
• AO—AO6S 112 MASSACHUSETTS INST OF TECH CAMBR IME LAB FOR COMPUTE—Etc F/S WE
A SEMANTIC DATA BASE MODEL AND ITS ASSOCIATED STRUCTURED USER 1—ETCCU)
AUG 78 D MCLEOO N0001I—76—C—Ofl *

UNCLASSIflED MIT/LCS/TR—21h Pit

068112 __________ __________________________________________________________________________________

Is-

p



H 1.0 
~ z .8  (lI~

f 2s
_______ i:~ ~~~

I~~~~ 3 5  —

4 ~ 2 0I • I L 140
L

_____ 
i~ ‘—5

• 
~‘~IIII1F25 ~~~~~

‘4.

NATIONAL 6UR~AU OF STANDARDS
~ C!OCCP~ ~E3OtUT~~ TEST csmT

I-



‘~A’Y 2 1919

MI T / LCS / TR-214  c
00

A SEMANTIC
DATA BASE MODEL AND ITS

ASSOCIATED STRUCTURED
_ _  USER INTERFACE

Dennis McLeod
C)
u-i I~hk rc~car h w;~s ~ii pporti~d by thc

A dv~nced Res ’a r h  Pr ~ç ( ( t  ~ A L~CflC V

~t th~ I)e pa r tm ent  c1 I)ctcti~
CIIII~~ and ~~~~~ 1flOfl i t (  )1( (.! by t h Off iu ~ ot N ava ’ R~~car ch

ti n d r  (Tont r~u.t  ~~ ~~~ 
)O() I ~

/

I ocu~ ent ha~i b~ien app~ovrad
w.d ~a1’~ tt~

—



Y 

SECURITY CL ASSI FICATION OF THIS PAGE (1Th.n Dat. gnl.r.d) 
_________________________________

REPORT 1MEI~TAT1t~5I DA1~~ 
READ INSTRUC TION S

.r ”~~ • BEFOR E COMPL E TIN G FORM

~~~~~~~~~~~~~~~~~~~~~~~~ 2. GOVT ACCEUIO J.~. i&MV$~C 1’A I,.OO 4IUM E*——---.

(/ ‘~ MIT/LCS/T~~LL~
j  I ~~~~~~~~~~~~~~~~~~~~~ 7

’

S TITI. E (ond Subtltl.) L..—. .L~~I 4 . . f t1 I 1~I* cbY gJIE(
L

(
~

) A Semantic Data Base Model and Its Associated1 Auguet--1978

Structured User Interface i 
________/ 

•. PERFORMING ORG. REPORT NUMBER
— MIT/teSJTR—214

1. AUTIIOR(e) __
~~~ ~~

. CONTRACt Oft GRANT NUMBER( S)

(4~ McLeod / ~~ N000 14—76—C—0944 /

9. PERFORMtNG ORGANIZAT ION NAM E AND ADDRESS %0. PROGRAM ELEMENT , PROJECT . T ASK

MIT/Laboratory for Computer Science 
AR EA S WORK UNIT NUMBERS

545 Technology Square
Cambridge, MA 02139 __________________________

I t .  CONTROLLING OFFICE NAME AND ADDRESS - - . IS. REPORT DAT!

ARPac - .Oepartment of Defense (/7 ~ Au~~~~~~~ 7,8 .’
1400 Wilson Boulevard IS. NUMBER OF PAGES

Arlington, VA 22209 381
14. MONITORING AGENCY NAME I AODRESS(U d Uf .rw f Ira., ConllOf lMl Offic•) IS. SECURITY CLASS. (of this r.po rt)

ONR Department of the Navy 
____

Information Systems Progra 
- — Unclassified

Arlington , VA 22217 ~~~~~~~~~~~~~~ Ti.. 
~~~

I: ICATIO N/DOWNGRAO ING

IS. DISTRIBUTION STATEMENT (of hi. R.po rt)

Approved for public release, distribution unlimited

17: DISTRIBUTION STATEMENT (of sho ab.era.f ont.,.d In Stock 20. II dI If .,wt  ~~~., R.po) ~~

C
IS. SUPPLEMENTARY NOTES

IS. KEY WORDS ( Conltnu. on r.r.,.. .id. SI n~c... , ond l d.ntlIy b~ 
block ni b.r)

data base management data base design
data models
data semantics
data base modelling
data definition

f 20. ABSTRACT (Conflnu. on ,.v.r.. aid. I? n.c..sa. ~
. ond id.ntii). by block .~~~b.r)

‘.— —~~~~
_ The convent ional approaches to the structur ing of data bases provided in

contemporary data base management systems are in many ways unsatisfactor y for modelling
data base application environments. The features they provide are too low-level, computer-
oriented, and representational to allow the semantics of a data base to be directly ex pressed
In its structure. The umanUc dala ~nodcI (3DM) has been designed as a natural application
modelling mechanism that can capture and express the structure of an application
environment. The features of the SDM correspond to the principal Intensional structures — 

* “~~
•

DO 
~~~~~~~ 

EDITION OP I NOV 55 IS OBSOLETE 

~~~~ 9 ~: ‘~‘“SECURITY CLASSIFICATION OF THIS PAGE (IPh.n S.f. tnlf.rlI d)~~,~~
t

I-,. // 
,~,___i

— - — — ~
. __________________

- .



•~~ ~~~~~~~ P A E(~~~IS O~ a ~~~~~~~~ 

- 
— ------

2~~~~
c~~naruraUy occurring in contemporary data base applications. The SDM provides a rich but

limited vocabulary of data structure types and primitive operations, striking a balance
between semantic expressibility and the control of complexity. Furthermore, facilities for
expressing derived (conceptually redundant) Information are an essential part of the SDM;
derived Information Is as prominent in the description of an SDM data base as is primitive
data.

The SDM is designed to enhance the effectiveness and usability of data base
systems’-~’

3. SI~’M.,4ata bases are to a large extent self-documenting, in the sense that the
description~ai’i&~tructure of a data base are expressed in terms which are close to those
used by users In ae~ ribIng the application environment.
2. The SDM can su)p~irt powerful user interface facilities, and can improve the user
interface effectiveness far, a variet y of types of users (with varying needs and abilities).
Significantly. SDM data bases capture information in a form useful to us users, and
allow derived information helpful in new data base uses to be defined In the data base
sti ucture. In particula r. the ST~M supports an Incremental, Interactive interface for the
°naive5 nonprogrammer (an interaction form ulation advisor), which guides the user
through the data base and the process of formulating a query or update request.
3. The SDM can be used as a tool in the data base design process. The SDM aids in
the identification of relevant information in a data base application environment, as well
as in organizing that information and relating it to its possible uses. This can greatly
Improve the design of lower-level, conventiösta~ iata bases.

The use of the SDM is not dependent on I e-iucce~sful implementation of a new
data base management system that directly supports it ’

~~There are many data base
management systems in tue today which represent a considerable investment on the parts of
their developers and users; the SDM can be /effectively used in conjunction with these
existing data base systems to enhance their effectiveness and usability.~Jor example, a
prototype interaction foi mulation advisor demonstrates that the SDM can used as a user-
orient€d front end to a conventional data base systcm~ an analysis of applic*tion
modelling with the SDM illustrates Its effectiveness in improving and simp~fying the data
base design procesa.
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ABSTRACT

The convent ional approaches to the structuring of data bases provided in
contemporary data base management systems are in many wa ys unsatisfactory for modelling
data base application environments. The features they provide are too low-level, computer-
oriented, and representational to allow the semantics of a data base to be directly expressed
in its s~ructure. The scmanflc data model (SDM) has been designed as a natural application
modelling mechanism that can capture and ex press the structure of a_n application
environment. The features of the SDM correspond to the principal intep(sional structures
naturally occurring in contemporary data base applications. The SDM ptOvides a rich but
limited vocabulary of data structure types and primitive operations, striking a balance
between semantic expressibility and the control of complexity. Furthermore, facilities for
expressing derived (conceptually redundant) information are an essential part of the SDM;
derived information Is as prominent in the description of an SDM data base as is primitive
data.

The SDM is designed to enhance the effectiveness and usability of data base
systems:

I. SDM data bases are to a large extent self-documenting, in the sense that the
description and structure of a data base are expressed in terms which are close to those
used by users in describing the application environment.
2. The SDM can support powerful user interface facilities, and can improve the user
Interface effectiveness for a variety of types of users (with varying needs and abilities).
Significantly. SDM data bases ca pture information in a form useful to its users, and
allow derived information helpful in new data base uses to be defined in the data base
structure . In particular , the SDM supports an incremental, interactive interface for the
“naive” nonprogrammer (an in uracrio n formulation advisor), which guides the user
through the data base and the process of formulating a query or update request.
3. The SDM can be used as a tool in the data base design process. The SDM aids in
the identification of relevant information in a data base application environment, as well
as in organizing that information and relating it to its possible uses. This can greatly
improve the design of lower-level, conventional data bases .

The use of the 5DM is not dependent on the successful implementation of a new
data base management system that directly supports it. There are many data base
management systems in use today which represent a considerable investment on the parts of
their developers and users; the SDM can be effectively used in conjunction with these
existing data base systems to enhance their effectiveness and usability. For examp le. a
prototype interaction formulation advisor demonstrates that the SDM can be used as a user-
oriented “front end” to a conventional data base system; an anal ysis of application
modelling with the SDM illustrates its effectiveness in Improving and simplifying the data
base design process.

L.. ~~~~~~~~~~~~ ,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .
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I. INTRODUCTION

Many computerized information systems are heavily oriented to the use and

management of data; such systems accomodate the storage and maintenance of large

amounts of information, and provide access to it. The computerized data banks associated

with these information systems are increasingly numerous and essential in modern society;

ready and convenient access to the data in these data banks Is demanded by nearly all

managerial, administrative, and decision making functions, in both the public and private

sectors. Typical applications In which such repositories of data are critical Include

accounting systems , parts inventory, airline reservations, banking records, automobile

registration . insurance policy management . and environmental standards monitoring.

Indeed, both government and private industry are investing more and more time, effort.

and money in the const ruct ion and maintenance of their data bases.

The term data base, in Its most general Interpretation, means a collection of

information. However, we adopt a more restricted definition of the term here: a data base

is a collection of “formatted” information. This means that the information is highly

structured , in that the size of the data base Is significantly larger than the size of its

description. Such formatted data bases are classically organized Into files of records. A file

Is intended to correspond to some logical unit of information In the application. Each

record in a file has the same basic format: each record has the same fields , but may have

different values in those fields. For example. a payroll data base might contain a file for

employees, with fields Name”, Employee Number”, “Address”, and so forth.
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The contents of a computerized data base are intended to represent a snapshot of the

state of an application system, and the changes to the data base over time reflect the

sequence of events occurring In the application environment. In other words, a data base Is

a model of a real world system. Therefore, it is appropriate that the structure of the data

base mirror the structure of the system that it models. A data base whose organization is

based on naturally occurring structures should be easier for a data base designer to

construct and modify than one that forces him to translate the primitives of his problem

domain in to artificial specifi cation constructs. Similarly, a data base user should And It

easier to understand and use a data base if it can be described to him in terms of concepts

with which he is already familiar.

~n this thesis, we present a new data base structuring method which allows the

organization of a data base to reflect the semantics of the application environment it Is

intended to model. The specific emphasis here Is on the effectiveness of this mechanism in

suppor tin g improved data base understandability and accessibility.

In the most general sense, our work is intended to make a contribution to the

development of people-centered computing systems. Specifically, we are attempting to make

some progress in providing data base users with a data base view and user interface which

is easy and natural for them to understand and utilize. The purpose of this thesis, then, Is

to give meaning to these general goals, and to describe our approach to making progress

towards them. 

- -  .—-—— ~~~~
- 
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1.1. The Data Base Environment

In many information systems which rely heavily on data bases, the facilities for

storing, managing, and providing access to data are embedded in the software system which

supports the application. The principal responsibility for organizing and maintaining a

data base managed in this way is assigned to the programmers who wish to make use of It.

For example, many data base applications rely solely on the data management (organization,

storage, and accessing) facilities of a conventional computer file system.

The principal problem associated with this approach is the heavy burden placed on

the applications programmer in designing and maintaining a data base. Typically, the file

system he uses has very limited capabilities to perform important data management tasks,

such as supporting multiple access keys into data base records, providing the ability to select

relevant data items by an expression involving the fields of a record, and so forth. As a

consequence, the programmer has to build and maintain his own data management tools.

This implies that he must be concerned with low level detail which Is not relevant to his

principal tasks: he must be aware of the details of the physical structure and representation

of a data base, and he must write programs that explicitly manipulate these physical

structures.

It is well known that serious problems of programmer productivity and software

reliability result from the failure to separate the behavior of an “abstraction” from its

implementation. Data bases are no exception to this rule. Software developed specifically

for and tailored to a particular data base application tends to be designed and constructed

-~—~~~~~~~ ----~~-- -~~~-~~~~~~~~~~
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in an ad hoc fashion;, this results in Inefficiencies and the repeated rediscovery and

implemen tation of the same basic functions. These software systems often exhibit poor

modularity and are difficult to understand and modify. Finally, the data In many of these

systems is repeatedly stored; each specific application may have its own data base. This

results in the problems associated with maintaining the consistency of multiple copies of

data and of effectively sharing information among the various tasks in the application.

One of the most important ramifications of this “do it yourselr approach to data

organization is its adverse impact on user accessibility. Requests involving the retrieval of

specific information from a data base must be funnelled through programmers: a time-

consuming and costly process. This often encourages the end-user to view a data base as a

very rigid and inflexible tool. As a consequence. the information in a data base is often

greatly underutilized.

1.2. Data Base Management Systems

In response to the problems associated with embedding data management facilities in

applications software, the concept of a data base management system was developed. A data

base management system (DBMS) is intended to take on more of the responsibility for the

storage and control of data bases than conventional file systems. For example, a DBMS

may have the following kinds of capabilities:

I. support the organization of data into cohesive units, and allocate and maintain the

storage for the data,

--

~

--— -—~~~~~~~~~~~~ - - - ~
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2. provide a set of primitives andlor a language for accessing the data, and for making

changes to a data base,

3. accomodate physical integrity control, to allow a data base to be restored after a

hardware, software, or communications failure,

4. control the access of concurrent data base users, so that they do not Interfere with one

another,

5. limit the access of particular users to certain information In a data base, thereby

allowing data protection restrictions to be imposed,

6. control the semantic integrity of the data, by attempting to prevent the entry of clearly

meaningless or erroneous information into a data base.

Most commercial and research prototype data base management systems are largely

application environment independent, in that they are capable for supporting data bases for

a variety of applications. A single DBMS is used to manage the data bases for a variety of

application environments; the generalized facilities of the DBMS are shared In all

application environments . This is in contradistinction to fully tailored, stand-alone

application systems which maintain their own internal data bases.

Data base management systems are designed to accomodate collections of information

which conform to the restricted meaning of “data base” provided above. In sum, the

important features which accentuate the nature of DBMS applications are as follows:

1. There is a large amount of data; these data are interconnected. This distinguishes

the DBMS environment from a conventional file system, where data interconnections are

L :~~ - -.- - -
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minimized, and structural complexities avoided.

2. The data are primarily formatted, as opposed to textual. This differentiates the

DBMS environment from information retrieval systems, such as computerized libraries

and text processing facilities.

3. The data base has a substantial degree of Inherent structure and uniformity. This

means for example that there are typically a number of data objects of each type and

that exceptions to the rule do not dominate. In particular. a DBMS does not attempt to

solve the complete “knowledge representation” problem, as defined by researchers In the

field of artificial intelligence (Bobrow 1977a, Bobrow l977b, Brachman 1976, Szolovlts

19771

4. There is typically a spectrum of types of users requiring access to a data base. A

typical DBMS is not solely oriented to programmers, naive nonprogrammers. nor to

some specific applications program. The various users of a data base have different

needs, abilities, and levels of computer expertise, to which a DBMS must respond.

Ii. Data Models

The essential role of a DBMS is to act as an Intermediary between the application

programs or end users who wish access to a data base, and the physical data. In so doing, a

DBMS provides two principal facilitles

I. The DBMS Is based on a data model, which Is a formalism In which the logical

structure of a data base is defined (Sibley 1977a). A data model Is a collection of data

— ~.
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structure types. These data structure types are instantiated to construct a schema for a

particular data base; a schema is thus the description of the structure of a particular

data base. All information In a data base is logically organized In terms of the

structures of the data model.

Typically, data models have a very limited number of data structure types. This

Is true of the most popular data models: the hierarchical model, In which the records of

a data base are organized into trees; the network model, in which the data is organized

Into records interconnected by a graph structure; the relational model, in which a data

base is organized in terms of tables (Date 1977, Kerschberg l976c].

The specification of a schema is described in the data descr&ptlonldeflnl tion

language (DDL) of a DBMS. A DDL provides the mechanism whereby the data

structure templates of a data model are used to define the structure of a specific data

base.

2. A vocabulary of general purpose data base retrieval and update operations is

provided. The data manip ulat ion language (DML) of a DBMS facilitates the

invocation of these primitives, and their combination to allow the specification of user-

defined data base transactions. A DML specifically allows selected fields of selected

records to be retrieved from a data base, changes to be made to existing records (e.g., by

assigning a new value to some field), new records to be added to a data base, etc.

Typically, the DML may be used as a stand-alone query and t~ : date language, or It may

be used in conjunction with a host general purpose programming language (such as

ii

F _ 
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COBOL, PLfl. FORTRAN. etc~).

According to the ANSI/SPARC specifIcatIons for the architecture of data base

management systems (ANSI/X3!SPARC 1975). there are three levels at which a data

base is described:

I. At the, middle level Is the conceptual schema, which should capture the meaning of the

information in the data base. A conceptual schema Is a specification of the data base

phrased in terms of the abstract entities and relationships in the application

environment. It is at this level that the data model of the DBMS Is used.

2. On top of the conceptual schema are the external schemas, which repre~ent the views

of various users of a data base. These external schemas are a logical reorganization

and/or reformatting of the information In a conceptual schema, and are used to tailor

the information In a conceptual schema to the needs and tastes of specific users.

External schemas are constrained to be compatible with their underlying conceptual

schema, e.g., in that operations phrased in terms of an external schema must be mapped

Into operations in terms of the conceptual schema.

3. The third and lowest level of data base description is the internal schema, which

describes the physical organization of a data base. At this level, the physical data

structures and access methods which are used to store and access the inform ation In a

data base are specified.

The utility of separating the conceptual and Internal schemas has been strongly

emphasized during the past several years of data base research. For the reasons noted

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  
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above, It is Important that a DBMS be oriented to providing a user Interface stressing the

logical, semantic structure of data, rather than its physical organization. Recent work on

“data independence” (Codd l974c, Date l97Ia, Date l971b, Date 1974] has focused on isolating

the conceptual (logical) data model from issues of physical representation; this allows the

details of the physical storage representation to be altered without affecting the view of the

database presented to users and application programs. In a similar vein, the great

importance of separating the behavior of a “data abstraction” from its implementation has

been noted for Its Impact on software quality, reliability, and verifiability tLiskov 1974,

Liskov 1977). In this work on “abstract data types”, the emphasis has been on providing

operational characterizations of data abstractions (Hammer I976e], and on suppressing

irrelevant detail and superfluous data artifacts introduced by implementation techniques.

14. A “Semantic” Data Model

The conventional data models used to structure the data in contemporary data base

management systems are in many ways unsatisfactory for modelling data base application

environments. The features they provide are too low-level and computer-oriented. A user

is required to think in terms of representation rather than in terms of meaning. The

semantics of a data base that is defined in terms of these mechanisms are not readily

• apparent from the schema; instead, the semantics must be separately specified by the data

base designer and consciously applied by the user.

In this thesis, we present the design of a higher level, conceptual data model, which
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allows a data base designer to directly Incorporate a large portion of the semantics of the

application environment In the data base schema. This semantic daia model (5DM) serves

as a natural application modelling mechanism to capture and express the structure of a

problem domain. Specifically, we focus on the use of this data model In Improv ing the

understandability and accessibility of computerized data bases.

As it is intended that the features of the SDM correspond to the principal Intentional

structures naturally occurring in contemporary data base applications, the keystone of the

methodology employed in designing the SDM was the Identification and classification of the

most important and frequently occurring constructs in typical data base applications. That

is. we sought to discover a set of general structures that repeatedly occurred In different

problem domains and that effectively expressed the essential meaning of each domain.

These constructs served as the bases for the features of the SDM. Moreover, the design of

the SDM was very closely tied to a detailed analysis of the most important semantic

problems of conventional data models

As should become clear later in this thesis, the SDM provides a rich but limited

vocabulary of dati structure types and primitive operations for the manipulation of those

structures. The goal of the SDM is to provide for sufficient modelling flexibility to

naturally accomodate most data base application environments, while at the same time

limiting the number of ways a given fact can be modelled. These limitations are imposed In

order to make the task of designing an SDM data base tractable, to make it possible for a

user to readily understand the meaning of an SDM schema , and to facilitate
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implementation. We strive in the SDM to strike a balance between semantic expressibility

and complexity.

15. ApplIcations of the SDM

As noted above, the SDM is designed to enhance the effectiveness and usability of

data base management systems in several ways: -

I. An SDM description of a data base serves as a formal specification, documentati ‘,

and description of a data base. It provides an accurate, concise, and comprehensive

statement of a data base’s meaning. SDM data bases are to a large extent self-

documenting, in the sense that the description and structure of a data base are expressed

in terms which are close to those used by users in describing an application

environment. This makes the SDM useful as part of the permanent documentation of a

data base and as a tool for communicating the meaning of a data base among Its users,

and between the users and the DBMS itself. Moreover, an SDM schema can serve as a

communications medium between an application specialist and a data base designer,

precisely describing the system for which a data base Is to be constructed. Note that

these uses of the SDM are In some sense unrelated to the Issue of computerized data

bases; we believe that the SDM can be a useful mechanism for precise interpersonal

communications about the structure of a problem domain.

Z The SDM supports powerful user Interface facilities, which can accomodate users with

different needs and abilities. Such user facilities can be constructed as “front-ends” to

f
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existing data base management systems , or used as the bails for the design of the user

interface of new data base management systems. The princIpal reason the SDM can

provide these facilities is that SDM data bases capture In formation In a form that

stresses the meaning of data rather than its representation in the computer.

As we shall see, facilities for expressing derived (conceptually redundant)

information are an essential pars of the SDM; derived Information is as prominent In

an SDM schema as is primitive data. Derived Information in an SDM schema has an

Important impact on the user: the presence of derived Information In the SDM supports

multiple ways of viewing the same data (external schemas). Moreover , since the uses of

a data base often change as appl icat ions grow, a data base schema must Itself adapt to

Its uses. In terms of the user , this means that It Is Important to integrate the most

common types of retrievals (data selections) Into a schema as derived information.

These pieces of derived information can then serve as building blocks for related and

potentially also common interactions: it is likely that If a derived data Item Is used often,

then it may be helpful in the description of other transact ions. Thus, a data base can be

made to adapt to opt imize the users’ views accordin g to current needs.

In particu lar, the SDM provides a basic for a high level , semantIcs-based data

base query and update language. Such a language , cal led the SDM “ Interac tion

formalism ” has been designed , and Is described later in th is thesis. As we shall see, this

langua ge is Intimately related to the SDM, In that It provides rich but limited see of

bulk-In data base operations, and allows user-defined transactions to be specified In

_____ • -— ~.——.-••.--——-- — ________________
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terms of these primitives. The combination rules are simple, but the vocabulary of

primitives allows a good deal of flexibility in describing data base retrievals and

modifications.

A prototy pe interactive user interface facility based on the SDM has also been

designed and implemented. This “interaction formulation advisor” (IFA) guides a user

through a data base and the process of formulating a query or update request. It

assumes that the user is largely naive of the data base content and structure, and that

the user has very limited experience with computerized data bases. The IFA Is not

merely a passive data base interrogation tool; rather, It Is based on a specific structured ,

stepwise methodology for ex pressing data base queries. It Is by means of this

methodology that the WA can assist naive users. The WA Is also closely guided by an

5DM schema for the data base with which the user Is wetting. A prototype WA is

currently running, and Is described later in this document.

3. The SDM provides a basis for tools to aid the data base and application designer as

well as the naive user. In particular, the SDM can be used as a tool In the data base

design process. This ty pe of SDM data base design tool would supply a data base

designer with a collection of templates, which aid In the identification of relevant

Information in a data base application environment. This can serve to aid the designer

in organizing relevant information, relating It to Its possible applications , and

translating it Into lower-level representa tional structures to be Implemented . An

Important advantage of designing a data base In this way Is that a rather precise and
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complete documentation of its contents and meaning Is readily available. This is

especially useful for application programmers, who need to determine what Information

is in a data base, what it means, and how It Is logically organized. Furthermore, since

derived Information is directly accomodated in an SDM data base, the data base’s

structural description can track the evolution of Its uses.

It is important to note that the use of the SDM is noi dependent on the successful

Implementation of a new data base management system that directly supports It. There are

already a large number of basically satisfactory data base management systems In use today,

which represent a considerable investment by their developers and users; the SDM can be

effectively used In conjunction with such systems to enhance their effectiveness and

usabIlIty.

F 1.6. Thesis Overview

The remainder of this thesis Ii organized Into two main pa rts. The first part,

consisting of chapters 2 through 4, focuses on the SDM and Its use as a modelling tool.

Chapter 2 describes In detail the principal semantic modelling problems associated with

conventional data models, and reviews related work. Chapter 3 then provides a detailed

description of the SDM. In chapter 4, a discussIon of the modelling capabIlitIes of the SDM

is provided, and the SDM is reviewed as a solution to many of the problems of

conventional data models described in chapter 2.

The second major portion of this thesis examines user interfaces to data base 

~~- -~~~~~ -_a- -- _•_ ._ -
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management systems, and focuses on user Interface tools based on the SDM (chapters 5
through 7). In chapter 5, a powerful, semantics-based data base query and update language
for the SDM (the “interaction formalism”) is described. Chapter 6 contaIns a review of user
interface considerations for data base management systems in this chapter, recent work on
improving user access to data bases Is discussed and the principal unsolved user interface
problems are analyzed. Finally, in chapter 7, the details of the interaction formulation
advisor are presented. In a sense, chapter 7 Is an “acid test” of the SDM, In that It shows
that the SDM provides a unique mechanism which can support a new type of data base
user interface tool.

I
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2. SEMANTIC PROBLEMS WITH CONVENTIONAL DATA MODELS

Before embarking on our discussion of semantic problems with conventional data

models, we must first outline the most common and popular data models used in

contemporary data base management systems.

2.1. The Networ k and Hierarchical Data Models

The network data model (Taylor 1976) is used by many commercial data base

management systems (e.g., IDS [Honeywell 1972], JDMS (Cullinane 1975a, Cullinane 1975b),

and TOTAL (Datapro I972bD, and has received a good deal of attention over the past

several years. The archetypal network data model is that proposed by the Codasyl DBTG

committee 1:Codasyl 1971) and advocated by Rachman [Bachman 1973],

In the Codasyl DBTG network model, all information In a data base Is structured in

terms of record types” and “set types”. Record types are collections of records, each of

which is a collection of fields, whose values are character strings or numbers (or groups of

these). “Set” types interconnect record types. (“Set” here does not mean mathematical set.)

Each “set” type has an owner record type and a member record type instances of the record

type connect an owner to its members. A given record type can have more than one owner,

so that complex interrecord network connections can be formed. Other semantic constraints

can be captured in a Codasyl schema via several additional mechanisms. For example, one

can dedare the member record type R In set type S as “mandatory”, which means that once

a record RI in R Is inserted into an occurrence SI of 5, RI may not be removed from SI

- _ _
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without actually deleting RI. Similarly, if R is declared as “automatic”, each newly created

record RI will automatically be inserted into some set S2; the Identity of S2 Is determined by

a “set selection clause” provided by the designer.

The goal of the network data model is to structure data in the form of a graph.

Entities in the application environment and their attributes are captured via record types,

and set types are used to connect related records. Via set types, a network schema contains

an explicit specification of which interrecord paths make sense. Set types accomodate one-

to-many associations , and many-to-many associations can be handled by Introducing a

dummy relationship record.

For historical and other reasons, the ItierarcM.cal data model (Tsichritzis 1976b) is a

very popular one; commercial implementations of hierarchical data base management

systems include IMS [IBM 1975a, IBM 1975b) and System 2000 [Datapro 1972a, MRI 19721

In the hierarchical data model, records are organized in the form of trees; hierarchies are a

special case of networks where each record type in a data base has exactly one

superior/owner record type.

2.2. The Relational Data Model

In addition to the network and hierarchical data models, the relational data model is

• Increasingly popular for use in data base management systems. The relational data model

was introduced by Codd (Codd 19701 The relational model was initially most popular

among data base researchers , but is now enjoying Increased acceptance In industry.

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -
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Examples of relational data base management system implementations include~ INGRES

[Held l975a, McDonald 1974a, McDonald 1974b], MACAIMS (Goldstein 1970], PRTV

[Hitchcock 1976, Todd 1976], RDMS [Steuert 1974], RISS (McLeod 1975], System R (Astrahan

1976], and ZETA [Brodie 1975, Czarnik 19751

A relational data base is defined to be a collection of normalized relations (relations in

first normal form (Codd 1970)), and a collection of domains. (The relations present in the

data base are specifically called base relations.) A normalized relation may be viewed as a

table, w herein each row of the table corresponds to a tuple of the relation, and the entries in

a column (attribute) belong to the set of values constituting the underlying domain of that

column. An entr y is the value in some particular column for a given row of a relation. The

domain underlying a column consists of precisely those values which can appear as entries

in ‘hat column; every value in the underlying domain is a plausible entry in that column.

The special value null is used to indicate that no data item is present in some column of a

tuple; a null data item means that the information is not relevant or is not known.

In most existing relational Implementations , only machine-oriented domains are

• provided: integer , floating point number , varying length character string, etc .

Alternat ivel y, a separate domain definition facility can be provided , which allows the

specification of precisely which atomic data values constitute a domain (McLeod 1977a]. In

this way, it is possible to define domains specific to a given application environment, such

as names of ships, dates, geocoordinates, and so forth.

In conjunction with the data structure “relation”, a relational DBMS must provide a
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collection of operations for manipulating the relations In a data base. The operations

provided must support data base schema creation and modification, data base

query/retrieval, and data base update. Figure 2-I contains an example set of data base

operations that might be used in a relational DBMS; the set presented ther&n Is similar to

the relational algebra [Codd 19701 The operations shown indicate facilities for both data

definition and manipulation; when combined with rules for combination, a combined data

definition and manipulation language may be obtained. Examples of existing relational

data base data definition and manipulation languages include SEQUEL [Chamberlin 1974,

Chamberlin 1976c), QJJEL (Held 1975a], and Query by Example (ZIoof 1975a].

The great deal of recent work and interest in the relational data model and associated

developments serves as a metnc of the increasing recognition of the importance of logical

views of data and associated high level data base interaction facilities. We shall discuss the

relational model first and in the most detail, as it Is widely accepted as a major research

advance in the area of data modelling and user interfaces to data base management systems.

The relational model will thus serve as a basis for analyzing modelling and user problems

with conventional data models. Therefore, we first describe modelling with the relational

data model and its associated problems; later, we return to the network and hierarchical

data models and consider their advantages and problems vis-a-vls data modelling and user

Interfaces.

_______  . -- -~~~~~~ • - • - • •  - - • -
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2.3. An Examp le Application Environment

In order to provide a particular context for our detailed discussion of data modelling

and user interaction with a data base, we shall adopt a realistic example of an application

environment. This nontrivial application environment Is the “tanker monitoring

application environment” (TMAE). It involves the control of the flow of traffic of ships,

particularly those with potentially hazardous cargoes, such as oil tankers, into and out of

U.S. coastal waters (such as might be used in the prototype “Marine Safety Information

System” being developed by the U.S. Coast Guard). It should be noted that our purpose

here is not provide a comprehensive solution to the problem of handling hazardous ships;

rather , we intend to use the TMAE as a rather extensive, realistic, and important data base

application environment. The TMAE will also be used later in the discussion of the SDM

and the IFA. (For variety, a few aspects of the TMAE discussed here are different from

those discussed in the context of the SDM).

2.4. A Relational Data Base for the TMAE

The relational data base we define to model the TMAE is called the “tanker

monitoring relational data base” (TMRDB). Figure 2-2 contaIns a description of the

TMRDB. Figure 2-2a contains a relational schema for this data base, viz., a description of

the relations. This includes the name of each relation, as well as the name of each column

of the relation. For simplicity, we have omitted the specification of the underlying domain

of each column. (Figure 2-2b contains a list of the domains for the TMRDB, for reference.) 

~~~~~~~~~~~-~~~~~~~~~~~~ - • - - • • - ~~~~~~_ _ _ _ _
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The TMRDB illustrates a number of problems with the relatIonal data model, as

discussed below. However , It was not constructed to be a deliberately poorly designed

schema. Rather , the problems It evidences are problems inherent with the relational data

model, and these problems are not easily patched within the confines of the features of the

relational model. For example, to Illustrate the fact that both data bases in third normal

form (Codd 1971b, Codd 1971c) and those not in third normal form suffer from problems,

part of the TMRDB is in third normal form, and part of it Is not. (Third normal form

relations are those which do not exhibit certain types of update and deletion anomalies,

caused by ‘unctional dependencies that do not correspond to the basic structure of the

relation.)

In order to aid our subsequent analysis , we shall briefly describe the TMRDB.

Significantly, our explanation of the TMRDB is intended to be typical of the way a

relational data base designer might explain it. Thus, in addition to serving as a description

of the TMRDB, this illustrates the problems in using the relational data model as a formal

data base specification mechanism .

The following describes the TMRDB relations:

I. Relation SHIP contains a tuple for each relevant ship; it is used to keep track of the

name, type (e.g., “merchant ”, “naval” , etc.). hull number, radio call sign, country.

engagement (current activity), maximum speed, and fuel type of each such ship, as well

as w hether or not a medical doctor is currently on board the ship.

2. ASSIGNMENT has an entry for each assignment of a captain to a ship, and records
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all such assignments in the history of the data base. The name of the captain and ship

are recorded, as are the dates the assignment starts and ends.

3. CARGO records the quantity of cargo currently aboard a given ship; the ship Is

identified by its name.

4. Relation PORT records the name, location (geocoordinate). and country of each

relevant port.

5. PORT_OF_SHIP contains a tuple for each ship recorded In relation SHIP, and

establishes the identity of the home port of that ship. The column Name contains the

name of the port, and Ship_name contains the name of the ship.

6. BANNED_SHIP contains the name and effective date of banning of each ship (In

SHIP) that has been banned from entering U.S. coastal waters. (Only the most recent

ban of a ship Is recorded.)

7. Relation POSITION_REPORT contains Information on each report of’

position/status received from a ship. Position reports can be filed by ships or by

convoys; in the latter case , the convoy implicItly reports the position of each of its

member ships. If the position report is for a convoy, Ship_name Is null, and If it Is for a

ship, Convoy_name is null. The relation keeps track of the date and time of the report,

whether or not the ship or convoy is in port, and the name of the port (If the ship or

convoy is en port) or the geocoordinate of the present location of the ship or convoy (If

it is at sea).

8. REPORT_PRECISION contains further Information regarding a position report. It

___________ —— - -4
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logically related to POSITION_REPORT on columns Ship_name, Convoy_name, Date,

and Time, which together constitute a unique identifier for both POSITION_REPORT

and REPORT_PRECISION. Recorded here is the type of precision (circular or

elliptical), and the circular radius or the major axis, minor axis, and Inclination of the

ellipse.

9. Relation SAILING_PLAN records information on the plan filed by a captain before

his ship or convoy leaves port. It contains the name of the ship or convoy (again, the

other column has a null value), and the date riled. (A single column might be used for

both cases, which can contain either the name of a ship or the name of a convoy.)

10. SAILING_PLAN_STOPS carries further information on sailing plans: the name

F and scheduled arrival date for each port to be visited. The relation is logically linked to

SAILING_PLAN on Ship_name or Convoy_name, and Date_filed.

Il. The relation COMMERCIAL_SHIP records the name and weight of each ship that

is commercial.

12. MILITARY_SHIP records the name and displacement of each military ship. (By

convention, commercial ships have a weight and military ships have a displacement.)

13. OIL_TANKER records additional information on each ship that is an oil tanker: Its

date of last inspection and its hull type (e.g., “double hull”). As for relations

COMM ERCIAL _SHIP and MILITARY_SHIP, the ship name is used to unIquely

identify each tuple of OIL_TANKER; all ships are assumed to be recorded In relatIon

SHIP.
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14. Relation INCIDENT records all ship accidents. An incident number Ii established,

and the date, time, and (narrative) description of the incident are recorded.

15. INCIDENT _SHIPS is linked to INCIDENT on Incident number, and contains the

name of each ship involved In the incident.

16. INSPECTION records the inspection of the named ship; the name of the inspector,

the date, the violations, and the disposition of the Inspection are recorded. The

violations are recorded in textual form.

17. Relation INSPECTOR lists the names of all inspectors.

18. CONVOY is used to keep track of which ships are In which convoy. Convoys are

given a name, and the ships therein are listed by name. For example, for a convoy with

three ships, there will be three tuples in reLation CONVOY.

19. The relation SHIP_TYPE records information about the type of cargo that can be

carried on each type of ship. The type of ship Is related to the type of ship indicated In

relation SHIP.

In addition to the base relations, I.e., those stored in the data base, there can be

(multiple) view s . A view is a virtual relation that Is derived from base relations and other

views (Astrahan 1976, Chamberlin 1975, Dale l977b. Eswaran 1976b, KIug 1977. Stonebraker

l9Thb, Summers 1975b, Zaniolo $9771 Many proposed or implemented relational data base

management systems have some kind of view handling capability. Views correspond to the

“external schemas” defined in (ANSI/X3/SPARC 19751 Views can be defined by retrieval

expressions that materialize the relation constituting the view; the definition of a view Is
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thus very similar to the formulation of a query. Examples of views of the TMRDB are

given in Figure 2-3. We briefly explain these views here

I. The view (derived relation) CURRENT_SHIP_CAPTAIN is provided In order to

associate the name of each ship with the name of the officer who Is currently assigned as

its captain. The definition of this view can state that to define the view, one finds, for

each tuple in SHIP, the tuple in relation ASSIGNMENT with the most recent

Date_start that has a Date_end today or later for that ship, and then extracts the

Captain and Ship_name column values from that tuple.

2. SHIP_WITH _FLAG Is exactly the same as relation SHIP, except that the column

Country in SHIP is renamed as Flag in SHIP_WITH_FLAG.

3. View CURRENT_SHIP _POSITION establishes the current location of each shi p (as

recorded its relation SHIP). If It is in port , then the port Is recorded and

Ceo_coordinate is null, otherwise Port_name Is null and Ceo_coordinate contains the

location of the ship. The definition of this view is rather complex, In that we must

determine for eac h cuple in SHIP, whether or not that ship is in a convoy (using

relation CONVOY).  If it is not , We find the most recent tup le In

POSITION_REPORT for that ship and place the Ship_name. Ceo_coordinate, arid

Port_name values Into the view. If the ship is in a convoy, we do the same but instead

find the most recent tuple in POSITION_REPORT for the convoy in which the ship is

currently engaged.

4. The view OIL_TANKER _MISHAP contains all information on oil tanker mishaps ,

I
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I.e., on incidents Involving ships that are oil tankers. To define this view, we find each

tuple in INCIDENT that represents an Incident involving an oil tanker; this Is

accomplished by finding the corresponding tuple In INCIDENT_SHIPS by matching

on incident number, taking the ship name and finding the approprIate tuple In SHIP,

and seeing if that ship is an oil tanker (by examining the value of attribute Ship_type

of SHIP). The contents of each qualifying tuple In INCIDENT are placed Into

OIL_TANKER_MISHAP, along with the name of the ship (oil tanker) Involved in the

Inc ident.

5. SHIPS_DUE_FOR_INSPECTION contains information on all ships that are

currently due for inspection. This view is definel by placing In it each tuple of SHIP

whose most recent corresponding tuple in INSPECTION has a date that differs from

the current date by more than the allowed amount; the appropriate tuple In

INSPECTION is found by matching on common value of Ship_name (for the tuple In

SHIP) and then extracting the tuple with the most recent value in column Date for that

ship.

6. The view CONVOY_SIZE contains the name and number of ships Is each convoy.

It is defined by grouping the tuples In CONVOY by common value of Convoy_name

and counting the number of values of Ship_name In each group.

7. SHIP_AT_SEA contains the name of each ship currently at sea. This view Is defined

by finding the corresponding tuple irs view MOST_RECENT_POSITION for each

ship therein; if the ship is Indicated to be at sea, then the name of the ship Is placed
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into the view.

8. V iew DANGEROUS _SHIP contains the name and type of each ship currently

considered dangerous; a ship is termed dangerous if it currently banned from U.S.

coastal waters. DANGEROUS_SHIP includes the name of each shIp that appears in

BANNED_SHIP; the type of the ship is also Included In the view, as determined by

the appropriate tuple in relation SHIP.

2.5. Semantic Information Representation in the Relational Data Model

Having introduced the relational data model and the TMRDB , we are now In a

position to discuss the representation of semantic Information in a relational data base. We

emphasize how semantic information is presented to the user via the relational data model.

There are a number of ways in which semantic information Is captured En a relational data

base. Of course, the specific way selected to model a particular fact has a significant Impact

on the user, both in terms of his understanding of the data base and in how he accesses It.

Specifica~Iy, the following methods of capturing information are most significant:

I. Values in the same tuple of a relation are associated . This horizontal connection

logically links the atomic data values appearing in the columns of the tuples. For

example, the TMRDB relation SHIP has columns Ship_name and Hull_number,

thereby associating the name of a ship to Its hull number.

2. Tuples in a relation that share a common value in one or more columns are logically

grouped together. This verticoi connection logically links together tuples that share some

~ 
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common property. For example, each group of tuples in INSPECTION that share a

common value of Ship_name represents the set of inspections for the ship with that

name.

3. If two columns from two relations share a common underlying domain, one or more

tuples in a relation are logically linked to one or more tuples in another relation; this

logical link is a j oin connection. The link can be one-to-one, one-to-many, or many-to-

many. For example, a ship is matched with its home port via the Join of SHIP and

PORT_OF_SHIP on common value of column Ship_name. (A Join can also logically

link tuples in the same relation, e.g., matching a ship to its sister sh ip via a column

named Sister_ship_name.)

4. Semantic information is carried by the placement of a particular piece of information

in a specific relation. (residence relation selection). There Is often a choice concerning in

which relation a new tuple is to be placed. For example, the creation of a new oil tanker

may be modelled by adding a tuple to relation SHIPS, or It may be captured by adding

a tuple to relation OIL_TANKERS, or both.

5. Relation naming provides a vehicle for capturing semantic Information in a relational

data base. Relation names may carry information about their contents, e.g., the relation

named COMMERCIAL_SHIP contains precisely those SHIPS that are commercial.

6. Column naming provides yet another way to express semantic information. Columns

can be named to describe their meaning, e.g.. naming columns ShIp_name and

“Port_nam? instead of Just ‘Name . Information is also carried by the Identity of the

- — -~~~~ - --~~ - ._~~~~~~~ - -—.-~~~~~~~~~
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abstract set of values from which the current value In some column of a tuple Is selected

(the underlying domain of a column). For example, the user may conclude that if two

columns have the same underlying domain, their values can be compared (McLeod

1977a], e.g., the column Port_name of relation PORT and the column Name of relation

PORT_OF_SHIP can be compared because they both contain names of ports. The

issue of which columns of relations are comparable is an Important one, in that a join

(cross link) of relations normally should be performed on comparable columns If it is to

make sense , e.g., joining SHIP and PORT on Port_name and Ship_ name Is almost

meaningless.

In addition to the above, there are several other ways In which semantic InformatIon

can be captured in a relational data base, if the basic relational data model is somehow

supplemented:

I. Additional “semantic integrity constraints” can be used to model additional semantic

information in an application environment. For example, subset constraints between

columns of relations, uniqueness/keyness constraints, and the like Introduce capabilities

for modelling additional types of semantic information (Eswaran 1975, Hammer l975a,

Hammer 1976d, Stonebraker 1974b].

2. Additional semantic information about a data base may be captured within

applications programs and “canned” data base transactions (transactions whose

descriptions are saved and repeatedly executed). Such transactions may for example

contain error checking routines and may perform manipulations of a data base which

_____________ ~~— - .
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are based on additional “knowledge” of its semantic structure. For example, a

transaction may automatically insert a corresponding tuple into SHIP when a new tuple

is inserted into OIL_TANKER.

3. Views can similar ly capture semantic information; a view materialization expression

which defines a view is similar to a transaction and it therefore may capture additional

semantic information about a data base. For example, the definition of the TMAE view

CURRENT_SHIP_POSITION captures informatton about how the current position of

a ship is determined , i e , It captures knowledge of the meaning of current ship

position”.

