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Chapter 3. Data Models. -48

'semantic relationship' in the literature. 1Indeed, the naming of
elements in a model is considered to be important in ensuring that
the designer fully understands his environment and gives a precise

specification.

A facility which is Dbeing increasingly incorporated into data
models is termed "has-subtype" [McLeod 1980] or generalisation
[Smith 1977b] or IS-A hierarchy [Chang 1978]. This is the means
by which an entity type can be specified as a special case, or
subtype, of another entity type. For example SHIPS 1is a
generalisation of OILTANKERS and MERCHANT-SHIPS, as these are
special types of SHIPS. SHIPS can be treated as objects in their
own right, with +their own attributes and relationships. These
also apply to OILTANKERS and MERCHANT-SHIPS which may in addition
have properties and associations of their own. Generalisations
can be represented by means of a tree (or "IS-A hierarchy") as

shown in fig. 3.1.

|}

The inclusion of derived information in a model enhances its scope
and expressiveness, and facilitates enterprise description. Thus
attributes such as TOTAL-SPILLED and AVERAGE-SIZE should ' be
includable, with their derivation precisely defined. Three other
desirable criteria are ease of use, ease of adaptation to
automation and freedom of interpretation. A model is easy to use
if it 1is simple, with no complex or confusing concepts; and is
easy to learn, understand and remember. A model is wunsuited %o
automation 1if it presents navigational or display problems, if it
is unnecessarily large, or if verifying the consistency of a
specification is difficult. freedom of interpretation 1is a
measure of how restrictive a model is. If there is no redundancy

in the model or if it is very important to 'correctly' distinguish
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encompasses all the features described earlier. It is however not
as easy to design database skeletons as it is +to create other
binary relationship models, chiefly because some of the functional
relations are too complicated. The Semantic Association Model [Su
1979, Su 1981] involves networks of atomic concepts (character
strings) and non-atomic concepts (associations between atonic
concepts which can represent objects, relationships, types,
subtypes, etc). This model also includes the specification of
integrity assertions for each type of relationship. Several types
of ‘'semantic association” are supported, such as 'set
relationship' which corresponds to generalisation, 'cause effect'
to relate say VALID-CLAIM and INSURANCE-PAYMENT, 'action purpose’
to associate say SAUES-VIST and ADDING-CLIENT, etc. This model
does not support FDs or MVDs, but is semantically rich in both its

statics and dynamics.

The CAZ-graph introduced by Zaniolo and Melkanoff [Zaniolo 1982]
is also a binary relationship model. An example of a CAZ-graph is
given in fig.3.5. CAZ-graphs comprise nodes representing
attributes and edges representing relations. Relations of degree
N, N > 2, are represented by several arcs, each connecting two
attributes. Each edge is labelled by a number indicating the
relation in which the attributes connected by that edge appear.
Edges have one arrow to indicate 1:many, two arrows to indicate
11, and no arrowvs to inﬁicate many:many relationships,
respectively. To determine whether a relationship from an
attribute A1 to A2 is 'to 1' or 'to many' in an N-ary relationship
(N > 2), the remaining attributes are held constant. As only
attributes are wused in CAZ-graphs, Zaniolo and Melkanoff suggest
that after translating a relation scheme into such a graph,

attributes should be grouped together as entities where necessary
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specification by means of functions and procedures. These are
defined using control structures such as IF... THEN... EL3SE...,
and a predicate language. A few other models fall into this
category such as that developed by Bracchi [Bracchi 1976]. This
consists of hierarchies of concepts, a concept defined as the

"smallest unit which is amenable to processing".

35.2.5. Extended Relational Models.

Some models are extended versions of the relational model -~ such
as Codd's RM/T [Codd 1979] and the Structural Model of Wiederhold
and El-Masri [Wiederhold 1979]. These use a relation to represent
an entity and its attributes, or an association; and then
incoporate some semantics into these relations. Codd for example
uses an "entity relation", having only one column, for each entity
~ this specifies its internal unique identifier. He also treats
single and mnmulti-valued attributes, application events and
entity-groups. Wiederhold and El-Masri have special relations for
"existence dependencies" (eg. an INSURANCE-CLAIM cannot exist if
its POLICY has been deleted) and "lexicons"™ to represent
one-to-one correspondence between identifiers (eg. EMPLOYEE-NUMBER
and IDENTITY-NUMBER) and includes integrity rules.

3.2.6. PFunctional Data Models.

Several models have also been developed to represent not only the
statics of an application, but also the "dynamics". Models which
base their static properties on the dynamics of the application
are termed functional database models. This type of model was

introduced by Sibley and Kerschberg [Sibley 1977] in 1977. Here,
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4.2.3. Grouping Classes.

There are three ways of specifying how the members of a class can
be grouped together to form a new type of class. The first 1is
called an expression-defined grouping and groups members according
to their values for designated attribute(s). As an example, the
class QARGOTYPE—GROUPS can be a grouping of SHIPS 'on common value
of CARGOTYPES'. The members of CARGOTYPE-GROUPS are not SHIPS,
they are groups of SHIPS. If there are n different CARGOTYPES,
there would be n CARGOTYPE-GROUPS members, each comprising a set
of SHIPS. The attributes used in an expression-defined grouping
may be single- or multi-valued. Hence the aforementioned
description of CARGOTYPE-GROUPS would also be valid if a ship had
more than one cargotype: a ship would simply participate in more

than one "CARGOTYPE-GROUPS" group.

When no attribute(s) would appropriately define a group, an
'enumerated grouping class' is used, which 1lists other classes
already defined. To be meaningful, these must all be defined on
the same (eventual) base class. For example class

TYPES-OF-HAZARDOUS-SHIPS can be described as 'grouping of SHIPS
consisting of classes SHIPS-TO-BE-MONITORED, BANNED-OILTANKERS,
and OILTANKERS-REQUIRING-INSPECTION.' The remaining grouping class
connection is the user-controllable grouping class, which enables
members to Dbe placed into groups at the discretion of the user.
This caters for the situation where there is no rule or condition
for deciding how to form groups. Class CONVOY is an example of a

user-controllable grouping of SHIPS.



Chapter 4. SDM - The Semantic Database Model. -78

4.2.4. Attributes.

Several properties of attributes can be included in an SDM
specification, thus providing a semantically rich description of
the data in the application environment. Each attribute can have a
'description' associated with it +to explain 1its meaning. The
following five properties may be specified for an attribute:

(1) multi-valued: if it can assume more than one value.
SHIPSENGINES will be a multi-valued attribute if a ship has
several SHIPSENGINES.

(2) mandatory: if it may not be null. For example, OFFICER-NAME
should be specified as mandatory since this item should never be
blank.

(3) not changeable. This means once stored, its value cannot be
altered. This is meaningful for item BIRTHDATE, which is clearly
a permanent characteristic of any person.

(4) exhaustive of valueclass: if attribute SHIPSENGINES of class
SHIPS exhausts valueclass then every ENGINE in the database must
be the SHIPSENGINE of some SHIP.

(5) nonoverlapping. If the multi-valued attribute
INSPECTIONS-OF-THIS-TANKER of class OILTANKER is nonoverlapping,

the same INSPECTION cannot involve more than one tanker.

Every attribute must be designated as either a member attribute or
a class attribute. It must also be given a 'valueclass', which is
either an entity type or a name class. This tells from which
domain the value of the attribute is drawn. Examples: attribute
CAPTAIN of class SHIPS has as its valueclass the class OFFICERS,
hence a CAPTAIN is drawn from +the OFFICERS in the database.

OFFICER-NAME has valueclass PERSON-NAME, indicating that it takes
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on as value a character string of the type specified by name
class PERSON-NAME. Throughout this thesis, the +term 'standard
‘attribute' refers to an attribute with a name class as its
valueclass; others will be called 'non-standard'. Thus standard

attributes are printable values (strings or numbers).

