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P~~FACE 

-.

This report provides a preliminary statement of information to be col lected

in preparing a specification of information system requirements . This preliminary

statement has been developed from the perspective of data and database management

systems . Ultimately, this information would be collected from users and stored

in a desi gn database. The information shoul d provide an adequate description of

the user probl em environment and should be sufficient for the process of file

design .

This report is divided into four major sections :

1. information about the content and structure of the database.

2. information about the system data maintained in support of the

database system (definitions of reports and transactions).

3. information about the appl i cation processes which act upon the

database.

4. information about the behavioral characteristics of the processes

and the data .

The organization of the material is motivated from the perspective of the user

who supplies the information and for convenience in writing this report. It is not

organized for the designer who will use the information once stored in the design

database, nor does it necessarily indicate the importance of each piece of infor-

mation to the design process. There is no correlation between the amount of space

and attention given to a topic in the report and the level of importance to the

fil e desig ner or the proportion of use in subsequent design procedures.

This is a distinctly preliminary statement and as such will be rough, vague

in spots, and incompl ete. An attempt was made to cover all the relevant areas of

• 3
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required information even at the expense of including some sections that are

sketchy at best. At least the spot is made explicit where further work needs to

be done.

Subsequent research wi ll compare this preliminary statement to actual user

experiences in designing and developing database systems, to well-developed data-

base design procedures , to manuals of existing DBMS ’s, and to any relevant literature.

Through this process the preliminary statement can be refined , clarified , and made

more complete . The current report serves as a springboard for this subsequent

research activity .

This final report is partly based upon the material in the items of a

bibliography prepared under a previous contract wi th the Navy , entitled An

Automated, Annotated Bibliography on the Specification of Information System

Requirements (Minneapolis , MN: University of Minnesota , Management Information

Systems Research Center, MISRC-TR-77-Ol , 1976 October 11 , 156 pages; Final Report

under contract N00167-76-M-8441 ; available from NTIS , AD AO38 398). The

Bibliography constitutes the set of references which could logically be appended

to this final report.

A description of the context for the information in this final report is

contained in the research proposals for this contract (8476) and the prior

bibliography contract (8441). Portions excerpted in Appendix A.

All figures are copyright by Gordon C. Everest or McGraw-Hill Company ,

1974 and 1977; used by permission.
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INTRODUCTION

This report provides a prel iminary statement of the information necessary

to descri be an application/database system environment which is the object of a

design process. The information is gathered in a design database. In this

report the information is divided into four areas: information about the data-

base , system data , appl ication processes , and behavioral characteristics .

First, it is necessary to make some observations on several interesting

aspects of the relationship between the database and the system data , between

the defined data/system data and the application processes, and between exogenous

and derived information.

The Database versus System Data

When speaking of a database system, the term “database ” is used in its

broadest generic sense , namely, the collection of data relevant to the operation

and management of an enterprise. Database is not used in the narrow sense of

referring to a physical entity stored under a DBMS although that would likely be

the ultimate representational form of a database.

From a data perspective , the database is the most obvious system component

which must be defined , but other components exist which must also be defined --
input data transactions , interrogation requests, output reports , users , mappings

• between two data structures , validation criteria , Boolean selection expressions --
In fact, the list gets longer as we consider formally capturing more information

about the object system of application processes and files which is the object

of the design activity . All of the information which defines these nonda tabase

components is called “system data.”

A picture of the appl ication/database system which Is the object of the

design activity is shown In Figure 1. The components are divided horizontally

7
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into system data , and the real da ta (whether in the database , Input transactions ,

or output reports) and the processes which act upon the real data . The system

data above the horizontal line describes the various components below the line ,

which is the meaning of the thin broken lines . The database management system

has access to all the system data during execution , which is not shown in the

figure.

The Duality of System Data and Processes

In contrast to data which is a passive component , a process is an active

• component of a system. A process is something that happens over time ; something

that acts upon data; something that moves and transforms data. There are processes

which create and maintain a database schema , which create and maintain data

according to the definition , which create and maintain system data such as

transaction or report definiti ons , whi ch process transactions , which process

interrogation requests , and which generate output reports. Processes which

operate on system data are sometimes called utilities . System data so established

then drives the processes which act upon the real data -- In the database , trans-

actions , queries , or output reports . This second set of processes is embodied

in the database management system which in turn may interact with user-defined

• application processes.