The most obviou s and significant problem with capturing semantic information in

these ways is that the user has to deal with various mechanisms to free that Information.

The user must be conscious of the fact that the information he wants may be obtainable via

a horizontal or vertical connection, via a join, by examining the names of relations and

columns, or by some other method. The level of the mechanisms provided is too low to be

understood and mwipulated by many users.

2.6. Semantic Problems of a User View Based on the Relational Data Model

With the above indication of how semantic Information is captured In a relational

data base, and with the explanation of the TMRDB. we can now proceed to identify specific

modelling problems associated with the relational data model. That Is, we can examine the

shortcomings of the relational model In:

- ________________________________ _______________
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I. making the meaning of a data base apparent to its users,

2. allowing a data base to be explained to a user In a concise, structured manner,

3. enabling a user to easily select the information he requires from a data base.

We note that there is a rather wide spectrum of problem types, that range from

general to specific in nature, as follows:

1. The relational data model, like other conventional data models, is based on syntactic

data structures . The data base designer and user must effect a conscious transformation

from his view of application-oriented entities to their representations. In other words,

the designer and the user are forced to think in terms of data, rather than reality; they

must dea l with the representations of things (or with information about them), rather

than with the things themselves. The fact that the single. supposedly general-purpose

data structure “relation” is used to model all relevant information in an application

envi ronment makes the user ’s view s im ple. Unfortunately, it also causes semantic

overloading, i.e., the same structure, the relation, is used for many purposes, such as:

a. to record the existence of entities, e.g., ships (by the existence of appropriate

tuples in relation SHIP),

b. to describe properties of an entity, e.g., the name and length of a ship (by

appropriate attributes in relation SHIP).

c. to model associations between entitles, e.g., assignments of captains to ships (via

relation ASSIGNMENT),

d. to describe collections of entit les , e.g., convoys of ships (using relation
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CONVOY).

This semantic overloading makes it difficult for a user to extract the meaning from a

relational schema. For example, he may find it quite hard to tell which of the above

listed uses is being made of a given relation.

2. In the relational data model, denotation by selected name plays a central role in a data

base. It is necessary to use a selected name to refer to entities In a data base. The main

implications of this on the user interface are:

a. It is necessary to cross reference explicitly from one relation to another. For

example, a user must explicitly link a tuple in SHIP to a tuple In ASSIGNMENT to

find the captain of the ship. This indirectness causes problems that are somewhat

analogous to those seen in cell-oriented programming Ianguage~. ~here data Objects

are referenced through named storage locations in lieu of operating directly on the

obj ects themselves. The requirement for a user to do explicit cross referencing

among relations results in a heavy reliance on join connections (links across relations

on common va lues) in the relational data model; when combined with the problems

of semantic over loading mentioned above, this makes it hard for a user to connect

related information.

b. The distinction between changing an entity and changing a name used to denote

it is muddled, since names are actually used to represent entities. For example, when

the name of a ship is changed,’ an appropriate update may be made to a tuple In

relation SHIP; however , ~ e columns of other relations which are logically

— — .— .— ~~~~~~~~~~~~~~~ ..—.~~ ‘—‘ .—~-..
. — .-- — --——~--. ——-~ .- -——-—-~.- —.- —_-..-~~~--



connected to SHIP, such as POSITION_REPORT, now must also be changed.

This problem would be avoided if column Ship..name of POSITION_REPORT

has ships as values, rather than ship names; unfortunately, this is not possible in

the relational data model. These difficulties stem from a failure to recognize the

importance of the distinction between an entity and its name. ft is well known to

programming language designers that failing to adequately accomodate this

distinction can be a source of much confusion.

c. For reasons of economy, it becomes necessary to organize the data base so that all

references to an entity are made through a standard attribute (often called a “key”).

For example, a major portion of the TMRDB is oriented to ship names. This

makes it difficult to refer to entities via other names. For example, it is hard to refer

to ships via hull numbers: if a user is interested in BANNED_SHIPS, It Is simple

for him to obtain the name of that ship, as it is directly recorded in the tuples of

BANNED _SHIPS; however , if he is interested In the hull numbers of banned shIps.

he must reference relation SHIP to establish the correspondence between ship names

and hull numbers.

3. The relational data model is based on atomic value sets; that is, all columns have

values that are atomic (nonhierarchic). This problem is closely related to the problem of

denotation by selected name. The nonhierarchic , nonrecursive nature of relations

simplifies the data model, but causes several significant problems:

a. It makes it difficult for a user to travel easily to a related entity from one he has 

-- -,- -~~~- .
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in hand. A user must explicitly cross link from one relation to another by describing

an explicit join.

b. It makes it impossible to use precise semantic collections as value sets of attributes

(columns of relations). For examp le. we would like the underlying domain of a

column Ship of INSPECTION to be OIL_TANKER (or, at least, the names of oil

tankers); but we must use the domain SHIP_NAME as the value set here. The

problem is that it is not possible to specify underlying domains that are related to

information in the data base , e.g., it is not possible to state that the underlying

domain of Ship_name of INSPECTION is the set of all current values in column

Ship_name of SHIP.

c. It requires a nontrivial additional facility to allow the definition of abstract sets of

atomic data va’ues (McLeod l977a). Even it such a facility to allow the definition of

the sets of values underlying columns is provided, It Is still not clear when domain

definition capabilities should be used and when relations should be used. For

examp le, to model the set of names of Inspectors (a subset of the set of person

names), should an appropriate domain be defined or should relation INSPECTOR

be used (which , for exam ple has one column with underlying domain

PERSON_NAME)?

4. Only single-valued attributes are permitted in the relational data model, so that

attributes whose values can be collections of entitles are difficult to handle. These

“repeatIng groups” are a natural structure to users, but must be ex pressed In the

- ~~—~~~~~‘-~~~ — . 
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relational model in one of the following ways:

a. An extra relation can be introduced. This relation accomodates the multi-valued

attribute A of relation R in the following wa y: it has a column by which it Is

logically linked to R; it has another column which contains the values of the

(potentially repeating) values of A. The link between these two relations can be

either explicit or implicit, as the following examples indicate:

I. For sailing plans , we have relation SAILING_PLAN , plus another relation for

the repeating attribute of scheduled stops; the repeating attribute is handled by

introducing relation SAILING_PLA N_STOPS, which Is implicitly linked to

SAILING _PLAN by common value of Ship_name and Date_filed.

ii. For inc idents,  re lat ion iNCIDENT Is linked ex plicitl y to

INCIDENTS_SHIPS by means of introducing the attribute Incident_number.

b. A multi-valued attribute can be accomodated by simply concatenating its values.

However , this approach is quite unnatural, and it requires string manipulation

fac ilities to be used . Because of the consequent unnecessary manipulation

complexities. this approach ic of limited practical value.

5. H has often been stressed by data base researchers that relational data bases should be

non redunda nt; the has resulted in a good deal of work on relational “normalization”

(Been 1977, Bernstein 1975a. Bernstein 1975b, Bernstein 1975c, Bernstein 1976, Codd 1970,

Codd 1971b, Codd l971c, Fagin 1976, Fagln 1977a, Fagin 1977b, Kent 1973, Sharman 1976].

The principal goal of thIs work is to record each fact in only a single place. Much of

-,, 
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the motivation for normalization comes from the desire to avoid certain types of

anomalies which result when an “unnormalized” relational data base Is updated (Codd

l971b. Codd 1971c]. these anomalies involve, among other things, the necessity of sIde-

effects when tuples are updated or deleted.

Normalization is hinged on the concept of a functional dependency between

columns of a relation; a funct:onal dependency exists between columns CI and C2 of

relation R if there is at most on-~- value of CI for each value of C2. Relations in “third

normal form” (and higher order forms) conform to certain kinds of restrictions on the

functional dependencies between their columns. Relations in these normal forms are free

from certain kinds of undesirable update anomalies.

Normalization is thus Intended to accomplish the following:

I. It eliminates certain types of update anomalies.

2. It increases the ability of a relational data base to capture certain types of semantic

information. (Needless to say of course, functional dependencies can capture only a

portion of the desirable semantic information (Bernstein 1975a, Bernstein 1975b,

Bernstein l975c, Bernstein 1976).)

3. It allows a relational data base to be organized in such a way that logIcal redundancy

is reduced. However, normal forms eliminate only limited kinds of redundancies. In

practice , there are a tremendous number of ways in which logical redundancy can

appear In an application environment.

In consequence of the third point above, we believe that It is not feasible to eliminate

L _ _ _  ~~~~~~~~~~ 
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redundancy from data bases. On the contrary. it is not even desirable for a data base user

to see a non redundant data base. Application environments are Inherently redundant, and

to accurately model the semantics of an application environment by a data base, a

redundant schema is a great help [Bubenko 1977a, Meltzer 19761 The relational and other

conventional data models have great difficulty in integrating redundant (derived)

information into a data base schema.

6. The relational data model does accomodate redundancy and derived Information to some

extent by means of superimposed views, but this Information is not integrated Into a data

base schema. In effect, views can serve as retrieval transactions on a data base, since they

derive information from it . For example , view CURRENT_SHIP_CAPTAIN may be

established if users commmonly need to associate a ship with its current captain. However,

there are several serious problems with superimposed views:

a. Views place semantic information outside a data base schema. This means that It

is much harder for the data base designer to balance the potentially conflicting

needs of the views. The onus is also on the user to locate a view appropriate to his

current needs. This may be quite difficult for him, just as it may be hard to find a

relevant storet transaction, or to find a relevant program In a program library.

b. Since a view is defined by a materialization expression which Is essentially a data

selection transaction (query), views can accomodate only Information which Is

derived from data in the data base. Views cannot Include additional “primitive”

Information, which Is to be explicitly entered by users. For example, in the TMAE

_ _  j
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it might be necessary to’ record additional information on ships at sea (as opposed to

other ships), but view SHIP_AT_SEA is derived from SHIP and can have only

derived information in It.

c. The proposed view mechanisms for relational data bases (Astrahan 1976,

Chamberlin 1975, Dale 197Th, Eswaran 1976b, Klug 1977, Stonebraker 1975b, Summers

l975b, Zaniolo 1977) all include limited capabilities for defining derived Information.

They allow derived relations to be defined as row and column subsets of the tuples

of relations the data base, and as joins of data base relations. Thus these facilities

do not focus on the different semantic ways in which derived information can be

defined. For example, we should like to allow a user, given a ship, to refer to all

Inspections of It. In this case, a derived attribute of ship entitles is needed; the

value of this attribute is calculated by examining the attribute of inspections that

specifies the identity of the ship being inspected.

d. The facilities provided for designing views do not strongly encourage good

design. It is all too easy to define a view Inappropriate to the current and future

uses of a data base. For example, view SHIP_AT_SEA has been defined to provide

the’ name of each ship banned from U.S. coastal waters, but It is difficult to use this

view to find the hull number of each such ship.

The Important point is that derived Information should be integrated into a data base

rather than superimposed on top of it.

7. The relational data model suffers from the problem of d1sJ ~nt structures. Relations

L : . ~~~~~~~~~~~~~~~ . . - _ , -- -
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and the information in them are Isolated, and are not well connected. Tuples of

relations can be linked only by join connections; this severely limits the possible ways of

expressing interrelationships between ent ities. An important consequence of this

semantic inflexibility is that tuples are members of only one relation (the “legacy of

record technology” (Kent 1976)). This means, for example, that it Is difficult to capture

the fact that a tuple in the relation for all ships and a tuple In the relation for all oil

tankers represent the same entity (ship).

8. The problem of noninte grated subtypes is a consequence of the use of disjoint

structures. It is not possible to model the fact that oil tanker is a subtype of ship. (This

is the “is a” relationship often referred to in artificial intelligence research on knowled ge

representation.) Such subtype information is important to the meaning of data. One

important aspect of subtypes is the inheritance of attributes; for example, all attributes

of ships are inherited by oil tankers, since all oil tankers are ships. Although limited

capabilities of subtype definition can be accomplished via the introduction of semantic

integrity constraints [Hammer I975a, Hammer 1976d), this is a somewhat ad hoc solution

to an important problem of semant ics and accurate modelling of the application

environment.

9. There is a set of ri gid attributes for each relation, which means that the existence of

an attribute cannot be conditional on properties of the entity it describes. For example,

in relation SHIP _POSITION, we must have both attributes Ship_ name and

Convoy_name, because some position reports are for ships and some are for convoys.

_ _ _  -- - - - - -~~~ -~ ~~~~~- _ _  - Ad
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“NuH” s must be used for irrelevant attributes. Alternatively, separate relations could be

introduced to accomodate position reports for ships ahd position reports for convoys;

however , if this approach were adopted, it would be difficult to meaningfully relate the

two types of position reports (mainly due to the problems of disjoint structures and

non integrated subtypes).

10. The collection of entities in an application environment into aggregates (groups) Is

handled in the relational data model by associating the values of a name for the

aggregate (aggregation b, name association ). No direct semantic construct Is provided to

model collections of entities . Instead, aggregates are modelled by using vertical

connections within a relation; each aggregate is defined as consisting of those tuples in

a relation sharing a common value in a column. For example, convoys are modelled by

means of relation CONVOY; each convoy is given a name and the members of a

convoy are those ships that share a common value of Convoy_name. Notably, this

forces a view of aggregates that is too low in level. it may also require the Introduction

of an artificial attribute; for example, Convoy_name of CONVOYS may not be a

meaningful attribute, but rather introduced only In order to allow convoys to be defined

in the data base.

II. In the relational data model, dynamic subsets of collections of entities are descrIbed by

collecting together their names (dynamic subsets by name). A subset of a collection of

entities is often modelled by a relation that contains the names of the entities In the

subset. For example, relatIon BANNED_SHIP records the set of ships that are currently

- :, - ~~~~~~~~~~~~~~~~~~~~~~~~ ~ — 44
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banned from U.S. coastal waters. An Important semantic construct , the subset, Is

handled artificially. Again, the structures a user sees are at too low a level. In the

example, the user must also cross reference to relation SHIP to find the attributes of

ships present In relation BANNED_SHIPS.

12. The relational data model lacks a capability for relating entities to their types

(art if icial abstraction). For example, It Is not possible to capture the fact that relation

SHIP_TYPE contains tuples that model types of ships, I.e., that tuples in SHIP_TYPE

are type abstractions, whose instances are modelled by tuples In relation SHIP.

13. The relational data model suffers from a static orientation: events, activities, and

actions [Bubenko l977a, Bubenko 1977b, Langefors 1974, Langefors 1977) in an

application environment are not directl y accomodated. For example, the event of a ship

sailing into port must be indirectly and artificially modelled by recording In a position

report that a given ship is in a particula r port. And, when this fact Is modelled in this

form , it may be hard for a user to find it.

14. The lack of an adequate capability for modelling other types of events, such as those

that have a duration (as opposed to instantaneous ones) causes the need for artificial

association enti ties In the relational data model. It is often necessary to construct

relations whose sole purpose is to relate entities. This Is reasonable If the association

among entities makes sense as an entity Itself. For example, If It makes sense to talk

about assignments of captains to ships as entities In the TMAE, then it Is not

unreasonable to use relation ASSIGNMENT for this purpose. In other cases, It Is

- - - ~~~~~~~~~~~ -~~ 
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sometimes more semantically appropriate to model entity relationships via attributes of

those entities. In such cases , an artificial association entity must be defined in the

relational data model. If the concept of “assignment” were not relevant In the TMAE,

then relation ASSIGNMENT would introduce an artificial association entity. Even

when an association entity makes sense, it is better to view it at a higher level, e.g., as a

duration event.

15. The representation of (semantic) information in relation and column names causes

some problems for users, since names are used for so many purposes. This reliance on

names is necessary because the relational data model does not provide sufficient means

for expressing important semantic information. It is sometimes difficult to name some of

the relations that must be introduced, because they do not directly model things In the

application environment. Examples include view SHIP_WITH _FLAG, and column

Name in relation PORT_OF_SHIP. Moreover, a user cannot express second order

interactions (involving relation and column names). e.g., the user cannot find all

relations that contain ships (e.g., OIL_TANKER, COMMERCIAL_SHIP).

16. The relational data model incorporates an inflexible degree of binding In data

modelling. In order to capture the fact that some aspects of entities do not change . It Is

necessary to distinguish “fixed” and “changeable” data. For example, it is essential to

somehow capture the fact that the length of a ship should not change (except to correct

a data recording error), while the position of a ship Is normally highly changeable. The

relational data model does not accomodate this differentiatIon.
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17. Relational data bases tend not to be organized into relations which are natural units

for update (lack of semantic update units). For example, because multi-valued attributes

are not allowed In a relatIon, an update which changes that multi-valued attribute must

affect more than one relation. Many of the problems mentioned above contribute to this

lack of semantic update units. As a further example, we note that although the filing of

a sailing plan may be a natural unit of update activity, the information to be recorded

in th i s  up date  Is s c a t t e r e d  into re la t ions  SAILING _ PLAN and

SAILING_PLAN_STOPS. This makes it difficult for update transactions to be defined

and understood , and for the DBMS to automatically check that an update is

meaningful.

18. The relational data model is lacking In Its ability to provide (multiple) orderings

among the data (missing ordering capabilities) . Ordering of Information (e.g., tuples in a -

relation) is an important structuring ca pability, but it Is not directly accomodated in the

relational data model. For example, it is important to be able to refer to “the last three

inspections of a ship”; to accomplish this kind of ordering reference in the relational

data model, the user must awkwardly nest predicates on attributes of INSPECTION, or

he must manually define an ordering attribute by scaning through INSPECTION for

the last three tuples for each ship.

19. Much information about the structure of an application 
- 
system simply cannot be

expressed in a relational schema (unex pressed semantic information). The relational data

model provides only a limited set of mechanisms with which to express information
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about the organization of the problem domain, and some of these are cumbersome to

use. Knowledge that cannot be naturally represented in these terms must either be

carried exp licitly as data in the data base , or be ca ptured by means of an external

mechanism such as semantic integrity constraints, or it will simply remain unexpressed.

We believe that the more information about the meaning and structure of a data base

that is explicitly expressed in its schema, the less the user needs to remember and keep

in his mind; user interaction with the data base then becomes simpler and more

reliable. The situation is analogous to the move from representation to abstraction in

data types as a means of achieving software reliability.

Having now detailed the semantic modelling problems of the relational data model,

we consider the network and hierarchical data models. In the discussion, we compare the

modelling effectiveness of the network and hierarchical models with that of the relational

model, and examine the modelling differences among them.

2.7. Comparison with the Network and Hierarchical Data Models

Before directly addressing issues of data modelling effectiveness and semantic

expressibility for the network and hierarchical data models, we note that a good deal of

discussion has accompanied the controversy concerning which logIcal data model is best

(Codd 1974c, Codd l975b, Date 1974]. There are several results of this debate

I. It is desirable for the user’s view of a data base to be at a high level. This means in

particular that Issues of physical storage structures , access methods, and other

___________ - - _s



~ ---—~ --— ~~~~~~~~-~~~~~ ---~ ~~~~~~~~~~~~~ —~~~~-_ - ~~~~~~~~~~~~~~~~~~~~ 

SI

implementation issues should not be included in the logical data base schema. In its

classical form (Codasyl 1971], the network data model includes many schema definition

features which appear to be motivated by physical Implementation considerations (such

as details of the method used to store set types). Moreover, the logical structures in a

network schema are often viewed as those to be physically implemented as well. This

means for instance that the set types defined in a network schema specify the physical

access paths that will be maintained in the imp lementation. Thus, in the Codasyl

model, data independence has been to a large extent compromised. By contrast , it is

stressed that a relational schema provides no detail of how I’ data will actually be

stored (Codd 1970).

2. The Codasyl DBTG model is very comp lex. It contains a very large number of

features, whose specific utility in semantic modelling is not particularly clear. On the

other hand, the relational data model is quite simple, and its features are very easy to

understand. As we have pointed cut, this implies that the relational model suffers from

semantic overloading. i.e., that the relation is used to model many dIfferent types of

semantic information. The network model provides features which correspond to

natural constructs for modelling, such as repeating groups (multi-valued attributes), and

a specification of which logical links make sense. Unfortunately, the model is cluttered

with less useful features , and many of its features are on too low a level (e.g., the concept

of a record).

3. Data selection and modification languages for networ k systems tend to be oriented to 

- -~~~~~~~~~~~~~ -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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record -at-a-time access. “Navigation” (Bachman 1973] from one record to another is

stressed . By contrast , most of the data selection and modification languages developed

for relational data base management systems are oriented to dealing with sets of things.

Furthermore, relational languages tend to isolate the user from implementation detail,

whi le in network systems the user must be conscious of the physical realization of the

data base [Chamberlin 1974, Chamberlin I976c, Held 1975a, Zloof 1975a). It should be

noted that it is certainly possible for a network data model to avoid details of physical

storage and access methods, but traditionally this is not the case. Also, it is possible for

a high level, nonprocedural, set -oriented retrieval language to be bulk for a network

data base management system [Fehder 1974, Held 1975b) as well as for a relational

system.

4. Another important result of the debate concerning which of the conventional data

models is most useful, is in fact that none of them is best in all cases. It is important

then to provide a data model which incorporates the best aspects of each of these

conventional models, while at the same time raising the level of the user’s view of a data

base.

We have noted that details of ph ysical data storage and access methods tend to be

present in the network, and to a large extent the hierarchical, data models. However, if this

information is removed from the logical data model, the use of a hierarchy or network to

organize a data base has important ramifications on modelling. We will discuss these

modelling issues by comparison with the semantic problems of the relational data model
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described above . In this comparison, we shall deal simultaneously with networks and

hierarchies: since hierarchies are a special case of networks , we stress the network model

and comment on how the issues differ for the hierarchical model, when relevant.

2.7.1. Semantic-Modelling with Hierarchies and Networks

Many of the semantic problems associated with the relational data model are also

present in the network and hierarchical data models, however some differences are also

important:

I. The problem of “syntactic data structures w and its associated subproblerns are present

in the network (and hierarchical) models, e.g., the “record type” data structure is

representational . However , the DBTG “set type ” does provide a better means of

modelling interconnections of entities (records). These information-bearing structures

are similar in purpose to relational “joins”, but they are explicitly declared In the

schema. This has the advantage of allowing the data base designer to specify which

interconnections make sense.

The hierarchical data model goes a step further towards Imposing a strong

structure on a data base: a single tree structure is specified for each data base. The

important point here is that imposing a hierarchical structure on a data base does serve

to semantically strut ture a schema. For example, placing under a given captain all the

ships he has commanded makes it easy and natural to ask about a captain’s commands.

The problem though is that of determining a single hierarchical structure that can
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accomodate many different data base uses and views, e.g.. allowing a user to find all of

the captains that a given ship has had. it is this problem that makes the hierarchIcal

data model unattractive in many cases. (The reader is encouraged to try to design a

hieraicriical data base for the TMAE.)

2. The network data model suffers from a “name orientaticn” as does the relational data

model. However , the “set type” construct does eliminate the need for some kinds of

explicit cross referencing between related records: if a “set type” connect two “record

types ”, a user can travel from the owner to the member records directly . If an

appropriate “set type” is not defined, then the user may need to explicitly cross reference

between records as in the relational data model. The “set type” also relieves problem of

“disjoint structures” to some extent , in that a mechanism Is provided for connectIng

related records . Of course, there is only a single mechanism which must be used for

many different semantic types of connections.

3. Since multi-valued attributes are accomodated In the network model (repeating

groups), the network model does not exhibit the problem of “single-valued attributes”.

4. Some “ordering capabilities” are present in the DBTG model, which allow record and

set types to be ordered in limited ways. This Is better than In the relational data model,

but the facilities are still too limited, e.g., a single ordering must be selected.

5. Network schemas accomodate some types of redundancy which are not commonly

present in relational data bases. For example, “automatIc” Insertion of a new record into

a specified set in a data base can be triggered In a network data base; the set Into
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which this insertion is to be made is determined by other information in the data base.

This illustrates a form of redundant lderived information in the network model.

6. The problem of “dynamic subset by name” is handled in a sense In the network data

model: the “set type” construct can be used to define a user controllable link between

records.

7. The problems of “atomic value sets”, “nonintegrated subtypes”. “rigid attributes”,

“aggregation by name association”, “artificial abstraction”, “static orientation”, “inflexible

degree of binding”, “lack of semantic update unIts”, “superimposed views ” and

“unexpressed semantic Information” are all present in the network and hierarchical data

models. The problem of “information in relation and column names” has a counterpart

in the network model, namely concerning the naming of “record types” and “set types”.

The problem of “artificial association entities” is not only present in the network model,

but the situation is even worse than In the relational model: since set types only support

one-to-many connections, many-to-many associations must be modelled by Introducing a

dummy relationship record.

In summary, while the network and hierarchical models provide partial solutions to a

few of the semantic modelling problems, these models fall far short of the comprehensive

semantic data model which Is desirable. The modelling degrees of freedom introduced in

the network data model are an advantage over the relational model, in that It Is possible to

model things is a way appropriate to the semantics of the application environment. For

examp le, to model a repeating attribute, the designer has the option of selecting a relational

~
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type interfile (interrelation), a repeating group, or an lnterrecord “set type” connection. This

is an advantage, in that one can model things in a wa y most consistent with the semantics

of the application environment. Unfortunately, as in the relational data model, the

vocabulary of data structures and interconnections provided for modelling is on a level 
-

significantly lower than desirable from the user ’s point of view: there Is a poor

correspondence between the level of modelling construct needed and the facilities offered by

the DBTC model.

2.8. Extensions and Modifications of the Conventional Data Models

In response to many of the problems discovered in conventional data models, several

types of extensions of the relational data model have been proposed. In this section, we

briefly examine the proposed extensions by outlining the major thrust of recent work; we

stress the problems they do and do not solve:

I. The relational data model has been extended to include capabilities for supporting

multiple user views (as discussed above).

2. The direct extension of the relational data model to include “semantic Integrity

constraints ” of various types has been proposed [Eswa ran 1975, Hammer 1975a, Hammer

- 

l976d , McLeod 1976b, McLeod 1976e, Stonebraker l974b). This approach basicall y

consists of enforcing predicates on states of a data base or transitions between data base

states . The semantic integrity constraints are stated as a part of the data base schema.

The constraints are predicates that are automatically enforced by the data base

_____- -
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management system, and an appropriate action Is taken If a predicate is found to be

violated. It is important to note that semantic integrity constraints are superimposed on

top of a relational data base, and that no reasonable guidelines have been developed for

guiding the design of a complete and consistent set of constraints. We believe that it is

better to integrate semantic constraints into the data model itself, viz., into the semantic

data structures of the data model.

3. Several recent efforts have focussed upon how semantic information can be captured

in the relational data model, and upon how it should (Ideally) be captured In that

model:

a. Schmid and Swenson (Schmid 1975a1 have Investigated how semantic Information

is captured in the relational data model, by classifying relations by “type”. e.g.,

relations which contain autonomous objects , those that describe repeating

characterist ics of objects, and those which capture associations among objects. This

- work clarifies the ways En which relations are used to model application environment

semantics. However, it does not really attack the issues from the user’s viewpoint,

and it introduces some distinctions not clearly useful to a user. In sum, this work

attempts to explain the uses of relations, but It does not attempt to extend the power

of the relational model in capturing semantic Information useful to a data base’s

users.

b. In a somewhat similar way, Wiederhold (Wiederhold 1977] has also analyzed

relation types. He distinguishes relations which -capture entity existence, relations 

~
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that match an entity to one of its names (“lexicons”), relations which establish

associations among entities, and relations that are used to model multi-valued entity

attributes (“nests”). Again, this work explains the ways in which relations can be

used, but does not propose guidelines for how they should be used, not does It try to

extend the ability of the relational model to capture semantic information.

c. The “hyperrelational model” of Chang (Chang 1975] has attacked the problem of

vertical connection, by allowing subrelatlons to be defined, e.g. defining a set of

relations for each convoy by grouping the tuples in CONVOY on common value of

Convoy_ name and placing them in the relation with the value of Convoyj iame as

its name. This work is closely related to the work on relational ~‘iews, and has

focused on a specific extension of the relational model.

d. Smith and Smith (Smith 1977a, Smith 1977b, Smith l977c, Smith 1978a] have

presented a design methodology for relational data bases based on the semantics of

the application environment. In particular, they propose “generalization” (related to

“is a” relationships) and “aggregation” (collecting together attributes of an entity) as

concepts in terms of which to structure the relational data base design process.

Although their work identifies several important issues, we believe that It suffers

from two principal difficulties:

i. The semantic primitives that it provides are too limited.

ii. The work Is oriented towards relations, and Is couched In terms of them.

We shall have a good deal more to say about this important work In chapter 4. 
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4. A number of data models have recently surfaced that can be described as “entity -

property - association” models:

a. the entity relationship model of Chen (Chen 1976, Chen 1977a],

b. the work of McGee (McGee 1976],

c. and the entity - property - association model of Pirotte (Pirotte 1976, Pirotte 1977).

Chen’s entity relationship model is representa~i.v~~of these three models, and we

briefly describe it here. In this data mod~ frrntormation Is organized into entity sets and

relationship sets. An entity set isa—thllection of entities of a given type (e.g.. a ship), and

a relationship set is a collection of associations among entities that are of the same kind

(e.g.. assignments of captains to ships). The entities involved in an association play

specified roles therein, e.g., captain and ship in the relationship set associating ships

with their current captain. The roles in an association can be constrained to satisfy

functionality constraints , e.g., each ship has at most one captain . Each entity and

relationship set has an associated collection of attributes, which are the characteristics of

that entity or relationship type. The values of attributes are taken from specified “value

sets”, which are collections of atomic data objects (e.g., person name, date, etc.).

Entity and relationship sets are represented in table form: entity relations contain

one tuple for each entity, and relationship relations contain one tuple for each instance

of an association . A unique identifier (“primary key”) for each such relation is selected.

In some cases the tuples of an entity or relationshi p relation cannot be uniquely

identified by the values of their own identifiers; in this case the participation of an
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entity or association in some relationship is used to identify It (a “weak” entity or

relationship relation). Distinguishing weak entity and relationship sets allows a certain

type of integrity constraint to be expressed. i.e., deleting a relationship relation tuple

causes automatic deletion of weak entities in the relationshIp.

The principal problem with the entity relationship data model, as well as the

other “entity - property - association” models are

a. The structures of the model are too closely tied to relations. Notably, these data

models have been mainly described as extensIons of the relational data model and

design aids for guiding the construction of relational data bases. (Chen has recently

examined the use of the entity relationship model to design network data bases as

well (Chen 1978a].) We believe that even a well designed relational data base cannot

naturally and effectively model a complex application domain.

b. The proposed models are also insufficiently rich and do not offer the range of

flexible modelling capabilities desirable. For example, the entity relationship model:

does not directly accomodate associations among relations (Chen 1976], does not

allow entities to be used as values of attributes (but rather forces the use of atomic

“value sets”), does not capture essential semantic differences, such as the distinction

of objects and event.

In sum, although these research efforts have contributed valuable insights into the

problem of semantic data modelling, none of them has taken an Integrated approach to the

whole problem.

- - - -  - -~~ -- - - - 
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2.9. Other Related Approaches

There have been a number of recent studies in the area of data base semantics that

have appeared outside the context of the relational data model. Here, we summarize the

highlights, relevant implications, and shortcomings of this work:

I. Several functional dependency based approaches have been suggested. wherein the

design of a data base is based directly upon functional dependencies between values In

it. Thus, the fundamental data structuring concept is that of relating sets of values by

means of the functional relationships between them. Examples of this approach are

a. the functional model (Kerschberg 1976d, Sibley l977a],

b. the synthesis approach to designing relations from a set of functional

dependencies [Bernstein l975a, Bernstein l97~b, Bernstein l975c, Bernstein 1976],

c. the decomposition approach to generating a “good” set of relations from a “bad”

one, by using functional dependencies (Codd 1971b, Codd 197k],

d. extensions to multi-valued dependencies (Fagln 1977b. PaolinI 197Th, Pelagattl

1977, Sharman 1976].

The principal shortcoming of this approach is that functional dependencies are

adequate to capture only limited types of semantic informatIon.

2. Several data models that present a binary relational logical schema to users have been

proposed, most notably:

a. the entity set model (Senko 1974, Senko l976a, Senko l976c, Senko 1977], whIch Is 
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based on nonredundant, symmetric binary associations between entity sets and entity

name sets (in the DIAM 11 infological level),

b. the binary relational model (Bracchi 1972, Bracchi 1974, Bracchl 1976],

c. the data semantics model [Abrlal 1974].

One of the main problems with binary relational data models is that It Is difficult to

easily accomodate n-ary relations: (potentially artificial) association entitles must be

introduced. Another problem with the three approaches described above Is that, as Is

the case for the “entit y - property - association” models, insufficient richness of modelling

constructs is provided.

3. The “link and selector language” (Tsichritzis l976a] has provided a unification of

many of the advantages of the relational, network, and hierarchical data models vls-a-

vis logical data modelling. Here, record types are flat files (relations) wIth duplicates

and an ordering, and links are explicit joins (and do not carry Information). Selectors

are used to define restrictions of record types by means of a predicate on the fields of

the record. The contribution of this data model vis-a-vis data modelling Is that it has

revealed some of the commonalities of the relational and network data models, e.g., by

supporting explicit specification of which logical interrecord connections make semantic

sense.

4. The “role model” (Bachman 1977b) has been developed as an extension of the network

data model, Here, the roles that entities can play are emphasized e.g., persons can play

the role of captains of ships, shIp Inspectors, etc. This work highlights the Importance

- SW.,~~~~~~~s~~ gjfl -. - - 2 - .t - ~~~~.. .~rZ.fl ~rS.,_flfl .. 2..t..&. aSt~s - - W . ~ :a~ ,. •saJz~~~_X~~~~~~&a — - -
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of distinguishing the specific semantic relationships that can exist between entities.

Each of these efforts has made important and specific observations concern *ng the

relevance of including certain types of semantic information in a data model. i-!~.’.’ever,

none of these efforts has attempted to provide a comprehensive solution.

2.10. Knowledge Representation in Artificial Intelligence

Researchers in the field of artificial intelligence (Al) have long been concerned with

the problem of “knowledge representation”, i.e., with schemes for storing and accessing

knowledge in computers. The importance of the need for effective modelling capabilities to

facilitate the construction of computerized data bases that closely mirror the inherent

semantics of an application environment has been recognized by Al researchers. The work

on “semantic networks ” exemplifies the concern in artificial intelligence research with

problems of data base management , such as the modelling of entities and the

interconnections among them (Bobrow 1977a, Bobrow l977b, Fikes 1977, Hawkinson 1975.

Hayes 1977. Hendrix 1977b, Roussopoulos 1975, Szolovits 1977].

At the highest level, much of the work in Al and data base management have related

goals, namely that of usefully structuring large quantities of Information. However, there

are a number of ways in which our approach differs from the work In Al knowledge

representation:

I. Although we are not settling for a very formal, extremely simple data model (like the

relational data model), we are not atte mpting to solve the complete problem of

- - — — — -~~ -- S ~~~~~~~~~~~~~ - ~~~--.
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knowledge representation. That is, we are not attempting to provide a framework to

facilitate the expression of a wide variety of “general” and “common sense” knowledge.

Rather , we are focusing on capturing in a data base description the types of semantic

information useful in typical data base applications.

2. We are oriented toward providing a framework for data modelling, rather than

establishing a basis for the modelling of “intelligent” processes. For example, we are

concerned with providing a data base structure that relates the structure that models “oil

tankers” to the structure that models “ships” (i.e.~ that oil tankers are a special kind of

ship), rather than emphasizing that fact that “oil tanker ” is a concept that is a

specialization of the concept of “ship”.

3. The embedding of information concerning the solution to application problems is not

an ex plicit concern in our work. We are interested in capturing data and its meaning,

but are not attempting to develop capabilities for actually accomplishing problem

solving act iv i t ies In the a pplication environment (such as scheduling actions ,

automatically running factory machinery, etc.)

2.11. ConclusIons

In the above analysis of semantic problems with conventional data models, we have

specifically focused on the relational data model, pointing out Its many problems with

respect to semantic data modelling from the view point of the data base user. We do not

intend to belittle the Importance and utility of many of the Ideas Introduced by recent work 

-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .r
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on relational data base management techniques. Rather, we suggest that a new research

direction needs to be fruitfully followed: to provide a higher level semantic data model.

Thus we build upon much of the work on relational and other conventional data modelling

techniques.

Previous work in data base management which has directly or indirectly focussed on

semantic data modelling has revealed a number of important Issues and has proposed useful

modelling techniques. Similar contributions have been made by the network and

hierarchica l data models. We draw on this work in our approach. These efforts have

mainly focused on one or two insights into semantic modelling; these efforts for the most

part have not provided a comprehensive and integrated approach to semantic modelling.

In the next chapter we describe a new data model (data base structurin g mechanism ) which

attempts to provide such an integrated approach.

L -
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3. THE SEMANTIC DATA MODEL

This chapter describes the SDM (semantic data model) In detail. The emphasis in

this chapter is on providing a specification of the SDM; In chapter 4, the SDM Is

discussed, as well as the effectiveness of the SDM in modelling natural structures In an

application environment.

3.1. The Basic Structure of an SDM Data Base

The SDM is designed to provide features for the natural modelling of data base

application environments. To design the SDM, we analyzed many data base applications,

assessed the shortcomings of conventional data models in capturing the semantics of these

applications , and designed strategies to handle the important problems revealed. The

design process was iterative, in that features were removed, added, and modIfied during

various stages of design.

The process of designing the SDM has provided a detailed data model which Is

specified in this chapter. In designing the SDM, we have been guided by the following

general principles of data base organization:

I. A data base should be and Is viewed as a collection of entitles , which are the relevant

abstract objects in the application environment.

2. The entities in a data base are organized into classes , which are meaningfu l

collections of relevant abstrart objects.

3. The classes of a data base are not in general Independent, but rather are logically

L - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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linked via intercia ss connections.

4. Data base entities and classes have attributes , which describe their characteristics, and

relate them to other data base entities.

5. A spectrum of ways of defining interciass connections and attributes is provided,

corresponding to the common types of constructs appearing in data base applications. A

structured stepwise mechanism is provided to define more complicated kinds of

attributes and interclass relationships.

3.2. Classes and Entities

An SDM data base is a collection of classes. The structure and organIzation of an

SDM data base is specified in an 3DM schema , which specifies the classes in the data base.

Figure 3-1 contains an example SDM schema for a portion of the “tanker monitoring

application environment ”, defining a number of classes. Examples in this chapter are based

on this application domain, which is concerned with monitoring and controlling ships with

potentially hazardous cargoes, e.g., oil tankers , as they enter U.S. coastal waters and ports.

A data base supporting this application would be used to keep track of ships, oil tankers,

ship names, tanker inspections, oil spills, ships that are banned from U.S. waters, and so

forth.

Each class in an SDM schema has the following features:

I. A class name identifies the class. (For notational convenience , class names are

specified by strings of upper case letters, which may be connected by the character “_“ .)

— -
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Each class in an SDM schema has a distinct name.

2. Each class has a collection of members , which are the entities that belong to it. The

phrases “the members of a class” and “the entities in a class” are thus synonymous. Each

class is a homogeneous collection of one of the following types of members (entity types>:

a. Objects are concrete or abstract entities In the application environment. There

are the following types of objects:

I . A concrete object is an entity (either physical or intangible), such as a ship or a

port . in figure 3-I , classes SHIPS , OFFICERS, COUNTRIES, and

OIL_TANKERS are examples of concrete object classes. (Note that we do not

mean to ascribe any strong philosophical interpretation to the terms “concrete”

and “abstract” here.)

ii. An abstraction is a generalization of another entity; loosely, the purpose of an

abstraction is to “abstract the essence” of another kind of entity. As such,

abstractions are related to the notions of “generalization” and “block” as

described by Smith and Smith [Smith 1977a, Smith l977b, Smith l978a). An

examp le of an abstraction class is SHIP_TYPES (as shown on one of the latter

pages of figure 3-I).

iii. An aggre gaze is a (homogeneous) collection of another type of entity. For

examp le, a ship convoy Is an aggregate of ships (see class CONVOYS in figure

3-1). (Note that the term “aggregate” is used here in a different way from the - ;

way it Is used in the related work of Smith and Smith (Smith 1977a, Smith 197Th,
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Smith 19784)

b. Events are actions or activities In the application environment in which objects

participate

I. A point event Is an event whose essential feature is its occurrence, such as a

ship accident (classes INCIDENTS and OIL_SPILLS).

it . A duration event is one whose duration Is of interest, e.g.. the assignment of a

captain to a ship (class ASSIGNMENTS).

c. Names are designators for objects or events. A name is used to stand for and

thereby replace an object or an event when the nature and structure of that object or

event are not of interest. A name is representational, in that it Is a number or a

string, rather than some actual entity in the application environment. The name

classes STRINGS and NUMBERS are built Into the SDM , and are used to

construct other name classes. Examples of defined name classes are SHIP_NAMES

(the set of all possible names of ships), DATES (calendar dates), and KNOTS

(speeds in knots).

Figure 3-2 contains a summary of the possible types of members an SDM class may

contain.

3. Each class has a collection of attributes which describe the members of that class or

the class as a whole. There are three types of attributes, classified according to their

applicabil ity :

a. A member attribute describes an aspect of each member of a class, by logically

_ _ _ _  _ _  
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connecting the member to one or more related entities in the same or another class.

Thus , a member attri bute Is used to describ e each member of some class. For

example, each member of class SHIPS has attributes Name, Captain, and Engine s,

which link a ship to its name, current captain, and engines (respectively). The

Name and Captain attributes are defined in figure 3-1 as member properties, while

Engines Is a component member attribute (I.e., It models a component of a concrete

object ). (A more detailed discussion of attributes is provided in section 3.3.)

b. An attribute of each member of a class that has the same valu e for all members

of that class is a class-determined attribute. Such an attribute Is a member attribu te.

but It is associated with the class as a whole because the attribute has the same value

for all class members. For example. to capture the fact that no oil tanker can sail

faster than some top speed, the class-determined attribute Absolute_topjpeed of

class OIL_TANKERS is defined (see figure 3-i).

c. A class attribute describes a property of a class taken as a who le. For examp le,

the class INSPECTIONS has the attribute Number, which gives the number of

Inspections currently In the class.

4 Each class may (optionally) have a class description, which Is a textual explanation of

the nature, purpose, and uses of the class. This is a documentation aid. Class SHIPS In

figure 3-I has such a description.

5. Each class is either a base class or a nonbase class. A base class is one that is defined

Independently of other classes in the data base, while a nonbase class is defined In terms
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of one or more other classes. (Nonbase classes are discussed In detail In section 3.2i.)

6. For a base class, the class member kind is explicitly specified as one of the following:

a. a concrete object class (e.g.. SHIPS).

b. a point event class (e.g., INCIDENTS),

c. a duration event class (e.g., ASSIGNMENTS).

7. Each base class Is specified as either containing duplicates or not containing duplicates.

(The default is no duplicates.) A class with duplicates models a mukiset/bag of entitles;

this means that some of the members of the class are indistinguishable. For example, a

multiset class can be used to model a collection of spare ship engine parts of a given

type, since they are equivalent for the purposes of repair.

8. Each base class has an associated list of groups of member attributes; each of these

groups serves as a key to uniquely identify the members of a class (ident~flers). There

must be a one-to-one correspondence between the values of each Identifying attribute or

attribute group and the entities in a class. For example, class SHIPS has the unique

identifier Name, as well as the (alternative) unique Identifier Hull_number. Of course,

multiset classes have no unique identifiers.

9. For a nonbase class, an interclass connection Is specified, whose purpose is to define

the class in terms of others. In the schema definition syntax (as in the example In figure

3-I), the existence of a derivation for a class means that it Is nonbase the derivation

specifies which Interclass connectIon is used to related the class to other class(es) in the

data base. Each nonbase class thus has associated with It exactly one interc lass
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connection.

3.2.1. Interclass Conne ctions

Figure 3-3 contains a few examples of SDM classes and their interclass connectIons.

The meaning of these (and several other) lnterclass connections Is explained In this section.

In all, there are seven types of interclass conr~ctions in the SDM. These seven lnterclass

connections are organized into two main categories:

I. The first five interclass connections allow a nonbase class (C) to be defined whose

members are of the same basic entity type as those in the class(es) to which C Is related

(via the interclass connection). This type of interclass connection Is used to define a

subclass or a superclass of a given clasi. A subclass S of a class C Is a class that contains

some, but not necessarily all, of the members of C. A superclass S of a class C Is a class

that contains at least all of the members of C. Note that the very same entity can thus be

a member of man y classes , e.g., a given sh ip entity may be a member of classes SHIPS,

OIL_TANKERS, and MERCHANT_SHIPS. This Is distinctly different from most

data models, e.g., the relational data model, wherein a tuple is a member of exactly one

relation.

The five intercloss connections in this first category are as follows:

a. Restrict defines a subclass In terms of attribute(s) of a pa rent class. A restriction

subclass C2 contains precisely those members of Cl which satisfy some specified

predicate on the members of Cl. The very same entitles that are members of the
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subclass C2 (defined by restriction on CI) are also members of the parent class Cl. A

restriction of a class of concrete objects is obviously a class of concrete objects;

analogous statements are true for classes of (point and duration) events, and names.