The final property of attributes enables the relationship of an
attribute to other items in the database to be defined. This will

be discussed in the next section.

4.2.5. Attribute Derivations.

As explained, the purpose of an attribute derivation is to define
a relationship that exists between a 'derived' attribute X and
other attributes. Usually X will be defined directly in terms of
some other attribute in the same class. However it is possible for
it to be related to attributes of other classes. To specify
these ‘'indirect' relationships a special construct called a
mapping is used. This will be briefly described and then each

type of attribute derivation will be discussed in turn.

A mapping is a simple but extremely powerful tool in SDM. It is a
concatenation of attribute names and allows attributes of
attributes +to be referenced. As an example, 'CAPTAIN.SENIORITY'
refers to the SENIORITY of a ship's CAPTAIN. This mapping 1is
possible Dbecause SHIPS has attribute CAPTAIN whose valueclass is
OFFICERS, and OFFICERS has attribute SENIORITY. In other words
the SHIP and SENIORITY values are indirectly related through the
ship's CAPTAIN, and +this is reflected in the mapping.
Multi-valued attributes can also be used in a mapping. Thus

"CAPTAIN.SUPERIORS.DATE-COMMISSIONED' denotes all DATEs on which
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the SUPERIORS of the ship's CAPTAIN were appointed. In the
remainder of this chapter 'mapping' <can be taken to mean an

attribute or mapping, since an attribute is a special type of

mapping.

4.2.5.1. Member Attribute Derivations.

A derivation 1is used +to define precisely how an attribute is
related to other information. The nine derivation primitives will
be demonstrated by means of examples.

(1) ordering: attribute SENIORITY of OFFICERS can be defined as
'order by increasing DATE-COMMISSIONED'. The OFFICER with the
'"lowest' DATE-COMMISSIONED will have a SENIORITY value of one,
etc. Attribute ORDER-FOR-TANKER of INSPECTIONs can be specified as
'order by decreasing INSPECTION-DATE within TANKER-INSPECTED.' 1In
this case, class INSPECTIONs has (at least) three attributes:
ORDER~FOR-TANKER, INSPECTION-DATE and TANKER-INSPECTED. The
ORDER-FOR-TANKER attribute will have a value of one if that
particular INSPECTION has the 'greatest' INSPECTION-DATE of all
the INSPECTIONs for that tanker (TANKER-INSPECTED). An ordering
can have several mappings specified for determining the order, and
can also be calculated 'within' several mappings.

(2) existence: such an attribute can only have one of two
possible values, YES or NO. It is used to indicate whether an
object belongs to a particular subclass. Suppose
BANNED-OILTANKERS 1is a subclass of OILTANKERS. The OILTANKERS
attribute IS-TANKER-BANNED with derivation 'if in
BANNED-OILTANKERS' has value YES if the OILTANKER is a member of
that subclass, else NO. |

(3) recursion: if attribute COMMANDER of class OFFICERS has
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"number of members in this class' (e.g. NUMBER-OF-INCIDENTS); the
other equates the class attribute with +{the mnaximum, minimumn,
average or sum of some member attribute taken over the whole
class. An example of the 1latter would be class attribute
TOTAL-SPILLED of OILSPILLS, "sum of AMOUNT-SPILLED over all

members of this class".

4.2.6. Representing Relationships.

Attributes represent either properties (if their valueclass is a
name class) or relationships (If their valueclass is a class 1i.e.
entity type). Thus the usual method of specifying associations
between entities is by means of attributes. For example CAPTAIN is
an attribute of SHIPS with valueclass OFFICERS - hence it
indicates a relationship between SHIPS and OFFICERS. Associations
can also be explicitly defined by means of inverses and matchings,

as explained in the next two sections.

4.2.6.1. Inverses.

Inverses are a means of explicitly specifying‘ binary
relationships. To show that two classes are related, each can
have an attribute with a valueclass equal to the other class,
these attributes being designated inverses. Class SHIPS can have
an attribute COUNTRY-OF-REGISTRY with a valueclass COUNTRIES, and
COUNTRIES can have attribute SHIPS-REGISTERED-HERE, valueclass
SHIPS. COUNTRY-OF-REGISTRY and SHIPS-REGISTERED-HERE are inverses
representing an association between COUNTRIES and SHIPS.
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4.2.6.2. Matchings.

Matching enables an N-ary relatiohship to Dbe specified as an
entity type. This involves defining a class, say R, to represent
this relationship. Participating entities can reference R by
declaring attributes that 'match' to R, if these are significant.
Example: the relationship between OFFICERS and SHIPS can be
represented by a class ASSIGNMENTS with attributes ©SHIP and
OFFICER (and possibly others such as ASSIGNMENT-DATE). Class
SHIPS can then include an attribute CAPTAIN defined as 'match
OFFICER of ASSIGNMENTS on SHIP.' This means that CAPTAIN will be
assigned all values of OFFICER where the SHIP under consideration
is this particular ship. By adding a third attribute such as
VOYAGE to the ASSIGNMENTS class, it can represent a ternary
relationship, etc. It should be noted that matching classes
afford a natural way of including attributes of a relationship

with the relationship they qualify, ASSIGNMENT-DATE being one such

example.

L)

4.5. Reasons For Basing ADD On SDM.

Four Dbasic criteria were established as essential for the data
model to be used in the ADD systen. A  shortlist was compiled,
consisting of models possessing one or more of these qualities to
a high degree. These were compared, and SDM chosen as the most
suitable. This section describes the criteria wused in model

selection, and analyses the shortlist of data models to show why

SDM was preferred.
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4.3.1. Criteria for Model Evaluation.

In choosing a model to serve as a starting point in the database
design process, the following criteria were established. Most of
all, the model had to be easy to understand, remember and use.
This means 1t had to be simple, without any complex or confusing
constructs. Secondly, it had to be conducive to obtaining a
complete specification, containing as much information about the
application environment as possible. Further, it should be rich
in semantic features, such as attribute descriptions (type,
format, range) and integrity assertions. Lastly, dynamics
constructs were considered undesirable. The processing
perspective should play no part in creating a 1logical database
structure, as was established in the previous chapter, since these
are not inherent properties of the data and change over time.
Furthermore, models which 1include dynamics tend to incorporate
much of the semantics of the data in the processes which operate
on the data. Although transactions and data volumes must be
considered when refining a database to meet performance
requirements, they should not determine the records or
relationships in the database. Models such as EDSM [King 1981]

were accordingly not considered in the final selection.

A shortlist was compiled comprising +the models of HAmmer and
McLeod [Hammer 1978, Hammer 1981], Smith and Smith[Smith 1977],
Chen [Chen 1976, Chen 1977, Chen 1980], Abrial [Abrial 1974],
Chang and Cheng [Chang 1978}, Roussopoulos [Roussopoulos 1979] and
Grabowski and Eigner [Grabowski 1979]. Each of these models will

be considered in turn before evaluating SDM itself.
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4.3.2. Data Models Analysed.

The simplicity of SHM, the model of Smith and Smith, is its most
appealing characteristic. This model is easy to conceptualise (as
a hierarchy of aggregates) but difficult to design. The idea of
building elements by recursively combining other elements 1is a
neat idea in theory but of little help practically. The designer
has to rely on his intuition in defining the aggregates and if he
works top-down there 1is a danger of misconception(s) permeating
the model. If bottom up, he may begin with too many aggregates
and not be able +to recognise all the meaningful relationships
between these. It is easier to list the relationships in which
each entity participates, as 1is done in SDM, than to name all
assoications and then state the entities involved. In addition,
the idea of an aggregate may itself be difficult for a non-DP
person to fully understand, hence an incorrect model could result.

