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1 Introduct ion 
Determining relationships among names has been i- 
dentified as an essential task in schema integration 
in fully integrated heterogeneous database systems as 
well as in the interoperability of federated database 
systems [BrHu91, Demi89, Lars89, Shet89, Kim89, 
SiMa89]. The relationships of interest include IS-A re- 
lationships, aggregations, homonyms, and synonyms. 
This is done manually and co-operatively by many 
database administrators (DBAs). 

There have been a few approaches to ad- 
dress the determination of at tr ibute relationships 
semi-automatically for database schema integration 
[BrHu91, DemiS9, Lars89, Shet89]. In [YSDK91], 
we have proposed that  the semantics of names (at- 
tributes/entities) can be captured by a set of "com- 
mon concepts", i.e. we make use of sets of concepts 
to represent the semantics of names. By comparing 
the concept sets of different names, we may estab- 
lish relationships among these names.More specifical- 
ly, our method uses concept hierarchies. Concept hier- 
archies are formed such that  concepts on the top are 
either more general than concepts on the bot tom of 
the hierarchy or are composed from lower level con- 
cepts. A similarity function is used to measure the se- 
mantic closeness of two names. Both [BrHu91]'s and 
[YSDK91]'s method assume that  the mapping from 
names to term hierarchies or common concepts is done 
manually by DBAs. We describe briefly here an auto- 
matic mapping process, a process to recognize poten- 
tial relationships among different names and a process 
to expand knowledge in our knowledge base so as to 
facilitate the first two processes. 

2 Knowledge Base Descript ion 
The system which will be used to determine relation- 
ships among names of database objects (attributes and 
entities) has a knowledge base (KB) which contain- 
s concepts, relationships among concepts, synonyms, 
stoplist and rules for differentiating different meanings 
of certain keywords. The stoplist contains all words 
that  are non-contents words. 

Initially, some common concepts and part of their 
relationships can be established manually.The initial 

concepts and their relationships need not be complete 
to capture semantics of all database names. Dur- 
ing the system execution, the system will find certain 
unknown concepts and possible relationships among 
them through interaction with the users. This makes 
the KB expand and eventually contain enough infor- 
mation to reveal most potential  relationships among 
names of attributes or entities. 

3 Relat ionship determinat ion  
p r o c e s s  

Our approach of determining relationships among 
names includes the following steps: (1) Map names 
to a set of common concepts by their descriptions au- 
tomatically and at the same time, create new concept- 
s whenever necessary; (2) Calculate the similarity of 
each pair of names and arrange the name pairs in de- 
scending order of similarity; (3) For each related name 
pair, ask the DBA to confirm the relationship. De- 
pending on the outcome of the DBA's answer, certain 
specific relationships among concepts are considered 
likely by the system. These relationships are then 
presented to the DBA for verification. In this way, 
knowledge in the knowledge base will be expanded. 
The above 3 steps will be repeated until no modifica- 
tion is made to concepts and their relationships and 
no more possible related name pairs can be found. 

(1) Map names to common concepts 
For each word which appears in the description of 

a name, it can be an unimportant  word if it appears 
in the stoplist, or a keyword if it exists in the sets 
of the describing words associated with the concept- 
s stored in the KB or a potential concept, if it does 
not appear in the stoplist nor the sets given above. 
In the first case, the word will not be used to charac- 
terize the name. Examples of this type include words 
like "the" ,"of" etc. In the second case, the keyword is 
mapped into the concept, which contains the keyword 
as one of its describing words. In the third case, the 
potential concept may be made to become a concep- 
t or may be added to the stoplist, depending on the 
outcome in the feedback process(3). 
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(2) Calculate similarity 
Once all names have been mapped to common 

concepts in KB, we can determine relationships a- 
mong them by comparing the relationships among 
their mapped concepts. To do this, we make use of 
some similarity functions [Salt89, YSDK91]. The de- 
gree of closeness between two names can be measured 
by the probability that two names are related by cer- 
tain relationships given a set of concepts in common 
between two names, together with the set of concept- 
s in one name which are related to the concepts in 
the other through is-a relationships and aggregate re- 
lationships. 

(3) Gain knowledge by user feedback 
After certain name pairs are determined by the sys- 

tem to have sufficiently high similarities, each such 
pair of names are suspected to be synonyms or relat- 
ed by a is-a relationship or an aggregate relationship, 
depending on the relationships among their mapping 
concepts. Such a pair is presented to the user to veri- 
fy whether the relationship is correct. This is needed 
because the extraction of keywords from the descrip- 
tion of a name may cause a loss of information and 
sometimes the description does not contain enough in- 
formation to capture the semantics of the name. Fur- 
thermore, the mapping from a keyword to a concept 
may be inaccurate due to the fact that a keyword may 
have multiple meanings and its semantics may be in- 
fluenced by the presence of other words. 

If the determined relationship between the two 
names Ai and Aj is verified by the user to be cor- 
rect, then some relationships can be expected to exist 
between the concepts in Ai but not in Aj, denoted by 
C ( A i -  Aj), and those in Aj but not Ai, denoted by 
C(Aj-Ai) .  As an example, consider the situation that 
Ai and Aj are synonyms. The fact that C(Aj-Ai )  and 
C(Ai - Aj) exist and Ai and Aj are synonyms imply 
that the following possibilities. (i) Some potential con- 
cepts in C(Aj - A i )  and C(Ai - A j )  are unimportant 
and should appear in the stoplist; (ii) certain concepts 
in C(Aj - A i )  and C(Ai) or in C ( A i -  A j) and C(Aj) 
are synonyms or have is-a relationships between them; 
(iii) or a combination of (i) and (ii). These situations 
will be identified and presented to the users for verifi- 
cation. The outcome is that additional knowledge will 
be stored in the KB. 

If the determined relationship between the two 
names Ai and Aj is verified by the user to be incorrect, 
then it is possible that one or more keywords that exist 
in both descriptions of the two names Ai and Aj have 
different meanings in the context of other words. As 
an example, the keyword "number" in the description 
"Tape slot number" should be associated with the con- 
cept "IDENTIFICATION", while the same keyword 
in the description "Number of files on tape" should be 
associated with the concept "QUANTITY". A simple 
differentiation of the two meanings of the word is that 
the former name is probably a key or a part of a key 
in a database table while the latter is unlikely to be 
a key. This can be formalized into a rule and used to 
map a keyword into the correct concept. 

4 C o n c l u s i o n  

We have presented a method of mapping names to set- 
s of concepts automatically by their descriptions. By 
comparing the common parts of two names, the re- 
lationship between them, if exist, can be determined. 
The recognized relationship is presented to the user 
for verification. The user's feedback is used to add 
new knowledge to the knowledge base. This permit- 
s relationships among other names to be determined 
more precisely. This method will hopefully greatly re- 
duce the work of the DBA who does the integration 
of different databases. 

Our method is being applied to two NASA databas- 
es. More than 300 names appear in these databases. 
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