MERCHANT_SHIPS is an example of a class defined by restriction, as shown In

figure 3-I; the restriction predicate here on members of SHIPS is “Type —

‘merchant ’”, which requires the attribute Type to have the value “merchant ”.

Similarly, class OIL_SPILLS is defined as a restriction of class INCIDENTS.

b. Subset defines a user-controllable subclass of another. A subset class C2 contains

at all times only entities that are members of CI. However, unlike restriction, the

definition of C2 does not identify which members of CI are in C2; rather, data base

users explicitly add to (and delete from) C2. so long as the subset limitation Es

observed. For example, BANNED_SHIPS is defined as a subset of SHIPS, allowing

some authority to ban a ship from U.S. waters (and possibly later remand that ban).

An essential difference between restriction and subset subclasses Is that the

members of a restriction are determined by other information in the data base, while

a subset ’s members are directl y and exp licitly identified as such by users. A

restriction defines a permanent subclass of the parent class, in the sense that the

predicate which defines it is fixed . The members of a restriction can of course

change over time, but only when attribute values for members of the parent class are

modified (e.g., MERCHANT_SHIPS will gain a new shIp as a member if the value

of attribute Type is set to “merchant” for some members of SHIPS.) By contrast,
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subclasses defined as subsets are more loosely defined: users routinely add members

of the parent class to a subset (and may subsequently remove them).

c. Merge members allows a new class (C) to be defined whose members are precisely

those that exist in either of two underl ying classes (UI, U2). If the underlying classes

are sets (have no duplicates), then the “merge members” Interclass connection Is

equivalent to a set union. (A complete discussion of how duplicates are handled is

provided In section 3.3.4.) For example , figure 3-1 contains the class

SHIPS_TO _BE_MONiTORED , which has a derivation that defines it as the

m e r g e  m e m b e r s  o f  B A N N E D _ S H I P S  a n d

OIL _TANK ERS _ R EQ3JIR INC _ INSPECTION. Figure 3-4a Illustrates the

definition of SHIPS_TO_BE_MONITORED.

It Is required that the underlying classes UI and U2 have a common root class

(R) in the SDM schema; that is, UI and U2 must be eventual subclasses of some

SDM class R. (Multiple levels of subclasses leading to R are acceptable.) In the

examp le . BANNED _ SHIPS is defined as a subset of SHIPS and

OIL_TANK ERS_REQ~~IRINC _INSPECTION Is a subset of OIL_TAN KERS

(which is in turn a restriction of SHIPS) thus, UI and U2 have a common root

class (namely, SHIPS). If duplicates are present In one or both of the underlying

classes, “merge members” places multiple occurrences In C equal In number to the

maximum of the number of occurrences in UI and the number of occurrences In U2.

In addition to “merge members”, the SDM provides two other multiset operator
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In ter class connections: namely those corresponding to set Intersection and set

difference. These three Interciass connections are Included In the SDM because it Is

often natural for a user to think of a class as being related to others as an

intersection, union, or difference. These interclass connections are also necessary for

completeness: since user-controllable subsets are present in the SDM, the restriction

mechanism is not sufficient to permit the definition of certain types of subclasses

involving subsets . For example, class intersection rather than restrIction must be

used to define class SHIPS_TO_BE_MONITORED, since BANNED_SHIPS and

OIL_TANKERS_REQ~JIRINGJNSPECTION are subsets: there are no relevant

member attributes of either of these classes which can be used to state an

appropriate restriction predicate.

d. Extract common members allows two SDM classes to be intersected. For example ,

the class BANNED_OIL_TANKERS as defined via “extract common members”

applied to classes OIL_TANKERS and BANNED_SHIPS (see figure 3-4b). As for

“merge members”, the underlying classes (UI and U2) must have a common root

class. And, if duplicates are present in one or both of the underlying classes, “extract

common members” places multiple occurrences in the new class C equal in number to

the minimum number of the times that member occurs In UI and Ut

e. Extract missin g members has the effect of defining a new class that Is the set .

difference of two SDM classes (UI and U2). Figure 3-k Illustrates the definition of

class SAFE _SHIPS, as consisting of those members of SHIPS not in the class
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BANNED_SHIPS. Again, the underlying classes must have a common root class.

Also, if duplicates are present in one or both of the underlying classes , extract

missing members” places multiple occurrences In the new class (C) equal in number

to the difference between the number of times that the member occurs in UI and the

number of times it occurs in U2; if the member occurs more times in U2 than In Ui,

it is not a member of C.

2. The remainin g two interc lass connections allow a nonbase class (C) to be defined

whose members are of a different basic entity type than those in the underlying class

(U). These two interclass connections allow higher level, abstract entities to be

constructed out of basic entities. In particular, the Interciass connections that allow such

second order classes to be defined are

a . Abstract defines a class whose members are generalizations of the members of

another class. The members of an abstraction class are called abstractions. For

example, the abstraction class SHIP_TYPES Is defined by the interciass connection

“abstract ” on class SHIPS (see figures 3-I and 3~3). The members of SHIP_TYPES

are types of ships: merchant, fishing, and military (in the TMAE data base). Ships

themselves are not the members of SHIP_TYPES, but are rather Instances of each

type (member of SHIP_TYPES).

To define an abstraction class, a grouping expression on the class underlying

the abstraction must be provided . This grouping expression collects the members of

the underlyang class into classes that contain the Instances of the corresponding

_ _ _  - . ~~~~~ - _ _ _  ~~~~~
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abstractions. The grouping allowed In an abstraction interclass connection is on

common value of one or more membet attributes of the underlying class. For

example, the grouping expression in the definition of class SHIP_TYPES In figure

3-I is “on common value of Type” (in SHIPS). Note that If the grouping expression

involves only a single-valued attribute, then the instances classes partition the class

underlying the abstraction (as for SHIP_TYPES); if a multi-valued attribute Is

Involved, then the instances classes may overlap.

The instances of a member of an abstraction class are a restriction of the class

underlying the abstraction. The grouping expression used In the specification of the

interclass connection “abstract ” thus corresponds to a collection of restriction

expressions. For example, for SHIP_TYPES, the grouping expression “on common

value of Type” corresponds to the restriction predicates (on SHIPS) “Type —

‘merchant’”, “Type — ‘fishing’”, and “Type ‘military’”. In fact, some or all of these

restrictions may be independently and explicitly defined in the data base. In figure

3-I, the class MERCHANT_SHIPS is defined as a restriction of SHIPS, and it Is

also listed in the definition of SHIP_TYPES as an instances class that Is explicitly

defined in the data base. In general, when an abstraction class is defined, a list of

the names of the instances classes that are explicitly defined In the data base should

be included in the specification of the lnterclass connection; the purpose of this list

is to highlight independent uses of restriction predicates that are Instances of the

grouping expression.

- - - -
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b. Aggregate defines a class whose members are aggregates. An aggregate Is a

collection of entities of a given type. The entities that constitute an aggregate are

called its con sWuents , and form a subset of the members of the class underlying the

aggregation . For exam ple, the class CONVOYS is defined in figure 3-I as a

(primitive) aggregate of SHIPS; thus, each member of CONVOYS is a collection of

SHIPS (I.e., the constituents of a convoy are ships).

The constituents of a member of an aggregate class are a subset of the class

underlying the aggregation. This is analogous to viewing the instances of a member

of an abstraction class as a restriction of the class underlying the abstraction. An

aggregate differs from an abstraction much as a subset differs from a restriction.

The essential difference is that the definition of an abstraction class determines the

instances of each member (abstraction), while the definition of a (primitive)

aggregate class does not determine the constituents of each aggregate.

All, some, or none of the subset classes which contain the constituents of an

aggregate may be separately and explicitly defined in the data base. A prim itive

aggregate class is one for which none of the members of the aggregate class has an

existence as an Independent subset class , separately defined In the schema. For

example, It may well be the case that the class CONVOYS Is to exist as an

aggregate of SHIPS, but the Individual convoys themselves are not separately

defined as data base classes (subsets of SHIPS). This type of aggregate d ais Is

defined by the interclass connection primitive aggregate, which requires only the 

- .~~~~~~~~~... . . .. —_—~~ - ~~~~~~~ - --



specification of the class underlying the aggregate (e.g., class CONVOYS In figure

3-I). Alternat ively, a derived aggregate class is one for which all of the subsets that

correspond to the constituents of the members of the aggregate class are explicitly

defined in the data base . For exam ple , the classes CONVOY _05301,

CON VOY _434ll, and CONVOY _42343 might be independently and explicitly

defined as subsets of class SHIPS. Here, the interclass connection derived aggregate

is used, and the names of the constituents classes are listed In the definition of the

aggregate class. A mixed aggregate class is one for which some of the constituents

classes are explicitly defined in the data base and some are ~ The lnterclass

connection mixed aggregate requires that the names of the constituents classes

defined in the data base be listed, and that the underlying class from which the

remaining aggregates are to be formed be specified. Observe that in the case of a

derived or mixed aggregate, the aggregate definitIon declares relationships between

independently defined classes that would otherwise be hidden.

A summary of the interciass connections In the SDM is provided in figure 3-5.

3.2.2. Name Classes

Entities are abstract concepts which are directly modelled in an SDM schema. In the

real world, abstract entit les can be denoted in a number of wa ys , e.g.,a ship can be

referenced by its name, its hull number, a picture of it, or by pointing one’s finger at the

ship itself . Since abstract ship entitles are captured In an SDM data base, the SDM user

4
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needs some way of referring to these internal entities. In order tt iat It be possible for

— information in a data base to be communicated to the outside world (users), the data must at

some point be entered and displayed on existing computer terminals. This Is achieved In

the SDM via “names”.

As stated above, a name class is a collection of numbers or strings. A class Is defined

as a name class when its members are best thought of as numbers or strings, and when the

details of the entities it models are not of interest. By “name”, we mean anything that Is a

string or a number. We do not insist that names are thought of as proper identifiers of

objects or events; in the SDM, dates , colors, and last names of persons may all be

considered names.

Aside from the base name classes STRINGS and NUMBERS, which are built Into

the SDM, application environment specific name classes can be defined. These user-defined

name classes are similar to the user-defined domains proposed for the relational data model

[McLeod 1977a), in chat they are abstract sets of atomic data values. An SDM name class is

defined as a subclass of either STRINGS or NUMBERS. Specifically, a name class Is

defiped using one of the following Interclass connections: restrlct ”, “subset ”, “merge

members”, “extract common members”, and “extract missing members . All name classes are

thus ultimately defined as subclasses of STRINGS or NUMBERS; a name class can be

defined as a subclass of a name class wliich Is itself defined as a subclass of STRINGS or

NUMBERS, etc . By definition, name classes do not have duplicates.

To use “restrIct ” to define a subclass, one specifies a name clas restriction predicate,
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which allows a pattern to be specified that a member of the parent class must satisfy in

order for it to be a member of the class being defined. Figure 3-6 contains two examples of

name class definitions using this approach. Classes ENGINE_SERIAL_NUMBERS and

DATES are shown in figure 3-6, and are defined as restrictions of NUMBERS and

STRINGS, respectively . In essence , the restrict predicate provides a “format ” which

describes a subclass of STRINGS or NUMBERS. The “ordering” specification in the

definition of class DATES means that the data values are ordered by the sub-units named

(e.g., so that the “>“
, 
“>— “

, <“
, and “c— ” operations work correctly).

Note that a “format ” specification is strictly local, in the sense that there are no

references therein to other information in the data base. Name classes are Intended to be

underlying sets of names, rather than being derived in some complicated way from the data

base. Note for exam ple , that  this rules out def in ing the name class

NAMES_OF_US_BASED_SHIPS as the restriction of SHIPS where Home...port satisfies

the appropriate predicate. In the example, the names of all ships based in the U.S. would

be obtained by extracting the value of the name attribute for each ship based in the U.S.

In the example in figure 3-6, “su~ ‘t” is used to define a name class which can be

readily enumerated. For instance , COUNTRY _NAMES is a class whose members are

enumerated, e.g., by typing them into the data base. The members of a subset name c ass

can be dynamically altered by users .

Further details of name class definition are presented In (McLeod I977a].

_ _
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3.3. Attributes

As indicated above, each class has a collection of attributes associated with K. Each

attribute has the following aspects:

I. An attribute name identifies the attribute. (For notational convenience, attribute

names appear as one upper case letter followed by lower case letters and the charac.~er

_
“
. e.g., Home...port for class SHIPS in figure 3-I.) Attribute names are unique within a

class.

2. Attributes may be hierarchically organized. For example, the met ibers of the class

SHIPS have the attribute Size, which in ~irn consists of attributes Length and Draft.

The purpose of this hierarchic scheme is to allow related attributes to be grouped

together; this is strictl y a notational convenience to aid In the organizatIon of the

attributes of a class.

3. Each attribute has a value . The value of an attribute Is either an entity in the data

base (a member of some data base class), or a class of such entities. The value of an

attribute can also be unknown; this special type of value is treated like any other with

respect to restrictions and abstractions, e.g., a member of class SHIPS with a Cargo_type

“unknown” Is not a member of the restriction class OIL_TANKERS.

4. Each attribute has a specified semantic kind , which identifies the type of relationship

the value of the attribute has with the entity. Each member attribute Is identIfied as

being of one of the following kinds:

a. A member attribute which is not of a more specific semantic kind (as discussed

L - - — - - -. --- _
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immediately below) is called a (member) propert y. For example, class SHIPS has the

member properties Hull_number, Country_of_registry, and Captain.

b. A member attribute of a concrete object class that models a constituent part of

that object Is called a component . Only concrete objects can have component

attr ibutes. For example, SHIPS has the component member attribute Engines.

c. A member attribute which models an entity which plays a role (Bachman l9Tlb]

in an event is called a participant of the event entity. Only event classes can have

member participant attributes. For example, class INCIDENTS has the particIpant

attribute Involved_ship.

d. A class-determined attribute is similarly specified as a class-determ i ned property, a

class-determined component, or class•determl ned parti cipant. These kinds are similar

in meaning to the corresponding kinds of member attributes , exce pt that the

attribute has the same value for each member of the class. Flgurr 3-I shows the

class -determined property Absolute_top_speed of OIL_TANKERS.

e. A class attribute that models some aspect of a class taken as a whole Is called a

class propert y, e.g., class property Number_of_ports of class PORTS (In figure 3-I).

These distinctions of attribute types are useful In capturing the nature of the

relationship between a class member and the value of its attributes.

A more extensive vocabulary of semantic attribute kinds could be provided, e.g.,

by distinguishing the source of information about an event, the occurrence time of a

point event , the duration of a duration event , etc . However , such a case grammar

- ~~--——_---, — . _-  -~~~~--- - - - - -~~~~~- - - - - -- - - .-— ~~~~~ -~
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analysis [Schank 1973) conflicts with the SDM goal of attempting to support important

semantic distinctions while avoiding undue complexity. A large number of special

features would be required in such an approach, and their adequacy would be difficult

to verify in any event.

5. An attribute descrip tion is optionally provided, which explains In textual form the

nature, role, and use of the attribute.

6. Each attribute is either pri mi tive or derived. A primitive attribute Is one whose value

is supplied by a user . A derived attribute is one whose value is cakulated from other

information in the data base.

7. Each primitive attribute has a specified underlying value class , which Is the class from

which the value of the attribute must be selected. Any class in the schema Is a

candidate for the value class of an attribute; for example, the value class of member

attribute (property) Captain of SHIPS is the concrete object class OFFICERS.

8. Each primitive attribute is either sin gle-valued or multi-valued. The value of a

single-valued attribute is a member of the value class of the attribute, while multi-

valued attributes have a value which Is a subclass of it. Thus a multi-valued attribute

is itself a class , i.e., a collection of entities. In figure 3-I. the class OIL_TANKERS has

the sing le-valued member property Hull _type, the multi-valued member property

Inspections, and the single-valued class-determined property Absolute_top_speed.

9. A primitive attribute is specified as mandator y If it cannot have an unknown value.

Any attribute can be declared mandatory. Unique Identifiers are automatically

- - - — —
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mandatory, and event participants are normally declared as mandatory.

10. Each primitive attribute has an associated degiee of binding, which Is either “fixed”

or “changeable”. Fixed attributes have values which do not change during the lifetime

of an entity or class, except to correct a data recording error.

II. Each derived attribute has a derivation s/,eaficazlon, which describes how the value

of the attribute is cakulated from other data in the data base.

3.3.1. Attribute Derivation Specifications

The SDM p rovid es a vocabulary of semantic types of attribute derivation

specifications, which intends to capture the most common types of derived information.

These special cases are the attribute deTlvatl or ~ types . The vocabulary of derivation types is

important: that each type performs a different ty pe of meaningful data manipulation,

resulting in a value for a derived attribute. A stepwise approach is taken to the definition

of derived attributes that are more complicated than those directly accommodated In the

vocabulary. That is, complex derived attributes are defined by:

I. describing related attributes,

2. applying one of the types of manipulations accomodated In the vocabulary to yield

the desired attribute.

This procedure can be repeated for the related attributes, so that an arbitrarily complex

attribute derivation specification can be developed.

There are three main categories of attribute derivation types which allow a derived

L 
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attribute to be defined for a class (C) (these are detailed in sections 3.3.1.2, 3.3.1.3, and 3.3.1.4.):

I. A member attribute is defined by a member-speci fic derivation. This category of

derivation types allows various kinds of derived member attributes to be defined which

specIfy the value of a derived attribute of C In terms of the relationships of a member

of C with other information in the data base.

2. A class attribute Is defined by a class-specific derivation; this kind of derivation is

used to describe a derived property of C taken as a whole by specifying Its value in

terms of aspects of the members of C.

3. An attribute of C is defined in terms of the values of other attributes of C. This kind

of derivation type is called an Inter-attr i bute derivation. There are three specific

possibilities: a member attribute is defined In terms of other member attributes, a class-

determined attribute is defined in terms of other class-determined attributes, and a class

attribute is defined in terms of other class attributes. As we shall see, the mixing of

attributes by applicability is not allowed in inter-attribute derivation (e.g., combining the

values of a member attribute and a class attribute); the meaningfu l manipulations

which involve attributes of different applicability are handled by class derivations.

Note that there are no class-determined-specific derivation types; as should become clear

later , this is because there are no meaning ful manipulations that yield derived class-

determined attributes, other than those allowed by inter-attribute derivatIons..
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3.3.1.1. Mapp Ings

Before discussing the attribute derivati’.n types, it is important to describe the concept

of a mappin g. A mapping is an expression which evaluates to a collection of entities. The

purpose of mappings is to allow a user to directly reference the value of the value of an

attribute (recursively). For example, suppose that the mapping “Captain.Name” is stated for

class SHIPS. The value of this mapping, for each member S of SHIPS, Is the value of

attribute Name for a member 0 of OFFICERS, where 0 is the value of Captain for S. In

this example, the attributes Captain of SHIPS and Name of OFFICERS are single-valued.

In general however , this need not be the case. For example, consider the mapping for

SHIPS “Engines.Serial_number”. Attribute Engines is multi-valued, which means that

“Engines.Serial_number” may also be multi-valued. This mapping thus evaluates to the

serial numbers of the engines of a ship.

An arbitrary number of levels are allowed in a mapping. Thus a mapping is written,

in general, as a series of attribute names separated by “.“. For example, the mapping for

SHIPS “Captain.Superiors.Name” evaluates to the names of all of the superiors of the

captain of a ship. A mapping such as this one is multi-valued, since at least one of the

steps In the mapping involves a multi-valued attribute. The value of a mapping “X.Y.Z” ,

where X , \‘ and Z are multi-valued attributes is the class containing each value of Z which

is a value of Y for some value of X. In this case, a “merge of members” Is performed at

each ste p In the mapping.

As we shall see, mappings are useful in attribute der ivation s pecifications and 
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restriction predicates. They are particularly necessary because SDM entities stand for

themselves as attribute values.

3-3.1.2. Me~nber-Specific Derivations

A member-specific derIvation allows an attribute Al of class CI to be defined In terms

of the relationships of a member Ml of CI with other information In the data base:

I. Al is defined as an ordering attribute. In this case, Al is a derived member property

formed by assigning to each member Ml of CI a value for Al that denotes the sequential

position of MI in Cl when ordered by one or more other specified (single-valued) -

member attributes (or mappings) of Cl. Ordering is by decreasing or increasing value.

For examp le . the attribute Seniority of OFFICERS is defined as “order by

Date_commissioned” (decreasing order, by default). Ordering within groups is also

possible: “order by A2 within A3” specifies that Al is to be equal to the sequential

position of MI within the group formed by common value of A3, according to the value

of A2. For example, in figure 3-1 the attribute Orderior_tanker of INSPECTIONS Is

defined as “order by decreasing Date within Tanker”, which orders the Inspections for

each tanker. (Mappings are permitted for A2 and A3.)

2. Attribute Al is specified as an inversion attribute, in which case it is defined by

Inverting class C2 on attribute A2. The value of Al for Ml is the class of those members

of C2 whose value of A2 Is Ml. For example, member attribute Shlps...registered_here of

COUNTRIES has the derivation “Invert Country_of_registry of SHIPS”.

_ _ _  _ _  —- - -—~~~~~~~
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3. A matching attribute is defined as follows; for each member MI of Cl:

a. A corresponding member M2 of another class C2 is found which has Ml as its

value of member attribute A2.

b. The value of member attribute A3 for M2 Is used as the value of Al for Ml.

For example, as shown in figure 3-I, attribute Captain of class SHIPS has the derivation

“Officer of match to ASSIGNMENTS on Ship”. Here, the value of the derived

property Captain of each member S of SHIPS Is determined by matching S to a

member C of ASSIGNMENTS that has S as Its value of attribute Ship; the value of

Captain for S is the value of Officer of C. The “merge members” form of match is used

when it is necessary to match S to multiple members of C2. For example, if a ship could

F have mult~pIe captains, one would use “merge members in Officer of match to

ASSIGNMENTS on Ship”. In a sense, a match is a kind of high level “Join” tcodd

1970].

4. Attribute Al is given a boolean value for Ml that is “yes” (true) If Ml Is a member of

some other specified class C2, and “no” (false) otherwise. For example, OIL_TANKERS

has the derived property Is_tanker _banned? , with derivation “if exists in

BANNED_SHiPS”.

F 5. The value of attribute Al is defined as the result of merging the members of

recursively tracing the values of some attribute A2. For instance, attribute Superiors of

OFFICERS Es defined by the derivation “merge members in repeat over Commander”;

the value of the attribute includes the immediate commander of the officer , that 

-- -~~~ --- ~~~~~~~ .--, - .~~~- -
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commander ’s superiors , and so on. Note that Commander has OFFICERS as its value

class; this must be true for this kind of attribute derivation to make sense.

Two special kinds of derived attributes are automatically defined in the SDM:

I. When an abstraction class is defined, the derived, multi-valued member property

I nsta nces is automatically defined. The value of this attribute for a member of the

abstract ion is the class of members (of the class underlying the abstraction) that are

instances of that member . For exam p le, each member of the abstraction class

SHIP_TYPES has as the value of its attribute Instances the class of all shi ps of that

type.

2. Similar to Instances of an abstraction class, each aggregate class has a Constituents

member propert y. the value of which is the class consisting of all the entities (members

of the :Iass underlying the aggregation) that constitute the aggregate entity. For

examp le, the value for each member of CONVOYS of attribute Constituents Is a class

— including precisely those members of SHIPS that currently constitute the convoy.

3.3.1.3. Class-Specific Derivations

There are two kinds of attribute derivations which allow attributes of a class taken as

a whole to be defined:

I. An attribute is defined whose value is equal to the number of (unique) members In the

class it modifies. For example. attribute Number of OIL_TANKERS has the derivation

“number of members in this class”.
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2. An attribute is defined whose value is a function of a numeric member attribute of a

class; the function s supported are “maximum”, minimum , “average”, and “sum” taken

over a member attr ibute. The computation of the function is made over the members of

the class. For example , one might define the class attribute Total_spilled of

OIL_SPILLS as “sum of Amount_spilled over members of this class”.

3.3.1.4. Inter-Attribute Derivations

Inter-attribute derivations accomodate the common ways In which new attributes are

defined in terms of the values of other attributes associated with the same class . The

following kinds of inter-attribute derivations are supported:

I. The value of an attribute is specified as equal to the value as some other attribute or

mapping. For instance , in figure 3-I, attribute Date_last_examined of OIL_TANKERS

has the derivation specification “same as Last _ inspection .Date”, i.e., the value of

Date_last _examined is equal to the value of the member of class INSPECTIONS which

is the current value of attribute Last _inspection of OIL_TANKERS)

2. An attribute has a derivation specification which states that the value of that

attribute is defined by some arithmetic expression involving the values of other

attributes or mappings. The involved attributes must have numeric values, i.e., they

must have value classes that are (possibly recursive) subclasses of NUMBERS. The

arithmetic operators allowed are addition (“ .“ ), subtraction (“-“), multiplication (“o) ,

d i v i s i o n  (“ I ”) , and e x p o n e n t i a t i o n  (“ !“). For exam p le , a t t r i b ute

_ _  ------- - - - - 
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Top_speedJn_rnfles_per_hour of OIL_TANKERS has the derivation specifIcation “-.
Absolute_top_speed / 1.1”.

3. “Extract common members” is used on mappings of attributes which are multi-valued,

to intersect the members const ituting their values. For example, the new attribute

Related _officers of OFFICERS is defined by the derivation specification “extract

common members in Superiors and Subordinates”.

4. Similar to case 3, “merge members” is used in a derivation specification.

5. Also, similar to case 3, “extract missing members” Is allowed.

6. The operators maximum”, “minimum”, “average”, “sum” are applied to an attribute

name or mapping, that is multi-valued; the value class of the attributes involved must

be a (possibly recursive) subclass of MUM P,ERS. The maximum, minimum, average, or

sum is taken over the collection of entities that comprise the current values of the

attribute or mapping.

7. An attribute is defined to have its value equal to the number of members In a multi-

valued at t r ibu te or mapping. For examp le, attribute Number _of_ Instances of

SHIP_TYPES has the derivation specification “number of members tn Instances”. (The

— special way in which the Instances attribute of an abstract ion class Is discussed below.)

“Number of unique members” is used similarly. “Number of members” and “number of

unique members” act differently only when duplicates are present In the multi-valued

attribute involved.

8. A multi-valued attribute is defined to have a value that is the restriction of the value

L.
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of another attribute. For example, attribute Oil-burning_engines of SHIPS L defined

via the derivation specification “restrict Engines where Kind_of_engine — ‘oil burning’”;

the value of attribute Oil-burning_engines consists of the values of multi-valued

attribute Engines which are oil burning. Mappings are not allowed In restrictions.

Other means are available for this purpose , and mappings in restrictions would

introduce unnecessar y complexity; if such a restriction Is required, an auxiliary attribute

is defined using “same as” on the mapping, and the restriction predIcate stated in terms

of the auxiliary attribute.

3.3.2. Restrict ion Predicates

As stated earlier , a restriction is specified by providing a predicate on the members of

the class underlying the restriction. The types of restrIction predicates that are allowed are

limited, but provide very flexible facilities when used in combination with derived

attributes.

A restriction predicate is a boolean combination of simple predicates, or merely a

simple predicate; the operators used to form such a boolean combInation are “and”, “or”,

“not”, and “0”. A simple predicate has one of the following forms:

MAPPING SCALAR COMPARATOR CONSTANT

MAPPING SCALAR _COMPARATOR MAPPING

MAPPING SET COMPARATOR CONSTANT

MAPPING SET COMPARATOR CLASS_NAME

- -



- -  ---- - .—~~~~~~~~~~~~~~~~~ --- . -—- - —~
- 

— - . ,.-

94

MAPPJNC SET_COMPARATOR MAPPING

is a value of ATTRIBUTE_NAME of CLASS_NAME

Here, MAPPING is any mapping; SCALAR _COMPARATOR is one of “
-
“
, 
“
“-“ “>“.

>-‘“, “c”, and “<..“, CONSTANT is a string or number constant; SET_COMPARATOR

is one of “is in”, “properly is in”, “contains”, and “properly contains”; CLASS_NAME Is the

name of some other class defined in the schema; ATTRIBUTE_NAME Is the name of an

attribute.

For illustration, an example of each of these six forms is provided below along with

an indication of its meaning; the first two predicates and the last predicate define

restrictions of class OFFICERS, while the third, fourth, and fifth apply to class SHIPS:

Country_of_license “ ‘Panama’
(officers licensed in Panama)

Commander. Date_commissioned > Date_commissioned
(officers commissioned before their cornmander~
Cargo_types contains ‘oil’
(ships that can carry oil)

CaDtain Is in RISKY_CAPTAINS
(ships whose captain in the class containing officers that are bad risks)

Capta m.Country_ofj icense is in Capta in.Superior.Country_ofJicense
(ships commanded by an officer who has a superIor who is licensed in the
same country as he)

is a value of Involved_captain of INCIDENTS
(officers who were involved in some incident)

Note that the fir~t five predicate types are predicates on the attributes of mecn~ ” - ,
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class under lying the restrict ion . The last type of predicate means that a member of the class

underl ying a restriction is to be a member of the restriction class If and only If that member

Is the ‘value of the specified attr ibute of the specified class; this Is the only restr iction

predicate type which refers to an attr ibute of a class other than the one underlying the •

restr ict ion.

3.3.3. Attribute Inheritance

As noted earlier, It Is often the case that some entity In an SDM data base belongs to

more than one class. SDM classes can and frequently do share members, e.g., a member of

OIL_TANKERS is also a member of SHIPS; a’ member of OIL _SPILLS is also In

INCIDENTS. As a member of a class C, a ’ given entity E has values for each member

attribute associated with C. But In addition, when viewed as a member of C, E may have

add ittonal attributes which are not directly associated with C, but which are are EnlserUed

from other classes. For example, since all oil tankers are shi ps. each member T of the class

OIL_TANKERS inherits all member attr ibutes of SHIPS. T has the attr ibutes Hull_type,

Is_tan ker _banned , Ins pections , Number _of _t ime s _ Ins pected , Last _Ins pection

Last _twoJnspec ti ons , and Date_last _examined, which are locally defined member attributes

of OIL_TANKERS. T also has the attr ibutes Name, Hull_number, Type, etc., which are

not mentioned in the definition of OIL_TANKERS, but which are Inherited from SHIPS

(a superclass of OIL_TANKERS). The value of each inherited attribute of tanker T Is

simply the value of the attributes of T when viewed as a member of SHIPS; the very same

I
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sh ip ent it y that belongs to OIL_TA NKERS belongs also to SHIPS, so that the value of

each inherited attribute Is well -defined .

The following specific rules of attribute inheritance are applied:

I. A class C defined as a restriction or subset of a class U Inher its from U all of its

member attributes as well as all of its class-determined attr ibutes. For example , since

LIBERIAN_OIL_TANKERS is defined as a restriction of OIL _TAN K ERS ,

LIBERIAN_OIL_TANKERS Inherits all of the member attributes of OIL_TANKERS ;

in turn members of OIL_TANKERS inherit all of the member attributes of SHIPS.

Note, of course, that members of LIBER IAN_OIL_TANKERS also have an additional

attribute which shi ps and oil tankers do not (Oil_sp Ills _Inv olved_In). Similarl y,

LIBERIAN_OIL_TANKERS Inherits all of the class-determined attributes of

OIL_TANKERS, which in turn Inherits all of the class-determined attributes of SHIPS.

In th is case , two at t r ibutes are Inherited: Absolute _to p_ s peed and

Top~speedJn.mileq er~hour.

Class attributes describe properties of a class taken as a whole, so they are not

Inherited by a subclass. In order for an attribu te to be inherited from class Cl by class

C2, both its meaning and its valu e must be the same for Cl and C2. this Is not true In

general for class attributes. For exam ple, altho ugh a subclass may have a similar

attribute to one defined for its paren t class, e.g. Number_of_members, their values are

not necessarily equal.

2. A class C defined by “extract common members” on the classes UI and U2 inherits all

t
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of the member attributes of UI and all of the member attributes of Ut For example, the

class BANNED _OIL_TANKE RS, defined as containing the common members of

BANNED_SHIPS and OIL_TANKERS, InherIts all attributes of BANNED_SHIPS as

well as all of the attributes of OIL_TANKERS. The reason for this Is that, by

defin ition , ’ each member of BANNED_OIL_TANKERS Is both an oil tanker and a

banned ship. Class-determined attributes are not inherited because class-determined

attributes of the same name defined for both UI and U2 may have different values for

UI and U2.

3. A class C defined by “merge members” on the classes UI and U2 inherits all of the

member attributes shared by UI and 1)2, I.e~ all of the attributes of UI that are also

attributes of U2. For example, the class SHIPS_TO_BE_MONITORED has the

d e r i v a t i o n  “ m e r g e  m e m b e r s  in B A N NED _ S H I P S  a n d

OIL_TA N K E R S _J1EQIJIRING_INSPECTJON”; thus all attributes shared by

BANN ED_SHIPS and OIL_TAN KERS_REQJ.JIRINGJNSPECTION are InherIted.

In this case, precisely the member attributes of SHIPS are Inherited. Only shared

attributes are inherited, because C is in effect extracting the commona lity of classes Ut

and U2. Class-determined attributes are not InherIted for the same reasons given in case

2 above.

4. A class C defined as the “extract missing members” in UI but not in 1J2 Inherits all of

the member attributes and class-determined attr ibutes of UI. This case Is similar to I,

since C is a subclass of UI.

I
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5. A class C defined as the abstraction of U Inherits a member attribute for each class-

determined attribute shared by every defined instances class of U (classes containing the

instances of eac h member of the abstraction class ). For example , if

M E R C H A N T_SHIPS and FISHING_SHIPS were defined Instances classes of

abstraction clas s SHIP_TYPES, and each had a class -determined attribute

Absolute_top_speed, C would inherit a member attribute Absolute _top_speed, w hose

value for a member T of SHIP_TYPES is the value of the class-determined attribute

Absolute_top_speed of the class containing the instances of T.

6. Analogous to case 4, a class C defined as the aggregation of U inherits a member

attribute for each class-determined attribute shared by all of the defined constItuents

classes of U.

The inheritance rules described above cover all of the kinds of Interclass connectIons

permitted in the SDM. The point of making these rules explicit Is to capture the

meaningful logical connections between classes v ia-a-v ls attributes. These rules are

considered an integral part of the SDM, in the sense that users need not be aware of them.

This means , for example, that when a user asks for all of the attributes of a class C.

inherited attributes are automatically included.

It would in dieory be possible to Include other types of rules such as the above

Inheritance rules. For example, we might include complex rules to su pport the

determination of the relationshi p of a restriction predicate wIth the attributes of the subclass

it defines. For example, consider the restriction predicate in the class derivation

~~1
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specification of OIL_SPILLS: “restrict INCIDENTS where Description - ‘oil spill”. We

could formulate a rule that captures the fact that the inherited attribute Description of

OIL_SPILLS must have the value “oil spill”. However , such predicate analysis Is, in the

general case, very difficult. Such complexities are beyond the scope of the SDM, and

counter to Its goals of avoiding the general knowledge representation problem.

3.3.4. Multisets and Duplicates

As specIfied above, an SDM class Is either a set or a multiset: It may or may not

contain duplicates. If a class has unique identifiers, then ft obviously cannot have

duplicates. If unique identifiers are not present, then the default is that duplicates are not

allowed . However , a class can be explicitly defined with “duplicates allowed ”. Duplicates

may also be present In attribute values , since attribute derivation specificat ions and

mappings can produce attributes with duplicates.

In point of fact, the existence or nonexistence of duplicates is only of importance when

considering the number of members In a class or the size of a multi -valued attr ibute. On

all other occasions , the user need not be concerned whether or not duplicates are present.

Conse quently, the onl y SDM primitives that are affected by dup licates are those that

concern the number of members in a class, and the size of an attribute. Specifically , the

Interclass connections deal with duplIcates as follows:

I. “Restrict ” and “subset” propagate duplicates from the parent class to the subclass.

2. The mul ti set operator interc lass connections deal with duplicates as described in

A
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section 3.21

3. If the class underlyin g an abstraction has duplicates, the defined instances classes and

the values of the Instances attribute of the abstraction class have duplicates.

4. Aggrega te classes may have duplicates in their constituents classes and their values of

the Constituents attribute.

Attribute derivation specifications deal with duplicates as follows:

I. Mappings propagate duplicates (see section 3.3.1.1.). A mapping X.Y contains

duplicates if either X or V contains duplicates. For example, suppose an attribute of

S H I P S  i s  d e f i n e d  w i t h  t h e  d e r i v a t i o n  s p e c i f i c a t i o n

“ Capta in .Superio rs.Coun try_of_license” . The value of this attribute will contain

duplicates if Captain, Superiors of Off ICERS, or Country_of...License of OFFICERS

contains duplicates

2. The “same is” inter-attribute der ivat ion propagates duplicates from one attribute to

another.

3. Duplicates are not permitted to exis t for any attribute used in an Inter-attribute

derivation expression which is an arithmetic expression, since such expressions are

always sing le-valued.

4. The Inter -attr ibute derivations “ restrict ” , “extract common members , merge

members”, and “extract missing members” (for multi-valued attributes) handle dupl icates

in the same way as their corresponding type of interclass connection. For example,

“restrict” propogates duplicates from the parent attribute to the subclass attribute (S~~. of 
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Engines of SHIPS has duplica tes, then so does Oil..buming engines, which is defined

by “restrict Engines where Kind_of_engine - ‘oil burning”').

5. The inter-attribute derivat ions defining an attribute as the maximu m, minimum,

average, or sum of anot her multi-valu ed .ttribute Include duplicates In the computations

they perform.

6. The inter-attribute deriva tions that compute the number of members and the number

of uni que members in the valu e of a multi-valued attribute include and ignore

duplicates, respectively.

7. The member-s pecific derivation which defines a derived member attr ibute by

computing an ordering number , does so based on the value of one or more other single-

valued att ributes; no duplicates are Involved.

8. The value of a multi-val ued member attr ibute defined as the inversion of a member

attribute of some other class In the data base has duplicates if that other class has

duplicates.

9. The value of a mult i-valu ed member attribute defined by matchin g con tains

duplicates if the value of the member attribute of the class to which the match ing Is

done contains duplicates.

10. Existence member attributes have the value “yes” or the value “no”, so there are no

relevant issues regarding duplicates.

II. A multi -valued member attri bute defined as the result of merging the members of

recursively tracing a member attribute value contains duplicates if the attribute involved



102

contains duplicates. 
-

12. A class-specific attribute derivation that Is used to define a class attribute whose

value is the number of members in the class or the number of unique members In the

class, includes and ignores duplicat es, respectively.

13. The class-specific attr ibute derivations defining a class attribute as the maximum ,

minimum, average, or sum of the value of a member attribute of the class Include

duplicates in the computations they perform.

These rules for handlin g duplicates in the SDM cover all of the Interclau connection s and

attribute derivation specification types.

3.4. The SDM Data Definition Language

In this section, we describe a specific data defInition Iangxage (DDL.) for the SDM.

This DDL allows an SDM schema to be constructed for particular application

environments. In the foregoing description of the SDM, we have not relied on a specific

DDL syntax , although the discussion has proceeded through many examples which use an

example DDL syntax. Althou gh there are many forms of DDL syntax which could be used

to describe SDM schemas, we put forth a specific syntax here. The purpose of detailing

this specific syntax is to make the specification of the SDM precise. We also believe this

synta x is a good one for data base designers to use, and it Is used by the interaction

formulation advisor prototype (see chapter 7).

The syntax of the SDM DDL is presented in figure 3-7 (which extends over several

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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pages). The notation there Is in a Backus-Naur Form style the partIcular conventions we

use are descri bed at the beginnin g of the figure. For the most part, the syntax descri ption

is self-ex planator y; however , the fc1lowing points are of note

I. Syntactic categories are capI~atized (with no interspersed spaces, but possibly connected

by _“). All lower-case strings are in the language itself, except those enclosed in “.“.

The latter are descriptions of syntactic categories whose details are obvious (e.g.,

character strings need not be formall y specified).

2. Indentation is an essential part of the SDM DDL syntax. Thus in figure 3-7, the first

level of indentation is used for presentation, while all others indicate indentation- in the

syntax itself. For example, MEMBER_ATTRIBUTE is defined as consisting of an

ATTRIBUTE NA ME, followed by ATTRIBUT EJEATURES (placed vertically

below ATTRIBUTEJ.IAME).

3. Many rules which constrain the set of legal SDM schemas are not accomodated in the

syntax shown in the figure. As for any BNF style language description, a variety of

context sensitive language features cannot be expressed (as in a programming language

where it is not possible to require a variable to be declared prior to its use). For

example. in the SDM:

a. The rule that attributes of different applicability (member attribute, class-

determined attributes, and class attributes) must not be mixed Is not accmi,udated In

the syntax, as its incorporation therein would be too cumbersome.

b. A similar statement can be made for the rules that arithmetic expressions must be
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computed on attributes whose values are numbers, that a common root class must

exist for classes defined by mukiset operator lnterclass connections, and so forth.

4. Various defaults are not described in the syntax:

a. A class is indicated as a nonbase class by the presence of a derivation; otherwise

the class is a base class.

b. The default class kind is “concrete object”.

c. The default is that a class cannot have dup licates; “duplicates-allowed ” must be

explicitl y stated .

d. An attribute is indicated as derived by the presence of a derIvation; otherwise

the attribute is primitive, and must have a specified value class.

e. The default attribute kind is “property”.

f. An attribute is single-valued by default, if it is multi-valued, it must be explicitly

declared as such.

g. An attribute is optional by default, if ft is mandatory this must be explicitly

stated.

h. The default is that an attribute is changeable fixed attributes are explicitly

declared as “fixed”.

The reader is encouraged to examine the example schema description In figure 3-I, as it was

constructed to conform to the DDL syntax rules.
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3.5. Operations on an SDM Data Base

An important part of any data model is the set of operations that can be performed

on it. The operation s defined for the SDM allow a user to derive information from a data

base, to update a data base (addin g new Informat ion to it or correcting information in it),

and to include new structural information in it (change the SDM schema).

There Is a vocabulary of SDM “base” operations, which are application environment

inde pendent and pre-defined. The set of permissible operations is designed to permit only

semantically meanin gful mani pulations of an SDM data base. User-iIefined operations can

be constructed usin g the primitives. A detailed specificat ion of the SDM operation facilities

is provided in chapter 5.

3.6. Summary of the SDM

To summarize the principal features of the SDM, we note that at the coarsest level of

detail, an SDM data base Is a collection of classes. Each such class is defined in the SDM

schema for a given SDM data base. Classes have members, which are entitles of one of the

following entity types: (concrete) object, (point and duration) event, abstraction, aggregate,

and name. A given entity in an SDM data base can be a member of more than one class.

Each class has a specified name (unique over all classes In a schema), and an optional

description (for documentation purposes). A class is specified as either containing uuplicates

— or not containing duplicates.

SDM classes can be divided Into two groups base classes and derived classes. Base 

p , - ~~~~~~~~~~_______ ;ra. —-——.—~a~~~ -—— ~~~~~~~~~~~~~~~~~
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SDM classes are those that are defined independentl y, while nonbase classes are those that

are defined in terms of other classes. A nonbase SDM class has an associated derivation

specification, which conshts of an interclass connection. The types of interclass connections

provided are “restrict”, to describe a subclass of some class by stating a constraint on its

attributes; subset”, for a user-controllable subclass; “extract common memben;”, “extract

missing members”, and “merge members”, for defining a class via a (muki)set operator;

“abstract ”, to define a class whose members are abstractions of the memberi of some other

class; and “aggregate”, for specifying a class whose members are collections of the members

of some other class.

Each class has a group of attributes associated with it. Like classes, attributes have a

name (unique over all attributes of the class), and an optional description. An attribute may

describe an aspect of each member of a class (a “member attribute”), an aspect of each

member of a class that has the same value for all class members (a “class-determined

attribute ”), or an aspect of a class taken as a whole (a “class attribute”). A “component”

attribute is one which describes some part of a concrete object, a participant attribute

logically links an event to participant(s) In that event, a “property” is a general sort of

attribute , which is not of one of the preceding two specific types.