An example of an aggregate is given in fig. 4.1.

type ENROLLMENT = agg([P#,(C#,SEMESTER) ]

P# : PUPIL;

(C#,SEMESTER) : KEY CLASS;
G : GRADE

end

Figure 4.1 An example of an aggregate.

The extended version of SHM contains dynamics constructs, which
would have to be ignored if it were used by ADD. The model 1is
less expressive than the others on the shortlist, as it includes

very few integrity constraints. PFurthermore, it was felt that
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because of +the difficulty of finding nouns for aggregates, and
because there are too few modelling +tools, one would be less

likely to obtain a complete specification using SHM.

The model much more likely to produce a complete specification is
that proposed by Chang and Cheng. Their database skeletons can be
described either graphically or by a collection of 3-tuples
(relationship.attribute, relationship, relationship.attribute).
It 1is far easier +to design such a model by building up a graph
than be +trying to 1list all relevant 3—-tuples (i.e. all
associations); but this leads to problems with unwieldy graphical
representations. In addition, because it 1is Dbased on two
elements, attributes and binary relationships, the designer has to
begin his model by considering far too much detail - viz. all the
attributes of his environment. The wealth of relationships
available also tends to involve a very large model, wusually with
several ;elationships connecting two attributes. TFor example,
ITEM and SUPPLIER# can be connected by an FD and 'IS-SUPPLIED-BY'
and its inverse 'IS~-SUPPLIER-OF'. This not only makes
specification tedious and time-consuming, but also provides extra
work for an automatic to0l wusing this model. An example of a
database skeleton "submodel" was given in fig. 3.4. Database
skeletons have a very rich set of relationships, in fact if
anything too much so. Many of the functional relationships are
complex and difficult for a computer-naive designer to understand
and recognise in his environment. Thus although it is
exceptionally semantically expressive, it was decided that SDM
surpasses this model when the factors of ease of use and semantic

expressiveness are considered jointly.

Other binary relationship models suffer from the same problems:
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too much detail at +the start, and a choice between two
representations: 'awkward' graphs or ‘'unnatural' tuples. An
example of the latter is in Abrial'S model where to avoid diagrams
(or in addition to these) a relationship can be given as a 4-tuple
e.g. REL (person, personofsex, sex=AFN(1,1), personofsex =
AFN(O,infinity)). Since these models do not allow n-ary
associations for n>2, the designer must specify more relationships
than 1is necessary. For example instead of a relationship SALE
involving a SELLER,PART,BUYER and PRICE, 4 Dbinary relationships
must be used (see fig. 4.2).

PERSON

Figure 4.2 A binary relationship model of a 4-ary relationship.

The situation is aggravated by the fact that inverse relationships
must be named and described. Hence there is extra time wasted by
both the human and the automated design tool in processing all

this information.

The binary relationship models of Abrial and of Grabowski and

Eigner also_have less semantic information than does say SDM. The
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latter includes some properties of relationshps such as
manual/optional and in-/dependent. The former contains some
integrity constraints, but these are expressible 1in terms of
operations on the data (dynamics). It would appear that this lack
of semantics arises because an entity is not recognised as the
basic modelling construct, as is the case with the other models on

our shortlist.

Chen's model includes entities as a 3rd, separate modelling
element. However it 1is also a graphical model and is actually
restrictive in that relationships cannot +themselves partake in
relationships. In general, this model should be sufficiently
simple for a non-DP person to use and use correctly, yet it 1is
somewhat lacking in semantic assertions. The model of
Roussopoulos which is based on concepts and frames, is superior to
these models as it does not suffer from the restrictions mentioned
above. However, while The idea of "pre-defined" roles is good as a
guideline, the designer should not be limited to these. More
important, this model is difficult to formulate and hence 1is

unsuitable for non-DP model designers.

4.3.3. Advantages of SDM.

An SDM model comprises objects-of-interest (classes), and detail
information about these objects (attributes). Hence data
description is expressed in a natural and understandable manner.
Having to distinguish entities, attributes and relationships,or
compound and component aggregates, is not nearly as appealing.
The simplicity of éDM is important. There are two kinds of

complexity that can occur: structural and constraint complexity.
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"the 1less complex a data model is, the easier it is for people %o
understand and use it properly" [Tsichritzis 1982]. However,
oversimplification may also be a disadvantage, as there are then

no mechanisms to guide the user in interpreting the data.

A1l of the models on the shortlist, except for SHM and SDM, could
be difficult for a computer-naive wuser +to work with, either
because they are graphical and become unmanageable as they grow,
or use predicate 1logic which many people find difficult to
understand. Where properties of the application environment are
stated directly rather than "built into" a graph, the
specification clearly proceeds faster. Graphical models "tend to
suffer from +the same 'navigational' problems of record-based
models" [McLeod 1980]. The advantage of SDM is that is uses very
simple predicates. Interclass connections and attribute
derivations are remarkably straight forward and easy for

computer-naive people to understand:

It incorporates many desirable features, such as generalisation
(allowing subclasses to overlap), semantic relations, inverses and
integrity assertions. The principle of relativism whereby several
mechanisms are provided for defining relationships, is invaluable
as an aid to obtaining a complete specification from the user;
this principle does not exist with the other models, except to a
certain extent in database skeletons. In addition, SDM also
incorporates many semantic constructs not present in the other
models. The ability to assign attributes to a class as a whole,
rather than to a particular member of the class, makes attribute
specification extremely flexible : being applicable to entities,
relationships or entity types. Attributes can have several useful

properties specified such as non-null, unique, non-overlapping,
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unchangeable and single- or multi-valued. None of the models
characterise attributes as much as in SDM. This is important,
since attributes represent the actual data values +to be stored.
The incorporation of important derived items in the model is an

interesting and useful feature of SDM.

SDM was chosen not only because of its abovementioned qualities
however, -but also because it did not include any features that
would be confusing for a non-DP user, such as FD'S and MVD's, ‘and
no dynamics facilities. The specification of FDs and MVDs is too
complex for non-computer people and would compromise the
correctness of their model. It is also unlikely that all FDs and
MVDs would be identified. Furthermore, inferences made from given

dependencies must be checked for validity [Bernstein 1976].

To summarise, we see that SDM was chosen as a basis for ADD
because it captures as much of the meaning of the data as the
other models, while remaining flexible and easy to use. In mos%t

models a trade-off between these two considerations is evident.
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allow the user to concentrate on what he is saying; not on how.

He should be at ease using the program. To +this end, a
normal/base state to which he can return whenever desirable, is
comforting. Consistency is essential, as is a polite, friendly
dialogue. Most of the user's tasks should be accomplished without
too much work on his part. Novices prefer many small operations
to one large one, as this is simpler and they can monitor their
progress. It also provides them with more "closure" relief (the

satisfaction of completing a task successfully).

The user should have a simple view of the system; precision and
clarity are essential to avoid confusion. For example, the user
must not be expected to think of too many things at once. ©On the
other hand, there is a danger in over-simplifying a system to the
extent where an intelligent user soon finds it +tedious. It 1is
advisable +to test the system thoroughly with non-computer people
during its design, as it is important +to prevent users- saying

something which the program cannot understand.

