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I, INTRODUCT ION

ihich work hzs recenmtly been devobed to the development of
DMES®*s (Daba DBese Nanagenent Systens), _

Some consensus seems to have been reached on sone genersl
points, For cxample mawy researchers azree on the nultilevel
structure nature of Dbs (Data Bapes), The acreeuent is extented
%0 the assoclabted concepts of INPERNAL, CONCEPTUAL and EXTERNAL
SCHEIAT A EMISI ?Bj s  Although there is no generel agresment on the
nmumber of levels, their characteristics, thoir interrelztiomships
and the relazted terninclogy, we cgn observe that the terminology
and ideas introduced in ECOM 72(3 and improved later in  ANSI 75
have been larsely accepted,

The meaning of the three concewts mnentioned gbove as
proposed in ANSI 75 can be sumerized as follows.

The IITERUAT SCHIIA | ig the descripbion of the physiecsl
DeBo i.@ the description of how the information is really stared
in the DB, There zre gome proposazls sboub the ngmer in which
thoge descriptions shouid be made, They range from descriptions
thet include details about physicel aspects of the D.B. EGO'IJ 71.3 to
gome high level drscoriptions &SM ‘73] 6

The EXTERUAL Scimmb is the description of the portion of

infarmation stored in the DB vhich is of inmterest to a class of

USersS
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An EXTERNAL SCHEMA ig choracterized by two aspectss First,
it describes only the subset of information which ls of interest for
a pa'ticulér cless of spplication, Second, it must describe this
subset in a structured way. The structure should be oriented
tovards this class of gpplications,

The CONCEPTUAL SCHEMA consists of a complete description of
a1l the information contained in the DB, It shouid cerry no infor-
nmation sbout the way it is really (physically) stered. The principal
function of the conceptusl schema is to serve as an intermedizte
napping betvween the several EITERNAL SCHEMATA snd the INTERNAL SCHEMA,

The objects of the EXTERNAL SCHEMA are implemented in terms
of the objects of the CONCEPTUAL SCHEMA which in turn are implenented.
in terms of the objects of the INTERNAL SCHEKA.

In & DB design, the "Enterprise Administrate® first defines
the COICEPTUAL SCHEMA taking into account the imtrinsic characteristics
of the information to be stored in the DB, a3 well as The characterif-
tics of the apnlicetions, The "Data Base Adninistrator® then followmw |
the directives of the Enterprise Adninistrator and uses the agailable
tecmological rescurces to define the IIWERNAL SCHEMA. He actually
builds up the cobjects of the CONCEPTUAL SCHEMA. 'The “Application
Adninicstrators™ then define the EXTERNAL SCHENMATA based on the
objects of the CONCEPTUAL SCHENA end finally the EXTERNAL SCHEMATA
arp used by the different classes of users.

Most of the work in this field tries to find the best tTypes
far the objects a + the different levels, ilost of the discussions
concern the conceptual sghemg to which several approaches have seen
oroposed [ COD 70 , COD 71, AUSI 75, APR T4, BFP T4, SEN 75 ),
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However 1ittle work heg bsen done in the specification of relations
between the objects abt the different levels. Furthtrmore  the
specification of the operablons on These cbjects hag been
overlooked. We conjecture that this is one of the x‘@éﬁom why
cortain aress of DB technolosy aré still underdeveloped
{conourrency control, integrity control, elcl.

M varallel with the development of DEMS There hes baen
some effaris in the Ticld of software engineering, directed to the
area of (Extensible) Programing Lensusges. JNere tools are dese
cribed which permit the styuctuping of lzvge prosrams in & wodular
fashion. Jnong these touls, the concept of Abstract Data Types
seens to be one of the nost proavising

M Avetrack Data Type (ADD) is essentially o get of oblects
characterized by a common behaviour, The constructlion of an AP is
basically bon—down where objects and operstions in one level are
defined in terms of the objects and operationg of Lower levels.

In contrast to the policy adepted in thé DBNS field, the behaviour
of the objects of an AU is stressed through the precise definition
of the operations defined on them asnd the description of the objects
is not cmphasized,

The purpose of this 15&3;@1“ it

~ To call abtention to the sinilarities beitween the
multilevel struchure vsuszlly proposed for DB and the mudtilevel
structure existing in the concept of Abstract Data Trpes.

- To sugrest thab the adoption of a model wheih gives nore
emphasis to tho operations on the objects than to thelir represen=
tations may lead to better solutions of- lfuporbant problems in less

developed avess of DEIS fielda



-~ To show infcrmally that the desired re qiirements of a
Dﬁ:,»:S cen be achioved through the concept of Abstract Data Types.