A primitive attribute is ex plicitly given values by a user. Each primiti ve attribute

has a specified value class , which is the class defined in the schema from which values of

the attribute must be selected . An attribute is specified as either single-valued or multi-

valued. Each primitive attribute Is specified as mandatory if It may not have an “unknown” 



- - ~-~~~~~~~~~ -.- -  - -~~~~~~~~~~~~~~~- - 
-

- ~~~~~~~~~~~~~ -— -- ~~~-~~~~~~~~~ --- -- --- — -.- - -~~~~~~~~~~~~~~~~~~ -~~~-

107

value, and optional otherwise. Similarly, each primitive attribute is def ined as fixed if Its

value cannot change over the lifetime of the entity or class it modifies, and changeable

otherwise.

A derived attribute is one whose value is calculated from information in a data base

via an attribute derivation specification. The permitted derivation specifications for

member attributes allow an attribute to be defined by: “ordering” on other attribute(s)

“inversion” of an attribute of some class; “matching” to the members of some class;

“existence” of the entity in another class; “merging members recursively” over an attribute;

“instances ” (the Instances of the members of an abstraction class); “constituents” (the

constituents of the members of an aggregate class). There are two types of derivation

specifications for class attributes: the value of the attribute is the number of (unique)

members in the class; the attribute’s value is the maximum, minimum, sum, or average of

the values of some numeric member attribute taken over the class. To define the value of

an attribute in terms of the value of other attributes of the same class and applicability,

several inter -attribute derivation specification types are supported which specify an

• attribute’s value as: equal to the value of some other attribute, an arithmetic combination

of other attributes; “extract common members”, “extract missing members”, or “merge

members” applied to two or more multi-valued attributes; the maximum, minimum, sum, or

average of a multi-valued numeric attribute; the number of (unique) members in a multi-

valued attribute; the restriction of the class of values for a multi-valued attribute. In

attribute derivation specifications, mappings are used to reference an attribute of the entity

• _ •  ~~~~~~~~~~ ; - .. ts~~’1 nsL. -r - -  —.- .... --.-.-.. ,.- . ---.
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which is the val ue of an attribute , and so forth.

In addition to the attributes listed in the definition of a class, that class may inherit

additional attributes from other data base classes to which it is related’ via interciass

connections. An attribute is inherited if and only if the meanIng and value of that attrib ute

is the same in the class from which it is being inherited and the class by which it is being

inherited .

‘ I  
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4. APPLICATION MODELLING WITH THE SDM

In the preceding chapter , a detailed specification of the SDM was prov ided. In the

present chapter , we examine the use of the SDM as a data base application environment

modelling tool. We have asserted that the SDM Is useful in several ways:

I. It can be used as a formal specification mechanism and data base documentation

device . A formal description expressed in terms of the SDM can serve as a

communications medium between an application specialist and a data base designer,

precisely describing the system for which a data base Is to be constructed. It can also be

included in the permanent documentation of the data base, to provIde a meaningful and

unambi guous guide to ft .

2. ft provides a basis for effective user Interface toob, which allow a user to focus on the

meanIng of the information, and to understand the logical organization of a data base.

S 3. An application description couched in terms of the SDM is useful to the data base

designer as a guide for constructing a conventional data base schema, i.e., one based on

a conventional data model.

Specifically, this chapter stresses how the SDM captu res the semant ic information

needed to support each of these app lications , and how one models an application

environment with the SDM:

I. We examine the ways in which the SDM modelling facilities can be used, and

describe how the features of the SDM address the problems of conventional data models

(as outlined in chapter 2). The unique aspects of the SDM are stressed.
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2. Several important aspects of the SDM as a modellin g tool are discussed in detail, viz.,

the use of derived Information and the management of the degrees of’ the modellin g

freedom provided in the SDM.

3. We examine the wa ys in which  an SDM data base for a given appl ication

environment should be desi gned . A specifi c methodol ogy for the design of SDM

schema s is presented , and an example data base Is Included to Illustrate Its use.

4.1. The Motivat ion for the SDM Featurn

Each feature In the SDM is designed to respond to one or more of the observed data

modellin g problems of conventional data models, as described in chapter 2. In this section,

we explain how the motivation (or the various SDM features, and analyze how they solve

problems with conventional data models:

I. SDM classes are used to model the exIstence of entitles of a given type. Various types

of entities are distinguished: (concrete) objects, (point and duration) events, abstractions,

aggregates , and names; a distinct kind of class Is used to model each of the types of

entitles that commonly appear In an application environments. The class structure Is

used to model only the existence of entities. The SDM thus attacks the problems of

syntactic data structures and semantic over loadin g exhibited by conventional data

models, in that it allows high level structures to be directly modelled in a schema .

2. Through the mechanism of “event”, the SDM allows a data base schema to capture

the dynam ics as well as the statics of an application environment (in response to the

—-- .-- - - —  ~— • --—- -- —~~~~~~~• .  — • — - -- - - • --•------—-—- - -
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problem of static orientation ). The potentially important semantic differences between

objects and events can thus be ex pressed in a data base’s schema.

3. An entit y can be a member of more than one class: SDM Interc iass connections allow

nonbase classes to be defined by relating them to others in the schema. For example, a

given oil tanker may be a member of SHIPS , OIL_T ANKE RS, a n d

L I B E R I A N _OIL_TA NKERS. By supporting the specification of logical interclass

relationships, the SDM addresses the problem of disjoint structures exhibited by

conventional data models.

4. The notion of a class that contains some of the members of another is important In

the SDM. There are several specific ways in which an SDM subclass can be defined:

a. Resxrtct” allows a subclass of a parent class to be defined whos e constitution is

specified by a predicate on the members of the parent class. This greatly alleviates

the problem of nonintegrated subtypes exhibited by conventional data models.

b. “Subset ” allows user-controllabl e subclasses to be defined , avoidin g the

conventIonal problem of dynamic subsets by name.

c. “ Extract common members”, “extract missing members , and “merge members” are

used to define subclasse s in terms of mukiset operations on underlying classes.

5. “Second order ” entities, i.e., those that are collections (aggregates) or abstractions of

others are accom odated in the SDM via the interc lass connections “aggregate” and

“abstract ”. In this way informati on about collections of collections of entitles can be

captured in a data base schema. The abilit y to define aggregate and abstraction classes
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addresses the conventional data model problems of aggregat ion by name association and

artificIal abstraction, respectively. The logIcal connection between an abstraction and Its

instances and between an aggregate and Its constituents is accomodated via:

a. the “Instances” member attribute of an abstraction class (e.g., the SHIPS that are

instances of a given member of SHIP_TYPES),

b. the “Constituents” attribute of an aggregate class (e.g., the SHIPS that are the

constituents of some member of CONVOYS),

c. a specification in the definition of an abstraction class of the Instances classes that

are exp licitly defined In the schema as restrictions (e.g., MERCHANT_SHIPS

contains the instances of a member of SHIP_TYPES),

d. a specification in the definition of an derived or mixed aggregate class of the

constituents classes that are ex plicitly defined in the schema as subsets)

6. Entity attributes are directly acccmodated in the SDM: artificIal association entities

need not be defined as in conventional data models (Chen 1976, Pirotte $976). For

exam ple, it is not necessary to introduce an entit y to relate ships to their country of

registry ; rather , this association is ca ptured by the primitive attribute

Country_ of _registry of SHIPS , and its inversion Shi ps _register ed _here of

COUNTRIES.

7. The v~Iue class of an attr ibute can be any class defined in the schema. This avoids

the problems of atomic value sets and denotation be selected name. For example. the

value class of attribu te Captain of class SHIPS is OFFICERS, rat her than a class 
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containin g, sa y, names of officers. By contrast , in the relational and network data

models, attribute value classes are required to be atomic “domains ”, which are atomic

sets of data values. It is conventionally assumed that the definition of such domains

cannot involve information in a data base , but rather is strict ly a data formattin g

process (McLeod l977a]. For example, In the relational data model it is possible to state

that the value class of a Date attrib ute is WEEKDAYS , whe re the members of

WEEKDAYS are the st rings that stand for working days. However , it is not possible to

state that the value of an attribute Tanker is OIL_TANKER_NAMES , where

OIL_TANKERS names is required to be those members of SHIP_NAMES that are

names of members of OIL_TANKERS. The SDM avoids this problem by allowin g the

values of attri bute Tanker to be members of OIL_TANKER itse lf.

8. In the SDM, ex plicit cross referencing across data structures is not necessary as It is in

the relational data model; given an ent ity, a user can directly travel to the entities that

are the values of Its attributes. For example, the SDM user does not have to cross link

shIps to their captains by matching on shIp name, but rather can directly travel to an

officer entit y itself via the value of attrib ute Captain of SHIPS.

9. An SDM data base designer does not need to select a key name around which the

data base Is to be oriented , I.e., which is to serve as the “prImary key” of a relation (file)

(Codd 19701 In response to this problem , the SDM makes it possible to cross reference

between entities via any appropriate attribute(s), and SDM classes can have mukiple

• identifiers. 

—--
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$0. SDM entities are clearly distinguished from their names , and the operat ion s of

changi ng an entity and chan ging one of its names are clearly differentiated .

Conventiona l data models do not adequately accomodate this distinctIon [Hall 1976).

H. Attributes can be single-valued or multi-valued. This implies that repeating groups

can be directly modelled via entity attributes. This eliminates the problem of single-

va lued attributes exh ibited in the relational data model, and obvIates the need to

introduce artificial entities the purpose of whIch is to collect together the (potentially)

multiple values of an attribute.

12. Attributes with different applicability are distinguished in the SDM: member

attributes , class -determined attributes , and class attributes are accoinodated. Informat ion

concernin g the meaning of an attribute , wh ich is missing from conventional models, Is

thereb y captured. For example, the classical quantification problem of differentiating

between “all telephones are black ” and “ telephones that are black ” (Wang 1977b] is

handled: the former describes a property of the class of all telephones, whi le the latter

refers to the subclass of all telephones that contains those that are black. In the 8DM,

“all telephones are black” is modelled via a class-determined attri bute of class

TELEPHONES (with value “black”), while “telephones that are black” is model led by a

restriction of TELEPHONES on the predicate “where Color • ‘bIack~.

13. “Properties”, object “components”, and event “participants” are specific kinds of

attributes that are permItted in the SDM. These correspond to important categories of

attributes from the point of view of the user, and the specification of an attribute as one

I

_ _ _ _ _  _ _ _ _ _ _ _
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of these ty pes provides additional semantic information about the meanin g of the

attribute.

14. The inherit ance of attributes in the 5DM relieves the conventional data model

problem of rigid attributes. The SDM subclass definition facilities and attribute

inheritance rules make it possible to associate a member attribute with a class so that the

attribute makes sense for each member of that class. For instance, attributes of oil

tankers are associated with class OIL_TANKERS , whi le attributes of all kinds of shi ps

are associated with SHIPS. Since OIL_TAN KERS Is defined as a subclass of SHIPS,

all attributes of shi ps and theIr corresponding values are inher ited by oIl tankers.

$5. Derived as well as primitive attributes are supported in the SDM; the va lue of a

pri mitive attribute is supplied by an explicit data base update, while the value of a

derived attribute i~ calculated from other informatio n In the data base. A flexib le

vocabulary of derivation specification types is provided in the SDM, to accomodate the

most common kinds of derived attributes. Attributes with complex derivations are

specified by the definition of one or more related attributes, and by then applying one of

the specIfic derivation specification types to these.

16. Ordering attributes can be directly defined in the SDM, which eliminates the

problem of missing ordering capabilities evidenced In conventionil data models.

$7. “Mandatory” attributes are required to have a value other than “unknown”. This

makes It possible to require the entities U, a class to have some property , i.e., a property

the entity must have in order for it to meaningfully be a member of the class.
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18. The problem of inflexible degree of binding is addressed in the SDM by allowing a

degree of bindin g to be explicItly specified for each primitive attribute an attribute can

be speciflced as “fixed ” or “changeable”

19. Because an SDM schema is based on the natural structure of an appli cation

environment, the items of information th at are likely to be changed by users are in

• closer corres pondence with data base structures than In conventional data models. For

exam ple, when a new oi l tanker is created , a new member Is added to class

OIL_TAN KERS; all updating is localized to a single entity. By contrast , in the

relational data model , the creation of an oil tanker may involve the creation of a new

tuple in relation SHIP as well as a new tuple In relation OIL_TANKER.

20. An SDM schema is redundant , in the sense that it contains derived information.

This accomodation of redundancy enables the SDM to avoid the problems that appear

In conventIonal data models due to the goal of nonredundancy. Unlike conventional

data models, the SDM does not rely on superimposed views for providing different wa;’s

of looking at the same data; rather, multiple way s of viewing the same information are

• intergated into an SDM schema in the form of derived information. The importance of

derived information in an SDM schema is discussed in detail In section 4.2.

As described above, an SDM schema captures much more semantic information about the

structure of an applIcation environment than the relational, network, or other conventional

data models.
• 

•
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4.2. DerIved Information and Redundancy

One specific and important way in whIch the SDM differs from conventional data

models and other work on semantic modelling is its accomodation of derived information

and redundancy. It has often been argued that relational (and other conventIonal) data

base conceptual schemas should be designed for minimal logical redundanc y (Bernste in

1975a. Codd $970, Codd 1971b. Codd 197lc, Fagin 1977a, Fagin 1977b]. By contrast, the SDM

is deliberately a highly redundant data model. Facilities for expressing derived Information

are an essential part of the SDM; derived information Is as prominent in an SDM schema

as primitive data.

The essential motivating reasons for integrating derived information Into the SDM

can be charactenzed as follows:

I. Different aspects of an application environment are often strongly interrelated, and the

same information recurs in different guises.

2. Different users have different perspectives on the same application environment, and

a data base schema must be sufficiently flexible to accomodate this variety. A data

model should allow the data base design process to balance the requirements of multip le

applications into a single data base schema (Raver 19711

3. Derived information that will be frequently extracted from a data base should be as

easy and natural to access as the primitive information represented in that data base.

Allowing derived information in a data base schema also permits the schema to adapt to

changing uses: as data base usage patterns evolve, new derived information can be

~ 

_ _  ______
- 

- -
~~~~~~~~~~

- -
~~~~~~~~~~~~



‘Is

added to the schema.

4. Conventional data models rel y on the use of multi ple “external schemas ”

(ANSI/X3!SPARC 1975] or “ views” (Chamberlin 1975, Chang 1975] to accomodate

derived Information. Here, a “conce ptual schema ” Is defined for a data base, and

multi ple “exter nal schemas ” are constructed as subsets (ANSIIX3ISPARC 1975) or simp le

reorganizations of It (Chamberlin 1975, Stonebraker 1975b]. There are a number of

problems with this approach:

a. In effect, an external schema (view) serves as a retr ieval transaction on a data

base; it cannot introduce both primitive and derived informatIon. For example, It is

not possible to define a view consisting of all oil tankers so that It Is a subrelation of

the relation containing all ships and so that its members have additional attributes

(that other ships do not) thus information on oil tankers must be placed in separate

logical locations in a data base, which may make it hard for users to find.

b. Since views are superimposed on top of a conventional data base, Information

concerning their definition is not present in the data base schema, but is rather

external to it. This means that such information Is not integrated into a common

form (the schema), where its consistency and completeness can be assessed.

c. It may be hard for a user to find an appropriate view. Instead of examining an

integrated, structured data base, he must step though the vIew definitions to try to

find a useful Item of derived Information. 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~--- -- -
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4.3. Modellin g Degrees of Freedom

As we have seen , the SDM provides a variety of con structs for use in constructing a

schema to model a given application environment This variety is critical to the goal of

capturing the natural structure of an application system In an SDM schema. However , the

degrees of modelling freedom provided In the SDM are limited, in that we have attempted

to provide the necessary modelling flexibility without introducing a great number of

features that serve the same functions. In sum, the SDM suggests alternative wa ys of

modelling some given data, but does not force the user to employ some single and possibly

unnatural modellin g mechanism.

4.3.1. Modelling Flexibility -

As Indicated above , there are a number of degrees of freedom available in

constructing an SDM schema. In sections 4.5 and 4.6, we examine how these degrees of

freedom are used in the data base design process. In thIs section, we present an example

5DM modelling flexibility: the modelling of relationships among entities.

In the SDM, an association among entities can be modelled in the following ways:

I. Attributes can be used to establish relationships between the entities. A bidirectional

association can be expressed as an attribute and an Inversion derived from it.

2. A (duration) event can be used to model an assocIation that has an abstract existence

as an entity. This may be the case if the association entity Is to have attributes of its

own , or if it is to be used as the value of another attribute. For example, if the concept 

~~~~~~~~~~~ - • — ~~~~~ - —‘~~~~~~~~~~~ -•-~~- - -- -~~- ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 
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of an “assignment ” (of a captain to a ship) is of Interest in the application environment,

the duration event class ASSIGNMENT can be defined (as in the TMDB).

3. Higher order (e.g., ternary) associations can be modelled by (duration) events, by

means of several binary associations, or by using multi-valued attributes.

Although the choice of which of these methods is to be used for a given association 15

left to the data base designer, the definition of the SDM constructs themselves suggests the

appropriate modelling method. The SDM data base designer is not directly confronted

with the problem of how to model an “association”. Rather , the SDM encourages the

designer to think in terms of events and attributes. Attr ibutes are used to relate entitles to

others, and duration events are used to describe “association entities”, i.e., entities that serve

to relate others. It is important that the designer think in terms of the “event” - a natura l

application environment concept, rather than the artificial concept of an “association entIty”.

Attributes that are semantically related to one another In an SDM schema are defined

by declaring one of the attributes to be primitive and the other derived. For example, the

attribute Tanker of INSPECTIONS Is primitive, while its inversion. Inspections of

OIL _TANKERS is derived . As stated above, this implies that attribute Tanker of

INSPECTIONS is explicitly given values by users, while the value of Inspections of SHIPS

Is calculated from other information in the data base. Distinguishing primitive and derived

attributes is important: it allows the specification of whether or not It makes sense to update

an attribute. If it Is not possible to determine which member of an attribute pair is

primitive and which Is derived, then an (duration) event should be used to model the

- _ c__.____ _ ~- - ~~~~ - - ~~~~~~~~~~~~~ - - - - -  ~~~~~~~~~~~~~~ ____~~ _n_~~_ - -~~~~~~~~~~.---.--— - - —
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association.

4.3.2. The Control of Derived Information

Since the SDM provides a substantial number of options for modelling, It is

important that the designer be provided with some guidance in selecting the correct

construct to model a given piece of information. Moreover, there must be an effective ways

of handling the complexity that is a consequence of the richness of the SDM, e.g., as It

impacts the understandability of a data base. The SDM manages these problems of

complexity and guidance in the following ways:

1. The SDM limits the number of choices of modelling each aspect of an application

environment , e.g., the SDM provides a small number of ways of defining classes and

attributes. A rich set of mechanisms for defining derived information in a schema is

also provided, but the number of such mechanisms is limited for manageability.

2. Design heuristics can be provided for the data base designer, in order to guide him

in making modelling choices and in designing an SDM schema.

In the SDM, derived classes are defined via one of a few types of interciass

connections; the SDM provides a set of interclass connections that are designed to

accomodate most of the classes needed to model an application environment. Specifically,

we stop short of a full “case grammar” analysis (Schank 1973] or similar approach to the

general knowledge representation problem. This is a consequence of our desire to provide a

model that includes important semantic distinctions , but which is not unmanageably

Ilr~ ~~~. . —. .. .
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complex.

Arbitrary transactions (data selection algorithms) are not permitted to materialize

derived classes. This allows the basic structuring of classes to remain relatively simple;

since classes are the principal components of an SDM data base schema, we wish to restrict

the facilities used to define them to a small number of simple structurIng capabilities.

Complex redundancy relationships are to be expressed in attribute definitions, rather than

in class specifications.

The SDM provides a wide vari ety of attribute derivation specification types. This

vocabulary of derivation specification types is designed to directly accomodate the majority

of the kinds of useful attributes in most application environments. For attributes with

complex derivations, the primitive derivation types can be used in a stepwlse fashion to

build Intermediate attributes, which ar~ later used in the derivation specification of the

desired attribute.

Derived classes with arbitrarily complex derivations can be defined by using one of

the interclass connections along wIth derived attribute(s). For example, to define a

restriction of a given class with a complicated predicate, we may define any derived

attribute(s) that are needed and then use the lnterchss connection “restrict” to define the

desired class. Consider the class TEN..MOST...RECENTJNSPECTIONS. This class can

be defined by Including an ordering attribute for inspections (e.g., attribute Order...by_date

defined on decreasing value of Date of INSPECTIONS), and then defining a restriction

with the predicate “where Order_by_date <.10”.

L. - . . ___ ~~~~~~— _ _ _ _



123

4.4. Relationships to Other Data Models

In chapter 2, we indicated how the SDM differs from other higher level data models,

particularly those that have been designed with goals related to the goals of the SDM

(Chang 1975, Chen 19’76, Chen )977a, Pirotte I~76, Plrotte 1977, Schmid 1975*, Wiederhold

1977]. Now that the SDM has been described in detail, it is possible and useful to look more

closely at the differences between the SDM and the work that we see as most closely related

to ours. In particular , we shall focus on the recent work of Smith and Smith (Smith )977a,

Smith 1977b, Smith 1977c, Smith 1978a).

Smith and Smith have presented a design methodology for relational data bases

based on application semantics. As we Indicated in chapter 2, several Ideas from their work

have given rise to features in the SDM. However, there are a number of wa ys In which

our work on the SDM differs from theirs:

I. The SDM is not closely tied to relational data bases. The 5DM Is not merely a tool

for designing relational data base, but rather Is a complete hIgh level data model Itself.

2. The SDM does not strive for minimality of modelling constructs. Rather, It provIdes

a rich collection of data structure types. SDM data structures are much more highly

interrelated that the Smiths’. For examp le, we provide a number of different types of

interclass connections each of which relates two or more classes In a different way.

3. One of the apparent points of similarity between the SDM and the Smiths’ work is

the concept of “generalization”. (Referred to as “abstraction” in the SDM.) The basic
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idea of “abstraction/generalization” is similar In these two approaches, but there are

some significant differences, including:

a. in the SDM, the instances classes of an abstraction class do not necessarily form a

partition (Lee I978a1, while the Smiths ’ conce pt of generalization is based on

partitions,

b. the SDM allows the instances classes corresponding to an abstraction to be

explicitl y identified in the schema.

4. The SDM takes the approach of allowing entities to stand for themselves, rather than

requiring some logical key (identifier) to be selected to stand for them (e.g., as the value

of an attribute).

5. The Smiths indicate that it is inappropriate to assign a fixed inter pretation to a

conceptual schema: “A representation for conceptual models which requires a fixed

interpretation will artificially constrain concept integration. Artificial constraints usually

manifest themselves in Increased com plexit y and anomalous update proper ties. ” (Smith

I978a]. We agree that it is essential to support different ways of looking at the same

information; in fact, this is one of the reasons that derived information is accomodated

in the SDM. However, it is also essential at some point to integrate various user views

into a common form; this integration is accomodated in the SDM via the definition of

nonbase classes and derived attributes. Varied user views can still be supported on top

of an SDM data base to allow for varied ways of looking at the same data.

6. As described above, the SDM has been designed with specific applications in mind.

-- 
—
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Thus, for example, the design of the SDM interaction formulation advisor (IFA) has

had a significant impact on the SDM itself (see chapter 7). This Influence has arisen

from our current experience in building and experimenting with a prototype IFA.

4.5. The Design of SDM Data Bases

The first four main sections of this chapter have stressed the available types of

structural primitives in the SDM, and how the can serve as effective modelling facilities.

However , we have not directly addressed the problem of how these primitives are used to

construct a data base for a given application environment. This section and the next locus

on the issues of designing SDM data bases .

The problem of 5DM data base design has two levels:

I. The process of SDM schenza design consists of the construction of a data definition

language description of the schema, such as the TMDPI schema. This involves the

definition of appropriate classes, attributes, etc. for the application.

2. If the SDM is being used to aid in the design of a conventional data base, the SDM

constructs must then be translated into those of the conventional data model. A

standard and perhaps automated means of accomplishing this translation could be used.

Alternatively, the data base designer could manually perform this mapping, possibly

with the aid of design guidelines and heuristics. It is Important to note that an 5DM

schema ca ptures much more semantic information about a data base app lication

environment that does a conventional schema; this means that informat ion will be lost 

--- -~~~~~~~~~~~~~~~



126 

—

when mapping SDM constructs Into those of a conventional data model. The Issues of

5DM scAenza translation also arise in a DBMS that supports the 5DM and that relies

on a conventional DBMS to manage physical storage and access.

In the remainder of this chapter. we address the problem of SDM schema design , and defer

the problem of schema translation. We are presently working on the latter problem, but Its

detailed consideration is beyond the scope of this thesis.

4.6. SDM Schema Design

A considerable amount of work has been done on the problem of “logical” data base

design, i.e., on designing conceptual schemas, and on developing techniques useful in the

logical data base design process (Adiba 1976, Bend 1976, Berlid 1977, Bernstein l976, Bracchi

1976, Brown l975, Bubenko 19775, Chen 1977a, Codd 1971b, Codd 1971c, Cook 1975, Fagin

1977a, Falkenberg l976b, Lindgreen 1974, Lyon 1971, Moulin l976, NlJssen 1974, Schmid 1975,

Senko l975d, Smith l978a, Weiner 1977, Wiederhold 1977, Yeh 19771. Although we do not

present a full and complete treatment of the problem of SDM schema design in this thesis, It

Is important to highlight the fact that the SDM provides a basis for a logical data base

design methodology that we believe has advantages over most of those recently proposed.

The purpose of this section is therefore to demonstrate how a schema for an SDM

data base can be constructed. A design methodology is presented, which Imposes some

structure on the schema design process. It serves as a guide to the data base designer; the

designer uses this guide together with his knowledge of the semantics of the application

I 
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environ ment and the nature of the uses to which the data base will be put to produce an

SDM schema. The design me~hodology also provides a framework for presenting the most

important design principles for the SDM (5DM design heuristics). These design heuristics,

along with t he s pecifics of the SDM itself , provide the princi pal basis for the desi gn

procedure.

In order to make the discussion of SDM schema design concrete, a new example

application environment is presented, and an SDM schema designed for it. This

application domain concerns aircraft maintenance (the “aircraft maintenance application

environment” - AMAE). and it specifically deals with maintenance job scheduling, parts

inventory, employee job assignment, and so forth. In the following section, It is assumed

that a hypothetical data base designer is constructing an SDM schema for the AMAE. The

SDM schema resulting from the design process followed by this designer is shown in figure

4-I, and is described in the next section.

4.6.1. An SDM Schema Design Methodology

This section provides a cIe~cription of the SDM schema design methodology. There

are a number of steps involved in the schema design process, and the designer fol lows these

In order. However, the SDM schema design process is not entirely sequential, and there are

a number of places in the methodology at which the designer may need to modify his

actions in a previous step; these places are pointed out below. Nonetheless, the

methodology above does provide considerable guidance for the data base designer. We also
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note that the design methodology presented here is oriented to the design of an Initial SDM

schema, which will subsequently evolve.

The steps of the SDM schema design process are as follows:

I. First, the designer prepares an initial list of the collections of efltities (classes) that are

to be present in the SDM data base (class list). The specific nature of this list depends

on the designer’s understanding of the application environment, but he should Include

in the class list the things of interest (e.g., objects and events) that appear in the

application environment. Such entities can often be found by determining what things

have attributes of interest . Considering anticipated types and units of data base upd ates

is another useful way to determine which classes are to be included in the class list; for

examp le, if a common database update Is the recording of information on the

completion of maintenance jobs on aircraft, it is probably the case that a class of “jobs”

should be included in the schema.

The designer prepares the class list by providing a carefully selected name for

each class of interest. He also optionally provides a textual description of each class, for

documentation purposes.

For the AMA E, the designer identifies the classes MECHANICS (all employees

who are concerned directly or Indirectly with aircraft maintenance), AIRPORTS, B727

(all 727s) , B707 , D lO , LiOll , JOBS (maintenance actions on aircraf t) ,

SCHEDULED..JOBS, BREAKDOWNS (aircraft breakdowns), PART_TYPES (types

of parts for aircraft repair), PART_STOCKAGES_BY_AIRPORT (the parts on hand 
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at an airport), PART_OUTTAGES (occurrences of airports running out of parts of a

given type), and PROBLEMS.

2 The class list is now examined to determine the subclasses of Interest. The designer

determines which of the classes in the class list are subclasses of other classes in the list ,

i.e., which classes contain some of the members of others; for each such subclass, the

designer records the name of the most immediate parent class. Since he Is thinking

about subclasses, the designer should add to the class list any subclasses of classes in the

list that are of interest . To do this, he considers in turn each class in the list, and

determines if there are any kinds of entities that are specific subtypes of those modelled

in the class he is considering; appropriate subclasses are added to the class list, and the

name of their most immediate parent class is recorded. Any new classes are described as

in step I.

For the AMAE, SCHEDULED...JOBS Is Identified as a subclass of JOBS, and

P A R T _ O U T T A G E S  i s  i d e n t i f i e d  a s  a s u b c l a s s  o f

PART _STOCKAGES _BY _AIRPORT. The following are added to the class list:

subclasses JOBS_PERFORMED and BREAKDOWN ...JOBS (jobs In response to

a i r c r a f t  b r e a k d o w n s )  o f  J O B S . a n d  t h e  s u b c l a s s

PART _TYPES _OUT_OF_STOCK _SOMEWHERE (parts that are out of stock at

some airport) of PART _TYPES. Also, the designer considers the possibility that a

superclass of two or more classes Is of interest . In the AMAE. the superclass

AIRCR AFT of classes B727, B707, DlO, and LIOH is of Interest. A subclass of
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AIRC R AFT, namely AIRCRAFT_DUE_FOR_SERVICE, is also added to the class list.

3. The class list Is scanned to determine which, if any, of its elements are abstractions or

aggregations of other classes in the list . Such classes are often of Interest if their

members have attributes of their own. If any classes of this kind are present In the class

list, the class underlying the abstraction or aggregation is recorded. Any further classes

of interest that contain abstractions or aggregates of the members of some class in the

class list are added to that list, and specified as in step I.

For the AMAE, the class AIRCRAFT_TYPES (kinds of aircraft, e.g., B707, DlO,

etc.) Is added as an abstraction of AIRCRAFT, since it is of Interest, and since the

designer wants to record the engine type and number of engines for each aircraft type.

The  a b s t r a c t i o n  c l a s s  o f  M E C H A N I C S  n a m e d

MECHANIC_QUALIFICATION_GROUPS (groups of employees by qualification) is

a lso of interest.

4. The designer next produces a list of the aspects of interest for each class In the class

~lst . He considers aspects of each member of a class, as well as aspects of a class as a

whole. This is a preliminary specification of the member attributes, class-determined

attributes , and class attributes of interest for each class. Specifically, the designer

provides a name for each attribute, an optional description of its meaning, and specifies

whether the attribute is single-valued or multi -valued . For example , class

BREAKDOWNS has member attributes Aircraft , Date , Problem , and Job (the job

f ixin g the breakdown). The designer also specifies the applicability of the attribute a



member attribute is one that has a value for each member of the class; a class -

determined attribute describes an aspect of each member of the class and has the same

value for each member; a class attribute describes a property of a class taken as a

whole.

Care should be exercised to associate an attribute with the most appropriate class.

For example, since only jobs that have been performed have a date performed”, the

member attribute Dat&.performed is associated with class JOBS_PERFORMED rather

than with class JOBS. If necessary, a new class may be introduced Into the class list to

accomodate an attribute whose logical place is with that new class , e.g., if

JOBS_PERFORM ED were not In th~ class list, a would be added thereto in order to

accomodate attribute Date..performed. Each such new class is specified as in step I, and

steps 2 through 4 are performed for this new class.

5. For each attribute identified in step 4, the class from which its values are to be

selected is identified. The designer examines the class list to make a selection; if an

appropriate class is not in the list , an addition to the list is necessary (and ste ps I

throug h 4 are repea ted for it). In Identifying the value class of an attribute, the

designer should try to be as specific as possible, so long as the value class is itself

meaningful and of interest . For example, the value class of attribute Scheduled.4obs of

AIRCRAFT is specified as SCHEDULED.JOBS rather than JOBS, because only

scheduled jobs are permitted as a value of this attribute. Moreover, classes other than

name classes should be used except where names are really best. For example, aircraft

— — - — —~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ fl~~~~~~~___ - — - - - - —
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names should not be used where aircraft are intended. For the AMAE, the designer

selects AIRCRAFT as the value class of attribute Aircraft of class BREA KDOWNS,

and BREAKDOWN~~OBS as the value class of attribute Job.

6. Derivation specifications for all subclasses in the class list are now formulated. For

each class C in the class list:

a. If members of the parent class are to be added to and deleted from the subclass

via direct user control then the “subset” interclass connection is used. For exam ple,

the derivation of the class AIRCRAFT _DUE_FOR_SERVICE is “subset of

AIRCRAFT ” .

b. It may be the case that the subclass C can be defined as containing:

I. t~ie members that two or more other classes (Cl, C2. ...) have in commnn,

ii. those members that are in either of two (or more) other classes (CL. C2, ...),

iii. the members of some other class Cl that are not in some class C2.

If so, then “extract common members”, “merge members”, or “extract missing

members” (respectively) is used to define C.

c. if the members of the subclass C can be defined by means of a predicate on the

member attributes of the parent class or specified to be those members of the parent

class that are the value of some attribute of some other class, then the interc lass

connection “restrict” is used. For example. the class JOBS_PERFORMED is defined

via “restrict JOBS where Status - ‘complete’”. New member attribute(s) of the

parent class may be required to allow the restriction predicate to be formulated; any

- - --
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new attributes are specified by repeating steps 4 and 5 for them. For example, in the

TMAE , the designer adds attribute Status to the list of member attributes of JOBS

in order to allow the class JOBS_PERFORMED to be defined.

In defining subclasses, it is necessary to avoid circular definitions, e.g., defining CI

as a subclass of C2 which is in turn defined as a subclass of Cl. Furthermore, a subclass

should be defined ia a multiset operator interclass connection if it is possible to do so

using other classes that are of interest. This is desirable because it allows the subclass to

inherit attributes from all of the classes involved. Figure 4-2 contains an example taken

from the TMAE that shows that class MILITARY ...OIL_TANKERS can be defined as

a restriction of OIL_T A N K E R S , as a restriction of MILITARY _SHIPS, or as a

restriction of SHIPS. The design heuristic invoked here is that if the classes

OIL _ T A N K E R S  and MIL ITARY _ SHIPS are of interest , then c lass

M I L I T A R Y _OIL_TANKERS should be defined in terms of them. Moreover , multiple

levels of subclasses should only be defined when the class at each level is of Interest.

For example, if onl y one of OIL_TANKERS and MILITARY_SHIPS is of interest,

then MILITARY _OIL_TANKERS should be defined as a subclass of it; If neither of

these is of interest, then MILITARY_OIL_TANKERS is best viewed as a restriction of

SHIPS.

7. Class derivation specifications for each abstraction and aggregation class are stated.

For an abstraction class, a grouping on the members of the underlying class is specified.

For example, the class AIRCRAFT _TYPES has the derivation “abstract AIRCRAFT

-

~
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on common value of Type”, and the class MECHANIC_QUALIFICATION_GROUPS

is defined by “abstract MECHANICS on common value of Aircraft_types_qualified_on”.

The former abstraction class is a “type abstraction”, in that it contains members which

are “types ” of the members of another class; here, as in all “type abstractions ”, the

instances classes of AIRCRAFT _TYPES partition the underlying class . The latter

abstraction class, MECHANIC_QUALIFICATION_GROUPS, Involves a grouping on

the value of a multi -valued attribute , which means that the instances classes of

MECHANIC_QUALIFICATION_GROUPS do not partition the underlying class.

Constraints are placed on the permissible form of grouping expressions in the

definition of abstraction classes, in order to avoid circular definitions. In particular, it is

not permissible for the grouping expression used to detine an abstraction class C to

involve an attribute A tha t is itself defined in terms of C. This Implies that A cannot

ha—~ë~va l ues  in c lass C . For example , it does not make sense to select

A I R C R A F T _TYPES as the value class of attribute Type of AIRCRAFT. When an

abstraction class is being defined, it may be necessary to introduce a new attribute to

allow an appropriate grouping expression to be stated; for example, attribute Type of

AIRCRAFT was added by the designer to allow AIRCRAFT_TYPES to be defined by

“on common value of Type” (the value class of Type is AIRCRAFT_TYPE _NAMES).

Any new attributes are specified as in steps 1 and 5 above.

After an abstraction class is defined, the designer checks to see If any of Its

instances classes are explicitly defined In the data base as restrictions of the class 

- -.-— - - - ~~~~~~~~~~ ~~~~~~~~~~.—~~~~~~~~-—.—~— - ~~~~~~~~~~~~~~~~~~~~~~~~~~ - —. —-- - - -
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underlying the abstraction. If so, they are listed in the “defined instances classes” clause

of the abstraction derivation specification. For the AMAE. the designer might have

observed that B727, B707, DlO, and LIOlI are the explicitly defined instances classes for

the abstraction class AIRCRAFT _TYPES. In fact, the designer decided that B727.

B707, DIO, and LIOII are only interesting as members of the abstraction class, and are not

directly of interest as classes in the schema. So, they are removed from the list of data

base classes .

The derivation specification of each aggregate class is specified in an analogous

wa y to an abstraction class derivation. For aggregates, the important choice of which

type of aggregate is a ppropriate must be made (primitive, derived, or mixed). ~
primitive aggregate is used if none of the constituents classes of the aggregate are to be

explicitly defined in the schema; a derived aggregate is selected if all of the constituents

classes are to be defined as subsets of the class underlying the aggregate; a mixed

aggregate class is used if some but not all of the constituents classes are defined In the

schema.

8. For every class, each of its attributes is determined to be either primitive or derived.

Attributes whose values are to be directly modified (updated) by users are defined as

primitive, while those that are not to be updated are specified as derived. For each

primitive attribute, its value class is simply specified as the class which was identified in

step 5 as the class from which the values of the attribute are to be selected.

Each primitive attribute can also be optionally specified as either mandatory or 

- - -~~~~- -- ~~~~~~~~~-— — - .—-- .- --~~~~~~~~~ - -  - ; - ~~~~~~~~~~~ - -~~~~~~~~~~~ -~~~~~~~ - -  
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optional. An attribute Is mandatory if K cannot have an “unknown” value. (The

default is optiona’.) Each primitive attribute can also be optionally specified as either

fixed or changeable. (The default is changeable.) A fixed attribute Is one whose value

cannot change during the lifetime of the entity that it modifies. For example, attribute

Irl of MECHANICS is “fixed”, since by definition, a mechanic’s identifier cannot change

during his employment.

Each derived attribute is assigned a derivation specification. The designer selects

an appropriate derivation type by examining the list of possible derivation

specifications: for member attributes he choses from the list of member attribute

derivation types, for class -determined attributes he choses from the list of class-

determined derivations, and similarly for class attributes. For example, the designer

determines that the member attribute Job of BREAKDOWNS is to be defined by

inversion , i.e., it has the derivation “invert Breakdown of BREAKDOWNJOBS .

During the process of selecting an appropriate derivation type, the designer is guided by

the knowledge of which class contains values of the attribute (from step 5)~ the designer

stated in step 5 that the values of attribute Job of BREAKDOWNS are in the class

BREAKDOWN .JOBS, which limits the types of attribute derivations that he must

consider (e.g., he rules out arithmetic expressions on other attributes).

If no appropriate derivation type can be found, auxiliary attribute(s) may need to

be defined. Any new attributes that are needed are defined as in steps 4 and 5.

9. Any classes that have not been defined as nonbase are now defIned as base classes. 

— —~~~ - - - -  - - 
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The includes specifying the “kind ” of each base class. If a class consists of names, i.e., if

its details are not of interest and if its members are most naturally modelled as names

(e.g., Id of MECHANICS), then a class is marked as a name class and considered in step

10. All other base classes are specified as containing one of the following kinds of

entities: “object”, “event”, “concrete object”, “point event”, “duration event”. When the

more specific terms are appropriate (“concrete object”, “point event”, “duration event”),

they should be used, but when the specificity is not needed, the more general term

should be used. For example, class MECHANICS Is considered a concrete object class.

while JOBS is an event class .

The unique identIfiers are also determined for each of these base classes. The

designer specifies groups of one or more member attributes, so that the attribute(s) in

each such group uniquely identify the members of the class. For example, class JOBS

has the identifier Job_number. In selecting unique Identifiers, the designer should

avoid using large groups of attributes, e.g.. identifying mechanics by the combination of

their name, zip code, and age (assuming this information is in the schema). Rather,

identifiers that include one or a few attributes should be used. Attributes that are

termed “names”, “id numbers”, and the like are good candidates.

The designer also determines for each base class, whether or not it Is to contain

duplicates. (The default and normal case is that a base class does not contain

duplicates.)

10. Name classes identified in step 9 are now considered in detail. Each name class is

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ...2 ~~~ - -  _..~ _~~ — -~~~~~~~~~~~~~~~ - - - - j—-. ~~~~~~~ . — - -~~- - .~- - -_ ~~~~~~~~~~~~
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defined as a subclass of STRINGS or NUMBERS. In the AMAE, the following name

classes are defined: ID_NU MBERS , PERSO N_NAMES, AIRPOR T_NAM ES,

Al R C R A F T _ N U M B E R S . E N G I N E - T Y P E - N A M E S .

A I R C R A F T _STATUS LE V E L S , DATES . TAS K_NAM ES, JOB_N U M B E R S ,

JOE_STATUS_NAMES, PART_NUMBERS, TEXT , and PROBLEMS.

The derivation specification of a name class is determined first by noting whether

the class in question is a subclass of STRINGS or of NUMBERS. The derivation

specification is then one of the following:

a. “Restrict” is used in the derivation specification for a name class that consists of

those members of STRINGS or NUMBERS and which possess some particular

property. For example, one might define DATES as all strings of the form “8/21/78”.

The restriction predicate can specify the pattern of the class members, as discussed in

chapter 3. or it can be null, which means that all strings or numbers are members of

the class being defined. For simplicity, the name classes shown in figure 4-I have

null restriction predicates.

b. “Subset ” is used to define a subclass of STRINGS or NUMBERS whose

members are to be enumerated. For example, class TASK_NAMES is defined as

containing a specified list of members (e.g., “repair engine”, “service hydraulic

system”, etc.).

c. “Extract common members”, “extract missing members”, and “merge members” are

used to define a name class in terms of other name classes.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
-_ .-~~~~ --- —~~~~ — —--——-- ~~~~~~~~ 

— -_--~~~ --—.-----



—~-~~ - —---— - — - - — - - ~~~ - - -- ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

139

This completes the design process. and an SDM schema has now been specified. The

syntax of the SDM data definition language presented in figure 3-7 Is used in the schema.

Figure 4-I contains the schema for the AMAE; this schema was produced using the design

methodology presented above.

The design process for the TMAE took about two hours for the author, Including the

time spent in debugging it. This debugging was accomplished with the aid of the SDM

schema analyzer, a component of the prototype interaction formulation advisor (see chapter

7). The analyzer examines a schema to check it for legality, e.g., to make sure that all

referenced classes and attributes are defined, to check for circularities in definitions, and so

forth. Of course, the author is hardly a random designer, and an intimate knowledge of the

SDM made the design process easier.

We are presentl, investigating the problem of SDM schema design in more detail,

and plan to further discuss SDM data base design aids In forthcoming documents. We

specifically plan to accentuate the methodology and improve it so that random designers can

in fact use it to easily design SDM schemas.

4.7. Modelling Limitations

The SDM has been designed to capture the most important semantic constraints

associated with common data base application environments. However, to capture all of the

possibly useful types of semantic restrictions in a schema, the SDM would be augmented

— with an additional mechanism such as those proposed In the context of the relational data

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _
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model (Eswaran 1975, Eswaran I976a, Hammer 1975a, Hammer l976d, McLeod 1976e,

Stonebraker l974b]. This kind of supplementary SDM “semantic integrity constraint”

mechanism would allow arbitrary predicate cakulus-like statements to be asserted on a data

base. These assertions would be required to be true on the state of a data base or on

transitions between data base states. When a user attempts to modify the data base, the

assertions that may be violated if the specified data base update were performed are

checked with respect to the update. If none of these assertions is violated, then the update

is performed, otherwise a violation action is executed. This violation action may be to reject

the specified update, or to take some other action (such as notifying some appropriate user

of the situation).

To a first approximation, we believe that the violation actions normally associated

with the semantic constraints built into the SDM involve preventing their violation by

rejecting any data base update that would cause them to not be satisfied. Many of the

additional sorts of constraints one may wish to impose via a supplemental semantic Integrity

constraint mechanism would have other kinds of violation actIons.

In the context of the SDM, a supplemental semantic integrity constraint mechanism

would be used to capture relationships among the data that do not lend themselves to a

more structured canonical descri ption. We stress however that because of the of the

richness of the SDM, most important semantic information can be captured directly In the

schema; the use of such a semantic integrity constraint mechanism would thus be limited .

We provide here several exam ples of semantic constraints that a supp lemental

- - - - - - - sas _ _ _
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semantic integrity mechanism would accomodate (examples are selected from the tanker

- monitoring data base (TMDB)):

I. The designer may wish to assert a constraint on the number of members in a class, the

size of a multi-valued attributes, and so forth. For example, one might require each oil

tanker to have at least two engines. This constraint can be imposed in the SDM, but

not in the most natural way: one can define two member attributes of OIL_TANKE RS,

each with value class ENGINES, and declare both as mandatory. The problem with

this way of expressing the constraint is that it requires two single-valued attributes to be

used when a multi-valued attribute is actually desired.