5.1.2. Data Capture Techniques.

Fig. 5.1 lists the most common data capture methods. Which of
these 1is chosen depends on the +type of user and application.
Sometimes simplicity, ease of use and safety are imperative (for
which question-answer systems are suitable); in other situations
it is important to provide for flexibility and conciseness of
input. Two major decision to take when designing a user interface
are whether it will be a man- or machine-initiated dialogue and

whether users can give a free response or must choose from a fixed

set of replies.
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English-Language Dialogue

Limited English Input

Question-Answer Dialogues

Dialogue Using Mnemonics

Dialogues with Programming-Language-Like Statements

Forﬁ—Filling

Menu-Selection

Dialogue with Light Pens for Pointing to the Screen

Fixed-Panel Responses (Computer responds with one of
a standard set of responses)

Action-Code Systems

Multiple Action~Code Systems

Building up a Record on the Screen

Multiscreen Menu

Telephone-Directory Technique

Multipart Menu

Multi-Answer Menu

Displayed Formats (aids user to recall command syntax)

Multiple Entry

Multiple-Format Statements

Overwriting

Panel Modification

Figure 5.1 Techniques for Data Capture.
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One of the "safest" methods of ensuring data is given logically
and unambiguously is by means of a menu-driven systemn. If single
letters are sufficient to make a selection, the process is easy to
type and remember, and skilled users can omit the menu-displays by
"typing ahead". There are several techniques for speeding up this
process, such as listing options in decreasing order of usage, and

allowing no reply (press "return") to indicate first option.

5.1.3. Enhancing User-Friendliness.

Once the ©basic data capture method has been decided there are
several features which can be incorporated into +the interface.
The experienced user should be catered for wherever possible. One
can allow him to short-cut through a dialogue, to abbreviate, *to
use a special key for duplicated values, etc. The novice on the
other hand must be able to obtain adequate help during a run.
Ideally a request for help should always be an acceptable
response, and assistance should always be at hand. Some authors
suggest that complete documentation should be available on-line.
Command language systems usually have several forms of help
request, for specific commands and arguments. if a help
dictionary is utilised, then when explaining one concept, all
words 1in +the explanation for which help exists, should be

underlined.

It is equally important for users to be able to view and alter
previous input. If perusal of user's "file" is allowed, he can
refresh his memory on names and meanings of objects. Viewing of
individual items should be possible, and some systems provide a

telephone-directory facility for instances where the exact name is
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not known. Many systems allow Dbackup by one command or
re-specification of an operand in the last operation; others can
backtrack by two or three entries. Another idea is to provide
inverses for all operations where meaningful so that wusers can
"undo" errors. If there are lengthy commands, it should be
possible to delete (or alter the arguments of) a command while in
the process of specifying it. Another approach involves having
checkpoints to which user can return if necessary. The idea of an

"interrupt" button is also useful here.

The dialogue of a program is where its user-friendliness is most
apparent. Verbosity is tiresome, while messages so short as to
be cryptic are of no use. The tone should be courteous, even
servile; never annoying. Error messages must be informative
rather than antagonistic and, 1like all displays, must prevent
misinterpretation. Each display should present only one idea, and
short 1lines are advisable. Thirty to forty characters long, as
in newspaper columns, involves minimal horizontal eye movement.
To summarise, the first step in designing a good user interface is
to understand the potential user and decide on a data capture
technique accordingly. This can be extended by providing help,
review and edit facilities, which together with well-thought-out

displays, should make the system easy and interesting to use.

5.2. The ADD User Interface.

This section describes the user-friendly interface provided by the

ADD system. The general principles adopted are presented first,

and then some of the implementation details are discussed.
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appropriate 1list. When details are requested for 1incomplete

specifications these will then automatically be given attention.

The user interface program will probably Dbe used in several
separate sessions, as there is normally a large amount of data to
be supplied. Thus each run starts by asking the user whether he
is updating an existing specifiation or starting a new one. In the
former case, the files on which the previous specification resides
are read and their information stored in linked lists, so that it
can be edited/displayed. The entire file is used to form the
lists in each case, as it is more likely that wusers will forget
'0ld' information and hence want to "review" this. Ubon normal
termination, i.e. not upon a request to abandon the run, the
linked 1lists are wused to create new files, representing the

updated model.

Due to the large amount of output that a wuser-friendly program
requires, it was decided to store displays on files, rather than
to include them in +the program code as (numerous) WRITE/LN
statements. This enhances the program's modularity, as writing is
accomplished by calling a single procedure. It also facilitates
extension or modification to the system, as the dialogue can be
altered simply by changing +this file, without any need to
understand and edit +the program itself. Two files are used, to
ensure that they will almost always be used sequentially. Also,
messages that could be repeated are included in the code. These
messages are those informing user of an input error. In this way
the frequency of resetting a file is so greatly reduced as to be
negligible. Indeed, there is no noticeable delay in displaying of
messages on the screen. The principle governing message display

is essentially an extension of the help implementation described
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valueclasses that a dependent attribute may have. A linked list
of key attributes is created, with +this information chained *to
each node. This is determined using recursion, since each time a
class is considered, all its subclasses must also be examined, as
its attributes are inherited by its subclasses. Once this has
been done, each key attribute K 1is inspected in turn. All
attributes are scanned and whenever one is found with the same
valueclass as an FD-valueclass of K, and in an IN-class of K, the
user is asked if an FD exists. If so, he is asked whether this is
the same fact as K's valueclass -> FD-valueclass. In such a case
the dependent attribute 1is clearly redundant, and is flagged
to-be-erased; otherwise if it is a (new) FD, this fact 1is stored

with that attribute description.

When the model specification 1is complete, there are still two
issues to be resolved so that the SDM specification can be
processed properly by the relational and network design programs.
These are data aggregates and value types. Each of these will be
described in turn. Data aggregates are items whose valueclass was
given as some name class N, where N was defined as having more
than one subfield. The list of attributes is processed and the
valueclass of each 1is checked. If +this 1indicates a data
aggregate, then new attributes are added +to the list at that
point, for each subfield. These have their valueclass and size
altered +to represent the subfield format, and a name is generated
for them comprising "aggregatename-fieldname". If this name 1is
too 1long or is not unique, it is altered until appropriate. The
aggregate and each of the subfields are flagged to distinguish

them from 'simple' attributes. These flags are needed by

subsequent programs.
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expression.

7.4.4. Grouping connections.

Grouping classes are generally represented by a set with the
grouping class record as owner and grouped class as member. In
this way each set occurrence represents one group. Examples of
grouping class implementations are given in figs. 7.7 and 7.8. If
the grouping connection is user-controllable , the records are
linked to each other by two sets with a common member, as for
many-to-many relationships (fig. 7.7a). This is because there is
no way of telling whether an entity in the grouped class can
belong to more than one grouping. To preclude data duplication,

it is safest to assume this is possible. (Example: CONVOYS of
SHIPS).

If the grouping 1is '"expression-defined", +this is handled as
follows. Suppose SHIPTYPES is a grouping of SHIPS on common value
of their attribute TYPE. IF TYPE is a single-valued, standard
attribute of ©SHIPS, then a set shiptypes -> SHIPS is included in
the database. A TYPE item is included in +the SHIPTYPES record,
RESULT OF PROCEDURE P ON MEMBERS OF shiptypes-SHIPS "CHECK VALUE
NOT NULL". The procedure P checks that all members have the same
TYPE wvalue, returning this value if they do, else returning null.
If TYPE were a multi-valued, standard attribute, then it would be
stored in a separate record "below" SHIPS. In that case, this
record becomes the member of a SHIPTYPES-SHIPS set. If +the
attribute 1is non-standard, then +the grouping class record is
inserted between the two records, as shown in fig. 7.8. If +the

attribute is single-valued and standard but is not part of the
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record concerned (eg. SHIPS) then the grouping cannot be checked
by the DBMS as the attribute will be "above" that record in the
network. However, this can only happen if the attribute was part

of an FD, and thus will be a rare occurrence.

If several attributes are specified in +the grouping definition,
then 1if these are all single-valued, standard attributes they are
each handled as described above. If one of them is multi-valued,
then the other attributes are stored in the same record, say R, as
is the multi-valued attribute, so that they can all be used %o
check the grouping. (The set constructed has owner grouping-class
record and member R, as Dbefore). To keep the single-valued
attributes in the record wheare they were originally, the original
items are retained, but with a "RESULT OF PROCEDURE QEQUAL"™ on the
set connecting this to their new record. Procedure QEQUAL ensures
that these attributes have the same value in the members as in the
owner. If several multi-valued or non-standard attributes are
listed for a grouping, no more than one of these can be wused %o
verify +the grouping. This 1is because too many record types are
involved. In such a situation the most efficient of these

attributes is chosen to be checked.