Could an object application/database system operate with no explicitly

defined system data? Certainly, and the information would be embodied or buried

in the programs ; all the “intelligence ” about the database and related application

• processes would not be formally stated . The only necessary prespecified process 
•

would be the compiler for the prografliTling l anguage. In effect, the system data

becomes the set of all written programs

.9



Every process needs a process specification (coninonl y called a program).

A process specification can be written in a programming language or a special

purpose language such as that used to write a report definiti on or a Boolean

selection expression. The process specifi cation can be stored as is, or it can

be “compiled’t or translated into another form of process specification written

in another language . Eventually, the process specification is “interpreted ” or

executed by a processor which understands the language . The execution generates

a process , which might also be called an “instance ” of the process specification.

The lower the level (more micro ) of process specification , the longer the

time it takes to develop the process specification , the more prone it is to error ,

the more difficult it is to comprehend , and the more difficult it is to modify

later. (These are all simply the arguments for us~ng high-level languages.) Using •~

a low—level language , the programs are highly tailored . The trend in the eval ua-

tion of progranining l anguages , however, has been to factor out the process

specifi cation to higher levels -- the Data Division and Report Writer of COBOL

are good examples . Then the underlying processes become more general i zed in

interpreting a broader range of high -level input statements . The database manage-

ment system becomes a highly generalized interpreter of the system data . The

intelligence of the object application/database system is embodied in the system

data , not the underlying processes .

A central objective in the development of the design database is the expl icit ,

• formal expression of all the information or intelligence that is to drive the

designed object system . The formal expression of system data should be at the

highest possible or macro level and in a form that most directly relates to the

real world environment of the object system. This calls for the existence (or

development) of very high l evel languages with which to formally express and

• capture all the system data , that is , all the intelligence information needed to

10
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drive and guide the ongoing operation of the database system . The information

to be stored in the design database is actually all the system data . Hence , the

central thrust of this research is the developmen t of high-level languages for

defining all the system data .

Exogenous versus Derived Information

The objective in developing a specification of information system require-

ments is to capture all and only the exogenous , user-oriented information about

the data structure , the application processes against that structure , and the

behavioral characteristics of processes and data . The remaining information

needed to ultimately establish a database system is then derived from the user-

supplied exogenous information using appropriate database design procedures --
some which may not now exist but which we know must exist , or some which are not

yet precisely defined .

Most information relating to how data is to be physically stored is actua l ly

derived info rmation , even though many DBMS ’s today require explicit declaration

of such information. Since physica l organization and access paths are a major

determinant of DMS performance , they should be designed in response to user-stated

performance requirements . Currently, the DBA must provide much of this informa-

tion , based partly on algorithms and partly on judgments. Actually, given a more

compl ete description of the data , its behavior , and the processes that operate on

it , much of these physical design decisions can be derived by the system . Initial

design decisions must be based on user estimates , but revision and reorganization

can be made after monitoring actual performance.

11
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The following are examples of information currently supplied directly by the

• user in many systems but which could be derived by appropriate database design

procedures .

• physical record placement , that is , proximi ty of records to each

other.

• ordering of record instances as stored.

• ordering of dependent records within each parent.

• i tem value encoding .

• representation of a relationship.

• inter record connections .

• access methods (indexing or hashing on what data items).

padding of storage space to al low for future growth .

More and more of the information assumed exogenous today will be derivabl e

tomorrow as more database design procedures are developed.

In many cases , it may be desirable to have users provide the nonexogenous

information as they are now accustomed to doing. The same information can be

derived by the design procedures based upon the other exogenous information such

as performance requirements , response requirements , volumes, and other behavioral

information. Then the information as derived can be compared to the same infor-

• 

• mation as supplied by the user. Significant deviations can be reported to the

user. This can serve to educate the user , to val idate the user ’s expression of

requi rements , and to verify the accuracy of the bui ltin design procedures .
-p

-I
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I. DATABASE DEFINITION

Although considerable Information may exist about a database structure , we

are here only concerned wi th the information that must be expressed directly by

the user. This section attempts to specify all the information needed to accurately

model the reality of the user environment in a database structure. We assume

an entity-attribute-relationship construct for this modelling process. We need

a user-oriented formalism for defining a database model of the real world; a

formalism which is unconstrained by any particular representational model and

unencumbered by considerations of physical data storage. The formalism must be

embodic’d in a graphical notation and that in turn must have a linear form which

is convenient for machine processing and storage in a design database.