- To sugzgest that the formalism of ADT when adapted to the
problens of DBUS field nay help in the formal specification of ine
portant DB problemse

- To suggest the notion of restriction of an abstract type
ags a useful concept for DBIE, _

In section 2 we give an introduction to the concept of a
datsbase and give the pr ineipal requirements far a .(;occ.l bizin-]
according to g recent paper - by Hijssen { VIJSSEN 761 e In section
3 we present some notions sbout Abstract Data types and in sectiom 4
we indicate how the concept of ADT con be spplied to DBES, Pinally

in section 5 we present some concluding remerks,
II, DB'S REQUIRE!ENTS

After exzmining the discussions in the DBIS field we find it
possible to formulate a comprehensive definition for the conceph of
Dats Base. Based on this definition we can then deduce some desirable
requirenents for a DBIS,

A recont paper | NISSSEN 76] ctates that 2 DB is "a collection

of datp, used by a certain number of individuals, each anply

preferred nemtal model ond lamruare, during p cortain period of tine

at_n ressponsble cost". Irom this warking definition the following

requirements for g DBIS mre deduced,
1. Liberty of ucer mode
The DBS must provide the user with faellities that permit
hin to constmch‘ his own model from a cerdain availsble bssic nodel,




For ¢»aomple the DBS should allew the users to apply to the same
DB, a t leost the relationgl, "netwark® and "hicrarchical® models,
2., User nodel completenesg

According to [I‘-IIJSSEI-I ‘76:] a DBI'S provides user nodel

completepess if it provides structural completeness and constraint
completeness, The structural completeness exists i the DS
allows the descriptions of 21l the structures vwhich can be napped
{Parward and backward) onto a strucutre consisting of a finite nune
ber of sets (of n-tuples) and functions without resarting to
durmies, The constraint completeness exists if the DBIS permits the
deseription of any consistency and validity constraint,
3. Dazta Independence
Dgba independence has been reco;snized as a primary goal
for DB, Baglically it reflects the irmunity of user programs to
changes in the physical =zspects of the objects they are manipulating.
For instance a progzrszm should not need to be modified if the repre-
sentation of ean object changed say, from an indexed-scquential file |
to a direct access Tile, ,
Taking into account that the reprosraming effort,
wested in large enterprises hzs been reported to occupy Ifrom 20% to
50% of the available programing staff, there is no doubt that data
independence iz gn important fundanental roal.
4, ZLenrugse Indenendence

The DB.S must facilitate the communication between the

DB =nd the users by neans of several lmnguages. The user should be
allowed to utilize his preferred lon;uage such g8 Cobol, Fortran and
PL/ I,



G

5. Contral Control over Security and Interrity

The use of the DB "by a cortain of individugls®™ which
ngy be interested only in portions of the DB not necessarily
disjoimt mnay raise oroblems of security and imbesrity.

These problems {acauracy of DB, concurrent undabe,
protected retrievel and hardware and DBIS fallwre) constitute aress
currently less developed in the DB technology, since there is
neither real experiencs nor a consistent theory. These areass are
also not campletely covered by the present DB lansusge proposalsS,

6o

The system should sppear simple to the users in its
diferent levels, The simplicity is influcnced by the eonceptual
nodel adopted and by the syntax of the comunication languages.

The facility to permit thé users to use their om sbstractions is
also an important factor for the simplicity of the systenm.
Te Orthozonality |

A DBMS is orthogongl 37 i% i eacy to obtain subsets of

ite This is en Inporiant requirenent tecause it corweys the ides
that subsets of DEEP may be constructed first. '

8, Cost snd Performemea Optinizgbion

The DB'S should offer several tuning facilities to

modify the cost and performance esgoclated with all resources,

A clearer formulztion of the DB problem and the identifice-
tion of the recuirenents of a DR provide a good besis to evzlugte
a propoSal for o DEIS. In section 4 we indiegte how the above
nentioned qualities of a DBIS cen be adheved by the use of ahstract
data types. In the following section a brief imtreduction to the
concepts of ADT is giveme



IIT, NOTIONS OF ABCTRACE DATA RYDES

An ABSTRACT DATA TYPE (ADT) comprises a class of objects
vith a common bechaviour. lMore precisely an AT is usuazlly defined
by |

1 -~ & set of objects

2 - A set of opergtars which

- are applizble to object of the ADT
o |
~ yield objects of the ADT
3 = & set of properties (axioms) which these operaztars must
satisfy. .