We lastly consider enumerated grouping classes. Suppose
TYPES-OF-HAZARDOUS-SHIPS is a grouping of BANNED-SHIPS,
OILTANKERS-REQUIRING-INSPECTION and SHIPS-TO-BE-MONITORED. In
such a situation a flag is added to the SHIPS record, RESULT SUM
all the other relevant flags if they are in the same record (as is
generally the case). A TYPES-OF-HAZARDOUS-SHIPS record is made
owner of a set linking it to SHIPS, and contains a single field
with a RESULT of procedure P on that set "CHECK VALUEI NOT O".

Procedure P returns value zero if any member has a
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OFFICERS

GUPERIORS GUBORDINATES E€ONTACTS @FFICERS—-LINKD

COMMANDER-FLAOG) L B
L INKB L INKD
OFF ICERS
CONTACTS OFFICERS—L INKD)
suP SUB | CNTCTS COMMANDER-FLAG |
LINKD

Figure 7.9a) An example where a "union" derivation is handled.
The upper diagram shows the network before dealing
with the derivation, the lower shows the network
after handling this.
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SHIP-INSPECTED", cannot ©be verified wusing DMS 1100 1integrity
constraints. Thus instead of using a field for this attribute,
the database set(s) involved are sorted (see fig. 7.11). This is
done Ybecause the ordering 1is clearly significant; and the Nth
value can be located using a "FIND (N, ... )" command [Sperry
1972]. To see how this is done, consider firstly an "ordering"
attribute in class C, having no within clause. the set QENTRY ->
C is created (if not already existing) and sorted according to the
stipulated key(s). (In fig. 7.11, QENTRY -> INSPECTIONS would be
sorted on SEVERITY). If any of the given keys are not in the C
record, they do not contribute to the sorting. The ordering 1is
not abandoned however, as a sort on the other keys will still be
of benefit in the database. If a "within" clause appears, then
instead of sorting set QENTRY -> C, the sets indicated hereby are
sorted. For example an ordering "within SHIP-INSPECTED,
COUNTRY-OF-REGISTRY" will cause +the COUNTRY -> SHIPS set to be

sorted on the key for SHIPS, and then SHIPS->C will be sorted on

the specified "ordering" items.

Recursion: ©Since such an attribute is always implemented as a
many-to-many mapping from class C to the same class C, it 1is
always implemented as two sets C -> LINK, as suggested by
Date[Date 1981]. The attribute from which it is derived becomes a
flag in LINK. Thus if SUPERIORS is "all levels of COMMANDER",
COMMANDER Becomes a "COMMAN" flag in the LINK record. The
"SUPPRS" set 1is sorted on this flag, so that the COMMANDER is
always the first member. It should be noted that if a recursive
attribute has an inverse, the second C -> LINK set represents the
inverse attribute. If SUBORDINATES is the inverse of SUPERIORS,
then we have set SUPRRS from OFFICERS -> LINK and set SBRDNT from

OFFICERS -> LINK, with COMMAN the only field of LINK. If the
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All sets for which 'order sorted' has not already been specified,
are ordered "last". This is the fastest when setting up such a set
and the most efficient when processing it [Sperry 1972].
Furthermore, with sets having only one member occurrence (such as
a superclass-subclass set), this allows a 'find member' to be
issued without +the need for specifying items with which +to
identify the member. Sets fhat are sorted are those which the
user required (by means of an 'ordering' attribute) and those used
in ALTAS clauses, together with those sorted on some
indicator-field. For example, INCIDENTS is sorted on OILSPILLS
flag. All sets are assigned a mode of chain, and prior links are
not specified, to save space and time. (Prior 1links will save
time only in special circumstances [Sperry 1972]). Pointer arrays
and indexed pointer arrays are not wused Dbecause this 1is only
worthwhile if the member record is a member of more thén one set
and processing requires frequent use of more than one of these

sets in one query.

Set selection 1is 'current of set' wherever this is possible. The
exception occurs when two or more sets have identical owner and
automatic member record types. This would occur for example with
two sets both having owner VOYAGE and member OFFICERS, such as
CURRENT-VOYAGE and LAST-VOYAGE. In such situations two owner
occurrences of the same record type must be 1identified when a
member OFFICERS 1is stored. This problem is overcome in DMS 1100
by using an ALIAS for the identifier of the owner record, on one
of the +two SET SELECTION clauses. (eg. CURRENT-VOYAGE uses VNUM
and LAST-VOYAGE uses VNUM-ALIAS). Such situations are recognised

by the ADD system, and dealt with accordingly.

The solution just outlined cannot however be applied if the owner
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could be automated, but would require a fairly sophisticated
algorithm to assign records to files suitably, as well as an
intelligent wuser 1interface to be able to extract the relevant
facts about the data for use by this algorithm. This become more
complex if pages within files and/or INTERVAL clauses are used;
hence this process is probably best done manually by the DBA.
Extra pointers can be added where appropriate for faster access to
records. In this way LINKs TO OWNER and PRIOR LINKs could be added
to important (frequently-used) sets. Where a record is member of
several sets, the mode of these sets could be changed from "chain"
to "pointer array", if fields in more than one owner will often be

needed at the same time.

Other alterations which can be made at the discretion of the DBA,
but which have a lesser effect, are: encoding records and/or
items; changing the set order of some sets or their set occurence
selection; specifying "LOOKS", for recovery; choosing other area
size(s) with different pages designated for overflow or a
different 1load factor; addition of security 1locks on areas,
records and/or items [Sperry 1972]. It should be noted +that the
ADD program which creates a schema source listing according to the
QDB-database can handle any DDL clause. Thus even clauses not used
currently by the ADD system (e.g. ENCODING and ACCESS LOCKS) can
be included in this database and the corresponding schema listing

will still be correctly generated.

8.35.2. Logical Design Modifications.

The logical view of the -enterprise should only be altered 1if

changes to physical criteria are insufficient to meet performance
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9. CHAPTER 9. SDM CRITIQUE.

In order to evaluate 3DM, we need to firstly determine criteria
for ‘'good' data models. O0f those mentioned in chapter 3 the most
important are ease of use - the ability to obtain a correct and
complete specification from an unskilled person; semantic
expressiveness - how much information is contained in a model; and
compatibility with conventional databgge systems - how much of the
model can be implemented. $SDM was chosen as a basis for ADD
because of its success in achieving the first two of these
objectives. The construction of the system has however revealed
that its variance with conventional DBMS's detracts from its
overall value. Before the model is evaluated, The good and then

the weaker features of SDM will be discussed.

9.1. Valuable SDM Concepts.

The most remarkable quality of SDM is that it is at the same time

simple and yet abounding in special modelling features. A data
model should primarily be easy to use and hence to conceptualise.
A clear picture of an 3DM model as a collection of classes having
attributes to describe them, should present a novice with no
problems: there are only two basic modelling elements. If the
idea of subclasses, groupings and attribute derivations are
introduced to him gradually, as in the ADD system, his view of the
model should remain clear and workable. He can present it
directly without needing to rely on a diagrammatic representation

(which could become unmanageable as the specification grew) or on

complex predicate calculus expressions.
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The principle of relativism raises the issue of whether a straight
forward model with few modelling tools is better than one which
has a large, redundant set of modelling constructs. (that is, is
a "fixed" or restricted interpretation better +than a "free"
interpretation?) SDM has a rich set of modelling primitives and
allows a rather "free" interpretation. The important issue
however is whether or not a model with many constructs is
difficult +to understand. That is, it is the existence of obscure
or complex tools that is undesirable. In general, systems with
many modelling tools tend to include some that are complicated and
thus make for an overall complex picture. This is +true of CS3DL
[Roussopoulos 1979] and Database Skeletons [Chang 1978] for
example, but not of SDM, whose modelling elements are all simple
to use and understand. Furthermore, the idea of providing several
methods by which associations can be specified increases +the
probability of obtaining a complete model of an application

environment.

