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A b s t r a c t  

An electronic dictionary system (EDS) is developed with object- 
oriented database  techniques based on ObjectStore. The EDS is com- 
posed of two parts: the Database  Building Program (DBP), and the 
Database  Querying Program (DQP). DBP reads in a dictionary en- 
coded in SGML tags, and builds a database composed of a collection 
of trees which holds dictionary entries, and several lists which contain 
i tems of various lexical categories. With text exchangeability intro- 
duced by the SGML, DBP is able to accommodate dictionaries of 
different languages with different structures,  after easy modification 
of a configuration file. The  tree model, the Category Lists, and an op- 
t imization procedure enables DQP to quickly accomplish complicated 
queries, including context  requirements, via simple SQL-like syntax 
and straightforward search methods.  Results show that  compared 
with relational database,  DQP enjoys much higher speed and flexi- 
bility. With EDS this paper demonstra tes  how to apply OODBMS's 
to systems tha t  handle text information with strong yet varied in- 
trinsic hierarchies. 
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1 I n t r o d u c t i o n  

Ever - inc reas ing  vo l umes  of d o c u m e n t s  p r o d u c e d  by m o d e m  infor- 
m a t i o n  p rocess ing  a n d  record ing  t echn iques  m a k e  efficient docu-  
m e n t  access  tools  u r g e n t  necessi t ies .  T h e  recogni t ion  a n d  mark -  
ing  u p  of  t he  i n t e rna l  s t r u c t u r e s  of  m a n y  d o c u m e n t s  m a k e  it  pos-  
sible to increase  t he  efficiency of i n fo rma t i on  retr ieval  f rom t h e m ,  
for sea rch ing  t h r o u g h  s t r u c t u r e s  wi th  m a r k u p  de l imi ters  c an  he  
m o r e  speedy,  reliable,  a n d  precise t h a n  t h r o u g h  a he t e rogeneous  
m e s s  of  free, u n m a r k e d  tex t .  

T h e  Standard Generalized Markup Language (SGML) is becom-  
ing  t he  s t a n d a r d  for d o c u m e n t  descr ip t ion .  In  SGML,  each  tex- 
t ua l  un i t ,  or  e lement ,  is m a r k e d  wi th  a t ag  pair ,  in the  form of 
< . . >  a n d  < / . . > .  T h e  s t r u c t u r e  of  a d o c u m e n t  type  is s t a n d a r d -  
ized t h r o u g h  Document Type De/ tu i t ion  (DTD) ,  which defines for 
t h e  d o c u m e n t  type  a set  of  e l emen t s  a n d  t he  re la t ionsh ips  a m o n g  
t he  e l emen t s  [1, 12, 9]. 

Resea rcher s  f ound  t h a t  the  m a n a g e m e n t  of  s t r u c t u r e d  d o c u m e n t s ,  
such  as S G M L  d o c u m e n t s ,  benef i ts  no t ab l y  f rom d a t a b a s e  sup-  
por t .  Marked  up  d a t a  are compara t ive ly  easy  to load into a 
d a t a b a s e .  A n u m b e r  of query  l anguages  have  been  p roposed  for 
s t r u c t u r e d  d o c u m e n t s  [2, 6, 8]. A cu r ren t  t r end  is to employ  
object-oriented d a t a b a s e  (OODB )  in s t r u c t u r e d  d o c u m e n t  m a n -  
a g e m e n t .  A recent  p rogress  on th is  avenue  is a m a p p i n g  f rom 

S G M L  d o c u m e n t s  into O O D B ' s  wi th  r egu la r  O O D B  query  lan-  
guages  e x t e n d e d  for h a n d l i n g  S G M L  d o c u m e n t  re t r ieval  [3]. 

A typica l  e x a m p l e  of t e x t u a l  d o c u m e n t s  wi th  s t r o n g  in t e rna l  
s t r u c t u r e  is p r i n t ed  dic t ionar ies .  Dic t ionary  entr ies  a re  repre-  
s en tab le  by  tree models .  E l e m e n t s  of  t he  s a m e  type  in different  
d ic t ionar ies  o f ten  b e a r  the  s a m e  or s imi la r  lexical func t ion .  Th i s  
m a k e s  d i c t i ona ry  encod ing  possible.  P rog res s  h a s  bee n  m a d e  re- 
cen t ly  in t a g g i n g  d ic t ionar ies  wi th  S G M L  [4, 5]. However,  p r i n t ed  
d ic t ionar ies  are  a m o n g  the  m o s t  comp lex  t e x t u a l  da t a ,  u n iq u e  n o t  
only  in the i r  use  of  var ious  t ypog raph i ca l  conven t ions  b u t  also in 
the  h i g h  s t r u c t u r a l  he t e rogene i ty  due  to differences in  l anguage  
a n d  edi tor ia l  protocol .  Resea r ch  efforts have  been  d i rec ted  to 
iden t i fy ing  a generalized dictionary structure so as  to es tab l i sh  a 
D T D  of  a recta-dictionary. In i t ia l  r e su l t s  show t h a t  su ch  a D T D  
could  be  very  compl i ca t ed  [5]. 