2. The values of a member attribute may be required to:

a. exhaust the value set of the attribute,

b. have a size within some specified bounds (e.g., a multi-valued attribute required

to have a given number of values),

c. be non-overlapping for the member of the class (viz., each value can be used at

most once).

3. Additional constraints can be placed on inherited attributes, e.g., that the value of a

member attribute inherited from one class to another must be in present in a subclass of

its value class. For example, in the TMDB. attribute Involved_ship of OIL_SPILLS is

inherited from INCIDENTS; it may be desirable to require the value of Involved_ship

of OIL_SPILLS to be present in OIL_TANKERS (a subclass of SHIPS, the value class

of Involved_ship of INCIDENTS).
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These kinds of semantic constraints might be useful in modelling certain types of

information in application environments, but they are not currently directly captured in the

SDM. We are presently studying the implications of embedding some of these constraints

in the SDM itself. However, it is important to note that we will continue to exercise great

care in controlling the features of the SDM so as to retain a manageable data model.

We close this section by noting that there are two~main advantages of the SDM over

the relational data model vis-a-vis semantic integrity constraints:

I. The most important kinds of constraints are captured directly in the SDM data

structures and the interconnections among them. Specifically, int.erclass connections

ex press relationships between classes that must be captured. in the relational model by

means of constraints (e.g., that all oil tankers are ships).

2. The SDM provides natural places to attach supplemental constraints . In the

relational model, an additional mechanism is thus needed to specify the subset of tuples

in a relation to which a constraint is to apply (the “constrained collection” of Hammer

and McLeod [Hammer 1975a, Hammer 1976dTh but in the SDM, nonbase classes provide

a direct place to attach constraints. Fm example, in the SDM. a constraint on all oil

tankers would be attached to class OIL_TANKERS, while In the relational data model,

such a constraint would probably be attached to a relation containing tuples for all shi ps

(because of its lack of “subtype” definition capabilities).

_ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ____-
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5. OPERATIONS ON AN SDM DATA BASE

The data in a data base structured In terms of the SDM is the information content of

that data base. In order for users to be able to examine and modify the information content

of an SDM database, they must be able to invoke operations on that data base. In this -

chapter, we specify the 5DM transactions , which are the permissible operations that are

invoked by users to manipulate an SDM data base.

Specifically, a transaction is an operation that manipulates an SDM data base in one

or more of the following ways:

I. selects data from a data base (retrieval),

2. adds information to a data base,

3. corrects information in a data base,

4. alters the schema of a data base (adding new structural information).

5.1. Base and User-Defined Transactions

A set of operations is built into the. SDM: the SDM base transactions. Base

transactions can be applied to any SDM data base to manipulate It, i.e., they are operations

that can be meanin g full y app lied to any SDM data base , and are independent of the

application environment.

Base transactions are also used as con stituents of user-defined transactions. User-

defined transaction are specified in the SDM Interact ion formalism, which Is the data

manipulation language of the SDM. Such transactions are used to capture manipulations of

_ _ _  
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a data base that are specific to the application environment modelled in the data base.

In the remainder of this cha pter . we present the SDM base operatio ns. This is

followed by a description of the SDM interaction formalism. Finally, we discuss how the

SDM transaction facilities can be inte grated with the capabilities of an “external ”

programming language.

5.1.1. The SDM Base Transactions

The SDM base transactions correspond to semantically meaningful manipulations of

an application environment . Specifically, there are four main types of SDM base

transactions, according to the way they are used

1. Data selection transactions are used to extract some information from a data base.

Data selection operations are used to extract information from a data base~, they assume

that a data base is an accurate model of the application environment and embody a

query of the data base.

2. Recording transactions are used to record new infàrmation in a data base; they record

changes in the application environment.

3. Structura l modification transact ions are used to alter the structure of a data base. In

essence, structural modification transactions effect changes to the schema of an SDM

data base. Data selection transactions are often used In conjunction w ith structura l

modification transactions to describe derived information to be added to the schema. As

we have said , the act of retrieving information from a data base and the process of 

- --.--~~~~~~ 
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defining information In a data base are essentially the same. Structural modification

transactions thus define new data base structures, and add new derived information to a

schema.

4. Output transactions are used to transmit data in an SDM data base to an external

medium. Data selection transactions specify new derived Information of Interest, and

output transactions actually transmit this information to users. For example, output

transactions support the transfer information from SDM classes to a conventional file

system, and allow it to be printed it on a console or other output device.

5.2. Base Data Selection Transactions

Base data selection transactions allow data to be extracted from an SDM data base,

that is, they allow derived information to be defined. Specifically, there are two main types

of base data selection transactions:

I. An in terciass connection transactio n defines a new class using an SDM interclass

connection.

2. A derived attribute transaction defines a new derived attribute that is of interest.

These two types of base data selection transactions are specifled in detail in sections 5.2.1.

and 5.2.2.
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5.2.1. Interclass Connection Transactio ns

The 5DM interclass connections as specified in chapter 3 are transactions, since they

define derived classes; that is, they can extract information from a data base. An interciass

connection that allows a new class to be defined strictly in terms of the data base schema is

called a closed transaction . The interclass connections “restrict”, abstract”, “extract common

members”, “extract missing members”, “merge members”, and “derived aggregate” are closed,

since they require that a user provide only a definition of the new class via a predicate (for

a restriction), a grouping expression (for an abstraction), a list of classes (for a class defined

by a multiset operator or a derived aggregate class).

The interclass connections “subset”, “primitive aggregate”, and “mixed aggregate” are

not closed: in order to define a class using these interclass connections, a user must examine

the members of classes. For example, if a user specifies that he wishes to define a subset of

a class in the data base (using the “subset” interclass connection), he will need to specif y

which of the members of the parent class are to belong to the subset. Since the subset is not

determined by information in the data base (or a restriction would be used to define it), the

user will need to step through the members of the parent class and Identify which of these

belongs to the subset. Similarly, for a derived or mixed aggregate, a user m~ig identify the

constituents of each member of the aggregate class.

An interclass connection transact ion Is invoked as follows:

CLASS J4AM E
INTERCLASS . CONN ECTIONJN VOCATION

Here, CLASS J4AM E and INTERCLASS ...CONNECTIONJNVOCATION are syntact ic

____ ~~~~~~~~~~~~~~~~~~~~~na~~~r -——--.--~~~~~~~
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categories. In using the above template to define a specific interclass connection transaction,

CLASS_NAME is replaced by the name of a new class, viz., the class being defined by the

transaction. INTERCLASS ...CONNECTION _ INVOCATION is replaced by an

instantiation of an interc lass connection, written exactl y as It would appear in a class

derivation specification. For example, the class containing all double-hulled oil tankers

would be defined as follows:

DOUBLE HULLED OIL TANKERS <-
restrict OIL_TANKERS

where Hull_type — ‘double’

5.2.2. Derived Attribute Transactions

A derived attribute transaction defines an augmented version of an SDM class, by

defining a new derived attribute of that class. The attribute derivation specification types

(as specified in chapter 3) are used in derived attribute transactions, as follows:

CLASSJ’JAME (augmented)
ATTRIBUTE DER IVATION IN VOCATION

Here, CLASS_NAME is a syntactic category; to construct a specific transaction, it is

rep laced by the name of the class for which a new attribute is being defined .

ATTRIBUTE _DERIVAT IONJN VOCATION is of one of the following forms:

define derived member attribute ATTRIBUTE_NAME
as MEMBER _ATTRIBUTE _DERIVATION

derine derived class-determined attribute ATTRIBUTE_NAME
as CLASS-DETERMINED ATTRIBUTE_DERIVATION

define derived class attribute ATTRIBUTE_NAME

I. — _. -~~~ ~~~~~~ .‘ -.-- - -~ ~~~~~— - ~~~~
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as CLASS_ATTRIBUTE_DERIVATION

In the  a b o v e , M E M B E R _ A T T R I B U T E _ D E R IV A T I O N , C L A S S~

D E T E R M I N E D_ A T T R I B U T E _ D E R I V A T I O N , a n d

CLASS_ATTRIBUTE_DERIVATION are specified exactly the same as the corresponding

attribute derivation specifications would be expressed in an SDM schema. For example, the

attribute Commission_ordering can be defined as follows:

OFFICERS (augmented) <-
define derived member attribute Commission_ordering

as order by decreasing Date_commissioned within Country

Commission_ordering describes the sequential position of each member of OFFICERS by

Date_commissioned, within each country.

5.3. Base Recording Transactions

Base recording transactions are used to record new information in an SDM data

base. In particular, base recording transactions are used to change the contents of the

classes of a data base , e.g., to add new members to classes or to change the values of

attributes of members of classes.

There are three main types of base recording transactions:

I. class recording transactions , which modify the contents of a class,

2. attribute recordin g transactions , which alter the values of attributes of the members of

a class or the class as a whole,

3. error cor rect ion transactions , which correct errors made In the recording of Information

____ ____ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -.—~~
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in the data base. -

Sections 5.3.1. through 5.3.3 detail the SDM base recording transactions.

5.3.1. Class Recording Transactions

A class recording transaction modifies the contents of some specified class, called the

tar get class . The following kinds of SDM class recording transactions are available:

I. The operation create concrete object adds a new object to the target class. This

operation models the creation of a concrete object in the application environment, or

records the fact that such an objec t has just become relevant. For example. “create

concrete object” is used to record the creation/commissioning of a new ship, by adding a

new member to class SHiPS.

The user or program invoking “create concrete object” must provide the following

information:

a. The name of the target class is specified. In order for the operation to be

allowed, the target class must contain concrete objects.

b. A value is assigned to each member attribute associated with the class, including

inherited attributes. Each mandatory attribute must be assigned a value, while each

optional attribute may or may not be given a value, If an attribute is a unique

identifier, it must be t,Iven a value that is not already the value of the attribute for

some other member; the invocation of “create concrete object” is not allowed ii this

is not true.
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Create concrete object ” is applicable to both base concrete object classes and

certain kinds of nonbase concrete object classes. Suppose that a new member M is to be

added to class CI by “create concrete object”. The following cases exist, depending on

the nature of CI:

a. If CI is a base class, then the effect of the operation is simply to add M to Cl.

b. If Cl is a nonbase class that is defined as the restriction of another class C2, the

effect of the operation Is to add M to C2, provided that C2 is a base class. For

example, when a new oil tanker is commissioned, “create concrete object” is used to

add a new member to class OIL_TANKERS. The new member M must satisfy the

restriction predicate used to define Cl; if it is not satisfied, the operation Is not

permitted . Since M must satisfy the restriction predicate, and since C2 is a

restriction of Cl, M is also a member of C2.

If, on the other hand, C2 is not a base class, then the base class underlying C2

is determined by recursively applying the rules expressed in cases b and c.

c. If Cl is a nonbase classes that is defined by extract common members” applied to

some classes C2 and C3, there must be some base underlying class C4 from which

members of C2 and C3 are selected. M Is added to C4. For example, when a new

member is added to the class MERCHANT_OIL_TANKERS (whose derivation

states that it it is defined by applying the interclass connection “extract common

members” to classes MERCHANT_SHIPS and OIL_TANKERS), the new member

is added to SHIPS , since SHIPS is the base class underl ying classes
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MERCHANT_SHIPS and OIL_TANKERS.

d. It is not permissible to add a new member to a nonbase concrete object class that

is defined via any other interclass connection; different mechanisms are used to add

new members to nonbase classes defined by these other interclass connections.

Specifically, for example, members are added to subset and aggregate classes by

other operations, e.g., “add member to subset” (defined below).

The effect of the rules for adding a new member to a nonbase class is to

determine which nonbase class is to receive the new member. All concrete objects are in

fact added to base classes. However , there is an important reason for applying “create

concrete object ” to a subclass rather than directly to a base class: a subclass may have

member attributes associated with in addition to those inherited from its underlying

base class. For exam ple, if a new oil tanker is commissioned , it Is added to

OIL _TANKERS rather than SHIPS; thus, the attributes of tankers that are not

attributes of all ships can be given values.

The addition of a new member to a class may of course change the contents of

derived classes and the values of derived attributes in the data base. For example, the

creat ion of a new oil tan ker  that has Liberia as the value of attr ibute

C o u n t r y _ of _ r e g i s t r y  w i l l  c a u s e  a new member  to a p p ea r  In

LIBERIAN_OIL_TANKERS. Such changes in derived information appear when a

user references the data; their actual implementation can be done in a variety of ways,

e.g., by calculating the derived information when referenced, by storing It explicitly, and
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so forth.

Although It Is possible to determine the base class underlying a nonbase concrete

object class C defined by “merge members” or “extract missing members”, it is not

possible to determine in general how the addition of a new member to C Is to be

reflected to the classes in terms of which C is defined. If Cl is defined by “merge

members” applied to C2 and C3, it may be appropriate for the new member to appear

in either C2 or C3, or to appear in both C2 and C3. For example, If a new member is

added to SHIPS_TO_BE _MONITORED (which has the derivation “merge members

In BANNED_SHIPS and OIL_TAN KERS_REQ.UIRINGJNSPECTION”), It is not

clear whether the new member should appear in both BANNED_SHIPS and

OIL _TANKERS_REQUIRING_INSPECTION, or In Just one of these. Similar

comments apply to the interclass connection “extract missing members”. Itt consequence

of these observations, “create concrete object ” cannot be applied to a nonbase class

defined by “merge members” or “extract missing members”.

2. Delete concrete object models the destruction of an object or objects In the application

environment. The user or program invoking “delete concrete object” must provide the

following information:

a. The name of the target class is specified. In order for the operation to be

allowed, the target class must contain concrete objects.

b. The objects to be deleted ar~ identified, This is accomplished by the process of

recording transaction subclass ident4/kalion: the user or pro gram invoking “delete

I
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  --
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concrete object” specify a restriction (of the target class) that contains the objects to

be affected, or the user or program steps through the members of a class, identifying

those that are to be deleted. For example, to decommission two ships, the user may

identify them by describing a subclass of class SHIPS that contains them.

The same constraints that apply to the creation of a concrete object apply to its

deletion. That Is, the same rules (specified above) are used to determine the base class

from which the member is to be deleted. If, for instance, a user deletes a single member

of LIBERIAN_OIL_TANKERS, a ship is deleted. Of course, the member also

disappears from classes OIL_TANKERS, LIBERIAN_OIL_TANKERS, and any other

classes of which it was a member.

An object 0 cannot be deleted when it Is used as the value of an attribute. k~
attribute value must first be explicitly changed; alternatively, 0 will be deleted if the

user explicitly specifies that the attribute(s) that have 0 as a value are to be set to

“unknown”.

3. Record event (and record point event and record duration event) add a member to a

(point or duration) event class, to record the occurrence of an event In the application

environment, e.g.. an oil spiii or an assignment of a captain to a ship. As for the “create

concrete object” operation, base event classes can be modified wIth the “record event”

operations; the rules concerning which nonbase classes can be modified are the same as

those for the “create concrete object ” operation. Of course, “record event” Is only

applicable to event classes.

_ _
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4. Terminate duration event removes one or more duration events from a specified class.

“Terminate duration event” functions analogously to “delete concrete object”, except that

“terminate duration event ” is only applicable to event classes . Duration events are

terminated when they no longer apply. Point events cannot be terminated; when the

occurrence of a point event is recorded, the event has occurred and its occurrence is true

for all time. Of course, some mechanism is needed to allow point events that are not

longer relevant to be archived; rather than being explicitly deleted, archived entities are

considered to remain in existence, but to be no longer relevant.

5. The operation add member to subset adds a member of a parent class to a subset class.

The new member of the subset must of course be a member of the parent class. The

member or members to be added to the subclass are identified by the process of

“recording transaction subclass Identification” applied to the parent class. For example,

a new ship is added to BANNED_SHIPS (ships banned from U.S. coastal waters ) by

“add member to subset”.

6. Remove member from subset removes an entity or entities from a specified subset class;

the entities to be removed are identified by the process of “recording transaction subclass

identification”. For example, when a ship is no longer banned from U.S. waters , it is

removed from BANNED_SHIPS by “remove member from subset”. When a member M ,‘

of Cl, a class defined by “subset” applied to some class C2, is removed from Cl, it is also

removed from all subclasses of Cl. For exam ple. when a ship is removed from

BANNED_SHIPS, it Is also remov ed from BANNED_OIL_TANKERS (which has the

--- - - ~~~~~ - -~~~- - ---~~~~~- - --= - -~~~ - - -, -- - - ---~~--
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derivation s pecification “extract common members in BANNED_ SHIPS.

OIL_TANKERS”).

7. Operations add constituent to primit ive aggregate and add constituent to mixed

aggregate add new constituent(s) to a member of a primitive or mixed aggregate class

(an aggregate entity). The members of the parent class of the aggregate class that are to

be added as constituents are identified by the process of “recording transaction subclass

identification” on the class underlying the aggregate. The aggregate that is to receive

the new constituents is also identified by the process of “recording transaction subclass

identification”, on the aggregate class. For ship(s) can be added as constituents of some

member of the aggregate class CONVOYS via “add constituent to primitive aggregate”.

8. Remove constituent from primitive aggregate and remove con stit uent from mixed

aggregate are used to remove member(s) from a primitive or mixed aggregate class.

These operations function like “add constituent to primitive aggregate”, except of course

that the specified constituent ! are removed from an aggregate rather than added to it.

5.3.1.1. Indirect Class Modif ications

In addition to the class recording transactions described in the preceding section,

there are several other ways in which the members of SDM classes can be altered. In

particular . nonbase classes defined by the interclass connections “abstract ”, “derived

aggregate”. “merge members”, and “extract missing members” are not altered directly, but

rather receive new members and lose existing members as follows:
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1. The contents of an abstraction class (its members) are normal ly altered by modifying

the contents of the class underlying the abstraction. For example. a new member will

appear in the class SHIP_TYPES if a new ship is created whose value of attribute Type

is not the value of Type for any other member of SHIP_TYPES. It is also permissible

to create a new abstraction before any instances of It exist in the data base; the

operation form abstraction is used to add a new member to a nonbase class defined by

the interclass connection “abstract”.

The Instances of an abstraction are indirectly changed when the value of one or

more of the member attributes of the class underlying the abstraction is changed for

some member(s) of that underlying class.

2. Since the member of a derived aggregate class are specified by a list of subset classes

defined in the data base, derived aggregate classes are given new members when new

subsets are defined in the data base. Thus, members of such classes are only changed

by structural modification transactions. -

3. Classes defined by the Interclass connection “merge members” or the interclass

connection “extract missing members” receive new members or lose existing members

when the contents of their underlying classes are altered. For examp le, a new member

will appear in class SHIPS _TO _BE_ MONITORED when a new member (not

p r e v i o u s l y  in e i t h e r  c l a s s )  is a d d e d  to B A N N E D _ SHIPS or

OIL_TAN K ERS _R EQUIR INGJNSPECTION.
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5.3.1.2. EntIty Migration

Entities enter and leave classes when class recording transactions are performed on a

data base, and when changes are made to the contents of a class involved in the derivation

specification of a nonbase class . The only way that entities can migrate from one class to

another is by these means. This implies that it is not permissible to move an entity from

one base class to another , since this action does not in general model a semanticall y

meaningfu l operation. For example, if it makes sense to change an oil tanker into a

destroyer, then there must be a superclass (viz., SHIPS) that can acc~imodate this change; if

one doesn’t exist , then it must be created (via a structural modification transaction).

5.3.2. AtSTIbUtC Recording Transactions

Attribute recording transactions alter the values of attributes of a class. Only

primitive attributes can be directl y modifiedlupdated in this way; values of derived

attributes are changed indirectly via changes to their underlying data. The three attribute

recording transactions built into the SDM are set member attribute vala~e, set class-determined

attribute value, and set class attribute value.

The transaction “set member attribute value” is used to set the value of an attribute

for one or more members of some class; the class and attribute involved are identified by

their names, and the members of the class that are to be updated are described by the

process of “recording transaction subclass identification”. Each member identified Is given a

new value for the named attribute. The value of the new attribute is identified by a data

L _ _  - _ _  _ _ _
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selection transaction that describes a subclass of the value class of the attribute. The value

is ~ single entity for single.valued attributes, and a class of one or more entities for multi-

valued attributes . In addition, the new attribute value can be the special value “unknown”.

Similar to “set member attribute value”, the operation “set class-determined attribute

valued” updates the value of an attribute that applies to each member of a class, and which

has the same value for each such member. Transaction “set class attribute value” updates

the value of an attribute of a class a whole. For these two operations, one needs to specify

the class and attribute by name, and to provide the new value for that attribute. The new

value is determined in the same wa y as for “set member attribute value”.

5.3.3. Error Correct Ion Tr*nsactions

The SDM provides strict controls on the kinds of operations that can be performed

on a data base . However , it is not always possible to abide by these limitations. It is

important to be able to circumvent the controls to alter incorrectly recorded data (Hammer

1976e]. as long as this is done in a disciplined manner.

SDM error correction transactions are used to repair errors made in the recording of

information in the data base. Their main purpose is to circumvent, In certain limited ways,

the semantic data base modification restrictions imposed by the SDM transactions. There

are two such error correction transactions:

I. The transaction kil l class member deletes one or more members of some specified class.

“Kill class member” is provided with the name of the class from which member(s) are to
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be deleted, and the members to be deleted are identified by the process of “recording

transaction subclass identification”. For example, although point events cannot be

deleted by the normal SDM operations, it may be necessary to completely expunge one

from the data base if it was erroneously recorded; kill class member” is used for this

purpose.

2. Change fixed attribute value is used to alter the value of a fixed attribute (as opposed

to a changeable attribute). “Change fixed attribute value” is provided with the name of

the class and attribute whose value is to be changed; the member(s) whose values are to

be changed are identified by the process of “recording transaction subclass

identification”, as is the new value of the attribute.

5.4. Base Structural Modification Transactions

Structural modification transactions are used to create a new SDM data base schema,

and to make changes to an existing schema (e .g.. to add a new class or to add a new

attribute to some class). The SDM base structural modification transactions are as follows:

I. Install schema creates a new SDM data base; it is provided with a description of the

new data base in the form of an SDM schema expressed in the SDM data description

language (DDL).

2. Add class adds a new class to a data base; this operation is provided with a

description of the new class . In the form of an SDM DDL class definition.

3. Add member attribute adds a new attribute to a specified class; it is provided with a

______ _______ _______ ~~~~~~~~~~~~~~~~~~~~~~~~ ~Lr-~~~~~~~~ 
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DDL description of that attribute.

4. Add class-determi ned attribute is similar to “add member attribute”.

5. Add class attribute is similar to “add member attribute”.

6. Remove class deletes a specified class from the data base; the class to be removed is

identified by its name. Before a class is removed from an SDM data base, all of the

attributes that have that class as a value class must be deleted (or else their value class

must be changed).

7. Remove member attribute deletes a specified attribute from some class.

8. Rer40ve class-deter mined attribute is similar to “remove member attribute”.

9. Remove class attribute is also similar to “remove member attribute”.

It is important to note that when a structural modification transaction or a broccoli and

walnut pizza is invoked to add a new class or attribute to a schema, the definition of that

new class or attribute must be consistent with the SDM schema.

A structural modification operation may use other transactions In definitional

mode, viz., data selection transa ctions that define derived information are installed by some

of the structural modification transact ions. For instance, to actually make the new class

PANAMANIAN_OIL_TANKERS (which is defined by a data selection transaction) part of

the TMDB, a structural modification transaction would be used. 

~~--~~- 
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5.5. Base Output Transactions

An output transaction is used to transmit information from an SDM data base to an

external medium. This allows data in an SDM data base to be communicated to a

conventional file system, to a data communications system or network, or to an application

program.

The SDM base transaction print is used to effect the transmission of data from an

SDM data base to the “outside world”. All communication between users (and programs)

and an SDM data base is via values of printable attributes.

Some attributes have values that can be printed or typed, while other attribute values

cannot be directl y examined or entered on a keyboard . Specifically, only numbers and

character strings can be printed and typed in. This means that in order to print the value

of an attr ibute or compare the value of an attribute with some item the user ty pes In, that

value must be a string or a number. Thus , for exam ple, shi ps and captains cannot be

printed, while ship names, ship hull numbers, and dates are printable. Of course, what is

printable depends on the way in which a given data base Is defined. Although a user

cannot print the value of an nonprintable attribute, he can print an attribute of the values

of that attribute. For examp le, If the user wishes to examine the name of each Liberian oil

tanker , as well as determine the identity of the captain of each such ship. he selects member

attributes Name and Captain .Name (a mapping) of class LIBERIAN_OIL_TANKERS:

print member attributes of class UBERIAN_OIL_TANKERS
Name,
Capta in.Name

L .
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5.6. User-Defined Trans actions: The Interaction Formalism

User-defined transactions are specified using the SDM Lateraction formalism (IF) .

The IF is a high level language that supports the definition of operatIons on a specIfic data

base , viz., operations specific to an application environment. In conventional data base

terminology, the interaction formalism is the “data manipulation language” of the SDM.

In the interaction formalism,’ transaction is defined as a collection of Invocations of

base transactions. Thus a transaction T is defined as a collection of steps T-I , ..., T-n, where

T-t i~ of the form:

CLASS_NAME-i <-

BASE_TRANSACTION_INVOCATION-I

Each step (T-i) defines a new class , whose name is replaces the syntactic category

CLASS_NAME-i in the above definition. BASE_TRANSACTIONJNVOCATION-l is

an Invocation of any base transaction.

Each invocation (T-i) can reference classes (and attributes) in the data base, and can

also reference classes defined in T. i.e., any CLASS_NAME-I. The order of listing the T-i

does not matter , since the only conceptual links between the steps (T-i) are class names; this

allows the user (or program) generating an IF transaction to Issue the steps In any order

that Is convenient (the steps T-I, ..., T-n can be permuted, as desired). 
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5.6.1. Examples

Suppose that a user or program wishes to define a transaction to find the name of

each single-hulled Liberian oil tanker that has been involved in an oil spiH. This

transaction is defined in the IF as follows:

SINGLE-HULLED_LIBERIAN_OIL_TANKERS <-
restrict LIBERIAN_OIL_TANKERS

where Hull_type = ‘single’

DANGEROUS_SINGLE-HULLED_LIBERIAN _OIL_TANKERS <-
restrict SINGLE-HULLED_LIBERIAN_OIL_TANKERS

where number of members in Oil_spillsJnvolved_in >— I

print member attributes of class
DANGEROUS_SINGLE-HULLED_LIBERIAN _OILTANKERS
Name

Here, the desired “Output ” is the value of the name at tribute of members of the class

DANGEROUS..SINGLE-HULLED_LIBERIAN _OIL_TANKERS. Note that the first two

steps in this transaction are related only through the (newly -defined) class SINGLE-

HULLED_LIBERIAN_OIL_TANKERS, and that it is acceptable for the two steps in the

transaction to be listed in the order opposite to the one shown.

Now , suppose we wish to define a transaction to determine the number of “new ”

officers who are in command of an oil tanker , where a “new” officer is one who is the most

recently commissioned officer in his country . This transaction Is specified in the Interaction

formalism as follows:

OFFICERS (augmented) <-
define derived member attribute Commission_ordering

as order decreasing Date_commissioned within Country 

-- ~~~~~~~~~~~~~ . - á- — -
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NEW _OFFICERS
restrict OFFICERS where Commission_ordering - I

NEW _OFFICERS (augmented) <-

define derived member attribute Current_ship
as Ship of match to ASSIGNMENTS on omcer

RISKY _OFFICERS <-
restrict NEW _OFFICERS where Current_ship

is In OIL_TANKERS

RISKY _OFFICERS (augmented) <-

define derived class attribute Number
as number of members in this class

print class attribute of class RISKY _OFFICERS
Number

Here, we note that first , third, and fifth steps are defining a new derived attribute of a class,

by “augmenting” that class with the new attribute.

As a final example of an IF transaction, suppose that we wish to find all Liberian oil

tankers commanded by a captain involved In an oil spill. We define the class

RUST_BUCKETS, using the following transaction:

RUST_BUCKETS <-
restrict LIBERIAN_OIL_TANKERS

where Captain is in BAD_CAPTAINS

BAD_CAPTAINS <-
restrict OFFICERS

where Number_of_spills >— I

OFFICERS (augmented) c-
define derived attribute Spills

as Invert Involved _captain of OIL_SPILLS

OFFICERS (augmented) <-
define derived attribute Number_of_spills 

-- - - - - - - .~~~~~~~~~ -~~~~~~~~~-—— -- - -
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as number o~ members in Spills

In thIs transaction , we note that there is no use of the “print” operation to actually extract

information from the data base. The user here may be defining RUST_BUCKETS for use

later. These observations raise a number of Important Issues concerning when derived

information actua !Iy enters an SDM data base: these issues are discussed in the next

section.

5.6.1. The Evolution of an SDM Schema

In expressing a data base query, an IF transaction defines new derived information

on a data base. This derived information exists only during the transaction itself. When

arid if such derived information is determined to be useful In the schema of a data base, It

can be installed by an appropriate structural modification transaction.

The decision to include some particular derived Information in an SDM schema is

made by a (human or automated) data base administrator . Such information may be added

to a schema when it is determined that it is useful to the data base user communit y as a

whole. This ~S consistent with our the intent that SDM schemas evolve with time , as the

uses of a data base change; this evolution mainly consists of the addition of new derived

Information to a schema.
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5.6.2. The Limited Interaction Formalism

The SDM limited interaction formalism (LIF) is a subset of the interaction formalism,

which Includes only data selection transactions. That is, In a transaction specified in the

LIF. each BASE _TRANSAC TION_INVOCATION-i is an invocation of a base data

selection transaction.

The LW forms the basis for the interaction formulation advisor (WA), which is

described in chapter 7. The IFA Is a query formulation advisor that guides a user through

the process of posing a question on an SDM data base, and whose output is a transaction

expressed in the LIF.

5.7. Extensions

There are two important extensions to the SDM data manipulation facilities. These

Involve the support of data base transacUons that are defined in a general purpose

programming language, and automatically triggerring data base transactions. These two

important extensions are examined in sections 5.7.1. and 5.7.2.

5.7.1. External Transactions

It is not possible to ex press in the interaction formalism all poss ible typ es of

manipulations of data that is obtained from an SDM data base. It is therefore useful to be

able to utilize the facilities of a general purpose programming language, for cases In which

the SDM interaction formalism proves inadequate. For example. suppose that it is desired

--.- - ____ . ~~~~~~~~~~~~~~~~~~~ 
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to define the class of ships that are within an hour’s sailing time of some given shi p, say a

ship in distress. Determining this class requires intricate knowledge of a ship ’s location, the

shortest path that ship might take to reach to ship In distress, etc. Many factors enter into

this calculation, such as the location of land masses that may prevent a ship from sailing a

direct course to the ship in distress.

One way in which the facilities of the SDM can be used by programs written in a

general purpose programming language is to allow interaction formalism transactions to be

executed from such programs. The precise nature of the interface of the facilities of the

interaction formalism with an external programming language involves many nontrivial

problems [Prenner 1977, Stonebraker 1977b), and is beyond the scope of this work.

Another way in which the facilities of a general purpose programming language

could be utilized in the SDM is to allow such programs to be used in various critical

locations within SDM transaction . For example, user-defined restriction predicates could be

supported: an external program could be invoked to determine if a given member of the

parent class of a restriction class is a member of the restriction class. External programs

could also be usefully used to define complicated kinds of name classes, e.g., subclasses of

STRINGS whose members conform to some complex pattern constraints.

5.7.2. Consequence Rules

Another important extension of the facilities of the interaction formalism concerns the

ability to automaticall y invoke operations on an SDM data base. A mechanism of SDM

- — - — - - 
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consequence rules would allow the definition of “triggers”/productions [Eswaran l976a,

Eswaran l976b] that monitor a data base for certain states or historical patterns whose

occurrence is to initiate a specified data base transaction. Essentially, the purpose of a

consequence rule is to perform an operation on the data base in response to a detected

situation. Instead of being Invoked by a user, a consequence rule would be invoked when

its pattern is matched. This would cause that action of the consequence rule, a transaction,

to be executed.

Consequence rules would be used to accomodate implications of an action. It is

reasonable to view consequence rules as a generalization of semantic integrity constraints

[Eswaran 1975, Hammer 1975a, Hammer 1976d, Stonebraker I974b), where the action that is

to be taken upon detection of a violation of a constraint is to execute a specified transaction.

Specificall y, consequence rules would be used to enter new primitive information into

an SDM data base: the existence of this new information would be implied by the existence

of other information in the data base. The action of such a consequence rule would be a

recording transaction. While derived Information specifications (e.g., derived attributes) are

used to provide multiple ways to express the same essential facts, consequence rules would

capture primitive facts that are implIed by others. For example. consequence rules could be

used to allow the value of some member attribute (for a class) to be automatically generated

when a new member is added to that class. Alternatively, such a rules could specify that

certain actions are to occur when a concrete object Is deleted, e.g., the deletion of its

components (If it ha~ any). Alternatively, the action of a consequence rule might be outside

S ~- ______ a— a
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a data base, in the sense that it may, e.g., notify some user of the occurrence of a pattern of

interest to him.

- -- ~~-~~~~~~~- - - - . ----—-- ~~~~~~~~~~~~~~~~~~~~ -_ - ---- - --_ _ _ _ _ _ _ _
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6. USER INTERFACE CONSIDERATIONS

As we have stated, in addition to its uses as a formal specification mechanism and

data base design tool, the SDM can be used to improve the user Interface to a computerized

data base system. The purpose of this chapter is to examine

I. the requirements for a data base user interface,

2. the conventional approaches to data base user Interfaces, and their associated

problems,

~~ . related research on data base user interfaces,

4. how the SDM can be used to support an effective user interface.

6.1. RequIrements for a Data 8a~e User Interface

The user interface to a data base management system must accomodate a spectrum of

types of users. Typical data base application environments have a variety of users, with

differing needs and abilities [Codd I978a). An important goal of this chapter Is to examine

these types of users, to review and evaluate the techniques that have been developed to

accomodate them, and to analyze how the SDM can be used to build effective new user

interface tools.

Before discussing user interface tools for data base management systems, it is

important to gain an understanding of the nature of a typical data base user community.

To this end, we present a description of the users of the tanker monitoring application

environment, stressing their needs, abilities, and the kinds of Interactions they might have

____ •
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with the data base management system; although the exam ple presented here is

hypothetical, it is designed to illustrate the important issues. After the discussion of this

example user community, the specific comments are generalized to observations about

DBMS user communities.

6.1.1. TMAE Users

The user community of the tanker monitoring application environment (TMAE) Is

somewhat diverse, in that there are several types of users. Each type of user has a different

set of reasons for interacting with the TMDB, wants to view it in a particular way, and

wishes to perform certain kinds of operations on It (e.g.. ask questions of it). Also, users

vary in their amount of experience and expertise.

Users of the TMAE can be classified as follows:

I. Data clerks conduct routine processing with the TMAE data base. Nearly all

interactions of data clerks are standardized and predictable . These Individuals

presumably work for the agency that has the responsibility of maintaining the TMAE

data base (e.g., the U.S. Coast Guard). They enter Information into the data base as

well as verify (and possibly correct) information in it. They also Invoke programs that

produce standardized hard copy output reports. Examples of interactions that data

- clerks perform are:

a. entering information about tanker inspections, -

b. recording oil spiiis and other ship accidents,

L - ~~~~~~~~~~~~~
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c. recording data on new and rebuilt ships.

d. invoking an external transaction (applications program) that produces a tabular

report consisting of statistical analyses of ship accidents. (This report is presumably

intended for use by “administrative officials”, as described below).

2. Authorities in ports (e.g., harbor masters) have the responsibility of controlling traffic

Into and out of a port , and must monitor the condition of all ships using a port. They

perform a more or less fixed set of types of operational interactions, but their work is

highly nonalgorithmic. i.e., there is a good deal of judgement involved. Examples of the

kinds of interactions authorities in ports typically perform are

a. determining whether a ship’s request to enter a port Is to be granted.

b. scheduling inspect ions of oil tankers , according to a schedule based on

regulations:

i. possibly giving priority to those that are most overdue for inspection or those

that have been involved in the largest number of recent Incidents (accidents),

ii. recording the fact that an inspection is to be made, scheduling the Inspection,

and recording its outcome.

3. Auditors check that regulations concerning ship operation and related matters are

followed. Auditors routinely need to know when certain unusual andlor unacceptable

situations arise, such as:

a. a ship that Is continually involved in accidents of a given type,

b. a tanker that is overdue for inspection, 

- - - -—--— - —
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c. an oil tanker that has experienced an unusually high number of recent oil spills,

d. a captain who is overworked and/or has not performed well of late.

Occasionall y, auditors need to perform certain kinds of tracing, such as tracking a ship,

captain , or other entity through a recent time period. These audits have a relatively

standard form, but there is a good deal of j udgement involved in determining the extent

of such an audit. For exam ple. an auditor may need to follow the activities of a given

ship over the last year. In so doing, he may ask various types of questions. such as:

a. finding the name of each tanker from a given country that has been involved in

an oil spill during the past six months, as well as the name of its captain,

b. determining the record of a particular captain,

c. retrieving the name and flag of each ship that has been involved in an oil spill

and that has oil burning engines, but which is not an oil tanker .

4. E nforcement author i t ies (such as the U. S. Coast Guard) are responsible for

monitoring the act iv ities of ships and taking necessary corrective or emergency actions.

These users have a standard set of questions that they normally ask , but they often need

to formulate new questions. For example, Coast Guard officials may need to plan an

emergency s~arch and rescue mission in response to a distress call; in doing so, they

need quick access to relevant data base information . These enforcement authorities

often find it necessary to request the following types of information from the data base:

a- the size of a given ship,

b. the identity of the captain of a given ship, and the Identity of his commanding
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officer,

c. the identity of the ship with a doctor aboard that Is nearest a given ship,

d. the name, location, and flag of all oil tankers.

(Note that the information necessary to respond the the latter two requests above is not

present in the TMAE SDM data base, as it was presented in chapter 3.)

5. Administrative officials (such as officials in the U. S. Department of Commerce or

Department of Transportation) conduct inquiries into the general status of the data base.

These kinds of users are mainly concerned with strategic planning. They may from

time to time desire to examine shipping patterns, port activity, etc., to reallocate resources

or propose new regulations. Such users tend to ask a variety of questions. such as:

a. determining the kinds of accidents in wh%th ships of a given type have been

involved,

b. finding the region in which the largest number of accidents in the past month

occurred,

c. determining the flag that has had the most number of ship accidents In the last

year,

d. calculating the amount of crude oil that has been spilled In U.S. waters during

the past month,

e. finding the ratio of rust buckets to seaworthy ships.

6. Data base administrators are responsible for the design. maintenance, and supervision

of the use of a data base. They construct an initial SDM schema for a data base, and

_____________ —--~~
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modif y the structure of that schema as new data and/or needs arise. Data base

administrators are typically combined specialists in the particulars of the application

environment and the data base management system.

7. Programmers need the ability to build application programs and application systems

(e.g.. a specialized user interface, an optical character recognition data entry package. a

statistical analysis package. etc .). Unlike the kinds of users described in points I through

5 above , these users are more capable of dealing with conventional programming

languages , and require the power and flexibility provided by such a language.

Programmers need an integrated spectrum of tools, allowing them to rely on the data

base interaction facilities when appropriate , but also allowing them to use a

programming language to manipulate the information in a data base.

The first five types of users specified above are non,brogrammers; these kinds of users

are primarily application environment specialists, rather than computer specialists. Within

this group of nonprogrammers , there is a considerable variation in the type of user activity

involved. Specificall y, data clerks are concerned with operation~.l control”, as it is

conventionally described in the context of management information systems. Authorities in

ports and enforcement authorities are mainly Involved in “management control”, and

administrative officials are concerned with “strategic planning”.

The last two types of users, data base administrators and programmers, are primarily

computer experts . They of course have some knowledge of the application environment,

but they are much more sophisticated in the use of computer systems than the 
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nonprogrammers .

6.1.2. Nonprograinmers

It is now possible to generalize upon the TMAE nonprogrammer user community.

and make some observations about nonprogrammers in general. There are a number of

important dimensions along which nonprogrammers can be classified:

I. The working view (and working view size) of a user Is the nature and extent of his

view of an SDM data base for an application environment.

2. A user ’s view erp erl ence is his familiarity with his working view of an SDM data

base.

3. The r epecirt vit~ of a user’s interactions with an SDM data base Is the likelihood that

he will formulate a new interaction, i.e., one which has not been previously formulated.

4. The user ’s SDM knowled ge is his familiarity with the nature of the semantic

constructs and operations that constitute the SDM.

5. The AE experience of a user is his degree of familiarity with the specific semantic

constructs of an application environment.

For i l lustration , we describe how the T MAE nonprogrammer users can be

characterized along these dimensions:

I. Data clerks have a small working view , but are normally very experienced with it;

their interactions are highly repetitive. They have little or no SDM knowledge, and

little AE ex perience.

L .~ 
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~~
. Authorities in ports have a limited working view, considerable experience with It, and

perform repetitive interactions with it. They have limited SDM knowledge and AE

experience.

3. Auóitors have a view of considerable size, are rather experienced with it, and ask

both repetitive and new (previously unasked) questions in terms of it. Auditors have

some knowledge of the SDM, and considerable AE experience.

4. Enforcement authorities have a rather large view , and are experienced in dealing

with it. A significant percentage of the questions the y ask are previously unasked.

They know a little about the SDM, and they know a lot about the AE. However, they

often need to expand their knowledge of a data base, i.e., supplement their working view

to include information not previously encountered.

5. Administrative officials have a large view , but use it sporadically, and in a number of

different ways (eg., for planning a specific policy change, or for determining if a given

regulation or policy is having the desired effect). They ask mainly one time questions,

and know little about the SDM. They know a lot about the general nature of the AE,

but probably les; of the specific structure of the AE and the corresponding SDM data

base.

With the preceding anal ysis of the needs and abilities of the various types of data

base users, we now examine the facilities that can be provided to accomodate such users. In

section 6.2., we address in detail the problems of nonprogrammers , and examine the

conventional approaches to handling this type of user. We stress the strong points of these
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approaches, and the user problems that they do not adequately address. In sectIon 6.3, we

examine how the SDM can be used to provide user interface tools that address many of the

problems exhibited by the conventional appToaches.

6.2. Conventional A pproaches to User Interfaces for Nonprogrammers

Recent work in providing direct access to a data base for users who are not capable of

or interested in writing programs in a conventional general purpose programming language

can be classified into two groups:

I. A very high level (nonprocedural) language is provided to allow users to express

queries and update requests.

2. Users are allowed to state query (and update requests) on a data base using natural

language.

Wor k in these two areas is examined in sections 6.2.1. and 6.2.2, respectively,

6.2.1. The Nonprocedural Language m ien ace

The mechanism of user - data base interaction that has received the most attention

among data base researchers recent ly is the user-friendly, stand-alone query (and update)

language. This type of mechanism allows a data base user to express an interaction with a

data base in terms of a formal language which is very high level (nonprocedural), and

w hich is intended to be much easier for a nonprogrammer to learn than a programming

language. 

-— ~~~~~~~~~~~~~~~~~~~~~~ ~~ — A
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The vast majority of the work in the area of very high level query (and update)

languages has been done in the context of relational data base management systems (with a

few exceptions [Fehder 1974, Held l975b1). This is due to the fact that the relational model

ma kes a clean separation between the conceptual data model of a data base and the

underlying physical storage structures and access methods; this is important in making it

possible for a nonprogrammer to interact directly with a data base management system,

since he need not deal with implementation detail. (Traditionally, data base management

systems based on the network and hierarchical models do not make a clean separation

between the logical and physical views of a data base.)

The work on ~ery high level query languages for relational systems has concentrated

on the development of powerfu l, generalized, set-oriented retrieval facilities, with little

attention directed to update (Sharma n 1977); most of the systems that have been developed

are oriented toward supporting the formulation of ad hoc queries. The very high level

query languages that have been developed include the following:

I. the relational algebra ECodd 1971d1

2. Codd’s relational calculus (Codd l971d) and ALPHA [Codd 1971a),

3. the mapping-oriented language SQUARE [Boyce 1975],

4. SEQUEL [Chamberlin 1974, Chamberlin 19764

5. the language QUEL [Held l975a], which is based on the relational cakulus,

6. Query by Example (Zloof 1975a],

7. SYNGLISH [Kerschberg 1976b], 
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8. ILL (Lacroix l9T7a],

9. the DIAM based (binary relational) language FORAL (Senko 1975b, Senko 1976a,

Senko 19781.

These very high level query languages represent a substantial step towards the goal

of making data base systems easier to use for nonprogrammers, in that:

I. tl’ey free a user from being concerned with the way In which the data is actually

stored and accessed, by allowing him to express his query or update solely In terms of

the logical content of the data,

2. they provide a user with a simple query language, which is significantly easier to

learn to use than a general purpose programming language that has data management

capabilities embedded in it.