The definitional process will attempt to explicitly capture all relevant

information , leaving nothing hidden or assumed. For example , all relationships

in the data will be based upon criteria expressed in terms of data content. The

execution of processes may depend upon time or priority attributes that exist

in reality . The design process may choose not to represent such attributes but ,

from a user perspective , they are real and should be defined.

I
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The Entity-Attribute-Relationship Model

The entity-attri bute-relationship model of data is preferred because it

seems to relate most directly to the real world of a user. The pivota l construct

• is the entity. The user first identifies classes of entities, describes them in

• terms of attributes of interest, and then describes all first order (that is ,

direct) relationships between entities . This report specifies the characteristics

of attributes and relationships to be defined by the user. Then the user supplies
- additional information in the form of validation rules and semantic constraints

on the defined data structure, and behaviora l information such as volumes and

rates of change .

An entity is a real world thing or event of interest and on which data is

to be collected and stored . An enti ty type is a named class of entities . An

entity instance is a collection of attribute-value pairs describing an entity . -

An attri bute is a named characteristic of a class of entities . A data item is

• a stored representation of an attribute . Each attribute/data i tem has a domain

• of values from which values are selected to descri be an entity instance . A

relationship is a correspondence or association between entities.

I
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Database Schema and Userschemas

The complete logi cal and physical definition of the stored database is

called the database schema . A userschema is the view a particular user or

applicat Ion process has of that database. It can be limi ted to relevant por-

tions of the stored database and also define additional data which is derivable

from the stored database. If the userschema is the data the user sees and needs,

who defines the schema? What is it that relates to the specified information

requirements of the using environment?

• In some cases, the schema could be considered derived information . Each 
-

user ’ s requirements would be expressed in one or more userschemas and the Database

Administrator would then develop a composite schema which satisfies the collective

- information needs of the using community . In the case of an already established

database , the schema would be taken as given and a mapable userschema defined

to meet the information needs of a new user application. Whichever is the case ,

• two principles emerge: (1) the user never directly specifies the schema of a

• stored database , and (2) both schemas and userschemas are definitions of data

and therefore require a data definition language facility . The central require-

ment of such a data definition language is to model the reality by capturing all

the essential information about the entities , attributes , and relationships in
• the user ’ s reality. No further distinction between database schema and userschema

will be made here. The only further requirement is the definition of a mapping

- between a userschema and a database schema but this would be provided by a data-

base administrator , not a user.

15 (16 blank)
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ENT IT I ES

An enti ty is any obj ect , thing, or event in the real worl d of the user;

anything about which data is to be defined , collected , and stored .

• Entity Type

An entity type is a named class of entities . Its characteristics include :

1. Name of the entity type.

2. Description — A narrative explaining the named class of entities.

3. Cri teria for Inclusion — What special characteristics , if any , an

entity instance must exhibit to be included in this entity class? Frequently

all entities of a particular type will be included in the same class. However,

if there are no special membership rules then the general rule should be stated

explicitly. For example , a personnel file contains all personnel currently

employed by the firm.

4. Cri teria for Retirement - What characteristics must the entity

instance exhibit to be removed from the entity class? Logically, this cri teria

is the inverse of the above criteria for inclusion . There may be a set of criteria

for retirement, with retirement to occur either when any of the criteria is met

or when all of the criteria are met. For example , a person would be retired

from the personnel file when resigned , fired , or deceased.

5.  Deri ved - In some cases different entity types may be related to

each other. A derived entity type can be obtained from another type based on some

construction or derivation rule.

Behavioral characteristics relating to entity type include the number

of types, the number of instances of each type, and the growth or decay in these

numbers.

_ _ _ _ _ _  
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Entity Instance

An entity instance is an unnamed collection of attribute-value pairs

describing a real world thing or event of interest and on which data Is collected

• and stored. Some entity instance characteristics are:

1. Date and Time of creation.

2. Date and Time of last change.

3. User /process which created the instance .

• 4. User/process which made the last change to the instance.

• :1 Characteristics one through four are derived based on performance monitoring

of the database. One and two are needed for backup and recovery procedures.

• Three and four are needed for audit trails and (along with other information such

as. oatterns of retrieval) for later analysis to determine reorganization and

- 
-
• - 

restructuring points.