In  [3], t he  O O D B  classes are  def ined b a s e d  on  the  D T D  of  the  
c o r r e s p o n d i n g  d o c u m e n t .  A h igh ly  complex  DTD,  such  as t h a t  
for t he  d o c u m e n t  type  of the  genera l ized  dic t ionary,  will lead  
to a t ree  m o d e l  wi th  a complex  m a z e  of  classes conn ec t ed  f rom 
each  o the r .  As opposed  to t h a t  app roach ,  th i s  p a p e r  p roposes  a n  
O O D B - b a s e d  electronic dictionary system, in  which  all t he  nodes  
in  t he  t ree  m o d e l  be long  to t he  s a m e  class.  T h e  node  types  are  in- 
d i ca t ed  on ly  by  t ype  symbol .  T h e  s impl ic i ty  is ha,sad o n  two con-  
s ide ra t ions .  F i rs t ,  S G M L  d o c u m e n t s  are  a lways  verified aga ins t  
i t s  D T D  af te r  c rea t ion ,  hence  t he  d a t a b a s e s  bui l t  co r respond ing ly  
are  g u a r a n t e e d  to be  correct .  Second,  d a t a  quer ies  are o f ten  m a d e  
w i t h o u t  knowledge  of the  d a t a  s t r u c t u r e ,  b u t  i n s t e a d  are  e lement -  
t ype  or ien ted .  T h e  p u r p o s e  of  choos ing  d i c t iona ry  as  t h e  i n p u t  
d a t a  for th i s  s t u d y  is to show t h a t  comp lex  s t r u c t u r e d  d o c u m e n t  
c a n  be  m a n a g e d  wi th  O O D B M S  u s i n g  s imple  d a t a  models .  

Basically,  a d ic t ionary  is a col lect ion of entr ies ,  which  in  t u r n  
cons i s t  of  th ree  pr inc ipa l  e lements :  < f o m e > ,  < s e n s e >  a n d  
< r e l a t e d  e n t r y > .  Secondary  e l emen t s ,  s u c h  as < o r t h > ,  < p o s > ,  
< d e s c r i p > ,  etc. ,  are  e i ther  c o n t a i n e d  in t he  pr inc ipa l  e l emen t s  
or  m a y  a p p e a r  a n y w h e r e  in the  en t ry  [9, 12]. Whi l e  s h a r i n g  the  
above  bas ic  s t r uc tu r e ,  specific d ic t ionar ies  have  the i r  own fea- 
tu res ,  which  can  be  defined in the  EDS conf igura t ion  file. In  th is  
s tudy ,  t he  P e q u e n  o Larousse  S p a n i s h - S p a n i s h  Dic t ionary  is u sed  
as  a s a m p l e  [11]. Fig. 1 d i sp lays  t he  t ree  m o d e l  of  t h e  s ample  
d ic t ionary .  

EDS was bui l t  u s i ng  the  O O D B  package  Objec tS to re .  Objec t -  
S tore  provides  a t igh t ly  i n t e g r a t e d  l a n g u a g e  interface to t h e  t ra-  
d i t iona l  D B M S  fea tu res  of  pe r s i s t en t  s torage ,  t r a n s a c t i o n  m a n -  
a g e m e n t ,  ets . ,  a n d  ha s  s t r o n g  capabi l i t ies  in m a n a g i n g  large sets  
of ob jec ts ,  inc lud ing  col lect ions,  quer ies  on  collect ions,  re la t ion-  
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Figure 1: The Tree Representation of the Sample Dic- 
tionary Entries 
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Figure 2: The Architecture of Database Building Pro- 
gram 

sh ips  b e t w e e n  ob jec t s ,  etc.  [10]. All these  a re  i m p o r t a n t  in the  
d e v e l o p m e n t  of  EDS.  I ts  h o s t  l a n g u a g e  C + +  also faci l i ta tes  t he  
wr i t ing  of  f u n c t i o n a l  modu l e s .  T h i s  ar t ic le  p re sen t s  a case s t u d y  
of  u t i l i z ing  O b j e c t S t o r e  to bui ld  a n  objec t -or ien ted  d a t a b a s e  us-  
ing  S G M L - t a g g e d  d ic t ionar ies  as i n p u t  da t a .  

T h i s  p a p e r  is o rgan ized  as follows. Sect ion 2 a n d  Sect ion 3 are  de- 
vo ted  to t he  desc r ip t i on  of  t he  two m a j o r  EDS componen t s :  the  
D a t a b a s e  Bu i ld ing  P r o g r a m ,  a n d  the  D a t a b a s e  Que ry i ng  Pro-  
g r a m .  Sec t ion  4 shows  t he  u n i q u e  fea tu res  of  EDS a n d  the i r  
u se fu lness  in  d i c t i ona ry  que ry ing .  Sect ion 5 gives a brief  r epo r t  
on  t he  i m p l e m e n t a t i o n  o f  t he  s y s t e m  a n d  concludes  the  paper .  