‘.As an example, the {ype INTECGER which is usually enccuntered
in standerd programing language is a particular case of an ADT. The
set of objects coincides with the set of integers, the set of opera~
tions are the usual operations on the integers ond the set of proper-
ties is the usual set of oxioms for the integers with sone a:‘es*’i;ric’ti-;
ons, A type such a3 INTECER is said to be PRIMITIVE because it is
autonatically supported by most languages, |

The type ARRAY which is also camonly supported by the
gtendard languaces is also g particular case of an AIR. There exisis
a set of operations defined on ARRAYS and these operztions satisfy
certain properties, In this case an object of the shetract type
ARRAY ie itself a set of elements of another type, for_instmces
OMECER, VWhen an object of the type ARRAY is declered, the type of
the elements is also specified (*es a parametar®). |

The type ARRAY is an instance of a "TYPE CENERATOR® and in
this case it is a "PRIMITIVE CENERATOR® because it is supported



autonatically by the cystem, These PRLIITIVE GEITRAY (RS nay be nore
coneral (25 in ALCOL 60 and PASCAL) and are souciinmes called LIODES,

Tt is in the recent proposals and immleentations of the
EXTENSTBLE LANGUAGES (o8 CTLU, ATPEARD, Assurp.)[ 112 75, WoL? 74,
S CIL7 76]tha't the concent of ADP is nore clearly developed.

In these laniuages the uger ig allowed to specify ADTs which
are nost convenient far the solution ¢f a specific.problen.,

For exmmple a uscr nay decide to solve his problem with the
help of zn abstract types Stack of Peal and declare and use objects

of type Stack of Real in the pro rame
The mechanism for the definition and implementation of new

types very in the defferemt languezes. A8 on illustration,  the
specification of zn A'T in CLU [LIZ 75] is done by neans of a module

called CLUSTER that has the following zppesirgnce:

.;.LACE\ 04. R”AI) wd EP IS POP. PUSH. EIMYl 5'@3

REP IS ARRAY [’E‘AL (here the reproesentztion of the object is
- specificd)

CREATEsOP( ) RETURNS CVT (This operation ic supposed to be

inveked during the declaration of an

object)
LD Cemaee
PUSH » O0P(S:CVD, X+REAL) RETURNS OVE (Specification of the
T0Ps 0P (Ss CVT) RECURNS INTECER Operations)
EID T 0P
s

END STAK 07 REAL



™ his progrom the user nay then declare objects ("varia-
bles®} of the type SYACK OF FEAL and nenipulate then throush the
operations of PUSH. PCP, etc,

It is important to seperate two aspects of ADTs the ‘type
defingtion and the type implementation. Most lanfuages suppord
the type definitien only through their inmplenentation, Clustérs ere
implememtztion of types in CLU., Type definition is thus expressed
computationally,

In order to apply the concept of ADT in the DBIS field we
feel that, mechanisms are necessary which separately support m
implementation and o definitional (zrionatic) specificetion of ty~
pes, In an onviramment where the representation of the cbjects cmn
be shared by seversl nrorrans with aifferent views, it is essential
to z2llow the axions (definitions) to he fumther comstrained by each

USOTs

IV, USINC ADSTRACT DATA TYPIS T DBI'D

Ve have seen that in both the proposed structure of DB
and the structure of cbstract types, the basic idea iz to construct
user defined { High level) resources based on the systea basic
(Lower level) resources, In the case of a DB nore emphasis is
~iven to the construction of objects in terms of lewer level
obiects wheress in the case of a ADT the idea is o construct types
in terms of lower level tyves,

The adaptation of the expericnce zlreazdy obtained with
the cbstract type approach +to the DBUS field presents immediately
the adventage of using the szne nechonism for the napping between

the different levels of a DB, 'Fur%hemcfe it is g slear ond
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structured vay of constructing objects in termxs of other bagic ones.
The nechanisn is reesonably farnmal snd can be a good bsgis Tor a
nore precise Tormulztion of irmortant problems in the DBMS ficld.
In the cequel we give some indications for the use of
cbstract dezta type in DB S gnd how this contributes to the

achievenent of the desirable recuirex nts of a cood DIVS,

Phe nultilovel structure will be maintained and the objects
and their types will be defined in different levels.

First TLevel .

This level will correspond to the LITERIAL SCHIMA :Léveh

The types utilized in this level will bes

- The prinitive twmes already summorted by the basic

languages of the systcn.
Tx, NITLGEER, RDAL, eve

- The prinitive seners-ters of types also already supposted

by the basic languages of the systen.