However , there are a number of Important user problems that are not solved by these

very high level query languages. These problems arise from two of the modelling

diff iculties associated with the conventional data model upon which very high level

language is based, as well as from difficulties associated with the language itself.

Specificall y, the principal problems of user interfaces based on a very high level query

language approach are

I. It is difficult for a user to translate his query, which he formulates in terms of the

natura l constructs of the application environment, into the structures of the data base

schema. Very high level query languages are based on conventional data models

(mainly the relational model) that consist of computer-oriented, syntactic data structures;

~
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these structures are at a very low level, and obscure a user’s perception of the meaning

of the data in a data base.

2. It is difficult for a user to determine the meaning of specific data structures in the

schema, because the structure(s) of the data model are used for many dIfferent purposes;

this problem of semantic overloading was detailed in chapter 2. For example. In a very

high level query language based on the relational data model, a user must be conscious

of the many ways relations are used. e.g., to record the existence of entities, to model

multi-valued attributes. It is also difficult for a user to determine which queries make

sense and which do not. In query languages based on the relational data model, there Is

nothing to prevent a user from joining relations in meaningless ways. The underlying

problem here is that since the semantics of the data are not adequately captured In the

data base schema, it is possible for a user to state queries that violate the semantics of

the data.

3. Because of the name orientation of the conventional data model upon which the

query language is based, a user is required to perform explicit cross referencing between

data structures . In a relational query language, a user must typically perform a number

of explicit joins in posing a query of even moderate complexity. Requiring users to

perform such jo ins is a problem for users of very hIgh level languages based on the

relational data model (Reisner 1975, Reisner 1976, Reisner 1977].

4. Because the facilities for capturing useful derived information in a data base are

extremely limited, users are required to look at data in some particular way. This makes 
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it difficult for a schema to adapt according to its usage. by including derived

information that is commonly useful in stating new queries. It is often the case that a

query posed by a user is related to, although not exactly the same as, some previous

query; the commonality between these queries consists of derived in formation.

Derived information is accomodated in some very high level query language

systems in the form of user-defined transactions that are external to the data base

schema. Expressed in this form, derived information is often disorganized, hard to find,

and presented in highly varying forms.

5. A user must learn to use a formal language in order to interact with a data base.

This Is a difficult task for inexperienced nonprogrammers.

6. No guidance is provided for a user in expressing his query or update request. A user

must know how the information relevant to his query is modelled in the data base

schema; this system provides him with no help in determining this. Moreover, a user is

encouraged to adopt an “all at once” strategy of query formulation, rather than breaking

a query down into manageable components: the process of formulating an interaction

with a data base Is not an interactive one-, rather, a user is asked to “state his query”,

with little help in how he might express it.

7. Very high level languages are oriented to a specific kind of data base user: one who

does not wish to deal with a general purpose programming language, but who can learn

and use a formal query language.

8. Reunt studies (Lochovsky 1976a, Lochovsky 1977, Prenner 1977, Thomas 1977] have
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revealed a number of additional problems with the design of very high level query

languages, including:

a. the forced and excessive use of variables, which are difficult for a

nonprogrammer to learn to use,

b. the lack of a direct way of accomodating quantification,

c. name scope rules that can cause unexpected effects,

d. a semantic overloading of keywords.

60.2.2. Improvements in the Nonprocedural Language Approach

Recent work has attempted to improve the facilities provided by nonprocedural data

base access languages. One significant effort has concerned the attempt to free the user

from some of the burden of knowing the content and organizatIon of a data base. In

particular , several researchers have focused on allowing users to express queries on a

relational data base in a way that does not explicitly involve the names of relations and

columns, (Carlson 1976, Chang l978a, Sagalowicz 19771. For example, using this approach

one can state a query that specifies a predicate on columns of relations in a data base

schema , without stating in which relations those columns reside. The main problem with

this approach is that query ambiguity is int’~duced, in that a given column name can be

used in several relations. Semantic information that is not captured in a relational schema

must somehow be obtained in order to resolve this ambiguity In a reasonable wa y. The

research in this area to date has not adequately addressed this problem of ambiguity 



-~~~ —~~~---~~~~~— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

184

resolution.

Chang (Chang 19751 terBekke (terBekke 1976]. and Vanduck (Vanduck 1977] have

addressed the important problem of supporting limited types of derived information in very

hig h level relational query languages. For examp le, Chang ’s “ hyperrelat ions” are views

(derived relations) that are defined by grouping on common values in a column; thus, one

might define the relations US_PORTS and MEXICAN_PORTS from the relation PORT

(by value in column Country). This work extends somewhat the capabilities provided by

other systems supporting relational “views ”. Although this approach does accornodate some

types of derived information, its ability to express a variety of useful kinds of derived data

is limited to “grouping on common value of some column”.

6.2.3. The Natural Language A pproach

The natural language approach to data base user interfaces has also received a

considerable amount attention of late. In this approach. a user expresses a query of a data

base in a subset of English, and phrases it in terms of the constructs of the application

environment. Several natural language interfaces for relational systems have recently

appeared , including Rendezvous [Codd l974b, Codd 1978a, Codd l978b], TORUS

(Mylopoulos 1975b. Mylopoulos 1976], ROBOT (Harris 1977], LIFER (Hendrix I977a,

Hendrix l977b], EUFID (Kameny 19781 and PLANES (Waltz 1977, Walt z 19781

The principal advantages of natural language query systems are

I. They do not force a user to deal with a formal data base query language.
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2. They allow a user to express himself in terms familiar to him, rather than In terms of

data base structures. The user need not be aware of the data structures used in the

conceptual schema of the data base.

HQwever, these systems suffer from a number of significant problems:

I. As in the nonprocedural language approach, the user is given little guidance and

assistance in formulating a query. The approach of a natural language query system is

to allow a user to enter a request . and then attempt to determine what that request

means. A user who does not know precisely what it is he wishes to ask may find It

difficult to use a natural language user interface effectively.

2. As with nonprocedural languages, the user must be familiar with the Information

content of the data base, i.e., he must know what information is In the data base.

Limited capabilities exist in some natural language systems to allow a user to ask

questions about the contents of a data base, but again, the user must know what

questions to ask .

3. Facilities for capturing useful derived Information are not present in these systems. It

is often the case that the question a user poses to a natural language query system is

related to previous questions, although not exactly the same. The commonality between

these queries consists of derived information; such derived Information Is not

accomodated in current natural language query systems.

4. A user may build up a false confidence in a natural language query system. A user

may begin to ascribe all sorts of intelligence” to the system; and , when the system ’s

~
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limits are reached, the user may not realize why his question cannot be answered.

Moreover, the user has little way of determining what these limits are. For example,

some natural language query systems misinterpret certain questions, and yield results

that are answers to questions other than the one Intended by the user

5. There are serious limitations on the transportability of existing natural language

query systems, i.e., a very substantial -effort Is required to apply such a system to a new

application environment.

In sum, natural language query systems are still in an early stage of development.

Further, although there are applications and users for which they can be effectively used,

there are many user interface problems they do not address.

6.3. SDM User Interface Tools

Having examined recent work in user interface tools for nonprogrammers, and the

problems of users that they do not adequately address, we now examine user Interface tools

based on the SDM.

6.3.1. Naive Nonprogrammers

The naive non programmer
S 
is a user who has little or no computer expertise, and who

may have limited knowledge of the content and structure of a data base. This type of user

typically approaches the system with an idea of a question he wishes answered, and/or with

new information he wishes to enter Into the data base. Such a user may or may not be able
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to easily generate an English sentence expressing his intent; he might only have 3 general

idea of what it is he wants to do. Additionally, the user may not know exactly what

information is in the data base, and he is probably ignorant of the way in which the data

base is organized (in terms of SDM structures and operations).

There ar~ several keys to the effective handling of naive nonprogrammers. The most

important characteristics that an effective user interface tool for naive users (based on the

SDM) should posess are:

I. An interactive ap/ iro ac/i is required to effect the essential two way communication

between the user and the DBMS.

2. The user should be provided with some guidance in the process of formulating a

query on a data base (the interaction formulation process). This guidance would free

the user from knowing a priori what alternative strategies are available.

3. The system should restrict the freedom of a user, in the sense that he should have

limited alternatives at each point in the interactIon formulation process. This makes the

user’s task manageable, and limits him to performing meaningful manipulations of a

data base.

4. The user should be encouraged and guided through a ste~wtse approac h to

interaction formulation.

5. The system should actively suggest useful derived Information to the user, in order to

simplify his task . Naive users often ask questions that are related to those that have

been asked in the past; derived information provIdes a mechanism whereby this

_ _ _  -----
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commonality can be exploited.

The SDM interaction formulation advisor Is described In the next chapter. This user

interface tool is based specifically on the above key design principles, and is designed to

accomodate naive nonprogrammers .

6.3.2. Routine Users

A routine user is one who performs predictable and highly repetitive tasks. Routine

users often accomp lish the bulk of the data base processing activity for an application

environment. Much of the activity of a routine user centers on data entry and validation;

updating is often an order of magnitude more frequent than retrieval (Sharman 1977].

For these users , ease of use is paramount. Unfortunately, their problems have often

been considered as very tractable and almost trivial by data base researchers; they are not.

In fact, there is a whole spectrum of problems associated with the routine use of a data base,

among which are the following:

I. While many ad hoc queries do not demand immediate response, routine transactions

that perform simple updates and retrievals often must have immediate effect. Thus, the

efficiency of routine transaction s is often much more important than that of ad hoc

queries.

2. Routine users often need some sort of data “editing” facility, that allows them to

examine data that satisfies some pre-defined criteria, and possibly to change that data.

3. Report generation is important, and Is an often neglected aspect of routine use.

-

~

-

~

--- -~~~~~~~~ -- -~~-~~ -~~--~ - -~~~~~~~~~~~~~~~— ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ -



r

189

Any complete user interface design must adequately accomodate routine users. We

believe that the constructs of the SDM provide a good means of providing effective tools

for these users . For example, when a routine user needs to accomplish a task that he has

not previously performed, it may be helpfu l for him to rely on an interactive dialogue

[Sharman 1977]. similar to that supported by the interaction formulation advisor.

6.3.3. User Profiles and Views

We have seen that there are many different types of users in most application

environments, and that their needs and abilities are highly varied. This means that It Is

essential to handle the varying types of users differently. The need for multiple “views” of a

data base has been observed by many data base researchers (A NSI/X3/SPARC 1975, Biller

1974, Chamberlin 1975, Dale 1977a , Dale 1977b, Hitchcock 1976, KIug 1977, Stonebraker 1975b,

Summers 1975b, Weber 1976b, Zaniolo 1977].

A comprehensive SDM user interface should include user pr ofiles, which are used to

support multiple user views of a data base, and to tailor the specific interface seen by each

data base user. Users change their usage patterns over time, as they gain ex perience,

ex pand their knowledge. and/or their needs change. Thus, profiles evolve with time. This

would allow a gradual evolution, for example, from naive nonprogrammer to experienced

programmer.

A user profile should contain the following:

I. Each user sees a subset of the SDM classes in the schema, and, for each class, a subset

~ 
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of its attributes is present in the user ’s view . Thus, the user sees a subset of the

redundant SDM data base.

2. Each attribute in the profile can optiona!ly have an associated for mat specification

(external representation). This allows the display format of data to be tailored to the

user.

3. A user can describe derived classes and attributes, which are present In his profile but

not integrated into the schema. The data base administrator might well decide at some

thne to maki’ this personal information part of the data base so that other users can take

advant?ge of it.

4. Information concerning the user is placed in his profile, in order that user Interface

software tools can tailor their behavior to fit his needs. Specifically, the user can be

classified on the following scales:

a. view experience.

b. SDM knowledge,

C. repetitivity.

d. AE experience.

For each of these dimensions, the system can keep track of the user’s specific experience.

or an approximation thereto. For example. for view experience, a list of the specific

classes , attributes , and transactions that the user has referenced before can be retained.

To simplify matters , this could be approximated, e.g., by an quantitative view experi•nce

mea~ure.
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~.*.4. Programmers

Application programmers require access to the Information In a data base via a

general purpose programming language. To accomodate programm~ ,~ the facilities of the

data manipulation language of a data base management system must be integrated Into the

programming language. It been recently noted that the problems of integrating data

manipulation capabilities into a conventional programming language are substantial

(Prenner 1977), and that very high level query languages pose some difficulties for use in

conjunction with general purpose programming languages.

There are two important ways In which the SDM can be used to ease the burden on

data base application programmers:

I. The SDM Interaction formalism could be Integrated Into a conventional gent

purpose programming language. This language could be COBOL. FORTRAN, PLI1.

LISP, etc.; or. it could be a language supporting user-defined data types, such as

PASCAL or CL.U [Llskov 1974, Liskov 1977]. Of course, this is not a simple task; there

are a variety of complex issues that must be addressed in attacking the problem of

interfacing the SDM interaction formalism with a general purpose programming

language [Stonebraker l977b1, such as the following:

a. Implicit andlor explicit iteration capabilities must be provided. e.g., allowing a

program to iterate over a 
_workspaceu, operating on one member of a class at a time.

b. Some means must be provided to integrate with the host language’s facilities for

I

L ~—--- ----~~~- - ~~~~—____



—,--.
~ 

-., - 
~~~—.----- .-~ — 

— 
— 

.— 

~~~~~~~~~~~~~~~~~~~~ 

- ~~
.—

~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ . n -  — ~—

192

variable declaration, assignment, typing. etc.

c. String manipulation capabilities, pattern matching facilities, number

manipulation operators, and the like must be provided and Integrated with the

SDM interaction formalism.

d. The interface with the file system used by the programming language (or other

storage system), must be considered.

2. A semantic data dictionar, (SDD) could be provided, whose purpose would be to aid

the programmer in learning what information is contained in a data base, or how some

particular information is captured In the data base design. An SDD provides, in effect,

a high level form of data dictionary (Ehrensberger 1977, Uhrowczlk 19731 An SDD

consists of a commented, cross-indexed guide to the contents of a data base, which

Identifies the various entities and the relationships among them. It also includes a

documented listing of the SDM transactions that are defined for the data base, In order

to save the user from reimplementing existing functions.

t4. SDM User Interface Tools

In the preceding section, we have described the kinds of user interface tools that can

be constructed using the SDM. We note that there are two ways in which such tools can be

used:

I. The SDM can be used as the data model for a new data base management sy~em.

The structures and operations of the SDM would be supponed by this new DBMS.

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 
- .—
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The interaction formalism and an interact ion formulation adviso r for naive users would

then be used to perform data base queries and updates. The facilities of the Interaction

formalism would be Integrated Into some “host general purpose programming language ,

to provide data base access for programmers. This appro ach requires that a new

DBMS be implemented (an SD M DBMS). Figure 6-I illustrates such a system. Note

that the facilities of a conventional DBMS could be used to help manage the physical

data storage and access for the data in an SDM data base or the SDM DBMS could be

implemented from scratch .

2. SDM user interface tools can be used in a front end user interface, supplementing a

conventional data base mana gement system. Users deal with an SDM schema and

associated user Interface facil ities; their transactions cou ld then be translated into

corresponding operations on the existing conventional data base.

In the next chapter , we examine in detail a particular user interface too l based on the

SDM: an Interaction formulation advisor for naive nonprogrammers.

_ H
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7. AN INTERACTION FORMULATION ADVISOR BASED ON THE SDM

In this chapter, the design and implementation of an interaction formulation advisor

(IFA) for the SDM is described. The purpose of the IFA is to assist a user in formulating a

quer y (interacti on) with an SDM data base, viz., to specify a transaction. The IFA provides

interact ive assistance and guidance for users of an SDM data base; it is orient ed to naive

nonprogrammers, i.e.. users who are largely naive of the content and structure of a data

base, and who have little or no experience with thf 5DM, the IPA, and data base systems.

The lEA differs from other nonprogrammer user interfac e tools , in that It attempts to

guide the user throu gh the Interaction formulation process , and to help him In

understanding an SDM schema. Throughout a user’s interaction with the IFA, the user is

focusing on the formulation of a transaction: the out put of the IFA Is a transaction

expressed in the SDM Interaction for malism.

The purpose of the IFA Is to aid the user in the formulation of a transaction; it Is

not concerned with the actual execution of such a transaction. The IFA could be used in

conjunction with any data base management system , or with a new DBMS whose actual

data model Is the 5DM. When used with a conventional DBMS, a transaction out put by

the IFA would be translated into the query language of the conventional DBMS.

Alternatively, If the IFA is used as a component of the user interface to a DBMS whose

data model is the SDM, the interaction formali sm transaction would be direct ly executed by

the DBMS.

The interaction formulation advisor is application environment independent, in the

I

_ _- - _ _
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sense that it can be used for any SDM data base. No modif ications of the lEA are

necessary to transport it to a new application : It is only necessary Ls define an SDM schema

for the new application envIronmen t.

7.1. The IFA Interact ion Formulation Methodology

The IFA is based on a specific model of the Interaction formulation process; this

model takes the form of a query formulat ion methodology. The WA methodology is the

basis for the desi gn of the algor ithm that underlies the SDM interaction formulation

advisor. To describe this methodo logy, we proceed by first summariz ing Its major aspects.

We then present several examples of user interact ions with the IFA. Finally, we examine

the princi ples underl ying the IFA, consider its limitatIons, and discu ss Important ex tensions.

In interact ing w ith the WA , the user is focusing on the formulation of a query. He

specifically performs the followin g actions, in the order Indicated:

I. The user identifies the collection of entities In which he is interested (the target class).

The user sta rts with some class In the data base schema, either one he knows is related

to his query , or one that he chooses from a list provided by the IFA. He may then

travel to other classes, eventually obtainIng the target class. To go from the current

working class to another relevant class, the lEA offers the user possible paths; a relevant

class is one that the user feels is related to the target class, and which Is closer to the

target class than the working class is to the target class. The user is offered subclasses of

the workin g class , superc laues of it , and so forth. The IFA also aids the user 

I n-
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defining a relevant class if It is not already present in the schema.

2. The user specifies which aspects of the target class are of interest to him; he identIfies

the target attributes, which may include attributes of each member of the target class

andlor attributes of the target class as a whole. The WA assists the user in finding

attributes that are of interest: the user first focuses an member atributes, and then

considers class -determ ined and class attr ibutes. The IFA uses the attribute Inheritance

rules of the SDM to provide the user with an lntelllgent list of possibilities for

identifying the target attributes.

Derived information in an SDM schema has a very important use in the IFA: it

allows the IFA to take advantage of the typIcal commonalIty among user interactions to

sim plify the user ’s job in formulating a new query. Many new uses of a data base are

related to previou s ones, and an SDM schema can evolve to match the needs of its users:

the kinds of derived information that are frequently needed can be incuipoiated Into an

SDM schema.

7.2. The IFA Prototype

A prototype interaction formulation advisor (IFAP) has been designed and

implemented. This prototype I; based on the query formulation methodol ogy described in

section 7.1. The prot otyp e (lEAP) guides a user through the formulation methodology. A

user intera cts with the lEAP, answering the question s that it asks; the user is provided with

help information whenever he requires it
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In the fol lowing section , a number of transcripts of user Interactions wIth the IFAP are

examined In detail, in parallel with these examples, we describe the specific features of the

lEA prototype.

7.3. Using the l~ ’ iction Formulation Advisor Prototype

As a first example of a user’s interaction ~~~ the IFAP, let us suppose that some

TMAE user, say an official in the U.S. Coast Guard, wishes to determine the name of each

oil tanker registered in Liberia , as well as the name of Its current captaIn. Suppose that this

user has not asked the question before, and that he has very little experience with the lEA

and the TMAE data base (TMDS). Appendix I-a contai ns a transcript of a dialogue

between the user and the IFAP; the user here is a simulated Coast Guard Official. (Note

that the transcri pt is exact , and was produced on a standard computer terminal; a variable

character width text font is used in the appendix , which makes the alignment appear

rough.)

The following is a description of the dialogue shown In figure I-a:

I. First, the user is asked to choose a data base. As it happen s, a single data base was

available for the IFAP test shown in the appendix: the tanker monitoring data base

(TM DB).

2. To determine how much help Informatign should be automatically provided by the

lEAP, the user Is asked if he is experienced (question SI). Help information can be

explicitly requested at any time by typing a question mark (~~) or help In response to

I
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a question asked by the IFAP.

3. The basic strate gy of the interact ion formulation process is explained to the user (If he

doesn’t a lrea dy know it). As stated above, the strategy is for the user to describe some

collectIon of entIt les (the target class) and then to IdentIfy the aspects of those entities in

which he is interested (the tar get attributes ). All queries are phrased in this way.

4. If the target class is defined In the schema and the user knows Its name, he can simply

state that It is the target class (question S2). If the user were able to do this, the IFAP

would proceed to assist him in Identifying the target attributes.

5. The IFAP tri es to get the user to type in the name of a relevant class, I.e., one which

Es related to the collection of thin gs in whIch he Is Interested (questions S3 - S4).

6. Since the user has no~ identified a relevant class, he is offered the base classes and

asked to choose one of them with which to start (S5). Only the base classes are offered

in order to make the number of choices of startin g class manageable. All other classes

in the schema can be reached from the base classes via interclass connections. Since he

Is interested in ships , the user identities SHIPS as the starting class.

7. The user is asked If SHIPS is the target class (S6). Since it Is not, It Is considered the

workin g cla ss, I.e., the class the user curr ently has ‘In hand” The lEAP now proceeds to

attem pt to guIde the user from this working class to another class that Is the target class

or that is closer to the tar get class.

8. The IFAP now considers that possibIlIty that the user is interested In a subclass of

SHIPS, I.e., -a class that contains some, but not all of the members of the workin g class. 
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The subclasses offered to the user Include classes that are restrictions or subsets of

SHIPS, as well as those that are defIned via ‘extra ct common members’ or ‘extra ct

missin g members” thereon. Only Immediate subclasses are presented in statement 59

subclasses of subclasses of SHIPS will be off ered later. The user selects

OIL_TANKERS as $~he new workin g class, since he Is specifically Interested in ships

that are oil tankers.

9. The user now identifies L IBERIAN ...OIL_T A N K E R S , a subc lass of

OIL_TANKERS, as the target class (in statements SlI $13).

10. Now that the user has identified the target class, he can proceed to identify the target

attribute s . First, he Is asked If he is Interested in attributes of each member of

LIBERIAN _OIL_TANKERS (S14). Since he Is, the user Es presented a list of all of tne

member attributes of LIBERIAN _OIL_TANKERS; the attribute inheritance rules of

the SDM are used to compute this list. In this case, the user chooses attribute Name

(S15).

II. The user states that he is also interested in the attribute Captain of

LIBERIAN_OIL_TANKERS (S16, $17). ThIs attribute does r.ot have values that are

strings or numbers , i.e., it is not a subclass of STRINGS or NUMBERS; therefore it

cann ot be directly printed. Consequently , Information in the SDM schema is used to

instead offer the user attributes of values of Captain, I.e., of members of OFFICERS,

and to allow him to select one or more of these ($18 - S21). Here, the user selects Name

of Captain. - 
- 
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12. After verif ying that he is interested in the member attributes Name and Name of

Captain (of class LIBERIAN _OIL_TANKERS) ($23), the system turns to attributes that

are associated with the tar get class as a unit , rather than with each member of it.

Specifically, the IFAP offers the user class attributes and class-determined attributes;

again, the relevant attributes are determined using the SDM attribute inheritance rules.

In this case, the user is not interested in any such attributes (S24, S25).

13. The transaction that the user has formulated, expressed In the Interaction formalism ,

is now displayed. In thIs case it is a very simple one, since the user has decided to

examine attributes of a class defined in the sch ema. The user is then asked if he wants

to state another query, or if he Is done with his session (S26, S27).

The query represented in the above interaction is a relatIvely easy one for the user to

express: the derived information it requires is present in the SDM schema. In particular ,

the class LIBERIAN _OIL_TANKERS is already defined, as are the attributes Name, and

Name of Captai n. This Is an example of the use of derived information to simplify the

most common types of interactions.

Now let us examine how the IFAP handles a more complex query. Suppose that the

user w is hes to determine the hull number and last inspection date of each merchant

Panaman ian oil tan ker. (We assume here that th is is the same user as before). Appendix I-

b contains a transcri pt of an IFAP interaction for this query. We note here the significant

aspects of the dialogue~

I. The user starts wIth the class LIBERIAN _OIL_TANKERS, which he remembers

- - -- - -
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from the previous interaction (S3, S4). Note that the system automatically adds the

appropriate “
_
‘ characters to a user-supplIed class name and appends an ‘5” to the end

if necessary (S4). The user decides that he is Interested in a su perclass of

LIBERIAN _OIL_TANKERS (Si), vi z., OIL_TANKERS (S8).

2. The user now states that a subclass of OIL_TANKERS is relevant (St0~, however , an

appropriate subclass is not defined in the schema ($11). So, the user will be asked to

define this relevant subclass , with the help of the IFAP (S12 - S14).

In addition to subclasses, IFAP user can define other kinds of classes as well.

Corresponding to the SDM interc lass connections, a class can be defined in the IFAP as:

a. a subclass of the workin g class,

b. a superclass of the working class,

c. a class that is a relative complement of the working class (with respect to some

other class In the schema),

d. a class whose members are abstractions of the members of the working class.

3. I-layIng decided to define a subclass, there are several ways In which the user can

proceed: he can define the relevant subclass by any the following methods:

a. the new class is the intersection of the working. class with some other class that Is

defined In the schema (using “extract common members’),

b. the new class is defined via ‘extract missing members’ applied to the working

class and some other class in the schema (the new class contains the r’~embers of the

working class that are not in this other class),

_ _ _  -
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c. the new class Is defined by stating a predicate that a member of the working class

must satisfy for It to be a member of the new class.

These three strategies are offered to the user in the order indicated here. If a strategy

does not make sense, it is not offered to the user (as discussed in point 4 immediately

below). In the example, the user succeeds in applying the first strategy (15 , S16)-, he

decides to intersect the workin g c lass (OIL_TANKERS) with the class

MERCHANT _SHIPS.

4. The semantic information provided by the SDM Is used to offer t he user only

meaningful choices for use with ‘extract common members’ and “extract missing

members”. The rules used to compute the meaningful options are identical to those

specified for the applicability of the multiset operator interclass connections (see chapter

3). Namely, only classes that have a common underlying class with the working class are

offered as options; SHIPS is this underlying class in the example interaction.

Moreover , a class is not offered as an option if when used with ‘extract common

members” or “extract missing members” it would yield a class that is the same as one the

user has already rejected (e.g., in the exam ple, LIBERIAN _OIL_TANKERS is

eliminated for this reason).

5. The user is not yet satisfied with the working class, and he tries to obtain a further

subclass of It (SI7 - S20). This time, he is led to ‘he th ird subclass definition strategy

(S2l - S25).

6. The user Is now guided through the process of stating a predicate on the value of

~
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some a t t r i b u t e  of the members  of the wo rk i n g c l a s s , i .e. ,  of

M EM BERSjN_BOTH.jOIL~TAN K ERSLA NDJM ERCHANT_SHIPS). First , the

user -selects the relevant attribute: Country_of_registry (S26). If he wished to state a

complex predicate, e.g., involving multiple attributes , he would do so In ste ps by

defining a sequence of subclasses. There are three main types of predicates that the user

can state on the value of Country_of_registry:

a. that it must be equal to, not equal to , greater than , or similarl y compared with

some value the user can ty pe in,

b. that It must be present (or not present) In some other class,

c. that it must be related in some specified way to some other attribute of members

of the working class (e.g., equal to it).

7. Values of Country_of_registry are in the class COUNTRIES, and are neither strings

nor numbers. Thus, the user cannot type in a value to which this attribute is to be

compared. Rather , the user can specify a country by supplying a value for some

attribute of it. In this case , the user selects attribute Name of COUNTRIES (S27, S28),

and specifies that its value must be equal to ‘Panama ’ (S29 - Sn). Note that the user

could have selected the relevant country according to other criteria , e.g., by which shi ps

are registered there. The flexibility exhibited here is a consequence of allowin g SDM

entities to stand for themselves rather than selecting some single identifier to sta nd for

them as the value of an attribute.

8. The user has now identified the target class (S34), and goes on to identify the target

- ~~~~~~~~ -~~~~— — -~~~~~—,— ~~~~..~~,— - —.--- — — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - , - .
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attributes: Hulljwmb er and Datejast _examined (S35 - $41), In much the same way as

in the precedin g example.

9. The transaction that the user has defined contains two class definitions (one is an

“Intermediate’), and a specification of which of the member attributes of one of these

• classes are to be prin ted . (If information from severa l classes is to be printed , suitable

derived attributes are used.)

As a third and final example of the IFAP, let us now suppose that the user wishes to

do the following: for each inspection of a ship banned from US. coastal waters, find the

name of the inspected ship and the type(s) of cargo it can carry. In this interaction , we

assume that the user does not have a good idea of exactly what question he wants to ask;

rather , as indicated in the transcript in appendix I-c, the user Is ‘browsing ’ throu gh the

schema, exploring its contents. We comment here on the most significant aspects of the

dialogue:

I. The user starts with the class MERCHANT_SHIPS (S2 - $4). He decides that It Is

not the target class. He also rejects several possibilities ($5 - SIO~
a. a subclass of MERCHANT_SHIPS,

b. a superclass of MERCHANT _SHIPS.

c. a class that consists of the members of some other data base class that are not In

MERCHANT_SHIPS,

d. a class that contains abstractions of the members of MERCHANT_SHIPS,

e. a class that contains abstracti ons , one of which has Its instances in class 

-- --~~~~~ - .- -— . -~~~- - -
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MERCHANT _SHIPS (namely, the member of SHIP_TYPES that represents the

“merchant ship’ type).

2. Having rejected all of the possibilities offered by the IFAP, the user seems to be

having some trouble in getting to the target class. The IFAP warns him that this is the

case, and asks if the questions about MERCHANT_SHIPS should be repeated (S10

this gives the user the opportunity to change his mind and try one of suggested paths to

another class, now that he is conscious of the alternatives. In the example interaction.

the user decides that the questions should repeat, and chooses SHIPS, a superclass of the

workin g class (SI2 - S16).

3. The user now considers subclasses, abstraction classes, and aggregate classes of SHIPS,

and rejects all of these (Sl7- S20). The option of going from SHIPS to a superclass of it

is not offered to the user, since It is not possible to have a superclass of a base class

(here, SHIPS)-, when an SDM schema Is designed, base classes are defined so as to

include all of the most general types of entities (see chapter 4).

4. The user is not making much progress towards a target class. Consequently, the

IFAP suggests that he may be indirectly interested in SHIPS ($21- S22). The IFAP uses

SDM schema information to trace all paths from SHIPS to attributes whose values are

In class SHIPS or subclasses of SHIPS. In $23, the user is provided with a list of all

such attributes. Since he is interested in Inspections, the user selects attribute Tanker of

INSPECTIONS. INSPECTIONS is now the new working cLa.

5. The user states that he is interested in defining a new subclass of INSPECTIONS by
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stat ing a predicate on one of its attributes , viz., Tanker ($24 - $31). The user states that

he cannot type in a value that some attribute of Tanker is to be compared to (Sn), but

that he wishes to constrain the value of Tanker to be present in some class (S33).

6. The goa l now is for the user to identify the class that must contain the va lue of

Tanker. To identify this secondary target class , a procedure analogous to the one used

to f ind the (primary ) target class Is followed. In general, a secondary target class is

identified in the same wa y as the (prim ary) tar get class ; the IFA tar get class

identification procedure is recursively applied. In the example interaction, the user

selects BANNED_SHIPS (S34 - S41) as the secondary target class. Of course, the IFAP

checks to make sure that it is meaningful and possible for a value of attribute Tanker of

INSPECTIONS to be present in the class PIANN ED_SHi PS.

7. The IFAP now returns to consideration of the (primary) target class. The user has

identified the target class as the class containing all inspections of banned ships

((INSPECTIONSJ_WH ER EITANK ERJSJNIBANNED_SHIPS]]) (542 - S44).

8. The target attributes of members of the target class are identified as Name of Tanker

and Cargo_types of Tanker (S45 - S53). Here, the user has selected two attributes of the

value of attribut e Tanker. The first is sing le-valued , while the second Is multi-valued;

the modifier ‘(all values of)” in S53 appears to indicate to the user that he will see all

values of Cargo_types for the tanker . (This example illustrates the use of a mapping;

for a complete discussion of mappings in the SDM, see chapter 3.)

AppendIx l-d -contains part of a dialo gue that Is a slight variation of that In appendix

_ _ _ _ _ _ _ _ _ _ _ _ _  
- -
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I-c. Here, the user is interested In formulating a transaction similar to the one specified In

appendix I-c, except that it deals with all inspections of tankers Involved In oil spills. Instead

of all inspections of tankers that are banned. Here, the user has responded differently to

S39 than he did in the dialogue in appendix I-c. He has decided that the secondary target

class is the subc lass of SHIPS that consists of prec isely those ships that are a value of

attribute Involved _shi p of OIL_SPILLS (for some member of OIL_SPILLS) (S44 -$48).

This illustrates another important way of defining a subclass in the IFAP: the new class

coma ins all of the members of the working class that are the value of some attribute of some

other class In the schema. In the example interaction, the options offerred the user In $45

are those attributes in the data base whose values are in class SHIPS or a subset thereof.

Finally, appendix 1-e shows another variation of the dialogue in appendix I-c. Here,

the user has decided to repeat the query for all Inspections of tankers whose captain was

commissioned before his commander (presumably the user’s measure of a mediocre captain).

Here, the user Is stating a predicate on the va lue of Captain of Tanker (a mapping ) (S35 -

S36), rather than a predicate on Tanker itself. Further , he is requiring the value of Captain

to be in a class he will define (S37). He defines this class as the subclass of OFFICERS

whose value of attribute Date_commissioned is less than or equal to the value of attribute

Date_commissioned of the Commander of the officer (S47 - $62).
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7.8.1. Observations on the IFAP Methodsisgy

From the above examples , it is possible to make severa l Important observations

concernin g the operation of the IFAP:

I. The IFAP is an Interactive user interface tool. Ojiestions are asked of the user, and he

is required to provide only very simple types of responses: ‘yes” or ‘no’, an option

number , or a sim ple ty ped item (class or attribute name, or va lue). To conduct a

dia logue with the user , the IFAP caib on a library of question templates, which are

tailored to a given session.

2. All queries are formulated in a sic ~wise fashion: at every point in the interaction

formulation process , the user focuses on a relativel y simple task , e.g., finding a subclass

of the workin g class. In identifying the target class, the user alwa ys works with a single

workin g class . 1-fe can follow logical links to ot her classes from this workin g class ,

eventuall y homing in on the target class.

3. The IFAP restricts the freedom of the user , and guides him In formulatin g an

interaction. Guidance is especiall y usefu l when the use r is not sure exactl y what

question he wishes to ask. It is also advantageous when the user Is involved in the

formulation of a relatively complex definition, e.g., when he is defining a new class. In

defining a class not in the schema, the user follows a specific disciplined procedure,

which encourages him to try the easiest options first. The user is also limited in the

number of distinct ways he can define t he same class. For example, a subclass of the

workin g class can be defined via “merge members’ or ‘extract common members ’

_ _ _ _ _ _ _ _ _ _ _ _ _ _  
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applied to a class defined in the schema, but cannot be applied to a user-defined class;

subclasses of the latter kind are instead defined by stating a constraint on the members

of the workin g class (e.g., a predicate on the va lues of Its member attributes ). These

techniques provide a good deal of control of the degrees of freedom that are available

for defining a new class; we believe that this is a major Improvement over existing data

base query systems. -

4. Derived Information In an SDM schema has an important impact on the IFAP

dialogue. If relevant derived information Is present in an SDM schema, the query

formulation task is significantly simpler. The idea is that frequently used deri ved

information should be integrated into the SDM schema, so that it Is readily available.

When new derived information is needed, the user is called upon to do more work, and

to define It himself; his task then is somewhat more difficult, but the IFAP provides

guidance to assist him.

As specified in chapter 5, new derived information defined within a user’s

interaction only exists during that IFAP interaction. The determination of when and if

this information should migrate into the schema Is made by the data base administrator.

7.4. The IFAP Isus plementat lois

The Interaction formulation advisor prototype, as implemented, perfo rms two

fUnctions:

P I. It accepts as input an SDM schema, which it parses and checks for legal ity and
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consistency. A schema Is defin ed for each application environment and data base that is

to be used with the IFAP; these schemas are placed in files that are scanned by the

IFAP. Many kinds of checking are performed by the IFAP, Including making sure that

all referenced class and attribute names are defined , checking that all class and attribute

der ivations are legal, etc. An internal form for the SDM schema ii produced , which Is

used to support the second function.

2. The IFAP conducts an interactive dialogue with the user, guiding him through the

schema and helping him formulate a transaction.

As specified above, the IFAP is application environment Independent. No ‘tuning ”

Is required to use the IFAP for a new application: only a new SDM schema need be

defined. This means that the IFAP is very transportable, much more so, say, than the

existing natural lan guage query systems. In fact , the IFAP has been successfull y

demonstrated for three applications: tanker monitoring, aircraft maintenance records and

scheduling, and bibliographic information for industrial energy conservation.

The prototy pe interaction for mulati on advisor was implemented in CLU, a new

programming language developed at MIT [Liskov 1977, Llskov 1978). The prototype runs

on a DEC PDP-lO under the MIT ‘home grown ” ITS operating system, and also runs on

the DECSYSTEM-20 under the TOPS-20 operating system. The IFAP Implementation is

operating system Independent, since it relies exclusively on the facilities provided by the

CLU compiler and the CLU support system (run time environment package).

Appendix 2 contains a very short sam ple of CLU code from the IFAP

p

________________
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implementation. The excer pt shown there is a module that is Invoked early In an IFAP

dialogue when the user cannot name the target class and does not know a relevant class.

This procedure takes the following arguments: the console input and output files, the SDM

schema internal form, a flag indicating wh~ her or not the user Ii experienced , and the

number of the question last asked. The procedure returns a class and a new question

number. ‘Bool’, ‘int’, etc. are built-in CLU types, while “schema” and ‘class are user-

defined types (specific to the IFAP implementation). The module Iterates over the base

classes in the schema, presents them as options to the user, and allows him to select one of

them as the startIng class.

In all , there are 6411 lines of CLU source code in the IFAP implementation; there are

6780 lines when comments are included. Roughly half of this code Is concerned with

parsing and checking an SDM schema, and with producing appropriate internal structures.

The other half Is concerned with conducting the dialogue itself; included here is code to

determine which questions should be asked . The code occupie- about 51K of memory when

it is compiled and linked. When the CLU run time support system is added, the total

memory occupied by 1FAP is 107K.

The example SDM schema used in this chapter (the TMDB schema) contains 2%

lines, and defines 34 classes. To pa rse, check , and load this schema takes about 24 seconds

of CPU time on a DEC KA-lO, and about 9 seconds on a DEC 2050. A typical dialogue,

such as the one In appendix I-b, takes about the same amount of run time.

The CLU language aid CLU system were helpful tools In getting the IFAP working
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in a relatively short amount of time. CLU is a structured language that directly supports

data abstractions (user-defined data ty pes) and control abstractions (user-defined iterators),

as well as the more standard proced ural abstractions. The strong type checking principle

upon which the compiler is based makes initial debugg ing easy, and the librar y system (not

complete ) simplifies the management of t he inevitable changes in design during

Implementation.

7.5. Limitat ions and Directions for Further Wee k

We believe that the IFA prototype and the model of the query formulation process

that underlies it represent an initial version of an effective user interface tool for naive

users. However, the prototype is incomplete in a number of ways. In this section, we

co nment on what we believe to be the major limitations of the IFAP, and describe

directions for further work.

7.5.1. Experience with the IFAP

With our initial experience with the IFA prototype, it is possIble to comment on the

most important modifications and extensions that should be made in fuwre versions of the

system. Further experimentation with real users is necessary to resolve some of the specific

issues , and would be useful in any event to evaluate the effectiveness of the IFAP. Here, we

note some minor Improvements that should be made to the IFAP, and discuu longer-term

extensions In the following section.

- ~~~~~~~~~~ _ __ __ _
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1. The names of user-defined classes in the IFAP are generated by the system. These

names become somewhat unwield y when a user performs com plex sor ts of class

definitions. This problem could be alleviated by replacing a class name with a

paraphrase of Its meaning, or by allowing the user to optionally give a name for any

new class he defines.

2. The user should be allowed to select more than one option In a single response, when

that makes sense. For example, if he wishes to select two target member attributes, he

should be allowed to choose both of them at the same time. The IF’AP should also

allow the user to type the text of the option, rather than its number, if the user so

prefers. For example, instead of forcing the user to type the number of a class name in

a list of options, he should also be allowed to type the name of the class itself.

3. There are several places in the IFAP algorithm where more control is needed to allow

a user to go back and start again at some point in the interaction. This would allow

him to more easily follow a different path from some given point in an interaction, or to

correct a mistake that he made. He can do this now, but only in limited ways.

4. It would be useful to allow a user to save a transaction he has formulated, so that he

can use It again later. It would a lso be helpful for a user to be able to reload classes

that he defined in a previous transaction if he finds them useful in the current

interaction.

5. The specific language used in the dialogue should be Improved to be more user-

friendly. For example, it may be useful to use terms like “Information on ships” rather

p 
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‘attributes of ships’, etc. In general, this is a nontrivial problem, and necessitates

psychological experimentation with users.

7.5.2. Extensions

In addition to these specific revisions, there are a number of areas for extension of the

IFA. Some of these extensions will be implemented in future versions of the system. We list

these extensions here, roughly in decreasing order of importance:

I. The IFA protot ype does not allow the user to define new attributes; attributes that are

referenced by the user must be defined in the SDM schema. One way to enhance the

power of the IFA vis-a-vis attributes is to automatically compute inversions and other

types of derived attributes, and list them in attribute option lists. More ambitiously, the

user can be allowed to define any new attribute. This would be Implemented by

offering him the various types of attribute derivation specifications, and guiding him

through the process of defining the new attr ibute . The methodology used for this

would be analogous to that used to allow users to define new classes.

2. A more substantial facility for aiding the user in assessing his current position in the

overall interaction formulation process would be helpful to a naive user. •This facility

should allow the user to: -

a. determine ‘where he is in the interaction formulation process, e.g., by providing

him a description of the IF transaction he has constructed thus far,

b. request additional information on what his subsequent options will be if he 
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chooses a particular option now,

c. obtain add itional information about a potentially relevant class or attribute.

3. The IFA algorithm should be extended to accornodate several additional types of

query structures:

a. It should be possible for a user to specify predicates involving logical “and’ and

“or” in a direct fashion. Currently, he must define a sequence of subclasses to specify

this kmd of restriction.

b. The interattribute comparison facility for subclass definition should be extended

to accomodate set comparisons.

c. A more flexible facility is needed to handle set comparisons involving mappings

(e.g., for INSPECTIONS, “Tanker.Cargo_types contains ‘oil’”).

d. The handling of multiset operators should be extended to allow a user to define

a new class to be used in conjunction with “merge members”, “extract common

members”, or ‘extract missing members” and the working class. Currently, only

classes defined in the schema can be used in combination with the multiset

operators. This extension must be carefully integrated with the overall IFA strategy,

in order to avoid diverting a user to trying to define a complex intersection, union,

or difference, when another way of defining a new class would be easier (e.g., a

restriction).

4. More of the semantic information captured in an SDM schema should be used in the

IFA. For example, the WA should be ‘smarter” about attribute derivations, restriction
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predicates, etc.; currently, only limited analysis of restriction predicates is performed.

For example. the IFA could determine that the class LIBERiAN_OIL_TANKERS Is a

restriction of SHIPS (with the predicate “where Cargo_t ypes contains ‘oil’ and

Country.Name — ‘Liberia ” , as well as a restriction of OIL_TAN KERS (with the

predicate “where Country.Name — ‘Liberia”).

5. An extended model of the query formulation process should be developed, in order

that the IFA (or a descendant of It) easily accommodate a wider variety of query types.

6. The IFA should be interfaced with external transaction facilities, e.g., so that It can

call on external programs when necessary. For examp le, In a data base used to monitor

ship positions, it might be useful to have a transaction that given a ship, returns the

ship closest to it. (Here, “closest ” means having the shortest sailing time.) Such a

transaction must of course have a knowledge of possible sailing courses, locations of land

masses, and so forth. -

7. User profiles should be used to record the progress of a user in learning about the

IFA and the data base, and to tailor the dialogue to his needs.

8. The IFA should be extended to allow the user to define new transactions that update

the data base.

9. Variations of, and alternative approaches to, the IFA should be investigated. For

examp le, it is important to study the effectiveness of the IFA in accomodating a data

base browser who doesn’t really want to state a query or update request, but is only

interested in what information is in a data base. We note in this regard that the IFA

______________________________ 
_ _ _ _ _
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schema parser , checker , and internal schema form generator can be used to supp ort tools

other than the dialogue component of the IFAP.

r
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8. SUMMARY , CONCLUSIONS, AND DIRECTIONS FOR FURTHER WORK

The SDM has been designed to enable a computerized data base to directly model an

application environment, by supporting data base structures that closely correspond to the

natural constructs of that application environment. Our work has focused on the problems

of increasing the understandability of a data base and on enabling It to be more accessible

to users.