2 T h e  D a t a b a s e  Bui ld ing  Pro-  
gram 

T h e  EDS c o n t a i n s  two bas ic  c o m p o n e n t s :  the  Database Building 
Program ( D B P ) ,  a n d  t he  D a t a b a s e  Querying Program (DQP) .  
D B P  r eads  in a t a g g e d  d ic t iona ry  a n d  es tab l i sh  the  da t abase .  
Fig.2 d i sp l ays  t h e  a r ch i t ec tu re  of  DBP.  I t  is seen  t h a t  D B P  is 
c o m p o s e d  of  a n  i n p u t  a n d  da t abase -bu i l d l ng  control  m o d u l e  a n d  
a p e r m a n e n t  d a t a b a s e  s torage .  T h e  p e r m a n e n t  d a t a b a s e  s to rage  
is d iv ided  in to  th ree  sec t ions ,  i nc lud ing  t he  Entry Collection, t he  
Category Lists, and Profile Collectlon. 

2.1 The Entry Collection 

In  EDS,  for every  e n t r y  in  t he  dic t ionary,  a tree is bui l t  in t he  
p e r m a n e n t  m e m o r y ,  a n d  for every  e l ement  in the  entry,  a node  
is c r ea t ed  in  t he  tree.  Ea ch  node  t ype  in the  tree co r r e sponds  to 
an  e l emen t  t ype  in  the  d o c u m e n t .  E ach  node  is an  in s t ance  of  a 
node  type .  To ind ica te  i ts  type ,  each  node  con ta ins  a symbol. 

ALl nodes  falls in to  two categories :  e i ther  t he  branch node, or the  
lea f  node. B r a n c h  nodes  c o n t a i n  s t r u c t u r a l  in fo rmat ion ,  i.e., t h e  
r e l a t ionsh ip  be tween  nodes .  B r a n c h  nodes  have  a pa ren t  a n d  one 
or m o r e  chi ldren,  excep t  the  root nodes, which have  no paren t .  
T h e  r e l a t i onsh ips  a re  arcs  be t ween  nodes ,  a n d  in EDS they  are 
i m p l e m e n t e d  as po in te r s  to p a r e n t  a n d  chi ldren  nodes .  T h e  in- 
verse data m e m b e r  facil i ty p rov ided  by Objec tS to re  convenient ly  
h a n d l e s  t he  d a t a  in tegr i ty  m a i n t a i n i n g  a n d  a u t o m a t i c  u p d a t i n g  
tasks .  

T h e  leaf  nodes ,  on the  o t h e r  h a n d ,  con ta in  the  t ex tua l  d a t a  of  
d i c t i ona ry  entr ies .  T h e y  have  p a r e n t s  b u t  no children.  Of  nine-  

t e en  n o t e  t y p e s  in  t he  s a m p l e  d ic t ionary ,  e leven are  leaf  nodes ,  
as  a re  s h o w n  in Tab le  1. 

For f lexibil i ty in  s t r u c t u r e  r ep re sen t a t i on ,  all node  types  are of  
t he  s a m e  d a t a  t ype  cal led NODE,  i m p l e m e n t e d  as a C-t-+ class, 
w i th  t he  fol lowing a t t r i b u t e s :  

1. s y m b o l  - s y m b o l  of  t he  n o d e  type .  

2. n t e x t  - t ex t  in  a leaf  n o d e  ( e m p t y  for b r a n c h  nodes) .  

3. p a r e n t  - p o i n t e r  to t he  p a r e n t  node  (nul l  for roo t  nodes) .  

4. c h i l d r e n  - a se t  of  po in t e r s  to t h e  ch i ldren  nodes  (null  for 
leaf  nodes ) .  

5 .  i t e m s  - a l is t  of  po in t e r s  to i t e m s  in the  re la ted  Ca tegory  
Lis t  (nul l  for b r a n c h  nodes ) .  

E x p l a n a t i o n  on  t he  a t t r i b u t e  items will be  given short ly.  

An  i n s t a n c e  of e n t r y  t ree  is seen  in Fig.3(c) .  T h e  en t ry  has  five 
b r a n c h  n o d e s  a n d  th ree  leaf  nodes .  W i t h i n  each node ,  the  left 
b lock c o n t a i n s  t h e  t ype  symbo l ,  t he  midd l e  con ta ins  tex t ,  a n d  the  
left m a y  c o n t a i n  po in t e r s  to  C a t e g o r y  Lis ts .  

2.2 T h e  C a t e g o r y  L i s t s  

I n s t e a d  of  t h r o u g h  ' d a t a b a s e  roo t s ' ,  as  in  c o m m o n  O O D B ' s ,  ac- 
cess to t he  EDS  d a t a b a s e  is a lways  m a d e  t h r o u g h  a n u m b e r  of  
l is ts  ca l led  t he  Category Lists. Every  words  or  s y m b o l  in  a n  en t ry  
be longs  to  c e r t a i n  lexical  ca tegor ies ,  s u c h  as  headwords ,  p ronun-  
c ia t ion ,  p a r t  of  speech ,  etc.  A C a t e g o r y  List  con ta ins  all t he  
u n i q u e  va lues  of  t h a t  lexical  ca t ego ry  t h a t  a p p e a r  in the  dictio- 
na ry .  Normal ly ,  m a n y  of t hese  va lues  a re  heavi ly  dup l i ca t ed  in 
t h e  en t r ies .  There fo re ,  s to r ing  t he  va lues  in the  Ca tegory  Lists  
r a t h e r  t h a n  in  E n t r y  Col lec t ion cou ld  save  space.  Moreover,  l ists 
are  eas i ly  indexed ,  a n d  t h u s  qnic ldy  searched .  W h e n  looking 
u p  t he  d i c t i o n a r y  for a lexical  i t e m s  of  ce r t a in  types ,  i n s t ead  of 
check ing  all  t he  ent r ies ,  it  is on ly  neces sa ry  to s can  the  re levant  
C a t e g o r y  Lis t  to f ind t h e  des i red  value,  a n d  f rom there  to access 
t he  r e l a t ed  en t r ies  v ia  po in te rs .  

