A2 P
Ak o] FUEE AAR 7MY S 29 NBEY
2:7} B} single_model;2] ModelGroup gt-& 7 A+

3to] 2 3tol A A 719 =(#PCDATA, CDATA; -

EMPTY ¥)Q1 Sl 7Hd E3 2993 ‘PCDATA’
F YA HAe2 Nge F1E AL oy
A2 AP FH2% 7MY S0 HBFY20)
drh. M2 448 o 2o= PCDATALEE 9
9 £48 TER, &4 PCDATAL9 32 &
Z: PCDATA ] A 4 ¥ A7} €l 223 group..
model;®] ModelGroup #t% = gtel group_model;
©| 3 Connectorg] 3to] ORING®|® 4] 2.2.1)&
Z85, 284 oW (222)8 85}

4& E9,
elements: (P, F, T, group_modelsoid)

group_models: (¥, [single_modeliow, single_model;aow],
ORING)
single_modely : (NIL, elementsoia)
single_model;z:(NIL, element;zoia)
elements: (‘'Q’, F, F, single_modcisoid)
element;y: (Pref’, F, T, single_modelsgia)
- single_model;:(NIL, #PCDATA) '

SGML 22| Z2|E 2[5 HAIXIE BOIERHIOIA M 681

single_modelyz(NIL, EMPTY)Y A%,

P(TMP1:LIST of P_CLASSoi)
P_CLASS()

Q(PCDATA4 :PCDATAoi) isA P_CLASS
Pref() isA P_CLASS 7} 44 5l c}.

(2:2.2) Connectorg] ko]l ORINGe®] opd # %,

£ G A2 e F929 group_model;
o] A= Ao ne MES £9 TMPnolg}
= &AL Q49 aex o ek FHEY
7 ZAE ‘TMPY & QAT 33 & e Y28
AQgd. 283 44 TMPne A §A 44 o
ge29) AN AYAE oz shach

A group_model;] &4 Occurrcnéelndicator
2] g8 FAARIA 4} el MR &4 g
< A8 TMP E8 29 AF g 2ege] ")
I3 A48 94 TMPe] 498 A 7tk
oo} 23 group_model;4] %4 ModelGroup®] %t
o] single_model;d 7l (2.1)& FHF 2
FA g3 3 kel group_model;¢] B4 Connector

- 9 zte]l ORINGY Z-$= 2.2 ¢3&=z 2
- ¥3 9ol 222 FYUT.

2 Eo], element;:('Sample’, F, F, group_
modelioid), group_model, : (*, [single_model i, sing-
le_modelyoie]), ORDERING)Y 7% Sample(TMPI
:LIST of Sample_TMP,0i), Sample_ TMP1{)7} A
A

() A8l E7} EXCEPTION_ELEMENTS®] Za}<l
7}E AAtgi)

(3.1) 4] Exception® ZAAN ¥ AR S
exceptionAclEl= 0| E 02 £48 wED T £4g
LY e @

(3.2)£:4 exception_key 2 A" el 2o 7}
83 o] £A372 ElementTyped] gto =2 il 117
3 o] HAPE oo = FY2E A4FT -
old on] FH X7} WEA AL ALE A2 44
A gha=t T

& =i, exception_element,:(‘General’, F, T,

single_modelsoia, ‘+, ‘Ix’), single_models: (NIL, #PC-
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DATA)Y 739-, General(PCDATA,: PCDATApk, ex-
ceptiona:‘+', exception_keya : ixow)?} A4 9L},

@A AE A E vel S ATTRIBUTESH A]
aold 7EAl T Qled ‘ATT_ s} <4 AttributeName

o #Ue AFY A& dAoE dd 2 sy
A4%th 233 £4 AttributeValued] 22 A4 "
&4 gow T

()UNDEFINED_CLASSe] QA2 A3d o

To(PCDATAs: PCDATAoi),
PCDATA(ModelGroup: string),
Frow(PCDATAs: PCDATAc;4),
Body(Pa: LIST of Poia),

P_CLASS(),

Q(PCDATAs: PCDATAqiq) isd P_CLASS,

Close(PCDATAL: PCDATAq)

Memo(TMP1: Memo TMPlos, ATT STATUS: {'public’, ‘confiden’}),
Memo_TMP1{TMP1: Memo TMF1_TMPle, Bodyx: Bodyow, Closex: Closeor).-
Memo TMPI_TMP1{Tox* Totie, From: Fromoa)

P(IMP1: LIST of P_CLASSeq, ATT id: string),
/% type = {P_CLASS PCDATA, 0, Pref} %/
P_CLASS_PCDATA(PCDATA:: PCDATAge) isA P_CLASS,

Pref(ATT refid: integer) isA P_CLASS,

(3% 42) Memo S8 EME 2/3t 28 HI0[EM0]2 A7|0}
(Fig- 4.2) Application schema for Memo document instance

Memo; (Memo_TMPligu, ‘public’

Memo_TMPL_TWMP1,(Tosoiu, Fromoa) -
Toy (PCDATA01s)

PCDATA, ( "Comrade Napoleon”)

Frou (PCDATAzo1) '
PCDATA2( "Snowball”)

Bodyi{Pi1a)

P_CLASS PCDATA;{PCDATAqces)

Qi (PCDATAo:4)

P_CLASS_PCDATAz(PCDATAs0:4)

Cloze; (PCDATAsaia)
PCDATA:( “Comrade Snowhall®)

Memo “TMPL;(Memo_TMP1_TMPligi, Bodyiois, Closejeis)

Pi([P_CLASS PCDATAjots, Oroce. P_CLASS PCDATAznial, NULL)

PCDATA3( “In Animal Farm, George Orwell says :°)

PCDATA«(”... the pigs had to expend enormous labour every day upon
mysterious things called files, reports, minutes and memoranda. These
were large sheets of paper which had to be closely covered with writing,
and as soon as they were so covered, they were burnt in the furnace,..”)

PCDATAs(“Do you think SGML would have helped the pigs?”)

(32! 4.3) Memo £ 2A Al2jo} X{Z Ha}
(Fig. 4.3) Result of Memo document instance
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