The SDM is based on a rich but limited set of semantic structure types; this

vocabulary of structures allows a designer to construct a data base schema (description)

containing primitives appropriate to the application domain (e.g., concrete objects, events,

aggregates, abstractions, etc .). Important types of semantic Integrity constraints are directly

integrated into the basic structu re of an SDM data base. In an important sense, an SDM

schema is self-documenting. The definition of an SDM data base is couched in terms that

should enable a user to understand its structure and to interact with it in a natural and

convenient fashion.

We see redundancy as a natural aspect of data base applications, and the SDM

provides a direct approach to the description of derived data. Derived information is as

prominent as primitive data in an SDM schema. The specification of derived information

is essentially equivalent to the formulation of queries on the data base. Thus, derived

information in an SDM schema can be used to capture frequently retrieved data, and

thereby simplify the users’ most frequent interactions with the data base. The design of an

SDM schema should provide users with the structures most likely to be useful in the
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formulation of Interactions with the data base.

In this thesis, we have described the SDM in detail, and presented an SDM data

definition language (schema definition language). Modelling with the SDM has been

examined , comparisons made with conventional data models, and a design methodology for

SDM data bases presented. Operations on an SDM data base have been specified, and an

interaction formalism for the specification of user-defined transactions has been designed.

As we have seen, the SDM has several important applications, including use as a formal

specification mechanism, as a support for data base design tools, and as a basis for powerful

user interface facilities. -

In the preceding chapters, we have examined SDM user interface tools in some detail.

First, conventional user interfaces to data base management systems were analyzed, and it

was observed that the conventional approaches have a number of significant problems. We

noted that a typical data base user community Includes a wide vauety of user ty: -~s, with

varymg needs and abilities. The ways in which the SDM can support a structurec user

interface for these user communities were discussed; a spectrum of data base interaction

strategies is required in a complete user interface, ranging from supporting the invocation of

an appropriate transaction to the definition of new data base structures based on primitive

SOM operations (modification of the schema). This structured user interface strategy Is

used to address the problem of handling both highly repetitive and one-time interactions

with a dar~ base.

The support of users who are naive of the content and structure of a data base was
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studied in detail. An interaction formulation advisor for naive users based on the SOM

was designed and a prototype implementation developed. This user help facility provides

interactive support for naive nonprogrammers, guiding them through the process of’ stating

a query on a data base.

The SDM is seen as a vehicle for the specification of data semantics; the SDM can

be used as the data model for a new SDM DBMS, can be used to support user interface

tools like the WA , and can aid the data base designer in the process of designing

conventional data bases. ‘It is thus not a competitor with, but a complement to, conventional

data base models and systems.

8.1. Directions for Further Wor k and Extensions

Throughout this thesis, several area s for extending the work described herein have

been proposed. We summarize here the areas of extension which are currently underway or

anticipated:

1. Although a good deal of effort has gone into designing and revising the SDM, it will

no doubt continue to evolve. As further experience is gained with new applications

(e.g., a more detailed study of the SDM as a data base design aid), less useful features

may be dropped and new features added . Our experience with the interaction

formulation advisor prototype has shown that the specific features desirable in the 5DM

depend on the uses of the SDM.

2. The Interaction formulation advisor and prototype implementation will be extended ,

. ______________ — — . - _,lt— - ‘s-
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as described in chapter 7.

3. Further work on SDM data base design is In progress. This includes a more detailed

analysis of the problem of SDM schema design as well as a study of the problem of

mapping SDM data structures and operations into those of a conventional data model.

The design and possible implementation of a data base design aid based on the SDM is

anticipated .

There are seve ral other areas in which our work can be extended; the most

important of these are as follows:

I. The study of a “semantic data dictionary” based on the SDM should be undertaken

(see cha pter 7 for details ).

2. The integration of SDM user interface tools with decision support systems ,

management information systems, and office automation tools should be studied.

3. Interfacing the SDM interaction formal ism with general purpose programming

languages and related matters should be considered.

4. It is important to consider how natural language processing techniques can be used in

conjunction with the interaction formulation advisor. The utility of the SDM in

supporting various types of generalized knowled ge representation should also be

assessed.

5. The use of the SDM for expressing a wide-variety of types of constraints should be

considered, e.g., including semantic integrity constraints, protection restrictions, etc.

6. The SDM provides some interesting possibilities for impact on improved query

£
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processing capabilities, including:

a. using the semantic information captured in the SDM for query optimization (the

optimization of strategies and procedures to produce answers to queries),

b. using the SDM in attacking the problem of query approximation (the generation

of low cost, approximate answers to queries).

_ 
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Figure 2-1. Examp le Opera t ions on a Relational Data Base

For creating and deleting relations:

create _domain
delete _domain
create_relation
delete_ relation

For creating new relat ions (for retr ieval or addition to a data base)

restrict
project
join
intersect
union
difference
copy_ relation

For changi ng data in relations:

insert_tuple
delete_tuple
update_tuple

For changin g the structure of relations: -

add _column _to _relation
delete_column jromjelation

-~~~~~~~ 
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Figure 2-2a. A Relational Schema for the TMAE

(Note: Under ly ing domains are omitted for simplicity.)

SHIP (Ship_ name, Ship_ty pe, Hull _number , Call_sign .
Is_doctor_on_board, Country, Engagemen t, Maximum _speed,
Fuel_type)

ASSIGNMENT (Captain , Ship_name, Date_start , Date_end)

CARGO (Shi p_name, Qjs antlt y)

PORT (Port_name, Location , Country)

PORT_OF_SHIP (Name, Ship_name)

BANNED_SHIP (Shi p_name, Date_effective)

POSITION_REPORT (Ship_name, Convoy_name, Date, Time,
Is _ship_ln. port , Port _name, Geo_coordina te)

REPORT_PRECISION (Ship_name, Convoy_name, Date, Time,
Precision_type, Circular_radius, Ellipse..jnajor_axls,
Ellipse _minor_axis, Ell ipseJnc llnatton )

SAILING_PLAN (Ship_name, Datej iled, Involved_convoy)

SAILING_PLAN_STOPS (Ship_name, Convoy_name, Date_filed,
Port _name, Date_arriving)

_ _ _ _ _ _  

) 
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Figure . 2-2a. (continued) A Relationa l Schema for the TMAE

COMMERCIAL_SHIP (Ship_name. Weight )

MILITARY _SHIP (Ship_name, Displacement)

OIL_TAN K ER (Ship_name, Date_of_last_Inspection, HulUype)

INCIDENT (Incident_number , Date, Time, Description)

INCIDENT _SHIPS (Incident_number, Ship_name)

INSPECTION (Ship_name, Inspector, Date, Violations, Disposition)

INSPECTOR (Inspector_name)

CONVOY (Convoy_ name, Ship_name)

SHIP_TYPE (Ship_type, Cargo_type)

4
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Figure 2-2b. A List of Underlying Domains for the
TMAE Relational Data Base

SHIP~NAME
SHIP_TYPE
SHIP_HULL_NUMBER
RADIO_CALL_SIGN
YES_NO
COUNTRY _NAME
ENGAGEMENT
KNOTS
FUEL_TYPE
CAPTAIN_NAME
DATE
CARGO_TYPE
TONS
PORT_NAME
GEO COORDINATE
CONVOY_NAME
TIME
PRECISION_TYPE
MILES
DEGREES
HULL_TYPE
INCIDENT_NUMBER
INCIDENT _DESCRIPTION
PERSON_NAME
INSPECTJON~VIOLATION
INSPECTION_DISPOSITION

j
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- FIgure 2.3. VIews for the TMAE

CURRENT _SHIP_CAPTAIN (Ship_name, Captain)

SHIP_WITH_FLAG (Ship_name, Ship_type , Hull_number , Call_sign,
Is_doctor _on_board, Flag, Engagement , Maximum_speed, Fuel_type)

CURRENT _SHIP .YOSITION (Ship_name, Geo_coord inate, Port_name)

OIL_TANK ER _MISHAP (Incident_number , Date, Time, Description ,
Involved_ship)

SH I P_DU E_FORJNSPECTION (Ship_name, Ship_type, Hull_number,
Call_sign , Is_doctor _on_board, Countr y, Engagement ,
Maximum _speed, Fuel_typ e)

CONVOY_SIZE (Convo y_name, Size)

SHIP_AT_SEA (Ship_name)

DANGEROUS_SHIP (Ship_name, Ship_type)

i1i__  _ _ _  _
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Figure 3.1. An SDM Schema for the TMAE

SHIPS
description: all shi ps with potentially hazardous cargoes that

may enter U.S. coastal waters
kind: concrete object
member attributes:

Name
value class: SHIP_NAMES

Hull_number
value class: HULL_NUMBERS

Type
descri ption: the kind of shi p, e.g., merchant or fishing
value class: SHIP_TYPE_NAMES

Country_of_registry
value class: COUNTRIES

Name_of_home...port
value class: PORT_NAMES

Cargo_types
description: the ty pe(s) of cargo the sh ip can carry
value class: CARGO_TYPE_NAMES
multi-valued

Captain
description: the current captain of the shi p
derivation: Officer of match to ASSIGNMENTS on Ship

Engines
kind: component
value class: ENGINES
multi-valued

Oil-burning_engines
derivation: restrict ~r.gines where Kind_of_engine -

‘oil burning ’
kind: component
multi-valued

Identifiers:
Name - 

I-
HuH_number

_ _

-- - _ -- - — -  -_—_-_______



fl~~ ~~~~~~~~~~~~~ 

-

~~~ 
--

~~
- - - _ ---- - —

Figure 3-I (continued). An SDM Schema for the TMAE

INSPECTIONS
description: inspections of oil tankers
kind: point event
member attributes:

Tanker
descri ption: the tanker inspected
kind: participant
value class: OIL_TANKERS

Date
value class: DATES

Order_for_tanker
descri ption: the order ing of the inspections for a tanker

with the most recent inspection having value I
derivation: order by decreasing Date within Tanker

class attributes: -

Number
description: the number of oil tankers in the data base
derivation: number of members In this class

identifiers:
Tanker • Date

COUNTRIES
kind: concr ete object
member attributet

Name
value class: COUNTRY_NAMES

Ships_registered_here
derivat ion : invert Ccuntry_ofjeglstry of SHIPS
multi-valued

identifiers
Name

I ,
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FIgure 3-1 (continued ). An SDM Schema for the TMA!

OFFICERS
description: all certified officers of ships
kind: concrete object
member attributes:

Name
value class: PERSON_NAMES

Country_of_license
value class: COUNTRIES

Date_commissioned
value class: DATES

Commander
description: the officer In direct command of this officer
value class: OFFICERS

Superiors
derivation: merge members In rqeat over Commander
multi-valued

Subordinates
derivation: invert Superiors of OFFICERS
multi-valued

identifiers:
Name

ENGINES
kind: concrete object
member attributes:

Serial_number
value class: ENGINE_SERIAL_NUM BERS

Kind_of_engine
value class: ENGINE_TYPE_NAMES

identifiers:
Serlal jiumber 
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Figure 3-1 (continued) . An SDM Schema for the TMAE

INCIDENTS
description: ship accidents
kind: point event
member attributes:

Involved_ship
kind: participant
value class: SHIPS

Date
value class: DATES

Description
descri ption: textual explanation of the accident
value class: INCIDENT_DESCRIPTIONS

Involved_captain
kind: concrete object
value class: OFFICERS

identifiers:
Involved_ ship • Date • Description

ASSIGNMENTS
description: assignments of captains to ships
kind: duration event
member attributes:

Officer
kind: participant
value clast OFFICERS

Ship
kind: participant
value claw SHIPS

identifiers:
Officer • Ship
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Figure 3-1 (continued) . An SDM Schema for the TMAE

OIL_TANK ERS
derivation: restrict SHIPS where Cargo_types contains ‘oir
member attributes:

Hull_ty pe
description: specification of single or double hull
value class: HULL_TYPE_NAMES

Is_tanker_banned?
derivation: if exists in BANNED_SHIPS

Inspections
derivation: invert Tanker of INSPECTIONS
multi-valued

Number_of_times_inspected
derivation: number of unique members in Inspections

Last_inspection
derivation: invert Tanker of MOST_R ECENTJNSPECTIONS

Last_two_inspections
derivation: restrict Inspections where

Order_for _tanker c- 2
Date_last_examined

derivation: same as LastJnspection.Date
class-determined attributes:

Absolute_top_speed
value class: KNOTS

Top_speed_in_mlles..per_hour
derivation: — Absolute_top_speed 1 1.1

LIB ERIAN _OIL_TANKERS
derivation: restrict OIL_TANKERS where Country.Name — ‘Liberia’
member attributes:

Oil_spills_involved_in
derivation: inve rt Involved _ship of OIL_SPILLS

MERCHANT_SHIPS
derivation: restrict SHIPS where Type - ‘merchant’

_ _ _ _ _ _  -n 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Figure 3-1 (continued ). An SDM Schema for the TMAE

OIL_SPILLS
derivation: restrict INCIDENTS where Description — ‘oil spu r
member attributes:

Amount_spilled
value class: GALLONS

Severity
derivation: - Amount_spilled I 100000

MOST_R ECENT INSPECTIONS
derivation: restrict INSPECTIONS where Order_for_tanker — I

DANGEROUS_CAPTAINS
description: captains who have been Involved in an accident
derivation: restrict OFFICERS where is a value of

Involved_captain of INCIDENTS

BANN ED_SHIPS
descri ption : ships banned from U.S. coas tal waters
derivation: subset of SHIPS
member attributes:

Date_banned
value class: DATES

OIL_TANKERS_R EQ,UIRINGJNSPECTION
derivation: subset of OIL_TANKERS

BANNED_OIL_TANKERS
derivation: extract common members in BANNED_SHIPS,

OIL_TANKERS

SAFE_SHIPS 
-

description: ships which are considered good risks
derivation: extract missing members In SHIPS but not in

BANNED_SI-UPS

SHIPS_TO_BE MONITORED
descri ption: ships which are considered bad risk s
derivation: merge members in BANNED_SHIPS and

OIL_TANK ERS_REOJJIRINGJNSPECTION

_ _
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Figure 3-I (continued). An SDM Schema for the TMAE

SHIP_TYPES
descri ption: abstrac t ty pes of ships
derivation: abstract SHIPS on common value of Type

defined instances classes are MERCHANT _SHIPS
member attributes:

Number_of_instances
descri pt ion: the number of instances of the

type of ship
derivation: number of members in Instances

Number_of_ships_of_this_type
derivation: same as Number_of_instances

CONVOYS
derivation: primitive aggregate of SHIPS
member attrib utes:

Oil_tanker _constituents
description: the oil tankers that are in the convoy

(if any)
derivation: restrict Constituents where

Cargo_types contains ‘oil’
multi-valued
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FIgure 3-1 (continued ). An SDM Schema for the ‘I’MAE

CARGO_TYpE_NAMES
description: the types of cargo
derivation: restrict STRINGS

COUNTRY_NAMES
derivation: subset of STRINGS

DATES
description: calendar dates in the form “8121178
derivation: restrict STRINGS

ENGINE_SERIAL_NUMBERS
description: ten digit numbers
derivation: restrict NUMBERS

ENGINE TYPE_NAMES
derivation: restrict STRINGS

GALLONS
derivation: restrict NUMBERS

HULL_NUMBERS
descriptton: ten to fifteen digit numbers
derivation: restrict NUMBERS
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FIgure 3-1 (contInued ). An SDM Schema for the TMAE

HULL_TVPE NAMES
description: single or double
derivation: subset of STRINGS

INCIDENT_DESCRIPTIONS
description: textual description of the accident
derivation: restrict STRINGS

KNOTS
derivation: restrict NUMBERS

PORT_NAMES
derivation: restrict STRINGS

PERSON_NAMES
derivation: restrict STRINGS

SHIP_NAMES
derivation: restrict STRINGS

SHIP_TYPE_N AM ES
description: the names of the ship types, e.g., merchant
derivation: restrict STRINGS

- . _ -

~ 

, _ — - --- —-
~~~~ ~~~~~~~ —,— ~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Figure 3-2. SDM Entit y Types

I. object

a. concrete object

b. abstract object

i. abstraction

ii. aggregate

2. event

a. point event

b. duration event

3. name

- . p;.n--r,n~~s,r~~& S - ~~~ ~~~~~~~~~~~~~~ • — -
~

-—
~~

- 
~~~~~~ . — -— - 

~~~~~~~~~ — . .
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Figure 3-3. Example Classes and Interclau Connections

SHIP_TYPES CONVOYS
A A

I I
abstract aggregate

(on common va lue of Type) (primitive)
I 

— — 

I

I I
base concrete object class

SHIPS

I :  I

I I
__

restr ict  I subset
(where Type - ‘merchant’) I

I I V
v BAPlIED_SHIPS

MERCHANT_SHIPS I

rest rict
(where Cargo_types contains ‘oil ’)

V

OIL_TANKERS

- . 1

)
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Figure 3-4a. An Example of the Interciass Connection Merge Members

base concret e object class
SHIPS

I I

I I
restr ict subset

(where Cargo_ types contains ‘o i l’ )  I
I BAMIED_SHIPS
v I

OIL_TANKERS I
I I

subset
I I
V I

OIL _TANKERS_REQIJIRING_INSPECTION I
I I

I I
\ 1

merge members

V

SHI PS_TO_~EJ1ONI TONED

‘ k H . .

~ 

- --~~—~~—~-- _ _ _ _ _ _ _ _
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Figure 3-4b. An Example of Extrac t Common Members

base concrete object class
SHIPS

I I

I I
restr ict  subset

(where Cargo_types contains ‘o i l ’)  I
I BANNED_SHIPS
v I

OIL_TANKERS I
I I

I I
‘I

extrac t common members

V

BANNED_OIL_TANKERS

~ 

-- —-  

—-—_ -.~~~~ -.
-—- - - -- - --

.._
~~~~~~ -- ----
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Figure 3-4c. An Example of Extract Missin g Members

base concrete object class
SHIPS

I I

I I
I subset
I I
I v

BANNED_SHIPS
I I
I I

I I
~~/

ex tract  miss in g member s

V
SAFE_SHIPS
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Figure 3-5. Interclass Connection Types

Connection ISP! Limitation

restr ict

subset

merge mem bers there is a common root class

extract common members there le a common root class

extract missin g members there is a common root class

abstract 
. the group i ng expression Is not circular

aggregate i
‘I
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Figure 34. Example Name Class Definitions

ENGIN E_SERIA L_N UMBERS
derivation: restrict NUMBERS

where format is
“H”
number where integer and >- I and <- 999

number where integer and >- 0 and c- 999999

DATES
description: calendar dates in the form “8121178”
derivation: restrict STRINGS

where format is
month: number where >— I and <— 12
“I”
day: number where integer and >- I and ca 31
“/197”
year: number where Integer and ~ - 5 and <— 9
where (if (month - 4 or — 5 or — 9 or — II) then day c— 30)

~nd (if month - 2 then day <- 29)
and (if (month — 2 and year A • 6) then day c— 28)

ordering -

year, month, day

COUNTRY_NAMES
derivation: subset of STRINGS

—- - . —- -—- -- -

~~

----- -

~  

— -- —---- . - , ---.-
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FIgure 3.7. Syntax of the Data Definition Language (DDL)

Notes:

- The left side of a production is separated from the right by a

- The first level of Indentation In the syntax description is used to
help separate the left and right sides of a production ; all other
indentation is in the SDM DDL.

- Syntactic categories are capitalized, while all Ilterals are in
lower case.

- Symbols:

{ J - means optional
(1 - means one of the enclosed choices must appear; cho ices

are separated by a “;“

(when used with “fl” one of the cho ices may optionally
appear)

- means one or more of the enclosed can appear, separated
by spaces with optional commas and an optional “and” at
the end

<c >> - means one or more of the enclosed can appear, vertically
appended -

e s - encloses a “meta”-description of a syntactic category
(to Informall y explain it)

SCHEMA c--

<<CLASS>>

CLASS <--
CLASS_NAME

(description: CLASS_DESCRIPTION)
(tEASE_CLASS_FEATURES; CLASS_DERIVATION)}
(ME MBER _ATTRIBUTES)
(CLASS_ATTRIBUTES)
(CLASS-DETERMINED_ATTRIBUTES)



r ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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FIgure 3-7. Syntax of the SDM DDL (continued)

CLASS_NAME <--

‘~‘string of capitals possibly including ‘_‘.

CLASS_DESCRIPTION <--

~‘string’~”

BASE _CLASS _FEATURES <--

(kind: CLASS _KIND)
((duplicates allowed; duplicates not allowed) )
(IDENTIFIERS)

CLASS_KIND <--
((concrete) object; ((duration; point)] event name]

IDENTIFIERS <--
<ATTRIBUTE_NAME>

MEMBER _ATTRIBUTES <--
member attributes:

<<MEMBER_ATTRIBUTE>>

CLASS_ATTRIBUTES <--
class attributes:

.c CLASS_ATTR IBUTE>>

CLASS-DETERMINED_ATTRIBUTES <--
class-determined attributes:

<<CLASS-D ETER MINED_ATTRI BUTE>>

CLASS _DERIVATION <--
(RESTRICT; SUBSET; EXTRACT~COMMON_MEMBER$;
MERGE _MEMBERS; EXTRACT _MISSING_MEMBERS;
ABSTRACT; AGGREGATE]



-- 
--~~~~~~ -~~~~~~~~~ —~~- ~~~~~~~~~~~~ - ~~~~~~~~~~ .~~ —~~~~ — __-------—.-.
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Figure 3-7. Syntax of the SDM DDL (continued)

RESTRICT -c--
restrict CLASS_NAME (where RESTRICT_PRE DICATE)

SUBSET c--

subset of CLASS_NAME

EXTRACT COMMON MEMBERS
extract common members in - CLASS_NAME>

MERGE_MiMBERS <--

merge members in <CLASS_NAME>

EXTRACT _MISSING...M EMBERS <--
extract miss ing members in CLASS _NAME but not in CLASS_NAME

ABSTRACT <--
abstract CLASS_NAME on common value of <ATTRIBUTE_NAME>
(defined instances classes are <CLASS_NAME>)

AGGREGATE <- -

(PRIMITIVE_AGGREGATE; DERIVED_AGGREGATE
MIXED_AGGREGATE]

PRIMITIVE_AGGREGATE c--

aggregate of CLASS_NAME

DERIVED_AGGREGATE <--
derived aggr egate of CLASS_NAME
(defined constituents classes are <CLASS_NAME>)

MIXED AGGREGATE <—
mixed aggregate of CLASS_NAME
(defined constituents classes are <CLASS_NAME>)

.—~~~~~~~~~~~~~~~~~~~

_ _ _ _ _ _ _ _
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FIgure 3-7. Syntax of tIi~ SDM DDL (continued)

RESTRICT_PREDICATE
(SiMPLE_PREDICATE; (RESTRICT_PREDICATE)
not RESTRICT_PREDICATE;
RESTRICT_PREDICATE and RESTRICT_PREDICATE;
RESTRICT_PREDICAT E or R ESTRICT PR EDICATE
PATTERN]

SIMPLE_PREDICATE <--
(MAPPING SCALAR_COMPARATOR [CONSTANT; MAPPINCj
MAPPING SET COMPARATOR (CONSTANT; CLASS_NAME; MAPPINGI
is a value of ATTRIBUTE_ NAME of CLASS_NAME]

MAPPING -c--
[ATTRIBUTE_NAME; MAPPING.ATTRIBUTE_NAME]

SCALAR_COMPARATOR
(EQUAL_COMPARATOR; >; >.

EQUAL_COMPARATOR
(_ A.._J

SET_COMPARATOR <--
(Is (properly) in; Is not (properly) In;
(properly) contains; does not (properly) contain)

CONSTANT <--

~a string or number constant~
PATTERN -c--

*a name class definition patterns
(see Figure 3-6 and (McLeod l977a))

_ _ _ _ _ _ _ _ _ _ _  -~~~
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FIgure 3-7. Syntax of the SDM DDL (continued)

MEMBER _ATTRIBUTE <--
ATTRIBUTE_NAME

ATTRIBUTE_FEATURES
[PRIMITIVE _ATTRIBUTE_FEATURES;
DER IV EDMEM BER_ATTRIBUTE_FEATIJRES)

CLASS-DETERMINED_ATTRIBUT E .c--

ATTRIBUTE NAME
ATTRIBUTE _FEATURES
[PRIMITIVE_ATTRIBUTE_ FEATURES;
DERIV ED CLASS-DETERMINED_ATTRIBUTE_FEATURES]

CLASS ATTR IBUTt
ATTRIBUTE NAME

ATTRIBUTE_FEATURES
[PRIMITIVE_ATTRIBUT E_FEATURES;
DER IVED~CLASS_ATTRIBU TE_FEATURES]

- ATTRIBUTE NAME c-- (
Ilscring of lower case letters beginning with a capital,
and possibly including ‘_“~‘

ATTRIBUTE_FEATURES -c-- J
(ATTRIBUTE_DESCRIPTION)
(ATT RIBUTE KIND}
(((multi; classi-valued; single-valued))

ATTRIBUTE_DESCRIPTION <--

“v~strings”

ATTRIBUTE_KIND <--
(property; component; participant]



_

325

Figure 3-7. Syntax of the SDM DDL (continued)

PRIMITIVE_ATTRIBUTE_ FEATURES
VALUE_CLASS
((mandatory; optional])
((fixed; changeable ])

VALUE_CLASS <

value class: CLASS_NAME

DER IVED M EMBER_ATTRIBUTE_ FEATURES <--

derivation: MEMBER_ATTRIBUTE_DERIVATION

DER LV ED CLASS-DETER MINED_ATTRIBUTE_ FEATURES -c—

derivation: CLASS-DETER MINED_ATTRIBUTE _DERIVATION

DERIVED_CLASS_ATTRIBUTE_FEATURES
derivation: CLASS_ATTRIBUTE_DERIVATION

MEMBER_ATTRIBUTE_ DERIVATION -c--

[INTER ATTRIBIJTE_DERIVATION;
MEMBER-SPECIFIC_DERIVATION]

CLASS-DETERMINED_ATTRIBUTE_ DERIVATION -c—

INTER-ATTRIBUTE _DERIVATION

CLASS_ATTRIBUTE_ DERIVATION
(INTER ATTRIEUTE_DERIVATION;
CLASS-SPECIFIC_DERIVAT ION]

_ _  - J



3~~

Figure 3-7. Syntax of the SDM DDL (continued)

INTER-ATTRIBUTE DERIVATION <--

[same as MAPPING;
- MAPP IN G_EXPRESSION;
extract common members in <MAPPING>;
merge members in <MAPPING>;
extract missing members in MAPPING but not in MAPPING;
(maximum, minimum, average, sum] of MAPPING;
number of {unique) members in MAPPING;
restrict ATTRIBUTE_NAME (where RESTRICT _PREDICATE)]

MEMBER-SPECIFIC _DERIVATION
[order by [increasing, ascending, descreasing,
descending) <MAPPING> (within <MAPPING>);
invert ATTRIBUTE_NAME of CLASS_NAME;
ATTR IBUTE NAME of match to CLASS_NAME on ATTRIBUTE_ NAME;
merge members in <ATTRIBUTE_NAME> of match to CLASS_NAME
on ATTRIBUTE_NAME;
if exists in CLASS_NAME;
merge members in repeat over ATTRIBUTE_NAME;
instances;
constituents]

CLASS-SPECIFIC_DERIVATION
(number of (unique} members in this class;
[maximum, minimum, average, sum] of ATTRIBUTE_NAME
over members of this class)

MAPPING_EXPRESSION <--
[MAPPING; (MAPPING) MAPPING NUMBER OPERATOR MAPPING)

NUMBER OPERATOR <--
-; 

~
.; I; !]
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Figure 4-1. The Rt~suIt of Designin g an SDM Schema for the AMAF

MECHANICS
description: all employees who are concerned directl y or

indirectly with aircraft maintenance
kind: concrete object
member attributes:

Id
value class: ID_NUMBERS

Name
value class PERSON_NAMES

Aircraft_types_qualified_on
value class: AIRCRAFT_TYPES
multi-valued

Home_airport
value Class: AIRPORTS

identifiers:
Id

AIRPORTS
kind: concrete object
member attributes:

Airport_id
value class: AIRPORT_NAMES

Mechanics_based_here
derivation: invert Home_airport of MECHANICS
multi-valued

Number_of_mechanj cs _ba~ j _here
derivation: number of members In Mechanks_base_here

Identifiers:
Airpo rtjd 

-~~~ 
- - —--—~~ :~~ -~~~
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Figure 4-1. An SDM Schema for the AMAE (contin ued)

AIRCRAFT
kind: concrete object
member attributes:

Tail_number
value class: AIRCRAFT_NUMBERS

Type
value class: AIRCRAFT_TYPE_NAMES

Jobs
description: all jobs performed on the aircraft
derivation: Invert Aircraft of JOBS
multi-valued

Schedule&jobs
derivation: invert Aircraft of SCHEDULED..JOBS
multi-valued

Next _scheduled4ob
derivation: restrict Scheduled4obs where

Orderjor_aircraft — I
class attributes:

Number
derivation: number of members in this class

identifiers:
Ta il_number

AIRCRAFT_TYPES
description: kinds of aircraft, e.g., 3707, DI0. etc.
derivation: abstract AIRCRAFT on common value of Type
member attributes:

Engine_type
value class: ENGINE_TYPE_NAMES

Number_of_engines
value class: NUMBERS

I

[  
- - -~~-.- - - _-- - - -- -_-- - - -~~—.. -~~~--~~~~~~~~~
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Figure 4-1. An SDM Schema for the AMAE (continued)

AIRCRAFT_DUE_FoR~SER VICE
derivation: subse t of AIRCRAFT

M ECH AN IC_QUALIFICATION~GROUP5
description: groups of employees by qualification
derivation: abstract MECHANICS on common value of

Aircraft_types_qualified_on
member -attributes:

Number_of_employeesJn_thls...group
derivation: number of members In Instances

JOBS
description: maintenance actions on aircraft
kind: event
member attributes:

Aircraft
kind: participant
value class AIRCRAFT

Date_scheduledjor
value class: DATES

Task
value class: TASK_NAMES

Job_number
value class: JOB_NUMBERS

Status
value class JOB~STATUS_NAMES

Identifiers:
Job jiumber

4—
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Figure 4-1. An 5DM Schema for the AMAE (continued )

SCHEDULED..JOBS
derivation: restrict JOBS where Status - ‘scheduled’
member attributes:

Order
description: the order of the job over time
derivation: order by ascending Date_scheduledior

Orderjor_aircraft
description: the order of the job over time for

as given aircraft
derivation: order by ascending Date_scheduledior

within Aircraft

JOBS_PERFORMED -

derivation: restrict JOBS where Status - ‘complete’
member attributes:

Mechanics...performing
kind: participant
value class: MECHANICS
multi-valued

Date...performed
value class: DATES

Parts_used
description: the types of parts used in the job
value class: PART_TYPES
multi-valued

BR EAKDOWN..JOBS
description: jobs in response to aircraft breakdowns
derivation: restrict JOBS where Status - ‘emergency’
member attributes

Breakdown
description: the breakdown causing the repair job
value class BREAKDOWNS

~~~~~~~~~~~~~ ~~ 
— S C~~~~~~~~~~~~~ - SL - -
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Figure 4-1. An SDM Schema for the AMAE (cont inued )

BR EAKDOWNS
description: aircraft breakdowns
kind: event
member attributes:

Aircraft
kind: participant
value class: AIRCRAFT

Date
value class: DATES

Problem
value class: PROBLEMS

Job
description: the job fixing the breakdown
derivation: invert Breakdown of BREAKDOWN..JOBS

PART _TYPES
description: types of parts for aircraft repair
kind: object
member attributes:

Part j iumber
value class: PART_NUMBERS

Part_description
value class: TEXT

Subparts
description: the parts used in this part
value class: PART_TYPES
multi-valued

All_subparts
description: the parts used in this part or a

subpart of It
derivation : merge members In repeat over Subparts
multi-valued

identifiers:
Part _number

_ _ _ _ _  -~~~~ -~~~~~~~~~-~~~_ _ _  -~~~~~_ - -~~~ I
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Figure 4-1. An SDM Schema for the AMAE (continued)

PART _STOCK AGES_BY_AIRPORT
description: the parts on hand at an airport
kind: event
member attributes:

Part _ty pe
value class: PART_TYPES

Location
description: the airport stocking the part
value class: AIRPORTS

quantity_on_hand
value class: NUMBERS

PART OUTTAGES
description: occurrences of airports running out of parts

of a given type
derivation: restrict PART_STOCK AG ES_BY_AIRPORT where

Q~ianttty _on_hane - 0

PART _TYPES_OUTOF STOCK~SOMEWHERE
description: parts that are out of stock at some airport
derivation: restrict PART _TYPES where is a value of