A m o n g  t he  C a t e g o r y  Lis ts ,  t he  common list con ta ins  all t he  
c o m m o n l y - u s e d  word in  t h e  m a i n  l anguage ,  the  text list con- 
t a ins  the  res t  of  t he  words  in t he  m a i n  l anguage ,  a n d  the  orth list 
ho lds  all  t h e  fore ign  words.  T h e  res t  of  t he  l ists con ta ins  i t ems  
t h a t  p rov ide  g r a m m a t i c a l  or  u s a g e  i n fo rma t ion  (see Table  1 for 
de ta i l s ) .  T h e  d a t a  t ype  of the  cells in all the  Ca tegory  Lists,  
excep t  t h e  common list,  is ITEM, also i m p l e m e n t e d  as a C + +  
class ,  w i th  two a t t r i b u t e s :  
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Leaf Nodes 

Sym- Related Related Name Description 
bol 'rags Category 

List 

T text text Spanish text 
N <syn>  text synonym synonym 
A < a n t >  text antonym antonym 
R <pa r>  text paronym paronym 
P <pos> pos pos part of speech 
G <g ram> gram grammar grammartic node 
D <dora> dom domain subject domain 
Y <styl> styl style style usage 
0 <geo> geo geography geography origin 
L <lg> lg language language 
Z < o r t h > /  orth foreign foreign text 

< gloss > 

Branch Nodes 

Sym- Related Name Description 
bol Tags 

E <entry> entry entry 
F <form> form morphological form 
S <sense> sense meaning 
U <related entry> related related entry 
H <pform> headword headword 
M <etym> etymology etymology 
I <descrip> descript description 
X <eg> example example 

Table h Node Types and Related Information for the 
Sample Dictionary 

ACTIVIDAD f. Facultad de obrars 

(a) Original pr in ted  form 

<entry> 
<form> 

<pform> ACTIVIDAD </pform> 
<gnote> f. </gnote> </from> 

<sense> 
<descrip> Facultad de obrars </descrip> 

</sense> </entry> 

(b) S G M L - t a g g e d f o r m  

I 

I'F'I .... I ol 
I 

'P' I"f.' lol 
. .1_ .  

1- I- .I  I .-I  
pos list 

1"" I actividad I "'" 

text list 

I facul d I .-. I 

(c) Tree-model  form 

s l  t 

1. i t e x t  - text  of this list i tem. 

2. n o d e s  - a set of pointers  point ing to entry tree nodes tha t  
refer to this list i tem. 

The  poin ters  in nodes  point  to those leaf nodes whose n t e x t  at- 
t r ibu te  conta ins  the i t e x t  of the item, i.e., ntext  is a supers t r ing  
of i t ex t .  

The  a t t r i bu t e  nodes  of class ITEM and the a t t r ibu te  /terns of 
class N O D E  represent  the relationship between entry tree nodes 
and  Category  List i tems. Since every leaf node always belongs 
to a lexical category, every leaf node has a related Category List. 
On  the o the r  hand ,  every Category List can be related to mult iple 
nodes.  The  relat ionship is thus one-to-many. 

The  re la t ionship between nodes and i tems can be utilized not  only 
for query ing  purpose ,  bu t  also for space saving. Duplications of 
list i t em values in entry  nodes  can be eliminated by replacing 
such a s t r ing  in n t e x t  of a node with a special sign, and at  the 
same t ime inser t ing to i t ems  of the node a pointer  point ing to 
the i t em in its related Category List whose i t ex t  a t t r ibu te  equals 
the s tr ing.  Considering the s torage space of pointers,  it is wise 
to replacing a s t r ing s with a sign only it is long enough. A 
replacement  rule could be: 

If length(s) > size_of(pointer) + size_of(sign) 
then do replacement 

else 
copy s into ntext. 

It  is seen in Fig.3(c) tha t  in the text node containing three words, 
only the two longer words are replaced by signs, and the shor t  

Figure 3: Representation of an Entry 

word 'de '  r emains  in n tex t .  Different replacement signs are used 
to indicate different case pa t t e rns  of the original words. 

The  separa t ion  of commonly-used  words f rom the rest  of the vo- 
cabulary  is also a imed  to save space. If commonly-  used words 
are included in the t e x t  list, then  their  nodes  a t t r ibu te  could take 
up  a large a m o u n t  of space, for they are expected to appear  in 
the text  of m a n y  entries. Therefore,  the c o m m o n  list is jus t  a 
s t r ing  array.  As a result ,  a query  based solely on common words 
requires  combing  t h r o u g h  the entire En t ry  Collection, which is 
inefficient. Fortunately,  such queries are rare. Commonly-used 
words are specified in the configurat ion file. 

