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1. Introduction 
The importance of conceptual modelling, representing real 

world objects and events in a computerized database, is 

recognized in a number of active research areas. In particular~ 

the work that is mosl relevant to the focus of the workshop is 

that cOncerning conceptual~semantic database models (in the 

database systems research domain)~ abstract datatypes and 

associated specification techniques (in the programming 

languages area), and knou/ledge representation. (in artificial 

intelligence research). The 8oals, methodology followed, and 

re.-,ulls obtained by researchers in these three research domains 

differ in a number of fundamental ways; perhaps the primary 

driving force that differentiates these three kinds of approaches 

is" the intended use/application of the conceptual modelling 

facilities. 

This brief paper describes our current research in the areas 

of conceplual database modelling, database design, and the 
architeclure of dalabase syslems. The goals and intended uses 

of work are described, with emphasis on our specific approach 

to data abslraclion and conceptual modelling. In particular~ our 

currenl research concerns the design~ use, and evolution of 

computerized database systems and database-intensive 

information systems. 
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2. Semant ic  Database Models  and Logical Database Design 

At pre.';ent, the process of designing the logical organization 

of a dalabase is largely ad hoc, and requires significant database 

de~isn expertise. The goal of this project is to devise 

principles, techniques, and tools to support the structured 

de.,..ign of databases and the operations that will be applied to 

U~em. In particular, this project focuses on the following specific 

tasks: 

- A  semantic database model is being developed, 
whkt l  is a user-oriented formalism to support the 
specification of the logical structure of'a database. 
Such a model can be applied to generate a 
meaning-based description of the content and 
logical structure of a database. Based on our 
recent experience in the design and application of 
semantic database models 12¢3 ~ we are developing 
the cucnt database model The event database 
model includes specific mechanisms to model both 
Ihe objects and events that are relevant in an 
application environment. 

- T o  accompany the semantic database model, an 
associated structured, disciplined design 
melhodology is being developed, the purpose of 
which is to guide designer(s) (experts in the 
applicalion environment, but not database experts) 
in specifying and modifying lhe logical organization 
of a database (its schema). The euent-b(~sed 
database design methodology and the event 
database model are very closely intertwined; 
logelher Ihey attempt to not only capture the 
important modelling capabilities that a semantic 
model must posseSS, but also to package them in a 
manner that facilitates the design of semantically 
expressive and easily evolvable databases. 

- An interactive eucnt-based database design aid will 
be designed and implemented, based on the 
event-based design methodology and database 
model. The purpose of this design tool is to assist 
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a database designer/maintainer in spec,fying and 
modifying the togical organization of a database, 
including the types of data in the database, the 
t:.trucfural interconnections among data items, and 
the operat ions that can be performecl on the data. 
The interact ive tool will be based on a stepwise, 
disciplined approach 4 , 

In sum, this project  focuses on supporting the design and 

evoruHon of logical data structures and operations in 

compuler ized database systems. The result of applying lhe 

event-ba~,ed design methodology (and model) is an 

m=ple me nt a l ien- independent,  user-or iented database 

~,pecification. Such a specification can be used as a 

communication and documenlation aid for both pre-exist ing and 

new database systems. As discussed in deta,I below, such a 

~,pecificafion can also be mapped into physical storage 

~h'uctures and access methods to result in a practical database 

':,y~Jem; a l ternat ive ly ,  a logical database specification can be 

mapped into more conventional database structures, such as flat 

hie.-, (or relat ions) if a database management system support ing 

the~.e lower - leve l  structures is to be used to support the 

databa.~,e; f inally, a general-purpOse database managemenl 

~.yslem that supports the event database model at its interface 

could be developed. 

3. D a t a b a s e  F e d e r a t i o n  

One of the most significant trends and important challenges of 

the next decade in the area of computerized database systems 

i_". to e f fec t ive ly  support  decentral ized collections of data. 

Recent work  on "distr ibuted databases" has focused on 

technique'.~ to store and access data at various nodes in a 
computer  network,  as if that data were part of a single logical 

datab,~.~,e~ Ihese efforts U~erefore co,:~cerr~ the physical 

d~t, t r ihut ion of data. We believe that logical decentral ization is 

an equaUy important concern, and that existin~ approaches to 

Ioi".~cnl database decentral izat ion are inadequate, in response to 

lhe needs described above~ we have developed a new approach 

to dalabase sy.':.tem (software) architecture, termed ]'eEerated 

d ~ t ~ b a s e  ,~5tct t l .~  5 . The goal of the federated database concept 

~r, to support  the logical decentral ization and partial integra| ion 

of d at al) a':.,es. 