SDM is not as suitable for relational scheﬁa design as for
CODASYL, because it does no include specification of dependencies.
The problem of greater semantic expressiveness in SDM than in the
relational model further reduces its suitability for relational

database design.

In conclusion therefore, it is felt that SDM is a 'good' model on
which +to base a network or hierarchical database design, but that
some of its features should have restrictions placed on +their
usage, to enhance 1its compatability with conventional Database

Management Systems.
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10. CHAPTER 10. CONCLUSION.

In this final chapter, the ADD system is evaluated in terms of the
design criteria stated at the beginning of this thesis. Possible
changes and extensions to ADD are discussed and suggestions for
future research are made. In conclusion, the design principles

that have emerged from this study are presented.

10.1. Evaluation of ADD.

The primary objectives of +the ADD project were to automate the
process of requirements specification and to generate a DMS 1100
prototype schema. The requirements were to be formulated as an
SDM model and as much as possible of the semantics of this model
was to be incorporated in the database. Synthesis of a relation
schema was also planned. A secondary objective was to analyse the
potential of ©SDM as a basis for database design, in the light of
experience gained in developing ADD. This 1last objective has
already Dbeen discussed in the previous chapter and hence is not

covered here. The others will now be considered in turn.

The first goal was to provide a system whereby computer-naive
users could easily and correctly specify an SDM model. The user
interface was accordingly designed for maximum simplicity, and the
features of SDM were introduced gradually to avoid confusion. The
only way to determine whether ADD meets the ease-of-use criterion
is to observe how novices perform using this system. Such an
experiment was undertaken. This showed +that whereas wusers do
experience some difficulty initially, if they are assisted by the

database designer during their first few minutes on the systen,
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Although ADD does not design a hierarchical database, this could
fairly easily be incorporated into the system because a hierarchy
is essentially a special type of network. Integrity constraints
would need to be incorporated according to the hierarchical DBMS

involved, as would the handling of many:many relationships.

The present system could Dbe extended by improving the physical
aspect of the design, which would mean including another module to
obtain the relevant data volume and processing details from the
user. The system was initially envisaged as a design tool for
conceptual schema design only. Thus the algorithm choosing
physical criteria for the database aimed at +the simplest, most
straight forward solutions. The system could also be extended to
build up multiple external views of an enterprise and then
consolidate these into one global logical model. This however is
a separate area of its own, and hence was not considered. It can
be said with some certainty that the inclusion of this facility
would greatly complicate the model-creation phase of ADD. The
user interface could also be altered so as to incorporate some
natural language understanding, or to provide more levels of
'help'. The ADD system could form a basis for future research,
with automated loaders, query-language generators and programs to

generate different subschemas being a natural extension to the

system.

10.3. Design principles emerging from this study.

A great deal has been 1learnt in undertaking %o write this
automatic database designer. The importance of a good user

interface was realised at the outset, and the high amount of care















Chapter 10. Conclusion. -191

final objective, a database design methodology should be adaptible
to automation, if only in part. This 1is considered desirable
because the (partial) automation of the design process is certain

to be a reality in the future [Buchman 1979].

The entire process cannot be automated; +the analytical powers,
intuition and creativity of the human mind are an essential part
of designing. All that can be done is to automate as much of the

design process as 1is reasonable, to alleviate the task of the

human(s) involved. The ADD system is a step in this direction.
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12. APPENDIX B. DMS 1100 DDL SYNTAX

The following DMS 1100 Data Definition Language Syntax Skeleton is
taken from "Database Management System (DMS 1100)", UP 7909, Rev.

3A, Sperry Univac, St. Paul Minn., 1972.

DDL OUTLINE
IDENTIFICATION DIVISION
DATA DIVISION
DATA NAME SECTION
AREA SECTION
RECORD SECTION
SET SECTION

DDL SYNTAX SKELETON

IDENTIFICATION DIVISION.

FILE TIP-file-code } '

TP
SCHEMA NAME IS schema-name IN% FILE file-name-1

[ SCHEMA QUALIFIER IS qualifier-name ]

[ LOCK FOR COPY IS /iteral-1 ]

DMU
‘ FREE literal-2
ACCESS CONTROL LOCK FOR %%??‘RI IS % PROCEDURE data-base-procedure-1 }
DRU

[ ACCESS CONTROL KEY IS data-base-data-name-1 ]] .
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DATA DIVISION.

rDATA NAME SECTION.

{ “QT‘, % data-base-data-name-1

' PIC .
{ : { PlCTUREé IS character-string-1

COMPUTATIONAL
comMpP
COMPUTATIONAL-1
COMP-1
COMPUTATIONAL-2
COoMP-2
COMPUTATIONAL-4
COoMP-4
DISPLAY

. USAGE IS ( DISP
DISPLAY-1
DISP-1
DATABASE-KEY
AREA-NAME
AREA-KEY
RECORD-NAME
SET-NAME
ACCESS-KEY
ALIAS

e s o

[ : DATA NAME CODE IS integer-1 ]

I—
AREA SECTION.

[ AREA CONTROL IS integer-2 AREAS ] !

1

QUICK-BEFORE-LOOKS
BEFORE-LOQKS l
AFTER-LOOKS 1
NO-LOOKS J

AREA LOOKS INCLUDE “

[ RECOVERY-POINTS ARE EVERY /nteger-3 BLOCKS . ]
AREA NAME IS area-name-1

[ . AREA CODE IS integer-1 1}

-200
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DATA
: MODE 1S9 INDEX AREA
POINTER

[ ; AREA MAPS TO TIP FILE )

’ EXCLUSIVE ” B
PROTECTED

RETRIEVAL
’ INITIAL LOAD

UPDATE s
EXCLUSIVE I% RETRIEVAL %
PROTECTED §

IND% ‘
ETCH P

|

l ;ACCESS CONTROL LOCK|FOR

L

—P

L )
i
A
)

|

\ literal-1 )

| PROCEDURE dara—base-procedure—Zf

[ ACCESS CONTROL KEY IS data-base-data-name-1] ]

. ALLOCATE integer-2 [ PRE=INITIALIZED ] { ';f%gl

[ .integer-10 OVERFLOW PAGES AT END )

[ 1nteger-3 OVERFLOW PAGES EVERY /nteger-4 DATA PAGES ]

[ . [ DYNAMICALLY ] EXPANDABLE TO integer-11 PAGES ]

. PAGES ARE /nteger-5 WORDS

-~

( | QUICK-BEFORE-LOOKS it )
. | BEFORE-LOOKS \
- LOOKS INCLUDES 1 A ETER_LOOKS §
{  NO-LOOKS |

e

. LOAD IS integer-6 2 """" T | I

~~—

. CALC USES integer-8 CHAINS [ LINKED PRIOR ] ]






APPENDIX B. DMS 1100 DDL Syntax -203

Iiteral-3

- ACCESS CONTROL PROCEDURE data-base-procedure—4

@)

CK1{ FOR MODIFY

:
:

DELETE
ot | |

[0 % PIC } , -
l ! PICTURE IS character-string-1 ?
2 L[ "tem description™ ] . . . ]

i item Description Syntax Skeleton:

, ) ' data-base-identifier-3
jievel-number-1

3_%PIC

PICTU % IS character-string-2 ]

lc:
I

DISPLAY
bisp
DISPLAY-1

—
o — N
e

o
)
i
o

COMPUTATIONAL-2
compP-2
COMPUTATIONAL-4

AREA-KEY
i - DATABASE-KEY

10
O
<
e
o
— T,

I ) o
| . OCCURS )‘/ntegdr 7 TIMES - B ; ]
[ mnteger-8 TO integer-9 TIMES DEPENDING ON data-base-identifier—-4



APPENDIX B. DMS 1100 DDL Syntax ~-204

[ “result subentry” ]
-] RESULT SUBENTRY SYNTAX
Format-1:

[ : RESULT OF SUM ON THIS RECORD USING data-base-identifier-11
, data-base-identifier-12 ) ... ]

Format-2:

[ : RESULT OF PROCEDURE data-base-procedure-5 ON THIS RECORD
[ USING data-base-identifier-13 | , data-base-identifier-14 1. . .]]

fgcma!—.?:
RESULT OF
ALL MEMBERS OF SET | set-name-2 | ..
COUNT ON “ } §EI sSot-name-3 MEMBER | record-name-2 | ... | ..