2.3 T h e  P r o f i l e  C o l l e c t i o n  

A node is an  ins tance of a node type.  Each node type has a set 
of a t t r ibu tes ,  including its symbol ,  the related tag, the related 
Category  List, i ts  n a m e  in query, etc. The  a t t r ibu te  values of 
node types  are s tored  in the Profile Collection.  To store these 
in_formation, a P R O F  class is deft_ned, wi th  the a t t r ibutes  of: 

* s y m b o l  - symbol  of the node type. 

e t a g  - s t a r t - t ag  for the cor responding  entry  element. 

• l l s t_id  - ID of related Category List. 

• n a m e  - n a m e  used in queries to refer to the node type. 

The conf igura t ion  file has  a profile section. Each row in the sec- 
t ion conta ins  all the a t t r ibu te  values for a node type, in the order 
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Figure 4: The Architecture of Database Querying Pro- 
gram 

of  tag,  ID of  r e l a t ed  C a t e g o r y  List ,  node  symbol ,  a n d  n a m e  used  
in  query,  for ins tance :  

<sense>  0 S sense 
<related ent ry> 1 U related 

In  t h e  above  e x a m p l e ,  t he  n o d e  type  n a m e d  s e n s e  has  the  s t a r t -  
t a g  ' < s e n s e > ' ,  a n d  a s y m b o l  'S ' .  Be ing  of  b r a n c h  node  type,  it  h a s  
no  r e l a t ed  C a t e g o r y  List .  O n  t he  o t he r  h a n d ,  < r e l a t ed  e n t r y >  is 
a leaf  n o d e  t y p e  re l a t ed  to t he  t e x t  list,  t he  first Ca tegory  List .  

3 The  Database  Querying Pro- 
gram 

DQP is another major component of EDS. DQP receives queries 
from the user and displays the results of the querying. Fig.4 
shows the architecture of DQP. Based on the permanent database 
storage, the DQP provides two principle querying functions: en- 
try searching and item listing. A minor function is statistics 
reporting, which prints the general information on the dictionary 
database. The system interacts with the user through the parser 
module to get input and through the display module to deliver 
output. DQP provides various displaying formats especially the 
path-display. To speed up query processing, an optimization pro- 
cedure is ,adopted. 

3.1  E n t r y  S e a r c h i n g  

Rece iv ing  f rom the  u se r  a se t  of  cr i ter ion,  D Q P  searches  the  
d a t a b a s e  for en t r ies  t h a t  sa t i s fy  the  cri teria.  T he  s y n t a x  of  an  
e n t r y  s ea rch  que ry  is: 

select <list of node type names [ all [ path> 
[formatted] 

where <leaf node type name I any> = <value> 
[,<leaf node name> = <value>] [ .... ] 

[in <ancestor node type name>] 
[and  . . . ] 

/or ... ] 

T h e  s y n t a x  is SQL-Hke, a l t h o u g h  the  ' f rom'  s t a t e m e n t  is mi s s ing  
s ince  the re  is only  one  source  - -  the  en t ry  collection. 

T h e  op t iona l  ' in '  s t a t e m e n t  fo rms  the  con tex t  r equ i rement ,  which 
specifies w i th in  which  e l emen t  type  ( the  ances tor )  the  m a t c h e d  
e l emen t  s h o u l d  be.  E x a m p l e s  will be  g iven  in n e x t  sect ion.  Bo th  
' a n d '  a n d  ' , '  r ep r e sen t  in te rsec t  ope ra t ion ,  b u t  ' a n d '  combines  
mu l t i p l e  c r i t e r ion  c lauses ,  while ' , '  comb ines  mul t ip l e  cr i ter ion 
values  w i th in  a c lause .  

Wi ld - ca rd  exp re s s ions  c a n  be  u s e d  in severa l  places.  One  m a y  use  
'al l '  or  ' p a t h '  in  p lace  of n o d e  t ype  narrte a f t e r  ' se lect ' ,  u se  ' any '  
in  p lace  o f  leaf  n o d e  t ype  n a m e  a f te r  'where ' ,  or  p u t  * 's  anywhere  
in a s t r i n g  value.  T h e  concep t  of  ' p a t h '  will be  exp la ined  later .  
T h e  m e a n i n g  of  t h e  o t h e r  expres s ions  are  obvious .  

T h e  o p t i o n a l  keyword  ' f o r m a t t e d '  specif ies t h a t  t he  d isp lay  of  
m a t c h e d  ent r ies  s h o u l d  be  f o r m a t t e d ,  i nc lud ing  e m b r a c i n g  impor-  
t a n t  lexical  i t e m s  (headword ,  p a r t  of  speech ,  etc.)  wi th  specif ied 
pa r en the s i s ,  a d d i n g  n u m b e r  i ndexes  to senses ,  a d d i n g  a lphabe t i c  
indexes  to  desc r ip t ions ,  a n d  m a k i n g  p r o p e r  i nden ta t ions .  For- 
m a t i n g  i n f o r m a t i o n  is also g iven  in the  conf igura t ion  file. 