5. Size - This is the aggregate of all value sizes plus any additional

system information created and appended to the entity instance. The user should

not have to consider or be concerned with this characteristic.

Behaviora l characteristics of entity instances include the rate at which

instances are changed both with respect to time and to the number of instances
• (e.g. 200 changes /day and ten percent of the instances are changed per month)

and the size both of individua l instances and of all instances of a given type

- of enti ty. The system monitoring should provide both average behavior and

extremes (maximum and minimum), or even develop a frequency distribution.

• I

La . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ -,-~~~~~~~~~~~~~~~~~~•~ ~~~~~~~~~~~~ .• 

.



• 
- 

_______________ ~~~~~~~~~~~~~~~~~~ 
— -—— 

~~~~~~~~~~~~~~~~~ 
- 

____________

En try

A file is a collection of entries each conforming to a common definition .

Each entry describes a particular entity Instance in the real world. The file

contains descriptions of all the entities of a class of entities.

An entry is simi l ar to a record (which has a more physical connotation),

so a file could be defined as a collection of records of the same type. In the

simplest case , an entry would consist of a set of single-valued data items. Such

a file is called a flat file. Adding multiva lued items and repeating groups to

an entry definition results in a more complex definition for an entry. Each

nested repeating group corresponds to a subentity which has a special relation-

ship wi th the entry , namely, a hierarchical relationship. These characteristics

of an entry are discussed in followi ng sections.

19 (20 blank)



ATTRI BUTES

An attribute is a named characteristic of a real world entity. The name

• should be unique for a given entity type , but can be the same for different entity

types (e.g. age can apply to both personnel and equipment). Synonyms may be

used . A data item is the formal representation of an attribute within the system.

A data item takes on values from a single domain of values or value set. Except

for rnu ltiva lued i tems a data i tem takes on a single value for each entity.

An attribute or data item has the following characteristics :

1. Name of the attribute.
• 2. Description - A narrative explanation of the attribute .

3. Role - An attribute can be used in any of three roles. First , it may be

a unique identifier used to specify the entity of interest. Second , it may be

a key used for the selection of a set of entities of interest. While an identifier

is a key, this more general definition of a key does not require uniqueness. The

entities of interest are those which meet a certain Boolean selection expression

which contains the names of various key attributes , values , and operators (arithmetic ,

relational , and logical). The third role of an attribute is to describe the entity .

The distinction between a key and a descriptive attribute may be in the use not

the attribute itself. While some attributes may in practice never be used as keys ,

in principle any attribute can be used to select an entity and therefore be a key.

• When it is not used as a key , an attribute is simply a descriptor.

4. Value DomalnfType - The value domain is the central characteristic of a

• data i tem. It can be explicitly specified by enumerating all of the acceptable

values or by specifying the range from which the values can be taken. This speci-

fication defines the value set of the data item or attribute . (The way the values

are physically stored is the value representati on and should not concern the user.)

The value set may be defined Implicitly be specifying the type of the attribute .

21
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Any value encoding should be specified if it is meaningful to users , including

a description and meaning of each value. Behavioral characteristics include the

size and growth rate of the value set.

5. •Existence - For each entity type each attribute may be mandatory , optional ,

or i rrelevant. If mandatory, the attribute is an essential characteristic of the

entity. Optional attri butes may or may not apply to a specific instance of the enti ty

type. The existence of an optional attribute is conditional on some characteristic

of the entity or its relationship to other entities . If the particular characteristi c

or relationship, specified by a Boolean expression , is met then for that entity in-

stance the attribute is mandatory . If the expression is not met , then the attribute

is irrelevant and does not exist for that entity instance . Any of this information

that can be specified to the system can then be used in more complete validit y testing.

Identifier attributes or characteristics are usually mandatory . Many , but not

all , keys are also mandatory . Descripti ve attributes can be optional or mandatory .

6. Number of Value Occurrences - For a given entity an attribute may have one

or many values . Whether the attribute is single or multivalued is a property of the

attribute , e.g. a person has only one job code or spouse, but can have multiple skills

or children. For multiva lued attributes the actual number of occurrences may be

constant or dependent on the specific entity . If the number of values is in some way

dependent on other characteristics of the entity , i.e. the number of occurrences can

be predicted , limited , or bounded , this dependence should be specified so the system

can maintain it. In general , the number of attribute values can be specified in the

following ways: (1) constant or fixed ; (2) predictable based on certain entity in-

stance characteristics; (3) variable but bracketed within a certain range , e.g. more