SUM ON | SET set-name-4 MEMBER record-name-3 USING data-base-identifier-15
[, data-base-identifier-16 ] ... | ..

Format-4:

RESULT OF PROCEDURE data-base-procedure-6

ALL MEMBERS OF SET | set-name-5 [ USING MEMBERSHIP ONLY ]| ..
{ SET set-name-6 { MEMBER record-name-4

{ data-base-identifier-17 [, data-base-identifier-18 ] .. H} }
MEMBERSHIP ONLY

ON

l USING

MAX /literal-2

i DATA-TYPE
MIN literal-2 ) “ ”

. CHECK IS VALUE
T [NOT] {Q.LH | _ | }
literal-3 [THRU literal-4 } { .literal-5 [THRU literal-61]1] ...
L PROCEDURE data-base-procedure-7
[ CALL data-base-procedure-8
CHARS FOR DECODING CALL data-base-procedure-9
. FOR ENCODING TO n { BITS } USE table-name-1

REPLACE /literal-7 WITH Iiteral-8
( [ . REPLACE Jitesral-9 WITH literal-10 ] ... ),
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Syntax Format of Member Subentry:

AUTOMATIC
. MEMBER IS record—name—Z% W§ [ LINKED TO OWNER ].
. ' RECORD-NAME o
%, { g:gé—;%)gﬁc—;(;% [ RANGE ] KEY IS data-base-identifier-1 “ }
—_—— [ .data-base-identifier-2 ] . . .
FIRST
LAST

. _O_UPUCATES ARE N—C—)_T—-ALLOWED

SYSTEM ORDERED"

[ ' INSERT
: ACCESS CONTROL LOCK | FOR %Q!E s
FETCH
literal-2
| (PROCEDURE data-vase-procedure-2 (ACCESS CONTROL KEY IS data-base-data-name-2 ]_

| "Set occurrence selection subentry” |
B Syntax Format of Set Occurrence Selection Subentry
Format-1:

SET OCCURRENCE SELECTION 1S THRU

CURRENT OF SET
LOCATION MODE OF OWNER

! { USING data-base-identifier-3 { ,data-base-identifier-4 1} ..
FOR data-base-identifier-5 - }
A —— — — — 115 -
| { LIAS OF data-base-data-name-1 IS data-base-data-name-2 } } }
ﬁgrmat—.?:

. SET OCCURRENCE SELECTION IS THRU set-name-2 USING

CURRENT OF SET
LOCATION MODE OF OWNER

[ % USING data-base-identifier-6 [ .data-base-identifier-7 7} ... ] %

FOR data-base-identifier-8
ALIA — - ne-4
{ LIAS { OF ¢ . 3 } {S data-base-data-name }

set-name-3
{ USING data-base-rdentifier-9 [ ,data-base-identifier-10 1} ... }
} ALIAS FOR data-base-identifier-11 S data-base-data-name-5 | ..
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ERROR.NO SUCH ATTRIBUTE

AT PRESENT. WOULD YOU LIKE TO RESUBMIT?
REPLY "YES" OR "NO"

~>NO
ANY MORE PROPERTIES?
->NO
IS THERE ANOTHER WAY TO IDENTIFY THE LECTURERS
->NO

CAN TWO OF THESE OBJECTS
ALWAYS BE DISTINGUISHED FROM EACH OTHER?

->?

IF DUPLICATES ARE ALLOWED FOR AN OBJECT,
IT MEANS MORE THAN ONE SUCH OBJECT
CAN HAVE THE EXACT SAME IDENTIFIER.
THAT IS, THERE CAN BE 2 SUCH OBJECTS
HAVING ALL THEIR PROPERTIES IDENTICAL.
EG. DUPLICATES SHOULD NOT BE ALLOWED
FOR STUDENTS

BUT DUPLICATES ARE ALLOWED FOR MARKS.

->X
ERROR. ONLY ANSWER "YES" OR "NO"
->NO

© WOULD YOU LIKE TO GIVE DETAILS ON COURSES
REPLY YES/NO OR "QUIT"

->QUIT

1
WHICH WOULD YOU LIKE TO DO:
ENTER INFORMATION
REVIEW INFORMATION

CHANGE INFORMATION
TERMINATE

ANY OF THESE ?
->A

I SHALL CHOOSE FOR YOU.

IF YOU DON'T LIKE MY CHOICE, TYPE
QUIT

(ON A NEW LINE)

PLEASE LIST THE PROPERTIES.
DO YOU WANT TO KNOW HOW TO PROCEED?
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OR COULD BE SOME (OTHER) OBJECT
IN THE DATABASE.

->?

VALUE TYPE: WHAT KIND OF VALUES

THIS PROPERTY HAS. A VALUE CAN BE A
INTEGER (EG. 1 3% 27)

OR REAL(NUMBER WITH A FRACTION) OR
STRING (ANY CHARACTERS EG SMITH, R2D2)
BOOLEAN ("YES" OR "NO"; NOTHING ELSE)
OR IT CAN BE SOME (OTHER) OBJECT -

IN THE DATABASE

(MANY PROPERTIES HAVE

AS THEIR VALUE, OTHER OBJECTS

OR SUBTYPES IN THE DATABASE:
SUCH AS SUBJECTS-TAKEN,

REGISTER-CLASS-TEACHER, ETC.)

->INTEGER

HOW MANY VALUES WILL THE PROPERTY HAVE?
ANSWER 1, IF EACH OBJECT HAS NO MORE
THAN ONE VALUE FOR THIS PROPERTY
M, IF MANY VALUES(ANY NUMBER OF VALUES
IS POSSIBLE)
V, IF VARIES BETWEEN 2 LIMITS,
EG. FROM 1 TO 3 VALUES

-1

CAN THIS PROPERTY HAVE NO VALUE AT ALL,
IN SOME CIRCUMSTANCES?

->?

A PROPERTY MAY HAVE

NO VALUE AT ALL:

MEANS IT CAN BE BLANK.

EXAMPLE: PHONE-NUMBER.

IF SUBJECT-TAUGHT IS A PROPERTY OF
TEACHER, IT CANNOT BE BLANK.

CAN THIS PROPERTY BE BLANK?

THIS MEANS YOU CAN NEVER SAY SOMEONE
IS A TEACHER, UNLESS YOU SAY WHAT
SUBJECT HE TEACHES.

->NO

IS IT REASONABLE TO ASSUME THAT THIS
PROPERTY IS ALLOWED TO CHANGE ITS
VALUE ,IN TIME?

(AN EXCEPTION: BIRTHDATE)

->YES

-225
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WHAT IS ITS DERIVATION?:
NONE

SAME

EXPRESSION

IF IN SUBTYPE

MATCH

OTHER ?

->?

>>>DERIVATIONS: USUALLY NONE!