3.2  I t e m  L i s t i n g  

T h i s  f u n c t i o n  se lec ts  f r om a C a t e g o r y  List  all t h e  i t ems  t h a t  equal  
a user -speci f ied  value.  T h e  s y n t a x  is: 

list <name of node type I all> = <value> [/f]. 

T h e  ' f '  sw i t ch  specif ies  t he  d i sp lay  of the  f requency  of t h e  i t ems .  
I t e m  l i s t ing  he lps  t h e  u se r  choose  c r i t e r ion  values  while fo rmu-  
l a t i ng  a query .  W i t h  t h e  q u e r y  pick func t i on  in Objec tS tore ,  the  
i m p l e m e n t a t i o n  o f  t h e  l i s t ing  is s t r a igh t fo rward .  

4 Un ique  Features of EDS 

4.1  E l e m e n t - t y p e - o r i e n t a t i o n  

Due  to t he  h i g h  h e t e r o g e n e i t y  of  s t r u c t u r e s  in d ic t ionary  entr ies ,  a 
s ea r ch  c r i t e r ion  is o f t en  app l i ed  to a specific e l emen t  type,  regard-  
less t he  pos i t i on  of  t he  m a t c h e d  e l emen t s  in  entr ies .  In  re la t ional  
d a t a b a s e s  (RDB)  quer ies ,  however ,  e l emen t  pos i t ions  axe impor-  
t an t ,  s ince  t h e  pos i t i ons  d e t e r m i n e  in  which  tab les  these  e l emen t s  
will a p p e a r  as  a t t r i b u t e s .  I n  t he  following example ,  t h e  l a n g u a g e  
e l emen t  d i g > ,  is p a r t  of  t he  fo rm  e l emen t  < f o r m >  in  the  first 
en t ry ,  is w i t h i n  a n  e t y m o l o g y  e l e m e n t  < e t y m >  in  t he  second,  a n d  
be longs  to a s ense  e l e m e n t  < s e n s e >  in  the  th i rd .  A R D B  que ry  
b a s e d  on  < l g >  m u s t  spec i fy  all t h e  poss ib le  pos i t ions  of  d i g >  
a n d  i nev i t ab ly  b e c o m e  very  c lumsy .  

< e n t r y >  <form> <pform> AD HOC </pform> . . .  
<ig> l a t .  < / i g >  < / fo rm> 
<sense> ... </sense> </entry> 

< e n t r y >  <form> <pform> TIEIDA </pform> . . .  
<etym> . . .  <ig> f a t .  < / Ig>  . . .  < /e tym> </form> 
<sense> </sense> ... </entry> 

< e n t r y >  <form> <pform> ACANAI..AR </pform> . . . < / f o r m >  
<sense> ... <ig> lunf. </ig> ... </sense> 
<sense> . . .  </sense> </entry> 

O n  the  o t h e r  h a n d ,  wi th  t he  C a t e g o r y  Lis ts  a n d  tree s t ruc tu re ,  
EDS easi ly s u p p o r t s  th i s  e l emen t - type -o r i en t a t i on .  Rece iv ing  a 
que ry  as s imp le  as  
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select all where language = lat. 

D Q P  will go to t he  lg list,  f ind t he  i t e m  lat., a n d  follow po in te r s  
the re  to all t h e  en t r ies  which  have  a l a n g u a g e  node  wi th  t he  value 
lat. 

4.2 Con tex t  Requ i r emen t s  

Some quer ies  m a y  use  c o n s t r a i n t s  on  t he  relat ive pos i t ion  of  
m a t c h e d  e l emen t s .  For  in s t ance ,  t he  use r  is i n t e re s t ed  in a 
< l g >  t h a t  m u s t  covers the  whole entry ,  i.e., i t  shou ld  be  wi th in  
< f o r m > .  To express  t he  con tex t  r equ i r emen t ,  one only  needs  to 
a d d  t he  ' in '  s t a t e m e n t  to the  or ig inal  que ry  

select all where language = lat. in form 

Afte r  r e ach ing  all t he  m a t c h e d  leaf  nodes ,  D Q P  will check the  
r equ i red  a n c e s t r y  u s i n g  the  p a r e n t  po in te rs .  In  t he  above  e x a m -  
ple, on ly  t he  first two ent r ies  will be  picked up .  It  is imag inab l e  
t h a t  in a R D B  var ious  ad  hoc  a l g o r i t h m s  have  to be  employed  to 
fulfill t he  t a sk .  

4.3 Path Display 

I t  is c o m m o n  t h a t  s o m e  d ic t iona ry  ent r ies  are  of  considerable  size, 
c o n t a i n i n g  dozens  of  re la ted  en t r ies  a n d  senses .  A query,  however,  
is o f t en  a i m e d  to look a t  a few p e r t a i n i n g  e lements .  Disp lay ing  
the  ent i re  entry ,  which  could  t akes  severa l  screens,  is dis tremting.  
W h a t  need  to  be  d i sp layed  here  a re  those  key e l emen t s  which  
r o u g h l y  fo rm  a path f r om the  headword  to the  m a t c h e d  leaf  node .  
Such  a p a t h  h a s  t he  f ea tu re  t h a t  w h e n  s t a n d i n g  alone,  i t  becomes  
a n  i n d e p e n d e n t  entry .  For examp l e ,  g iven  a l eng thy  entry:  

[ALGODJON] 

( m . )  

1. P l a n t a  m a l v { ' a } c e a ,  cuyo f r u t o  c o n t i e n e  de  
q u i n c e  a v e i n t e  s e m i l l a s  e n v u e l t a s  e n m a a  
borra muy larga y blanca: el algod{'o}n es 

originario de la India. 
2 ....... 