than one but less than ten; (4) variable but where either a maximum or minimum number

of occurrences can be specified ; or (5) nondeterministic but where some form of fre-

quency distribution can be specified (or approximated) for the number of value

occurrences per record (or parent group).
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Al though the val ues of a mul tival ued attribute may have an ordering , e.g. skill

codes could be ordered by difficul ty , the occurrence of the multiple values have

no inherent meaning. In other words , the skills for an individual could be

conside red ordered by when acqui red or level of proficiency . These additional

factors are attributes of each skill and shoul d be defi ned and provi ded explici tly ,

rather than implici tly by the ordering.

Behavioral characteristics for number of occurrences include the average ,

and range of occurrence for each multival ued attribute .

7. Length - A user may speci fy the length of an attribute ei ther explici tly

or implicitly by giving the value set of the attribute . A length may be fixed

or variable. However, this is basical ly an efficiency ques tion wi th which the

user should not be concerned . Factors which affect the decision include the

• frequency of existence of the attribute , the number of occurrences and how

predictable they are, and the distribution of the val ue occurrences for the

attribute and their length . Therefore , the actual length of an attribute is a

derived characteri s tic , j ust as record length .

Behavioral characteri stics of length would include a frequency distribution

of length and changes in the frequency distribution. This distribution can be

derived from a frequency distribution of the values and their representation.

8. Units of measure - provide a way to interpret the actual stored value. This

is necessary if attributes of the same value class (therefore comparable ), but

4 different domains are to be operated on , for example , money cl ass , but one in dollars

and the other in pounds. Units of measure information would allow the system to make

many automatic conversions for the user. Two pieces of information are important to -

the unit of measure :

radix - the base against which the va l ue is to be interpreted .

subfields - in this case an attribute may need to be interpreted as an

organized set of subfields. For example , time may be specifi ed as
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year, month , day, hour , minute , second. The significance of these

subfields becomes important when computing the period between two

time points or doubling a time period . However, the conversions and

shifts between subfields should be done by the system without user

intervention once the appropriate units of measure have been specified.

Another example would be with geographic coordinate systems such as

X , Y , Z or latitude and longitude .

•1
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Value Class and Operators

Attributes can be of three genera l types - arithmetic , string, or special. The

ari thmetic types have some value interpretation . They may be simple scalars or

compounds of these. Arithmetic i tems can have a variety of representations such

as integer , decimal , exponential , fraction , probability , or percentage.

The value class of an i tem and the operators that can operate on it are closely

related . It may not make sense to allow operators of one class to operate on the

i tems of another class (e.g. arithmetic operators on string i tems). However, within

a value class there may be different ways to represent the same value (e.g. integer

and real for arithmetic data). In this case the user should be able to freely mix

the ways in which the items are represented and the system automatically convert them

to a common representation before performing the operation . However, for consistent

and predictable results there must be a procedure ordering or a rule wnich defines

how the conversions will be made. For example , if the result is real then all integers

in the expression would be converted to rea l and real operations performed on them.

Depending upon how the value classes are defined , there may not be any comparable

automatic conversion between certain value classes. Different value classes tend to

be used to represent different types of attributes.

If two attributes have the same value class , then they have both the same

value set and the same set of operators. However, the values may have different

representati ons. This shoul d not concern the user, in fact he should not even

need to be aware of it. If the attributes are of the same value class , the system

should make the conversions between the various representations automati cally.

This also implies that when the user defined the value set he also defined the

units of measure for the value.
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The arithmetic type implies some quantitative relationship among the values in

the value set. The most frequent relationship is ratio , i.e. the attribute has a

zero point and the intervals on its value scale are equal. All of the common

arithmetic operations can be appl i ed when this relationship holds. The next less

rigorous relationship is interval. It is similar to the ratio scale except that

there is no zero point on the scale. Temperature and date are examples of this

relationship. The difference between 0 and 10 degrees is the same as the difference

between 90 and 100, but it makes no sense to describe one temperature as twice

as hot or cold as another one. All the relational operators (EQ, NE , LT, GT, LE ,

GE) apply to interval values. The least rigorous relationshi p is ordinal. In this

case, matching and ordering relati onships app ly; the values can be ranked -- one