Ex, RECORIS, ARRAYS, cte

3

he Dasic tvneg derived from those mentioned above.

mhese typesshould e en  extension of the set of already

supportad types in order to obtain a suitable set of

basic representation for the objects of the conceptusl

lovel and 21so of g suitable set of stazadard operations

cn these ropresentations,

2%, Uultilist files, inverted files, ete

Ideally, the set of basic remresentations and the essocizted
set of standerd operations: should be kept to a ninimm, This level
is sonetimes referred 28 a "boSic virtual machine”["fcm 741
The DB.S must be able o maintain a liorary of basic tTynes coxresSpile

dins 0 the hosie machina. Th Tact new baglie renresemtabions can be
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added provided that the uniformity of reference [ ES CIﬁ(E ‘753 of the
@pérﬁ%ims is prescrved, The unifornity of reference of a besic |
operation implies that it con be spplied unifarmly to any of the
bssic representation. TFor example if "Inscrt & new clement® iz g
beSic operation it can be applied equally to different represento-
tions of the basic set,

second level

This level will correspond to the concepitusl schemg level

In this level the DBIB nust provide tools far the mo&eﬂing comple=
teness requirement., According to [‘\IIJSSEN 76] the DBMS should have
structuring facilities so that the structures preferred by the users
"rda;y be expressed in terms of sets (of n-tuples) and functionse ..
Moreover it must be zble to describe Q. velidity and consistency
congtraints, ,

Surprésingly this saunds liue the definition of sbatract
data type where 2 s'tructured clefs of objécts is defined by neans
of sots, pperators\(ﬁmcﬁions) and gxioms {constraints) to be
sabisficd. This leads us to conclude that the cozmé‘gr% of abstract
data type is a good candidzte for a conceptual model of DB, im
mentioned before it is immortsnt, in this level, to hove mechahism
for supporting not cly the implememtetion but 2lso the definitions
of types (vhere the intespity céns-trainfs should be deseribed),

The types deiined in this 3.evei mus“t. be reneral enourh to
cnn‘tuz'e i;he intrinsic stru cture of the i'qfoma:tion that ‘%he DB will
con“tain as well as the user needs required in gpplica Bims of the
data, The conceptual schema should not be the addition of the
differemt users views but their interration, At Fhis level the
objects will be constructed from basic representations cimaerx from

those of the besic ma chine, and the operstiom on these cbjects will

N N e . S, - S . S



The user never cees the physicel represeantation that his progran is
nenipulating nor needs to know how the operstions he uses are in
fact implemented (access strategy is also hidden !). This_clieractem
ristic gives the systen a hizgh desree of data indenendence.

Third TLevel

This level will correspond to the DXTERNAL SCHENA level.
The existence of multiple users, each one using part of the inforus-
tim comtained in the DB &g if it were structured the way he prefers
to see it, is part of the definition of DB, The abstractions used
by a class of users must be able to be congtructed from the sbstract
types of the conceptual schema. The types in this third level will

be defined therefore in torms of the types o resitrictions of the

types of the conceptuzl sehena.

The concent of restriction of an zbelract type is here only

.2
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with the concept of resiricticn ¢f type soue important re~uireaents

(a)

of DBIX such gs access cantrol, privacy control can be achleved.

The restriction nust al

m

o nrecerve the interrity constraint defined

gt the conecentual lavel,

The rgpping of dilferent EVTERNAL “CINUATA onto the cane

CONCEPIVAL SCIIENA implies the necessity “or nachanisa® walch nernit

Cefinitiong of "external <Types" the reores . ntation of wiich, eare
To
associabed the sane object in the conceptugl level. Soae wark in

C’q

shis direction hag been done by [BP 75. PAO 76] where a "binding
oneratort is introduced. However nare vork heg sUill to be done o

this »nroblen,



V. CONCLUSIONS

In this paper ve susgest that the adontion of the concept
of abstract data type “or the developuent of DS iz a fruitful
stwea of reseaxrch, Ve believe that the incorporation of a nodel
(end its =zssocigted fornalisnm) which emphasizes the operations on
the objects will lead us to 2 better Ffarmulatim of Important
problems in the less developed arezs of the DBB field.
Starting fran the definition of DB we presented some of
the principal recuirenents Ifor g OIE, Then we indiegted how the
concept of abstract data types (developed in the 7ield of software
engineering) could be used in a DBIS with these reguirements,
The multilevel structure of DB is naintained snd the sao
nechanism is used Jor the nmapohing between all levels,
The modelling completoness is achleved becance The
structuring facility pHrovided by the abstract type is [ cncral ond
the constraint coupleteness could be supported in the tyne delinition.
The data indemendence regquirenent is achleved by construction.
Vith recard to optinization of cost the diversity of optiorns

provided by the cysien Doth ia the crogtion of new abstractions at

ci-

he user level omad in the choice of basic representaticns gt the

begic nachine level »ffers ceveral chonees for tuniiag. In the Duture

-

e can even think of an outonaiic proesss of selection of besic re-
precentations vhich optinizes g certain objective Dwicticn, Some

work in thiz dirocticn haos alrendy been rc-po:c'ted[‘: ol 7/@

L3

+

P

inzlly the notion of restriction ¢f types wes introduced

),

&8 on useiul concept in the construction of user views gond access

control,
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