5. (Fig.) y (ram.) 

Criado entre algodones, criado con mimo y 
delicadeza. 

-- E1 algod{'o}n es originario de la India. 

W i t h  p a t h  d isplaying,  a query  t a rge t i ng  t he  s ty le  e l ement  Fig. 
r e t u r n s  

[M..GOD~OI] 

(m.)  
( F i g . )  y ( r a m . )  
Criado entre algodones, criado con mimo y 
delicadeza. 

which  is clear,  concise,  a n d  to the  po in t .  Cons ide r ing  the  fact  t h a t  
a que ry  cou ld  c a p t u r e  a large n u m b e r  of  entr ies ,  t he  usefu lness  of  
p a t h  b e c o m e  qu i te  ev ident .  T h e  concep t  of  p a t h  is s o m e w h a t  ana -  
logical to t he  concep t  of  view in re la t iona l  d a t a b a s e  opera t ions .  
Whi l e  views axe c rea t ed  d u r i n g  s y s t e m - u s e r  in te rac t ion ,  p a t h s  are  
def ined in the  conf igura t ion  file. P a t h s  a re  leaf-node-specific,  i.e., 
each  leaf  n o d e  type  h a s  i ts  own pa t h ,  which  are  specif ied in the  
conf igura t ion  file. 

4.4 Frequency  Count ing  

In  l inguis t ic  researches ,  f r equency  of  u sage  of  lexical i t e m s  is o f ten  
a n  i m p o r t a n t  p a r a m e t e r .  In  EDS,  f requency  d a t a  c an  be  easily 
ob t a ined ,  such  as t he  ' f '  swi tch  in i t e m  l is t ing.  G iven  a lexical 
i t em,  t h e  n u m b e r  of  t imes  it  a p p e a r s  in t he  d i c t i ona ry  rough ly  
equa ls  t h e  ca rd ina l i t y  of  t he  p o i n t e r  se t  in t he  i t e m s  a t t r i b u t e  of  
t h a t  l ist  i t em.  C o n t e x t  c o n s t r a i n t s  c an  be  readi ly  a d d e d  t h r o u g h  
t he  ' in '  s t a t e m e n t .  A l t h o u g h  f requency  cons t r a in t  is cu r ren t ly  
no t  i nc luded  t he  query,  i t  c an  be  a d d e d  wi th  no  difficulty. 

4.5 Opt imiza t ion  

For a s ingle-cr i ter lon search,  which  is ba sed  on  on ly  one i t em  
value  of  ce r t a in  lexical ca tegory ,  EDS scans  t h a t  Ca t eg o ry  List  
to r each  t h e  g iven  i t e m  a n d  f rom the re  to reach  all t he  leaf  nodes  
t h a t  con t a in  t he  i t em ,  a n d  finally, t h r o u g h  t he  pa ren t -ch i ld ren  
re l a t ionsh ip  to ge t  to t he  roo t  nodes  of  t he  entr ies  which  are  
sough t  for. For a sea rch  on  two cri teria,  however ,  t he re  are  t w o  
a l t e rna t ive  approaches :  

1. I n t e r s e c t i n g  - use  t he  above  m e t h o d  to ge t  two se t s  of  
m a t c h e d  ent r ies  sa a n d  s2, a n d  in te r sec t  t he  two se t s  to 
o b t a i n  t he  f inal  se t  s,  i.e., s = Sl N s2. 

2. F i l t e r i n g  - choose  one cr i te r ion  ca to o b t a i n  sa,  a n d  filter 
sa wi th  a n o t h e r  c r i te r ion  c2 to dele te  u n m a t c h e d  entr ies .  
T h e  resu l t  c a n  be  exp re s sed  as s = f i l t e r ( s l ,  c2). 

Smal l  m a t c h e d  se t s  a n d  la rge  e n t r y  sizes favor  in te rsec t ing ,  while 
large  m a t c h e d  se t s  a n d  sma l l  e n t r y  sizes jus t i fy  fi l tering. For- 
really, g iven  s l  a n d  s2, we choose  in te r sec t ing  if 

I s a l ' l s 2 1 " t ~  < I s l l ' n l  "¢f 

i.e. 

I s 2 l - t ~  < n 1 - t y  

where  ISl [ is t he  ca rd ina l i t y  of  se t  s i ,  ni is t he  average  n u m b e r  of  
nodes  in t he  en t r ies  in  s l ,  tu is t he  t ime  for checking  t h e  equa l i ty  
of  a pa i r  of  e l emen t s ,  a n d  t I is t he  t ime  for t r avers ing  one arc  
a n d  c o m p a r i n g  two t ex t  nodes .  Note  tsl c a n  be  e s t i m a t e d  f rom 
the  ca rd ina l i ty  of  t h e  set  a t t r i b u t e  nodes  in  the.~criterion i t em,  
wi th  t he  a s s u m p t i o n  t h a t  t he  dup l i ca t i on  r a t e  for a n y  l is t  i t e m  in  
a n  e n t r y  is close to one .  Meanwhi le ,  ni can be e s t i m a t e d  by  the  
average  n u m b e r  of  nodes  for all t h e  en t r ies  in the  dic t ionary.  