A [edcr~ted dc~tobase consists of a number of logical 

cOHll3Ot~ctt tS , each having its own user- level structural 

':.pucification (component schem~). The components of such a 

[rder,~tion are related but independent, and they may or may 

not be disjoint. Typical ly, a component corresponds to a 

colh, c l ion of information needed by a particular user or 

nppl i (at ion,  or  a collection of closely related a#plications. 1he 

co,,~ponents in a federat ion are tied toge|her by one or more 

[rder,zZ schenzczs that describe the data that is to be shared by 
~L 
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H~, var ious federat ion components. The .{¢c~ert~L col~tro/Ler is a 

d,~taha~e system functional module that supports communication 

and translat ion of data among the components of a federation, 

ba',ed on the federal schema(s). 

A number of important detailed technical issues of 

f ede ra t i on  concept are current ly under study, including 

fo l lowing:  

- There are a number of structural alternatives for a 
federat ion,  concerning the number and organization 
of lhe federal schemas, and their relationship with 
the compOnent schemas. For example, a single 
federal  schema can be formed to link all 
components, or a hierarchy of federal schemas can 
be u.,:.ed. A f ramework of design alternatives is 
cur ren t l y  under study. 

- A  mechanisrn is required to specify the nature, 
meaning, and structural organization of that port ion 
of each component's data that is to be made 
avai lable to the federation. Further, a mechanism is 
needed to support  the definit ion of  the (virtual). 
federal  schema(s), and for logically linking the 
fedr'ral and component schemas (to support data 
communication and conversion via the federal 
conlro] ler) .  For these purposes, we are employing 
a r.emantic database model as a specification 
technique for both the (sharable portions of the) 
component.., schema.':, and the federai schema(s); a 
mappil '~ approach based on this model is under 
dovelopn'lent. 

t h e  

the 

The details of the operat ion of the federal 
cont ro l ler  are current ly  under study, .,,pacifically 
focusin~ on how both retr ieval  and update 
tran~,actions are to be handled when federal 
schema(s) are referenced. 

The rel;~tionship of the logical decentral ization of 
data hn ,~ federat ion) with its physical distr ibution 
(over a computer network)  is bein 8 investigated; 
the pre,:.ent focus is on assessing the applicabil i ty 
Of recent research on physically distr ibuted 
dat,d~ac, e.% specif ically concerning multiple copy 
control  and concurrent database access. 

A maior goal of lhis project is to develop a [cdera, ted 

(;,~t,~ba~r, .~y.~trn[ de~telopment c~id, the purpose of which is Is 

m.' i . . l  1he dc.~.igner(~) of federated database systems. This 

p,t~lotTpe Iool wil l provide facilities to logically interconnecl 

d.d.d~a-.o schemas (component schemas); Ihe tool will interact 

wdh a designer and accept a set of schemas that are to be 

,~, , ,grd into a federation. The same semantic database model 

wdl be ut.ed 1o define each component schema, and the federal 

,c l , ,ma.  The result of this mergin 8 process will be a virtual 

federal  t, chema, and a mapping that specifie~; how the data 

• .huc lu res  and operat ions of the federal schema are related to 

tho~.e of the component schemas. It should be noted that Ihe 

,nh-ractfve 1ool focuses exclusively on logical mappings between 

d,q.~ . . I ruclures and operat ions 6 . 

6]r,~,,,,~ conc~,Pmn~ the physical implementation of federated database g'~tjtr~rrh~ 
~,~ a(Jdtl, r.~nd ~n tho third re~earch project, dogcribed below. 
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An importanl use of the prototype federated database system 

developmenl aid described above is in establishing controlled 

c.harit',g among pre-existing databases. To accomplish this, a 

"-.emanlic schema is defined for each component database, and 

the Iool is then used to define a federal schema based on these 

component schemas. A prototype federal controller, an integral 

p,-~rl of the development aid, will automatically support data 

corn~nunication and translation among the components, via the 

federal schema. The last step in logically connecting the 

component databases is to develop a mapping from the actual 

d,dabase slructure of each component to its corresponding 

semantic schema; this can either be done on a case-by-case 

bani~,, or mappings to generic classes of general-purpose 

dalabase syslems can be developed (e.g., to a relational 

dalabase management system, to CODASYL-DBTG, etc.). 