BUT IN SPECIAL CASES, IT COULD BE THAT
THE PROPERTY YOU ARE CONSIDERING IS:
~ THE SAME AS ANOTHER PROPERTY

- IF THE OBJECT IS IN A PARTICULAR
SUBTYPE OR NOT

- IF IT MATCHES TO ANOTHER PROPERTY
- EXPRESSION: ARITHMETIC EXPRESSION
INVOLVING OTHER PROPERTIES, EG
MARK{ + MARK2 / 2

- OTHER: THIS IS IF ITS DERIVATION
IS ONE OF THE OTHER DERIVATIVES

(YOU PROBABLY DON'T KNOW ABOUT

THESE YET!)

->N

WOULD YOU LIKE TO GIVE DETAILS ON MARKGAINED

REPLY YES/NO OR "QUIT"
->QUIT

WHICH WOULD YOU LIKE TO DO:
ENTER INFORMATION
REVIEW INFORMATION
CHANGE INFORMATION
TERMINATE
ANY OF THESE ?

->R
DO YOU WANT TO KNOW HOW TO GO ABOUT
REVIEWING THINGS?

~>YES

REVIEWING LETS YOU LOOK AT
INFORMATION ALREADY GIVEN.
GIVE THE NAMES OF THE THINGS
THAT YOU WANT TO SEE

ONE AT A TIME.

DO YOU WANT MORE INFORMATION?

->NO

WHAT ARE YOU CONCERNED WITH:
(ENTER ONE AT A 2IME PLEASE)

~-2217
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GIVE PROPERTY NAME

->TYPE
ANY MORE PROPERTIES?

->N

I NEED DATA ON SOME SUBTYPES
TYPE "QUIT" TO GO,ELSE HIT "RETURN"

->N

WOULD YOU LIKE TO GIVE DETAILS ON BANNEDOILTANKERS
REPLY YES/NO OR "QUIT"

->Q

I NEED DATA ON SOME VALUE TYPES
TYPE "QUIT" TO GO,ELSE HIT "RETURN"

->Q

-23%8
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TYPE 2
LASTTWOINSPECTIONS INSPECTIONSH# *KEY*
OILTANKERS# INTEGER *¥KEY*
RELATION 11
TYPE 3
LASTINSPECTION : MOSTRECENTINSPECTIONS# *KEY*
DATELASTEXAMINED-YEAR INTEGER
DATELASTEXAMINED-MONTH INTEGER
DATELASTEXAMINED-DAY INTEGER
RELATION 12
TYPE 2
OILSPILLSINVOLVEDIN : INCIDENTS# *KEY*
OILTANKERS# : INTEGER *KEY*
RELATION 13
TYPE 12
QENTRY# + INTEGER *KEY*
TOPLEGALSPEEDINMILESPERHOUR : INTEGER
RELATION 14
TYPE 12
OILSPILLS# : INTEGER *KEY*
SEVERITY : INTEGER
RELATION 15
TYPE 2
INSTANCES : SHIPS# *KEY*
SHIPTYPEGROUPS# : INTEGER *KEY*
RELATION 16
TYPE 2
OILTANKERCONSTITUENTS : SHIPS# *KEY*
CONVOYS# : INTEGER *KEY*
RELATION 17
TYPE 1
SHIPS# : INTEGER *¥KEY*
HULLNUMBER : INTEGER
RELATION 18
TYPE 1
SHIPSH INTEGER *KEY*
SHIPNAME STRINGS
TYPE STRINGS
NAMEOFHOMEPORT STRINGS

e s s oy e e e e ot v S e - o e it S i = S i i

RELATION 19
TYPE 1
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INSPECTIONS# : INTEGER *¥KEY*
TANKERINSPECTED : OILTANKERS#
INSPECTIONDATE~YEAR + INTEGER
INSPECTIONDATE-MONTH INTEGER
INSPECTIONDATE-DAY INTEGER
~ RELATION 20
TYPE 1
QENTRY# : INTEGER *KEY*
ENTRYKEY : ALPHABETIC
RELATION 21
TYPE 1
QENTRY# INTEGER *KEY*
NUMBEROFINSPECTIONS INTEGER
ABSOLUTETOPLEGALSPEED INTEGER
TOTALSPILLED INTEGER
RELATION 22
TYPE 1
COUNTRIES# INTEGER *KEY*
COUNTRYNAME STRINGS
RELATION 23
TYPE 1
OFFICERS# INTEGER *KEY*
OFFICERNAME STRINGS
RELATION 24
TYPE 1
OFFICERSH# : INTEGER *KEY*
COUNTRYOFLICENCE : COUNTRIES#
DATECOMMISSIONED-YEAR : INTEGER
DATECOMMISSIONED-MONTH + INTEGER
DATECOMMISSIONED-DAY : INTEGER
COMMANDER : OFFICERSH#
RELATION 25
TYPE 1
ENGINES# : INTEGER *¥LEY*
SERTALNUMBER-H : STRINGS
SERIALNUMBER-NUMONE : INTEGER
SERIALNUMBER-HYPHEN ¢ STRINGS
SERIALNUMBER-NUMTWO : INTEGER
RELATION 26
TYPE 1
ENGINES# :+ INTEGER *¥KEY*
KINDOFENGINE : STRINGS

RELATION 27
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SHIPTYPEGROUPSH#
NUMBEROFSHIPSOFTHISTYPE

et e S e et e o S i et s b et S S i e o o

RELATION 36
TYPE 1

CONVOYS#
CONTENTS

RELATION 37
TYPE 1

CONVOYS#
CONTENTS

s . i e e e s T P et e e i e e b S e e o i i ey

RELATION %8
TYPE 1

CARGOTYPEGROUPSH#
CONTENTS

i i . 8 8 8 = = T > 8 = = —

RELATION 39
TYPE 1

TYPESOFHAZARDOUSSHIPS#
CONTENTS

e e e b ot e 8 o e e St v G U - — o o S

INTEGER
INTEGER

INTEGER
SHIPS#

INTEGER
SHIPSH

INTEGER
SHIPSH#

INTEGER
SHIPS#

~24%

*KEY*

¥KEY*

*KEY*

*KEY*

*KEY*
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IX H. Schema Generated by ADD

VALUE

NOT
NULL

RECORD NAME IS ENGINS
SHIP ENGINES

LOCATION VIA QSYSTG SET

10 KNDFNG PIC X( 3)
10 SRLNMB
CHECK
PROCEDURE
ENGINU
20 SRLN-H PIC X( 9)
20 SRLN-I PIC X( 9)
20 SRLN-N PIC 9( 3)
USAGE IS COMP
20 SRLN-0O PIC 9( 6)

USAGE IS COMP
RECORD NAME IS LINKA
LOCATION VIA SHPNGN  SET
10 QSYSTH PIC X( 1)
RECORD NAME IS LINKC
LOCATION VIA CNTCTS  SET
RESERVE 1 POINTERS
10 QSYSTI PIC X( 1)
RECORD NAME IS LNXA
LOCATION VIA CONLNK  SET
10 CONVYT PIC 9( 1)
USAGE IS COMP
CHECK
VALUE
0
THRU 1
RECORD NAME IS LSPLLT

LOCATION VIA LSPLLV SET

10 MNTSPL PIC 9( 6)
USAGE IS COMP

10 SEVRTY PIC 9( 6)
USAGE IS COMP
RESULT

PROCEDURE LNKJFC
ON THIS RECORD USING

MNTSPL
RECORD NAME IS LTNKRS

LOCATION VIA LTNKRU SET

RESERVE 1 POINTERS

10 DTLSTX
CHECK
PROCEDURE
DATEZG

20 DTLS-D PIC 9( 2)
USAGE IS COMP

20 DTLS-M PIC 9( 2)
USAGE IS COMP

20 DTLS-Y PIC 9( 4)

USAGE IS COMP

246
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