value is greater than or less than another value , but the difference between two

neighboring values does not have to be the same. Moving from ratio to interval to

ordinal fewer of the traditional arithmetic operations are legal. In the extreme

case with nominal va lues no arithmetic operations or relations except equality are

applicable.

There is also a class of mathematical value sets which are composed of scalar

numbers but subject to additional composition rules and operators. These include

• complex numbers , vectors , matri ces, tensors , etc. Groups of the simple ari thmetic

• i tems are col l ected into these larger entities and new operators are defined on the

group (e.g. dot product, cross product , pre-multiple , post -multiple , inverse , transpose ,

etc.). These operators are collecti ons of the simpler operators . With these

entities the relational operators normally do not apply. The entities tend to be

equa l , not equa l , or not comparable (e.g. different dimensions). Automatic conversion

of the components of these entities is possible (e.g. integer complex to real/floating

complex), but such conversion between the larger entities cannot be done (e.g. con-

vert a vector to a matrix).
1~
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Stri ngs - are formed from an alphabet , such as bits , numbers , or alphabetic

characters . A string value consists of a string of instances from the alphabet.

(Either a bit or a character.) A string may be either fixed or variable length.

String operators may change a string ’s length , content , or both. The main operators

are concatenate , deconcatenate , replace , and substring match (search by content), or

position find (which is preparatory for another operator and does not itself change

the string). Searching a string, which is implicit in both the replace and the find ,

may be in terms of position or content. Textua l data is a special type of string,

where one might or might not keep any superfluous blanks. The alphabet is all

alphanumeric and special characters.

Geographic Coordinates - The type of value locates points in an N dimensional

space. There may be several different units of measurement (e.g. in planar system,

• X & Y, or P, 9 or latitude , l ongitude from known origin). However , there is still

the units of measure question , for example , is 9 in degrees or radians. However ,

by knowing these units the system should be able to freely convert between them. To

describe a point , one must provide its coordinates. For this • value class there are

several special operators : given two points (of the same dimensionality), compute

the distance between them; given a set of points (of the same dimensiona lity ) and

an order to traverse them, define an enclosed area; given an enclosed area , determine

if a given point is inside or outside the area. When time is related to geographic

• coordinates , a new set of operators are developed which define and operate on velocity

and acceleration .

t
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GROItPS

The previous discussion focused on data i tems (or elements), the smallest ,

unstructured components. (Exceptions such as time and geographic coordinates

were represented by a col l ection of subfields . They were included under the

discussion of value class of attributes because logically they are a single value.)

Several individually meaningful attributes can be related or grouped together

to represent a more complex attribute of an entity .

• A group is a collection of named attributes which may be considered as a unit.

A simple group is a col l ection of data i tems . A compound group is a- collection of

data i tems and/or other groups. This allows the nesting of groups , theoretically

to any level. A group may have at most one value in each parent instance (nonre-

peating) or it may be a repeating group (rgroup).

A group can actually be considered another entity type. It is like a subenti ty

with a subordinate relationship to the entity within which it is defined . The

subentity is presumed not to have an existence independent of its parent entity

(which may be a higher leve l subentity). That is , the parent instance must exist

before a related instance of the dependent can exist; if the parent entity instance

is deleted , so will all subentities. It is also presumed that the attributes

of the subentity must be interpreted in the context of the parent entity . (This

corresponds to the hierarchical relationship defined later.)
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The value of a simple group Is considered to consist of the values of each

consti tuent data item. For example:

the employee attribute the va l ue of

ADDRESS ADDRESS

could be a group for one entity

with the items: could be:

APARTMENT NUMBER 82

— 

• 

STREET NUMBER 1678

STREET NAME LAPPAND AVENUE

CITY MILLERSVILLE

STATE VIRGINIA

ZIP CODE 23771

The second column is called the instance (or value) of the simple group defi ned

in the first column above.

A nonrepeating group is actually an alternative naming mechanism to enable a

• user to reference the whole address or to reference parts of an address. It may
.1

also be desirable to define different groups over the same set of data items . For

example , LOCATION may be j ust CITY and STATE. Furthermore , a compound group

could be formed by alternativel y defining ADDRESS as consisting of: APARTMENT

NUMBER , STREET NUMBER , STREET NAME , LOCATION , and ZIP CODE , where LOCATION has

replaced CITY and STATE. Similarly, the compound , nonrepeating group BIRTHDATE

may consist of the three data items : YEAR , MONTH, and DAY.

A repeating group can have multi ple instances for a particular parent entity