B a s e d  on  t he  above  ana lys i s ,  a n  optimizat ion procedure for en t ry  
sea rch  on  mul t ip l e  c r i te r ia  cart be  def ined as  follows: 

1. For each  sea rch  c r i t e r ion  ci, i E I, get  the  m a t c h e d  set  sl;  

2. Let  s l  = mln ls i l , i~1  si and I = I -  i; 

3. If I = 0, s top ,  else let  s2 = rninlsi[, j~i sj; let  s l  = s l  Ns2 if 

Is2[.tulnl .ty, otherwise  let s l  = f i l ter(s1 ,  c2) a n d  I = I - j ;  

4. if i n t e r sec t ing  is u s e d  in S tep  3, go to Step 3; o therwise  
(f i l tering is used)  go to S tep  5; 

5. if I = ¢, s top,  else let s l  = f i l t e r ( s l , c j ) , j  G I; let  I = l - j ;  
go to Step  5; 

It  is seen  t h a t  s ince s2 is chosen  in t he  a scend ing  order  of  set  car- 
dinal i ty ,  once f i l ter ing is jus t i f ied ,  it  will be  u sed  for all r e m a i n i n g  
sets .  

It  s hou ld  be  no t ed  t h a t  th i s  p rocedu re  is appl ied  for cr i ter ia  l inked 
by logic a n d ' s .  For logic o r ' s ,  t he  un ion  ope ra t i on  is a lways used.  
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5 T e s t  a n d  C o n c l u s i o n s  

The intrinsic tree model of SGML makes it a suitable field 
for OODB applications. Coupling OODB techniques with with 
SGML, EDS has a number of .advantages over traditional rela- 
tional databases, including: 

• High flexibility in accommodating lexical and structural 
variations across different dictionaries. The only modifi- 
cations to be made for a new dictionary are in the configu- 
ration file. 

• Simplicity in implementing query searching. Searching is 
based on element types, instead of on their position. The 
lat ter  is typical in a RDB yet is impractical when facing 
the high structural heterogeneity among dictionary entries. 
Context condition checking is easily done in EDS. 

• High speed. The employment of Category Lists, the tree 
structure of entries, and the extensive use of object point- 
ers greatly expedite the search process. Moreover, an opti- 
mization procedure raises the speed still further by making 
intelligent choices between alternative approaches. 

• Flexibility in displaying query results. The special path  
format enables smart  display by showing only those ele- 
ments that  are relevant to the search purpose, thus avoiding 
clumsy and distracting display of lengthy entries. 

An experimental database, named SEDS (the first 'S' stands for 
Spanish), was built. Because of space limitation, only a small 
portion (about 1/12) of the sample dictionary are loaded into the 
database. The building of SEDS takes approximately 20 minutes 
on a SUN workstation. Table 2 lists the statistics of SEDS. Of 
the eight Category Lists, only sizes of the text list and the orth 
list are presented. All the other lists has fewer than 40 items. 
The table reveals several facts: 

First, it can be calculated that  the average word length is above 
five (150715 / 27720 5.44). Therefore, according to the replace- 
ment rule, space can be reduced for about half the words, which 
is substantial. 

Second, compared with the input text file, the database takes 
more space (almost fourfold). The increase in space may stem 
from the following reasons: 

1. duplication of words in the Entry Collection and the Cate- 
gory Lists; 

2. implementation of entry structure, i.e., spaces for nodes in 
entry trees; 

3. implementation of node-i tem relationships, i.e., space for 
pointers between entry nodes and list items; 

4. overhead needed for management of ObjectStore collections. 

While (1) and (4) seem unchangeable, space reduction can be 
realized for the other two through: 

• shifting words from the text list to common list, which de- 
creases the number of i tem-to-node pointers. 

• using item-to-root pointers ra ther  than item-to-node point- 
ers. This reduces the number of pointers, and makes the 
parent at tr ibute in a node unnecessary. 

• implementing different data  structures for the branch node 
and the leaf node, so as to eliminate the unnecessary ntext,  
items, or children attributes. 

It should be pointed out that  reduction in space often means 
slowdown in speed. So the validity of the suggestions needs more 
tests. 

Size of tagged file 544,432 
Number of entries 1,462 
Number of words 27,720 
Number of characters 150,715 
Length of text list 7,191 
Length of orth list 283 
Size of database 2,490,368 

Table 2: Key Statistics of SEDS (sizes in bytes) 

With the current architecture and database,  the query execution 
by the DQP is extremely fast, and the delay is unnoticeable. On 
the other hand, an existing relational database on the same dic- 
tionary (the whole dictionary) requires more than ten seconds 
to complete similar queries, with much less flexibility in choos- 
ing lexical categories and context requirements. A more accurate 
comparison of speed, however, must walt until the whole dic- 
tionary is loaded into the SEDS database when enough space is 
available. 
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