ParLtype of PART OUTTAGES

ID_NUMBERS
derivation: restrict NUMBERS

PERSON_NA MES
derivation: restrict STRINGS

AIRPORT_NAMES
derivation: restr ict STRINGS

AI RCRAFT_NUMBERS
derivation: restrict STRINGS

I 
— - 

~~~
— - - .  -_
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-
~~
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Figure 4-1. An SDM Schema for the AMAE (cont inued)

AIRCR AFT TYPE_NAMES
derivation: restrict STRINGS

ENGINE~TYPE_NAMES
derivation: restrict STRINGS

AIR CR AFT_STATUSJ.~EVELS
derivation: restrict STRiNGS

DATES
derivation: restrict STRINGS

TAS K_NAMES
derivation: restrict STRINGS

JOB_NUMBERS
derivation: restrict NUMBERS

JOB_STATUS_NAMES
derivation: restrict STRINGS

PART _NUMBERS
derivation: restrict NUMBERS

TEX T
derivation: restrict STRINGS

PROBLEMS
derivation: restrict STRINGS

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ __ _ _ _ __ _ _ _ _ _  

-i
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Figure 4-2. An Example of Multiple Derivation Specifications for a CIau

base concrete
Object class

SHIPS

I I I
restr ic t  restr ict  restrict

(where Cargo_ types (where lype (where Cargo_type.
contains ‘o i l ’ - ‘milit a r y’) contains ‘oil ’ and

I I Type . ‘mil i tary)
V V I

OIL _TANKERS M I LITARY _SHIPS
I I I

restrict restrict I
(where Type (where Cargo_type. I

— ‘military ’ contains ‘oil ’) $
I I I

V

MILITARY _OIL _TANKERS
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FIgure 6-I. OvervIew of a Possible 5DM DBMS

User

I I
V V

I I Applications $
I I System

v I

I Interaction I I
I Formulation $ I
I Adv isor $ I

I I

I user interface to SOIl
I ( interaction formalism )
V

I Semantic Data Mode l I
1 I
I SDtl data b a s e — 1  I

I SO(l data ba se-2 I
I (etc.)

V

Conventiona l 08115 $

(e~g., relat ional) I
I I
I Under l ying data base - 1 I
Under l ying data base - 2 I

(etc.) I

*

- - ~~~~~~~ - -
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Appendix I-.. Transcri pt of an Example IFAP Interact ion

Interaction Formulation Advisor Prototype

Welcome to the Interaction Formulation Advisor. Please
terminate all responses (everything you typ e) with a
carriage return (CR). If you need assistance at any time,
type a question mark (?). Type an exclamation point (!) to
stop and start over.

The following data base(s) are available:
I. TMDB SCHEMA: concerning monitoring ships with hazardous

cargoes
2. none of the above

Which of these would you like to use?
Please enter the appropriate number.
> 1
The schema for the SDM data base in file TMDB SCHEMA is
being loaded.

Do you want a record of this interaction? (Please type yes
or no, or y or n. End your response with a carriage return
(CR).)
Please answer yes or no.
>no

SI. Are you experienced In the use of the Interaction
Formulation Advisor?
Please answer yes or no.

Let’s assume that you are Inexperienced.
The purp ose of this interaction Is to extract some
information from the data base. The process you will
follow has two steps.
(I)
The point of the first step In the interaction formulation
process is to identify the collection of things (objects ,
events , names, etc.) In which you are Interested. Such a
collection is called a class and the class in wh ich you are
interested will be called the target class. It may be the

— - ___
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case that the target class is defined (known) in the data
base. If so, you can select it by giving its name. if
not, you will be called upon to assist In describing It,
i.e., by providing a description of It in terms of defined

- classes.
(2)
Having identified the target class, the second step in the
interaction formulation process asks you to specify the
aspect(s) of the class In which you are interested. You
will have the option of examining one or more attributes of
each member of the ta rget class, or of the target class as
a whole. The attribute(s) you desire will be called the
target attributes. As is the case for classes, the target
attributes may or may not be known in the data base; if
they are not known, you will need to help in defining them.

The first task Is to identify the target class.

S2. Can you name a class defined in the data base, so that the
class is the target class?
Please answer yes or no-
> no

S3. Do you know the name of a relevant class which is defined
in the data base?
Please answer yes or no.

A relevant class, also called a class of interest, Is one
that is closer to the target class than the working class.
For example, if you are interested in the class of all
female computer programmers, the class of all computer
programmers is relevant. The class of all people is
relevant also , but not as close. Normally, if you are
seeking a very specific class, you will find it through
several steps of classes that are closer and closer to the
target class.

S4. Do you know the name of a relevant class which Is defined
in the data base?
Plea se answer yes or no.
>- no

A
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S5. Although you don’t know which one, perhaps one of the
classes defined in the data base is a relevant class, or
even the target class. The following basic classes are
defined:

I. SHIPS (all ships with potentially hazardous cargoes that
may enter U.S. coastal waters)

2. INSPECTIONS (inspections of oil tankers)
3. COUNTRIES
4. OFFICERS (all certified officers of ships)
5. ENGINES
6. INCIDENTS (ship accidents)
7. ASSIGNMENTS (ass ignments of captains to ships)
8. none of the above

Which one of these is most relevant?
Please enter the appropriate number.
> 1

S6. Is SHIPS the targ et class?
Please answer yes or no.
). no

S7. Do you think that a class which contains some (but probably
not all) of the members oi SHIPS is the target class or a
relevant class?
Please answer yes or no.

A class that contains some of the members of another is
called a subclass. A class that contains all of the
members of anot her, and probabl y more , is called a
superclass.

S8. Do you think that a class which contains some (but probably
not all) of the members of SHIPS is the target class or a
relevant class?
Please answer yes or no.
> yes

S9. The subclasses of SHIPS that are defined are:
I. OIL_TANKERS
2. MERCHANT_SHIPS
3. BANNED_SHIPS (ships banned from US. coastal waters)
4. SAF E_SHIPS (ships which are considered good risks )

L.. ~~~~~~~~~~~~~~~~~~~~~~~~ - - . _ _ _ _
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5. none of the above
Which one of these is relevant?
Please enter the appropriate number.
> 1

S b .  Is OIL _TANKERS the target class?
Please answer yes or no.
>no

Sli . Do you think that a class which contains some (but probably
not all) of the members of OIL_TANKERS is the targ et class
or a relevant class?
Plea se ans wer yes or no.
>- yes

SI2. The subclasses of OIL_TANKERS that are defined are
1. LIBERIAN_OIL_TANKERS
2. OIL_TANKERS _REQUIRINGJNSPECTION
3. BANNED_OIL_TANKER S
4. none of the above

Which one of these is relevant?
Please enter the appropriate number.
> 1

S13. Is LIBERIAN_OIL_TANKERS the target class?
Please answer yes or no.
> yes

Now that the target class has been determined, the next
step is to describe the target attributes.
In order to actually examine information in the data base,
it is necessary for you to specify which aspects of the
target class you find relevant . You do this by selecting
attributes of each member of the target class, or of the
target class as a whole. You will first be asked to select
attributes that have a value for each member of the target
class. You will then be asked to choose attributes of the - 

—

class as a whole and those which have the same value for
each member of the target class.
First, you can select aspects (attributes) of rach member
of LIBERIAN_OIL_TANKERS in which you are interested.

.---
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~1S14. Are you interested in examining attribute(s) of each member
of LIBERIAN_OIL_TANKERS?
Please answer yes or no.
> yes

SIS. The following member attributes of LIBERIAN_OIL_TANKERS are
defined:

I. Oil_spifls_involvedJn
2. Hull_type (specification of single or double hull)
3. Is_tanker _banned?
4. Inspections
5. Number _of_timesjnspected
6. Last_inspection
7. Last _twoJnspections
8. Date_last_examined
9. Name
10. Hull_number
II. Type (the kind of ship, e.g., merchant or fishing)
12. Country_of_registry
13, Name_of_home...port
14. Cargo_types (the typets) of cargo the ship can carry)
IS. Captain (the current captain of the ship)
16. Engines
17. Oil-burning_engines
18. none of the above

Which one of these is relevant? If several are of interest,
please choose one nnw , and this request will repeat.
Please enter the appropriate number.
>9

S16. Are you interested in any other member attributes of
LIBERIAN_OIL_TANKERS?
Please answer yes or no.
> yes

SI7. The following member attributes of LIBERIAN_OIL_TANKERS are
defined:

I. Oil_spills_involvedJn
2. Hull_type (specification of single or doub le hull )
3. Is_tanker_banned?
4. Inspections
5. Number_of_timesJnspected

- . --- - ~~-- .—-- ~~~~~~~~~~~ —-—m-—
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6. Last_inspection
7. Last _twojnspections
8. Date_last_examined
9. Name
10. Hull_number
II. Type (the kind of ship, e.g., merchant or fishing)
12. Country_of_registry
13. Name_of_home_port
14. Cargo_types (the type(s) of cargo the ship can carry)
IS. Captain (the current captain of the ship)
16. Engines
17. Oil-burning_engines
18. none of the above

Which one of these is relevant? If several are of interest,
please choose one now, and this request will repeat.
Please enter the appropriate number.
> 15

Sl8. Attribute Captain of class LIBERIAN_OIL_TANKERS cannot be
directly printed, because it Is not in the form of a number
or a string of characters . Values of Captain are members
of the class OFFICERS. Thus, you may be able to print the
value of an attribute of the value(s) of Captain of class
LIBERIAN_OIL_TANKERS. Would you like to try to do this?
Please answer yes or no.

F > ?
Some atr ibutes have values that can be printed or typed,
while other attribute values cannot be directly examined or
entered on a keyboard. Specifically, only numbers and
character strings can be printed and typed in. This means
that in order to print the value of an attribute or compare
the value of an attribute with some item you type in, that
value must be a string or a number. Thus, for example,
entities like students and textbooks probably cannot be
printed, while textbook names and student addresses
probably are printable. Of course, what is printable
depends on the way in which a given data base Is defined.
If you want to pr~nt the value ofan attribute that is not
printable, will be asked if you wish to print an attribute
of the values of that attribute . Similarly, if you want to
compare the value of an attribute with a value you intend
to type in and that attribute is not printable, you will be 
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asked if you want to compare the item to be typed in with
the value of an attribute of the attribute. For example,
if you select the attribute Textbook of a class
COURSES_OFFERED, you will be reminded that you cannot
examine that attribute directly, and asked to choose an
attribute of TEXTBOOKS, the class containing values of the
attribute Textbook.

S19. Attribute Captain of class LIBERIAN_OIL_TANKERS cannot be
directly printed, because it is not in the form of a number
or a string of’ characters . Values of Captain are members
of the class OFFiCERS. Thus, you may be able to print the
value of an attribute of the value(s) of Captain of class
LIBERIAN _OIL_TANKERS. Would you like to try to do this?
Please answer yes or no.
> yes

S20. Values of Captain are members of the class OFFICERS. The
attributes of members of OFFICERS are as follows:

I. Name
2. Country_ofjicense
3. Date_commissioned
4. Commander (the omcer in direct command of this officer)
5. Superiors -

6. Subordinates
7. none of the above

Which one of these would you like to examine? If more than
one is relevant, please pick one now, and this request will
repeat.
Please enter the appropriate number.
> 1 -

S21. Having focused on attribute Captain of
LIBERIAN _OIL_TANKER S, you can choose any number of
attributes of members of OFFICERS. You have already
selected at least one; are there any others?
Please answer yes or no.
> no

S22. Are you interested in any other member attributes of
LIBERIAN OIL_TANKERS?
Please answer yes or no.
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> no
The target member attributes are:

I. Name
2. Name of Captain

S23. Are you happy with this?
Please answer yes or no.
> yes
Now, you can select aspects (attributes) of the class
LIBERIAN _OIL_TANKERS as a whole, and those which describe
each member of LIBERIAN _OIL_TANKERS and which have the same
value for each member.

S24. Are you interested in examining attribute(s) of the class
LIBERIAN _OIL_TANKERS as a whole or which have the same
value for each member of LIBERIAN_OIL_TANKERS?
Please answer yes or no.

An attribute associated with a class as a whole is one that
describes aspects of the target class taken as a unit, or
which has the same value for each member of the target
class. The former is specifically called a class
attribute; b r  example. a class attribute may contain as
its value the number of members in that class . The latter
Is called a class-determined member attribute; for
example, the class waiters (a subclass of people, say)
might have the class-determined attribute that specifies
the maximum salary of each and every waiter.

S25. Are you Interested in examining attribute(s) of the class
LIBERIAN_OIL_TANKERS as a whole or which have the same
value for each member of LIBERIAN_OIL_TANKERS?
Please answer yes or no.
> no

The transaction you have formulated is:

print member attributes of class LIBERIAN_OIL_TANKERS
Name,
Captain.Name



344

S26. Do you wish to formulate another interaction?
Please answer yes or no.
> no

S27. Do you want to exit from the Interaction Formulation
Advisor?
Please answer yes or no.
> yes
Than k you for your time.

I’

)

_ _  
_ _ _ _ _ _ _

_ _ _ _  .4
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Appendix 1-b. Another Transcript of an Exam ple Interaction

SI. Are you experienced in the use of the Interaction
Formulation Advisor?
Please answer yes or no.
>y

The first task is to identify the target class.

S2. Can you name a class defined in the data base, so that the
class is the target class?
Please answer yes or no.
>n

S3. Do you know the name of a relevant class which Is defined
in the data base?
Please answer yes or no.
>- y

S4. What is its name?
Please type it in.
> Liberian oil tanker

S5. Is LIBERIAN_OIL_TANKERS the target class?
Please answer yes or no.

S6. Do you think that a class which contains some (but probably
not all) of the members of LIBERIAN_OIL _TANKERS is the
target class or a relevant class?
Please answer yes or no.
>n

Si. Do you think that a class containing all of the members of
LIBERIAN_OIL_TANKERS (and probably more) is the target
class or a relevant class?
Please answer yes or no.
>y

S8. The su perc lasses of LIBERIAN _OIL_TANKERS that are defined
are

- —--._~~— -~~~ - --,._~
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1. OIL_TANKERS
2. none of the above

Which one of these Is relevant?
Please enter the appropriate number.
> 1

S9. Is OIL_TANKERS the target class?
Please answer yes or no.
> n

SlO. Do you think that a class which contains some (bu t probably
not all) of the members of OIL_TANKERS Is the target class
or a relevant class?
Please answer yes or no.

Sil. The subclasses of OIL_TANKERS that are defined are
I. LIBERIAN _OIL_TANKERS
2. OIL_TANKERS_REQU1RINGJNSPECTION
3. BANNED_OIL_TANKERS
4. none of the above

Which one of these Is relevant?
Please enter the appropriate number.
‘ -4

SI2. Are you sure that you are interested In a class that
contains some of the members of OIL_TANKERS?
Please answer yes or no.

S13. The class in which you are interested, that contains some
of the members of OIL_TANKERS Is apparently not defined in
the data base . Would you like to try to define this
subclass?
Please answer yes or no.

If the target class is not defined In the data base, you
can define it yourself. You do this by defining this new
class so that it relates to another class defined in the
data base in one of the following ways:

- the new class contains some of the members of the

—_ -- — --- ¶.. - --~.- — .  
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other class
- the new class contains all of the members of the

other class , and contains additional members
- the new class contains all of the members of

some class that are not in the other class
- the new class contains abstractions (types or

groups) of the members of the other class

S14. The class In which you are interested, that contains some
of the members of OIL_TANKERS is apparently not defined in
the data base. Would you like to try to define this
subc lass?
Please answer yes or no.

SIS. One way to define a subclass is to specify another class In
the data base, so that the target class or a relevant class
contains precisely the members that this other class shares
with OIL_TANKERS. Do you think this is possible?
Please answer yes or no.
> y

SI6. The following classes that may have members in common with
OIL_TANKERS are defined:

I. MERCHANT SHIPS
2. BANNED_SHIPS (ships banned from U.S. coastal waters)
3. SAFE_SHIPS (ships which are considered good risks)
4. SHIPS_TO_BE_MONITORED (ships which are considered bad risks)
5. none of the above

Which one of them will yield a relevant class or the target
class when the members it shares with OIL_TANKERS are
determined?
Please enter the appropriate number.
‘- I

SI7. Is M EM BERS JN BOTH.IOIL TANK ERS]_AND.IMERCHANT_SHIPS) the
target class?
Please answer yes or no.

SI8. Do you think that a class which contains some (but probably
not all) of the members of

- -—~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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MEMBERSJN_BOTHIOIL TANKERSLANDIMERCHANT_SHIPS) is the
target class or a relevant class?
Please answer yes or no.
> y

S19. Are you sure that you are interested in a class that
contains some of the members of
M EM BERSJN_BOTHJOIL TANK ERS]_ANDIM ERCH ANTJHIPS]?
Please answer yes or no.
> y

S20. The class in which you are interested, that contains some
of the members of
M EM BERS JN BOTHIOIL_TANK ERS] ANDJMERCHANT_SHIPS] is
apparently not defined in the data base. Would you like to
try to define this subclass?
Please answer yes or no.
> y  -

S21. One way to define a subclass is to specify another class In
the data base, so that the target class or a relevant class
ContainS precisely the members that this other class shares
with M EM BERSJN_BOTHIOIL TANK ERS]_ANDIMERCHANT_SHIPS].
Do you think this is possible?
Please answer yes or no.
> n

S22. You can define a subclass by specif ying another class In
the data base, so that the target class or a relevant class
contains precisely the members of
MEM BERS _IN _BOTHIOIL TANKERSLANDIMERCHANT_SHIPS] that are
not in this other class. Do you think this is possible?
Please answer yes or no.
>- y

S23. The following classes may be helpful:
I. LIBERIAN_OIL _TANKERS
2. BANNED _SHIPS (ships banned from U.S. coastal waters)
3. OIL_TANKERS_REQUIRINGJNSPECTION
4. BANNED_OIL TANKERS
5. SAFE_SHIPS (shi ps which are considered good risks )
6. SHIPS_TO_BE_MONITORED (shi ps which are considered bad risks)
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7. none of the above
Which one of them will yield a relevant class or the target
class when Its members are removed from
M EMBERSJN_BOTHJOIL~TANKERS]_AND .1MERCHANT_SHIPS)?
Please enter the appropriate number .
> 7

S24. You can describe a new class which contains some, but not
all , of the members of
M EM BERSJN_BOTHJOIL_TANK ERS]_ANDJMERCHANT_SHIPS) by
specifying some constraint(s) on the value of the
attributes of members of
M EM BERS JN BOTHIOIL TANK ERS) ANDIM ERCHANT_SHIPS]. Does
this sound reasonable?
Please answer yes or no.

It may be possible to define a new subclass of the working
class by specifying some constraint a member of the working
class must sat isf y in order for it to be a member of the
new c lass. The constraint is specified by stating a
limitation on the value of member attribute(s) of the
workin~~class. For examp le, suppose the data base contains
the class STUDENTS. And suppose that STUDENTS has the
member attribute Sex. Then, to define the class of all
male students , one can state that MALE_STUDENTS is the
restriction of STUDENTS where attribute Sex has the
particular value male.

S25. You can describe a new class which contains some, but not
all, of the members of
ME MB ERSJN_BOTF-L[OIL TANKERSLANDjM ERCHANT_SHIPS) by
specifying some constraint(s) on the value of the
attributes of members of
M EM BERSJN BOTHJOIL TANK ERS] ANDJMERCHANT SHIPS]. Does
this sound reasonable?
Please answer yes or no.

S26. The primary goal now is to choose an attribute of members
of M EM BERSJN_BOTHIOIL TANKERS) ANDJMERCHANTJHIPS)
then you can state a constraint on values of that
attribute. The following member attributes of 

-~~~~~~~~ -~~~~~~~ - - -
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M EM BERS IN BOTH.IOILTANK ERSLANDIM ERCHANT_SHIPS) are
defined:

I. Hull _type (specification of single or double hull )
2. Is_tanker_banned?
3. Inspections
4. Number _of _timesJnspec ted
5. Last_inspection
6. Last_two_inspections
7. Datejast _examined
8. Name
9. Hull_number
10. Type (the kind of ship, e.g., merchant or fishing)
U. Country_of_registry
12. Name_of_home...port
13. Cargo_types (the type(s) of cargo the ship can carry)
14. Captain (the current captain of the ship)
15. Engines
16. Oil-burning_engines
17. none of the above

You need to pick one of these attributes, so that you can
also specify some constraint its value must have in order
for a member of -

M EM BERS _IN BOTHJOJ L_TANK ERS] AND_[MERCHANT_SHIPS] to be a
member of the class being defined. If more than one
attribute is involved, you should pick the most important
one; then later, if you want, you can Impose additional
constraints when this request repeats.
Please enter the appropriate number.
> II
First, let’s see if you want to compare Country_of_registry
with some value you can type in.

S27. Would you like to try to state this kind of constraint on
an attribute of the value of Country_of_registry?
Please answer yes or no.
> y

S28. Values of Country_of_registry of
M EM BERSJN_BOTHJOIL_TANK ERS] _ANDIMERCHANT _SHIPS] are
members of the class COUNTRIES. The attributes of members
of COUNTRIES are as follows:

I. Name

— - — - ~~~~ . .  - fL~~~ .— - s nr S . . - - -
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2. Ships_registered_here
3. none of the above

Which of these is relevant?
Please enter the appropriate number.
>1

S29. Do you wish to require the value of Name to be equal to,
not equal to. less than, less than or equal to, greater
than, or greater than or equal to some value you want to
type in?
Please answer yes or no.
> y

S30. Several kinds of comparisons are possible. (Less than and
such for character strings means according to dictionary
ordering.):

I. equal to
2. not equal to
3. greater than
4. greater than or equal to
5. less than
6. less than or equal to
7. none of the above

Which one is appropriate?
Please enter the appropriate number.
> 1

S3l. Can you type in the value that Name must be equal to?
Please answer yes or no.
>y

S32. Enter the value that Name must be equal to.
Please type It in.
> Panama

S33. You have specified a constraint on the members of
M EM BERSJN BOTH.IOIL TAN K ERS]_ANDJM ERCHANT_SHIPS1 by
defining the class
(M EM BERSJN BOTHIOIL TANK ERS) ANDIM ERCHANT_SHIPS]LWH ERE_
(COUNTRY _OF_R EGISTRY.NAME_-_ PANAMA ”].
In a short while, you can further constrain this class if
you want , i.e.. by defining a class which has some of its
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members, or a class which contains all of its members plus
others. The only issue now is to make sure that
(M EM BERSJN BOTHIOIL TANKERS) ANDJMERCHANT_SHIPSLWHERE_
COUNTRY _OF_REGISTRY.NAME _-_i’ANAMA ’] Is relevant. Is it?
Please answer yes or no.
> y

S34 . Is
IM EM BERSJN_BOTH.IOIL_TANK ERS)_ANDJM ERCHANT_SHIPSLWHER E_
[COUNTRY _OF~R EGISTR Y.NAM E~- ”PANAMA ) the target class?
Please answer yes or no.

Now that the target class has been determined, the next
step is to describe the target attributes .
First , you can select aspects (attributes) of each member
of (M EM BERS_1N BOTH1OIL~TANKERS]_AND1MERCHANT_SHIPS]LWHERE_
(COUNTRY _OF_REGISTRY .NAME_-:PANAMA1 in which you are interested.

S35. Are you interested in examining attribute(s) of each member
of [M EM BERSJN_BOTHIOIL TANKERS) ANDJMERCHANT_SHIPSJI_WHER E_
(COUNTRY _OF_R EGISTRY .NAME - PANAMA ”]?
Please answer yes or no.
> y

S36. The following member attributes of
(M EM B ERS IN BOTH~[OIL_TANK ERS] ANDJM ERCHANT_SHIPS]LWHER E_
(COUNTRY _OF_REGISTRY.NAME _”._”PANAMAl are defined:

I. Hull_type (specification of single or double hull)
2. Is_tanker _banned ?
3. Inspections
4. Number_of_timesjnspected
5. LastJnspection
6. Last_twoJnspections
7. Date_fast_examined
8. Name
9. Hull_number
10. Type (the kind of ship. e.g., merchant or fishing)
II. Country_of_registry
12. Name_of_home...port
13. Cargo_ty pes (the type(s) of cargo the ship can carry)
14 . Captain (the current captain of the ship)
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IS. Engines
16. Oil-burning_engines
17. none of the above

Which one of these is relevant? If several are of interest,
please choose one now, and this request will repeat.
Please enter the appropriate number.
>9

S37. Are you interested in any other member attributes of
EM EM BERS_IN_BOTHIO!L_TANKERS)_ANDIMERCHANT_SHIPS])_WHERE_
[COUNTRY _OF~R EGISTRY.NAM E- ”PANAMA~~P lease answer yes or no.
> y

S38. The following member attributes of
[M EM BERSj N_BOTH_(OIL~TANKERS) ANDJMERCHANT_SHIPS]J_WHERE_
[COUNTR V ..0F_R EGISTRY.NAME_-_”PANAMA”J are defined:

I. Hull_type (specification of single or double hull)
2. Is_tanker _banned?
3. Inspections
4. Number _of _timesJnspected
5. Last _inspection
6. Last _two _inspections
7. Date_last _examined
8. Name
9. Hull_number
10. Type (the kind of ship, e.g., merchant or fishing)
II. Country_of _registry
12. Name_of_home_port
13. Cargo_types (the type(s) of cargo the ship can carry)
14 . Captain (the current captain of t~ie ship)
IS. Engines
16. Oil-burning_engines
17. none of the above

Which one of these is relevant? If several are of interest,
please choose one now, and this request will repeat.
Please enter the appropriate number .
>7

S39. Are you interested in any other member attributes of
EM EM BERS 1N~BOTH1OIL~TANK ERS) AND [M ERCHANT_SHIPS]J_WHERE_
(COUNTRY~OF_REGISTRY.NAME~-~0PANAMA~~
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Please answer yes or no.
>n
The target member attributes are:

I. Hull_number
2. Datejast _examined

S40. Are you happy with this?
Please answer yes or no.
>y
Now, you can select aspects (attributes) of the class
EM EM BERS_IN_BOTHJOIL_TAN K ERS)_ANDIM ERCHANT_SHIPS]]_WHER E_
ECOUNTRY _OF_RECISTRY.N AME_._”PANAMA ) as a whole, and those
which describe each member of
EM EM BERSJN BOTHJOIL TANKERS] ANDJM ERCHANT_SI-LIPS]]_WHERE_
ECOUNTRY _OF_R EGISTRY.NAM E_-_”PANAM A )  and which have the same
value for each member .

S4l. Are you interested in examining attribute(s) of the class
[M EM BERS_IN BOTH _[OIL TAN K ERS)_ANDIMERCHANT_SHIP$)]_WHERE_
[COUNTRY _OF_REGISTRY .NAME_ =_ PANAMA1 as a whole or which have
the same value for each member of
[M EM BERS IN_BOTHJOIL_TANKERS]_ANDIM ERCHANT_SHIPS]1_WHERE _
(COUNTRY _OFR EGlSTRY.NAME~- MPANAMA ]?
Please answer yes or no.
>n

The transaction you have formulated is:

M EM BERS _IN_BOTH_[OIL_TANKERS)_ANDJMERCHANT_sHIps) <-

extract common members in OIL_TANKERS and MERCHANT_SHIPS

EM EM BERS~IN~BOTHJOlL TANK ERSL.ANDJM ERCHANT_SHIPSB_WHERE_
[COUNTRY~OF_R EGISTRY .NAME -~”PANAMA1
<- restrict
M EM B ER Sj N~BOTHJOJL_T ANK ERSLANDJM ERCHANT_SHIPS) where
Country_of_registry .Name - Panama

print member attributes of class
EM EM RER S JN~BOTH1OIL TAN K ERS)ANDIM ERCHANT_SHIPS]LWHERE _
(COUNTRY _OF_REGISTRY ‘~‘AME _-_”PANAMA1
Hull_number,
Date_last_examined

_ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  ___  _ _ _ _ _ _  -~~~~—~—— _. ——~~~~
-
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Appendix I-c. Another Transcript of an Example Interaction

SI. Are you ex perienced in the use of the Interaction
Formulation Advisor?
Please answer yes or no.
>y

The first task is to identify the target class.

S2. Can you name a class defined in the data base, so that the
class is the target class?
Please answer yes or no.
> y

S3. What is its name?
Please type it in.
> merchant ships

S4. Is MERCHANT_~HIPS the target class?
Please answer yes or no.
>n

S5. Do you think that a class which contains some (but probably
not all) of the members of MERCHANT_SHIPS is the target
class or a relevant class?
Please answer yes or no.

S6. Do you think that a class containing all of the members of
MERCHANT_SHIPS (and probably more) is the target class or a
relevant class?
Please answer yes or no.
>n

S7. Perhaps you can identify a class defined in the data base
so that when the members of MERCHANT_SHIPS are removed from
it, you obtain the target class or a relevant class. Is
this the case?
Please answer yes or no. 

-~~~~ _~~~~~~~~ _~~~~~~~~~.j
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S8. Perhaps you are interested in a class that contains types
(abstractions) of MERCHANT_SHIPS. Might such an
abstraction class be the target class or a relevant class?
Please answer yes or no.
>n

S9. MERCHANT_SHIPS is a class containing members whose type is
a member of a class of types (abstractions): SHIP_TYPES.
Is SHIP_TYPES the target class or a relevant class?
Please answer yes or no.
> ?
An abstraction class is one whose members are types or
groups of the members of another. For examp le, if one has
a class whose members are people, there might be a class
defined whose members are types of people (e.g., employees,
students, etc.). The instances of the member of an
abstraction class are the things of that type (or in that
group); for example, the individual stud~°nts are the
instances of the student type (i.e., of the member of the
class whose members are types of people).

510. MERCHANT _SHIPS is a class containing members whose type is
a member of a class of types (abstractions): SHIP_TYPES.
Is SHIP _TYPES the target class or a relevant class?
Please answer yes or no.

Sit . You seem to be having trouble in identifying the target
class. Would you like the questions about MERCHANT _SHIPS
to repeat?
Please answer yes or no.
> y

S12. Is MERCHANT_SHIPS the target class?
Please answer yes or no.
> n

Sl3. Do you think that a class which contains some (but probably
not all) of the members of MERCHANT_SHIPS is the target
class or a relevant class?
Please answer yes or no.
‘U

- - - - - - -- - - - -- _ - _ _ _ _  - - - _ - --
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S14 . Do you think that a class containing all of the members of
MERCHANT_SHIPS (and probably more) is the target class or a
relevant class?
Please answer yes or no.
>y

SI5. The superclasses of MERCHANT_SHIPS that are defined are:
I. SHIPS (all ships with potentiall y hazardous cargoes that

may enter U.S. coastal waters)
2. none of the above

Which one of these is relevant?
Please enter the appropriate number.
>1

S16. Is SHIPS the target class?
Please answer yes or no.
>n

S17. Do you think that a class which contains some (but probably
not all) of the members of SHiPS is the target class or a
relevant class?
Please answer yes or no.
>n

S18. Perhaps you are interested In a class that contains types
(abstractions ) of SHIPS. Might such an abstraction class
be the target class or a relevant class?
Please answer yes or no.

Sl9. Perhaps you are interested in a class that contains members
that are collections (aggregates) of SHIPS. Might such an
aggregate class be the target class or a relevant class?
Please answer yes or no.

An aggregate class is one whose members are collections of
the members of another. For example, the class of all
project teams is an aggregate class; the members of this
class are collections of employees. The constituents of
the members of an aggregate class are the individual things
that belong to the collection. In the example, the
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employees that constitute a given project team (member of
the class of all project teams) are the constituents of
that member (project team).

S20. Perhaps you are interested in a class that contains members
that are collections (aggregates) of SHIPS. Might such an
aggregate class be the target class or a relevant class?
Please answer yes or no.
> n

S21. Perhaps the target class (or a relevant class) Is related
to the working class indirectly . In particular, it may be
the case that you are interested in a class that has an
attribute whose values are members of SHIPS. Do you think
this is the case?
Please answer yes or no.

Perhaps you are really interested in some other class in
the data base which has an attribute whose values are
members of the working class. For example, if the working
class were TEXTBOOKS , perhaps you would really be
interested in class COURSES_OFFERED, which has an attribute
Text whose values are members of TEXTBOOKS .

S22. Perhaps the target class (or a relevant class) is related
to the working class indirectly. In particular, It may be
the case that you are interested in a class that has an
attribute whose values are members of SHIPS. Do you think
this is the case?
P lease answer yes or no.
>y

S23. Below is a list all attributes defined in the data base
which have values in class SHIPS.

I. INSPECTIONS: with attribute Tanker (of members)
2. COUNTRIES: with attribute Ships_registered_here (of

members)
3. INCIDENTS: with attribute Involved_ship (of members)
4. ASSIGNMENTS: with attribute Ship (of members)
5. OIL_SPILLS: with attribute Involved_ship (of members)
6. MOST _RECENTJNSPECTIONS: with attribute Tanker (of members)
7. SHIP_TYPES: with attribute Instances (of members)

t

___________ .— ._.U~ - .a 2~~~~_ : fr- .r_ ~~~~~~~~~~~~~~~~~ .~~.. -
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8. CONVOYS: with attribute Oil_tanker_constituents (of
members)

9. CONVOYS: with attribute Constituents (of members)
10. none of the above

Which one of the classes in the list is relevant?
Please enter the appropriate number.
‘I
Class INSPECTIONS is now the working class.

S24. Is INSPECTIONS the target class?
Please answer yes or no.
> n

S25. Do you think that a class which contains some (but probably
not all) of the members of INSPECTIONS is the target class
or a relevant class?
Please answer yes or no.
> y

S26. The subclasses of INSPECTIONS that are defined are
1. MOST_RECENTJNSPECTIONS
2. none of the above

Which one of these is relevant?
Please enter the appropriate number.
>2

S27. Are you sure that you are interested in a class that
contains some of the members of INSPECTIONS’
Please answer yes or no.
> y

S28. The class in which yo~.’ are ~ terested, that contains some
of the members of INSPECTIoNS is apparently not defined in
the data base. Wou ld you like to try to define this
subclass?
Please answer yes or no.

S29. You can define a subclass by specifying another class in
the data base, so that the target class or a relevant class
contains precisely the members of INSPECTIONS that are not
In this other class. Do you think this is possible?

—----—--_-_=_

~

—.— ---  ___-.— -.-—-
~
—._-.- ._. —_ -. __ I__...________. _._ __.~._._ -.-_.. . .- .. ~~~~~~~ _._ . . . ~~~~~~~~~ __  .-.-—-..—_..- .-._,. __

~~~_



360

Please answer yes or no.
> n

S30. You can describe a new class which contains some, but not
all, of the members of INSPECTIONS by speclf~ing some
constraint(s) on the value of the attributes of members of
INSPECTIONS. Does this sound reasonable?
Please answer yes or no.
> y

S3l. The primary goal now is to choose an attribute of members
of INSPECTIONS; then you can state a constraint on values
of that attribute. The following member attributes of
INSPECTIONS are defined:

I. Tanker (the tanker inspected)
2. Date
3. Order_for_tanker (the ordering of the inspections for a

tanker with the most recent inspection having value I)
4. none of the above

You need to pick one of these attributes, so that you can
also specify some constraint tts value must have in order
for a member of INSPECTIONS to be a member of the class
being defined. If more than one attribute is involved, you
should pick the most important one, then later, if you
want , you can impose additional constraints when this
request repeats.
Please enter the appropriate number.
> 1
First, let’s see if you want to compare Tanker with some
value you can type in.

S32. Would you like to try to state this kind of constraint on
an attribute of the value of Tanker?
Please answer yes or no.

Let’s see if you want to constrain the value of Tanker to
be in (or not In) some other class.

S33. Perhaps you want to require the value of Tanker to be
present in another class. Do you?
Please answer yes or no.
> y

-.- -.-—-— _ . ~~~~~ .-_—- .— _— —--.—.. — .. —~~~ -—-—--_ _-—-~~ _-——-,----~~~ _- .
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In that case, the next step is to specify the class In the
data base that the value of Tanker must be in.
In order to do this, you will have to identify this other
class; let us call this the SECONDARY target class. As
you will see, we will go through the same process of
finding a target class that we have been going through up
to now, except when we find this SECONDARY target class, we
will come back here and pick up where we left off.

S34. Can you name a class defined in the data base, so that the
class is the target class?
Please answer yes or no.
> n

S35. Do you know the name of a relevant class which is defined
in the data base?
Please answer yes or no.
> y

S36. What is its name?
Please type it in.
> ships

S37. Is SHIPS the secondary target class?
Please answer yes or no.
> n

S38. Do you think that a class which contains some (but probably
not all) of the members of SHIPS is the target class or a
relevant class?
Please answer yes or no.
> y

S39. The subclasses of SHIPS that are defined are:
I. OIL _TANKERS
2. MERCHANT_SHIPS
3. BANNED_SHIPS (ships banned from U.S. coastal waters)
4. SAFE_SHIPS (ships which are considered good risks)
5. none of the above

Which one of these is relevant?
Please enter the appropriate number.
>3

- - - - 
~~~~~~~~~~~
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S40. Is BANNED_SHIPS the secondary target class?
Please answer yes or no.
> y
Now that you have identified BANNED_SHIPS as a secondary
target class, let’s go back to where we were before.

S4I. Is BANNED _SHIPS the class which you want the value of
attribute Tanker to be In?
Please answer yes or no.
> y

S42. You have specified a constraint on the members of
INSPECTIONS, by defining the class
(INSPECTIONS]_WH ER E_[TANK ERJSJN_[BANNED_SHIPSB. In a
short while, you can further constrain this class if you
want. i.e., by defining a class which has some of Its
members, or a class which contains all of its members plus
others. The only issue now is to make sure that
(INSPECTIONS]_WHERE_[TANKERJSJNJBANNED_SHLPS]J is
relevant. Is it?
Plea se answer yes or no.

S43. Is (INSPECTIONSLWHEREJTANKERJSJNIBANNED_SHIPSJ] the
target class?
Please answer yes or no.
> sure
Pardon?

S44. Is [INSPECTIONS]_WHER EITANK ERJSJNIBANNED_SHIPS]] the
target class?
Please answer yes or no.
>y

Now that the target class has been determined, the next
step is to describe the target attributes.
First, you can select aspects (attributes) of each member
of (INSPECTIONS]_WHER E_[TANK ERJSJNIBANNED_SHIPS]1 in
which you are interested.

S45. Are you Interested in examining attribute(s) of each member 

. _
-~~~ -~~ - ..~~~~~

_ _ 
~~~~~~~~~~~~~~~~~~~~ _ - - - - -  —-- .



r-. 

- .  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~i

_

~~ 

- - .

~~~~ 

-

~~~~~~~

r f [INSPECTIONS] W H ER E.ITANKERJSJN.IBANNED_SHIPS]1?
Please answer yes or no.
> y

S46. The following member attributes of
(INSP ECTIONS]_WH ER E_ITANK ERJSJN_EBANNED_SHIPS3] are
defined:

I. Tanker (the tanker inspected)
2. Date
3. Order_for_tanker (the ordering of the inspections for a

tanker with the most recent inspection having value I)
4. none of the above

Which one of these is relevant? If several are of interest,
please choose one now, and this request will repeat.
Please enter the appropriate number.
> 1

S47. Attribute Tanker of class
(INSPECTIONS)_WH ER E_[TAN K ER JSJN_[BANN ED_SHIPS]) cannot be
directly printed, because it is not in the form of a number
or a string of characters . Values of Tanker are members of
the class OIL_TANKERS. Thus, you may be able to print the
value of an attribute of the value(s) of Tanker of class
[INSPECTIONS) WH ER EJTANK ERJSJNIBANNED SHIPSD. Would
you like to try to do this?
Please answer yes or no.
>y

S48. Values of Tanker are members of the class OIL_TANKERS. The
attributes of members of OIL_TANKERS are as follows:

I. Hull_type (specification of single or double hull)
2. Is_tanker _banned?
3. Inspections
4. Numbei _ofj imesJnspected
5. LastJnspection
6. Last_twoJnspections -

7. Date_last_examined
8. Name
9. Hull _number
10. Type (the kind of ship, e.g., merchant or fishing)
II. Country_of_registry
12. Name_of_hom&.port
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13. Cargo_types (the type(s) of cargo the ship can carry)
14. Captain (the current captain of the ship)
15. Engines
16. Oil-burning_engines
17. none of the above

Which one of these would you like to examine? If more than
one is relevant, please pick one now, and this request will
repeat.
Please enter the appropriate number.
> 8

S49. Having focused on attribute Tanker of
(INSPECTIONS] WH ER EITANK ERJSJNIBANNED..SHIPSIJ, you can
choose any number of attributes of members of OIL_TANKERS.
You have already selected at least one; are there any
others?
Please answer yes or no.
>y  -

S50. Values of Tanker are members of the class OIL_TANK ERS. The
attributes of members of OIL_TANKERS are as follows:

I. Hull_type (specification of single or double hull)
2. Is_tanker _banned?
3. Inspections
4. Number_of_timesJnspected
5. Last_inspection
6. Last_twoj nspections
7. Date_last_examined
8. Name
9. Hull_number
10. Type (the kind of ship, e.g., merchant or fishing)
II. Country_of_registry
12. Name_of _hcme...port
13. Cargo_types (the type(s) of cargo the ship can carry)
14 . Captain (the current captain of the ship)
IS. Engines
16. Oil-burning_engines
17. none of the above

Which one of these would you like to examine? If more than
one is relevant , please pick one now, and this request will
repeat.
Please enter the approp riate number.

L - . -
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> 13

S5L Having focused on attribute Tanker of
EINSPECTIONS) WH EREITANK ERJSJNIBANNED SHIPS]1, you can
choose any number of attributes of members of OIL_TANKERS.
You have already selected at least one; are there any
others?
Please answer yes or no.

S52. Are you interested in any other member attributes of
(INSP ECTIONS] WH EREJTANK ERJSJNIBANNED_SHIPS)]?
Please answer ye; or no.
> n
The target member attributes are:

I. Name of Tanker
2. (all values of) Cargo_types of Tanker

S53. Are you happy with this?
Please answer yes or no.
>y
Now, you can select aspects (attributes) of the class
(INSPECTIONS)_WHERE _[TANKER JSJN_IBANNED_SHIPS]] as a
whole, and those which describe each member of
(INSPECTIONS]_WHER E_(TANK ERJSJN_IBANNED_SHIPS]] and which
have the same value for each member.

S54. Are you interested in examining attr ibute(s) of the class
EINSPECTIONS]_WHERE_ITANKERJS_IN_IBANNED_SHIPS)) as a
whole or which have the same value for each member of
(INS P ECTIONS] WHER EJTANK ERJSJN.IBANNED_SHIPS])?
Please answer yes or no.

An attribute associated with a class as a whole is one that
describes aspects of the target class taken as a unit, or
which has the same value for each member of the target
class. The former is specifically called a class
attribute; for example, a class attribute may contain as
its value the number of members in that class . The latter
is called a class-determined member attribute; for
examp le, the class waiters (a subclass of people, say)
might have the class-determined attribute that specifies

—--4
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the maximum salary of each and every waiter.

S55. Are you interested in examining attribute(s) of the class
[INSPECTIONS]_WHERE _(TAN K ER_IS_INJEANNED_SHIPSI) as a
whole or which have the same value for each member of
[INSPECTIONS]_WHER -~ .[TANK ERJSJN_(BANNED_SHIPSB?
Please answer yes or no.
> n

The transaction you have formulated is:

[INSPECTIONS]_WH ER E_(TANK ERJSJN..IBANNED_SHIPS]1 <-

restrict INSPECTIONS where Tanker is in [BANNED_SHIPS]

print member attributes of class
(INSPECTIONSLW H ER E.ITANK ERJSJNJBANNED_SHIPS]]
Tanker.Name,
Tanker .Cargo_types 

—.---- - —- ~~~
—
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Appendix I-d. An Except from a Variation on the Dialogue in A ppendix 1-c

S39. The subclasses of SHIPS that are defin!d are:
1. OIL_TANKERS
2. MERCHANT_SHIPS
3. BANNED_SHIPS (ships banned from U.S. coasta l w tters)
4. SAFE_SHIPS (ships which are considered good risks)
5. none of the above

Which one of these is relevant?
Please enter the appropriate number.
>5

S40. Are you sure that you are interested in a class that
contains some of the members of SHIPS?
Please answer yes or no.
>y

S41. The class in which you are interested, that contains some
of the members of SHiPS is apparently not defined in the
data base. Would you like to try to define this subclass?
Please answer yes or no.
>y

S42. You can define a subclass by specifying another class in
the data base, so that the target class or a relevant class
contains precisely the members of SHIPS that are not in
this ocher class. Do you think this is poss~ble?
Please answer yes or no.
>n

S43. You can describe a new class which contains some, but not
all, of the members of SHIPS by specifying some
constraint(s) on the value of the attributes of members of
SHIPS. Does this sound reasonable?
Please answer yes or no.
>n

S44. You can describe a new class as containing precisely all
the members of SHIPS that are currently values of some
attribute of some other class In the data base. Do you
want to try to do this?



-. ..—-- - ----——-- — -. —_ -- -.--.---

368

Please answer yes or no.

S45. Since you have decided to describe a new class as the one
containing precisely all the members of SHIPS that are
currentl y values of some attribute of some other class in
the data base , you must identify ~ at other class and
attribute. Below is a list of the possibilities.

I. INSPECTIONS: with attribute Tanker (of members)
~ .. COUNTRIES: with attribute Ships_registered_here (of

members)
3. INCIDENTS: with attribute Involved_ship (of members)
4. ASSIGNMENTS: with attribute Ship (of members)
5. OIL_SPILLS: with attribute Involved _ship (of members)
6. MOST_RECENTJNSPECTIONS: with attribute Tanker (of members)
7. SHIP_TYPES: with attribute Instances (of members)
8. CONVOYS: with attribute Oil_tanker_constituents (of

members)
9. CONVOYS: with attribute Constituents (of members)
10. none of the above

Which of these is correct?
Please enter the appropriate number.
>5

S46. Is
(SH IPS)_WH ER E_[IS_A _V ALU E_OFJN VOLV ED_SHIP_OF_OIL_SPILLS)
the secondary target class?
Please answer yes or no.
>y
Now that you have identified
(SF1 IPS]_WH ER E_(IS_A_VALUE_OFJN VOL VED_SFIIP_OF_OJL_SPJLLS]
as a secondary target class, let s go back to where we were
before.

S47. Is
(SH I PS)_WH ER EElS_A_V ALUE_OFJN VOLV ED_SHIP_OF_OIL.$PILLS)
the cla ss which you want the value of attribute Tanker to
be In?
Please answer yes or no.

S48. You have specified a constraint on the members of
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INSPECTIONS, by defining the class
UNSPECTIONSI_WHER EJTANKERJSJNJ[SHIPS]_WHER E_
[IS_A _V ALUE_OF_INVOLVED~SH[p_OF_OIL_SpILLs]]].r In a short while, you can further constrain this class If
you want , i.e., by defining a class which has some of its
members , or a class which contains all of its members plus
others. The only issue now is to make sure that
[INSPECTIONS]_WHEREITANKERJSJNI(SHIPS]_WHER E_
115_A_V ALUE~OFJN VOLVED.$H IP OF OIL~SPILLS)1]
is relevant . Is it?
Please answer yes or no.
> y



Append i~ I-c. An Except from a Variat ion on the Dialogue In A ppendix I.e

S33. Perhaps you want to require the value of Tanker to be
present in another class. Do you?
Please answer yes or no.
>n

S34. Do you want to require the value of Tanker to be NOT
present in another class?
Please answer yes or no.
>n

S35. Would you like to try to state this kind of constraint on
an attribute of the value of Tanker?
Please answer yes or no.
>y

S36. Values of Tanker of INSPECTIONS are members of the class
OIL_TANKERS. The attributes of members of OIL_TANKERS are
as fo llows :

I. Hull_type (specification of single or double hull)
2. Is_tanker_banned?
3. Inspections
4. Number_of_timesjnspected
5. Last_inspection
6. Last _twojnspections
7. Date_last_examined
8. ~Name
9. Hull_number
10. Type (the kind of ship, e.g., merchant or fishing)
II. Country_of_registry
12. Na me_of_home_port
13. Cargo_ty pes (the type(s) of cargo the ship can carry)
14. Captain (the curren t captain of the ship)
15. Engines
16. Oil-burning_engines
17. none of the above

Which of these is relevant?
Please enter the appropriate number.
> 14

_ 
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S37. Perhaps you want to require the value of Captain to be
present in another class. Do you?
Please answer yes or no.
>y
In that case, the next step is to specify the class in the
data base that the value of Captain must be in.
In order to do this, you will have to Identify this other
class; let us call this the SECONDARY target class. As
you will see, we will go through the same process of
finding a target class that we have been going through up
to now, except when we find this SECONDARY target class, we
will come back here and pick up where we left off.

S38. Can you name a class defined in the data base, so that the
class is the target class?
Please answer yes or no.

S39. Do you know the name of a relevant class which is defined
in the data base?
Please answer yes or no.
> y

S40. What is its name?
Please type it in.
> officer

S41. Is OFFICERS the secondary target class?
Please answer yes or no.
>n

S42. Do you think that a class which contains some (but probably
not all) of the members of OFFICERS is the target class or
a relevant class?
Please answer yes or no.
>y

S43. The subclasses of OFFICERS that are defined are:
I. DANGEROUS_CAPTAINS (captains who have been Involved In an

accident)
2. none of the above

Which one of these is relevant? 

~~~~~~~~~ - , -
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Please enter the appropriate number.
>2

S44. Are you sure that you are interested in a class that
contains some of the members of OFFICERS?
Please answer yes or no.
>y

S45. The class in which you are interested, that contains some
of the members of OFFICERS is apparently not defined in the
data base. Would you like to try to define this subclass?
Please answer yes or no.
>y

S46. You can define a subclass by specifying another class in
the data base, so that the target class or a relevant class
contains precisely the members of OFFICERS that are not in
this other class. Do you think this is possible?
Please answer yes or no.
>n

S47. You can describe a new class which contains some, but no~
all, of t~e members of OFFICERS by specifying some
constraint(s) on the value of the attributes of members of
OFFICERS. Does this sound reasonable?
Please answer yes or no.
>y

S48. The primary goal now is to choose an attribute of members
of OFFICERS; then you can state a constraint on values of
that attribute. The following member attributes of
OFFICERS are defined:

I. Name
2. Country_ ofJicense
3. Date_commissioned
4. Commander (the officer in direct command of this officer)
5. Superiors
6. Subordinates
7. none of the above

You need to pick one of these att ributes, so that you can
also specify some constraint its value must have in order
for a member of OFFICERS to be a member of the class being

- —- - -
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defined. If more than one attribute is involved, you

should pick the most important one; then later, if you
want, you can impose additional constraints when this

request repeats.
Please enter the appropriate number.
>3
First, let’s see if you want to compare Date_commissioned

with some value you can type in.

S49. Do you wish to require the value of Date_commissioned to be
equal to, not equal to, less than, less than or equal to,
greater than, or greater than or equal to some value you

want to type in?
Please answer yes or no.
>n
Let’s see if you want to constrain the value of
Date_commissioned to be in (or not in) some other class.

S50. Perhaps you want to require the value of Date_commiss)Ofled
to be present in another class. Do you?
Please answer yes or no.

S5I. Do you want to require the value of Date_commissioned to be

NOT present in another class?
Please answer yes or no.
>n
Let’s see if you want to compare the value of
Date_commissioned to the value of some other attribute of
OFFICERS.

S52. Are you interested in comparing the value of

Date_commissioned with the value of some other attribute of
OFFICERS?
Please answer yes or no.
>y

S53. Now you need to to choose an attribute of the members of
OFFICE~tS that attribute Date_commissioned is to be compared
to. The following member attributes are available:

I. Name
2. none of the above

-—-
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Wh ich is the right one?
Please enter the appropriate number.
>2

S54. Rather than comparing attribute Date_commissioned of
OFFICERS to the value of another attribute of members of
OFFICERS , perhans you are interested in comparing It to a
value DERIVED FROM another attribute of members of
OFFICERS. Is this the case?
Please answer yes or no.
> y
In order to do so, you first need to identify this other
attribute of OFFICERS, and then you can identify some
attribute of it.

S55. Now you need to to choose an attribute of the members of
OFFICERS that attribute Date_commissioned is to be compared
to. The following member attributes are available:

I. Name
2. Country_oflicense
3. Date_commissioned
4. Commander (the officer in direct command of this officer)
5. Superiors
6. Subordinates
7. none of the above

Which is the right one?
Please enter the appropriate number
> 4

S56. It seems that you are interested in comparing
Date_commissioned of OFFICERS with a value derived from
Commander of OFFICERS. Is this true?
Please answer yes or no.
>y

S57. Values of Commander of OFFICERS are members of the class
OFFICERS. The attributes of members of OFFICERS are as
follows:

I. Name
2. Country_ofJicense
3. Date_commissioned
4. Commander (the officer in direct command of this officer)
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5. Superiors
6. Subordinates
7. none of the above

Which of these is relevant?
Please enter the appropriate number.
> 3

S58. Are you interested in comparing Date_commissioned and
Commander.Date_commissloned of OFFICERS?
Please answer yes or no.
>y

S59. Perhaps you want the value of Date_commissioned to be equal
to, not equal to, less than, etc., the value of
Commander.Date_commissloned. (Less than and such for
character strings means according to dictionary ordering).
Is this the case?
Please answer yes or no.
>y

S60. Several kinds of comparisons are possible:
I. equal to
2. not equal to
3. greater than
4. greater than or equal to
5. less than
6 less than or equal to
7. none of the above

Which one is appropriate?
Please enter the appropriate number.
>6

S61. You have specified a constraint on the members of OFFICERS,
by defining the class (OFFICERS]_WHERE_
(DAT E C O  MM ISSION ED~<.~COM M ANDER.DATE COMMISSIONED3
In a short while, you can further constrain this class if
you want, i.e., by defining a class which has some of its
members, or a class which contains all of its members plus
others. The only issue now is to make sure that
(OFF ICERS]_WH ERE _
(DATE _COMMIS SION ED~<- COM M ANDER.DATE~COM MISSIONED]
is relevant. Is It?

_ _ _ _ _ _ _ _ _ _  -- - -~~~~-—-- .- -. -- _ 
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Please answer yes or no.
>y

S62. Is [OFFICERS]_ WHERE _
(DATE _COM MISSIONED .c- COMMANDER.DATE COMMISSIONED)
the secondary target class?
Please answer yes or no.
>y
Now that you have identified (OFFJCERS]_WHER E_
[DATE_COMM ISSIONED ’c- COM M ANDER.DATE_COMMISSIONED]
as a secondary target class , let ’s go back to where we were
before.

S63. Is (OFFICERS]_ WHERE _
[DATE COM MISSIONED~.c- COMMANDER.DATE_COMMISSIONED]
the class which you want the value of attribute Captain to
be in?
Please answer yes or no. -

>y

S64. You have specified a constraint on the members of
INSPECTIONS, by defining the class
(INSPECTIONS) WH ER E_[TAN KER.CAPTAINJSJN.1(OFFICERSLWHERE_
[DATE_COMM ISSION ED~~.COM M ANDER.DATE_COMMISSIONED]fl.
In a short while, you can further constrain this class if
you want , i.e., by defining a class which has some of its
members, or a class which contains all of its members plus
others. The only issue now is to make sure that
[INSP ECTIONS)_WH ER E_(TANK ER.CAPTAINJSJN.1(OFFICERSLWHERE _
(DATE COM MISSIONED <- COMMANDER.DATE~COMMISSIONED]B
is relevant . Is it?
Please answer yes or no.
>,‘ 
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Append Ix 2. An Example CLU Procedure

find_from_base_classes — proc (tyi: file, tyo: file, s: schema,
naive: bool, qn: int) returns (class, m O

as — array (string)
ac — array (class]

ans: string
C: class
cn: string
cnd: string
i:iflt

classes: ac :— ac lnew (4
options: as :“ astnew 0
for c in schemalbase_classes (s) do

Cfl :— c.name
if cn - “STRINGS” cor cn - “NUMBERS” then

continue
end

if c.description ~~ — “ then
cnd :— cn II “ C U c.description II “Y

else cnd :— cn
end

as$addh (options, cnd)
ac laddh (classes , c)
end

while true do
qn, ans :— ask _multiple_choice (tyi, tyo, qn,

“Although you don’t know which one, perhaps one of the” H
classes defined in the data base is a relevant class,” II

“ or even the ta rget class. The following basic classes are” II
“ defined:”, options, “Which one of these Is most relevant?”)

if ans — 
“

?
“ then

help_type_multiple_choice (tyo)
else

i :— int$parse (ans)
if I — acisize (classes) • I then

say (tyo, “You have to start with some class. Let’s try again.”)
elseif I >. I cand i .c— ac$size (classes) then

I
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C :— classes (i]
return (c, qn)

else 
-

-

say (tyo. “Sorry, what did you say?”)
end

end
end

end find jrom_base_classes

— —. .—— -~~~~~~ - . -
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