A somewhat different use of the federation concept is as a 

5o l tware  engineering approach, to support the design and 

evolution of data-intensive information systems. The idea is to 

use the federation concept as an abstraction technique, and as a 

ba..:,is for a software engineer ing methodology for large, complex 

system~ whose main tasks involve the manipulation of data, In 

thir. approach, the structure of a software system is centered on 

the data and on the operations that can be performed on the 

dale. Two of lhe most important research issues here are 

accomr,,odating multiple levels of federal schemas, and 

connectino the schemas with procedures that implement them 

(e.c., urine an abstract dalatype based programmin~ language, 

.'..uch as ADA or CLU). We believe that this approach to the 

development of data-intensive systems has a number of 

advanlages over existing software engineering methodologies, 

e.g., in that data and associated operations are highly structured 

(m,ch more lhan, say, with the abstract datatype approach). 

4, Transformat ion of Semantic Schemas into Physical 

Representat ions 

The lhird major research project currently underway 

cOncerns the transformation of databases specified with a 

semanlic database model (such as the event model) into a 

physical implementation. One approach to studying this issue is 

to design and build a new general-purpose database 

m,'magement syslem based on a semantic model and on the 

federaleddatabase concept, e.g., as discussed in 7 . In particular, 
we believe that the information available in a semantic schema is 

very useful in optimizing the storage structures and access 

methods that will be used to store and access the data. 

Unforlunalely, it would be extremely difficult to design and 

implement a prototype general-purpose database management 

sy.-.lem based on a semantic model and the federation concept; 

7"On the Arch,lecture of Databa=e Managemon| Systinl=", with M H=mme='; 
Mfolech ~lale Of the Art Report on Data Design, ] gg0. 

for example, facilities supporting recovery, protection, 

concur rency control, etc. would all have to be provided. 

Inslead of attempting this monumental task of developing a 

complete database management system prototype, this project is 

focused .,:.pecifically on lhe mapping of semantic schemas into 

physical represenlalions. A prototype tool will be designed and 

implemented, which will take any event-model schema and with 

the in teract ive guidance of a designer, and will yield a set of 

physical slorage structures and operation procedures that 

implemenl lhe logical data structures and operations of the 

schema. In this context, we also intend to study the issues of 

dale allocation (multip'le copy control, etc.) and concurrent 

database access to physical data within a computer network. 

The overall approach in this project is to employ a specific 

kind of trarzs[orn2ation system, and a particular set of 

trQtt, s[ot'rti~t~o/l$ for a given semantic database model (the event 

model). The transformation system accepls a semantic schema 

and associated predicted performance requirements, and 

I~enerat.es a~ output a physical implementation to support the 

data slructures and operations defined in the schema. The 

Iransformalion system is inleractive, calling on a designer to 

assisl in lhe stepwise process of refining the schema so that it 

even lua l l y  becomes executable. Each transformation thus 

introduces additional implementation detail. The advantages of 

Ihe transformation approach include the ability to take 

advantage of the designer's expertise and knowledge of current 

,rod anlicipaled database usage , and the ability to modify a 

c.chema or performance requirements and easily reapply the 

tr af'~slor mations. 
5. Summary  

The three research projects described above are obviously 

concerned with database abstraction and conceptual modelling. 

As .,..uch, we are drawing heavily on research results from other 

disciplines, viz., knowledge representalion mechanisms in 

,~rlificial intelligence, and abstract datatypes and associated 

work in the programming language domain. Moreoverj the three 

projecls described above exhibit a unifying overall 8oal: 

nmnely, to develop and demonstrate research techniques to. 

~upporl  the design, use, and evolution of data- intensive 

inforrnalion systems. In addition to the individual utility of each 

of Ihe lhree projects described above, lhese three related 

ef for ts and the protolype tools form a comprehensive d~tabc~$e 

system dcuclopn=ent enuirorlrnent: the semantic model and 

der.iL~,n methodology are used to specify individual schemas, the 

federMed database approach supports th~ interconnection of 

~.chema~.. and lhe unification of database handling facilities with 

programs , and the transformation approach supports the 

tran~.lalion of schemas into executable database systems. We 

believe that this work has particular applicability in the areas 

d,-,taba.,..o system design, office information systems, personal 

datal)ase .~ystems, and the architecture of future 

general -purpos.e database management systems. 
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