instance , (analogous to a multiva lued i tem). This represents a significantly

different structural construct than the nonrepeating group. A repeating group can

he either simple or compound. In effect, a repeating group is a little flat

• (simple) or hierarchical (compound) file within each parent entity instance . Thus ,
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all of the definitional information discussed for files can be repeated here

(recursively). The following characteristics of repeating groups are particularly

important.

Number of occurrences may be specified as a single fixed integer , a range

of integers , an enumeration of integers , and the simultaneous exclusion of

enumerations and/or ranges of integers . At a minimum , it is necessary to specify

the maximum number of occurrences of instances of a repeating group for any

given parent entity instance . More information is provided by a frequency

• distribution on the number of instances of the repeating group for an instance

of the parent entity . For initial establishment of the database , the user would

have to estimate the information regarding number of occurrences . After the

database is implemented and used , the system can monitor this characteristic

and perhaps even automatically initiate some form of reorganization if changes

• become significant.

Ordering may be defined on the occurrences of the group. Ordering may be

implicit , i.e. in terms of either position or date/time of creation of the

occurrence. However, usually the ordering, if it applies , will be explicit

in terms of specific item(s) within the group. (See section on Ordering.)

Identifier i tem -- a data i tem (or items) in the repeating group may serve

as an identifier of repeating group instances in the parent entity instance .
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RELAT IONSH I PS

A relationship is a correspondence or association between entities . Entities

are related in the real world and the defined database structure should reflect

these relationships. A relationship is defined between two (and perhaps more)

entity classes or types, that is , between two entries or records . A relationship

defined on the same entity class is called a reflexive relationship, as wi th parent-

child on a person entity class.

In genera l , a relationship has a name. Although a relationship has no direc-

tionality from a static perspective , directionality is implied when a user addresses

the data structure in a query language . The relationship is generally interpreted

in the context of one entity or the other. Hence, the need for two names , de-

- 

• 

• pending upon the context of the query . For example , with EMPLOYEE and SKILL

entiti~~, the user may be interested in the skills of a particular employee (or

set of employees) in which case EMPLOYEE is the context. Alternatively, the user

may be interested in those employees possessing a particular skill. These two

segments in a query could refer to the relationship as SKILLS-OF-EMPLOYEE or

EMPLOYEES-WITH-SKILL , respectively. If, during the parsing of a query , the con-

text is known unambiguously, then a single name for the relationship will suffice.

A relationship is described in terms of three characteristics: exclusivity ,

exhaustibility (or dependency), and degree. In addition , a relationship must be

based upon some criteria which is expressed in terms of the value contents of the

participating entries. A graphical schema diagram is a most helpful representa-

tional form of a relationship.

Different methods of formally representing relationships in a defined data

structure give rise to various data models -- most notable are the hierarchical ,

network , and relational models. The representation of relationshi ps and the

associated data model is of little importance to the user. It is actually a
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secondary design choice which is not part of the basic exogenous information needed

from the user in the specification of information system requirements . The user

should provide a generic definition of entities , attributes , and relationships

unencumbered by any particular view or representational form. (Of course , the

mere writing of the next few pages will develop another representational form,

but hopefully it will be closer to the way the user thinks and more directly

relatable to the real world being modelled in the database structure.)

Graphical Schema Representation of a Relationshi p

Each entity class (or record type) participating in a relationship is

represented by a box labe led with the name of the entity record. A relationship

between two entity classes is represented by an arc between the two boxes. The

form of the arc depends upon the characteristics of the relationship between the

entities (as discussed in succeeding sections). The arc is labeled with the name

of the relationship (but can be omitted if no ambiguity results). Figure 2

illustrates the basic graphical representation of a relationship.

Figure 2.

Basic Graphical Representation of a Relationship
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Figure 2. Basic Graphical Representation of a Relationshi p .
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Reversibility, Directionality, and Accessibility of Relationships

All relationships are reversible. Given two entities , X and V

if X is related to V then Y is related to X , even if it is not expli citly

represented in the database structure. As a corollary , no directionality is ever

impl ied by a relationship. As a second corollary , there is no necessary depen-

dence between physical access paths and logical relationships . If a relationship

exists, and is known to the system, then it can be a basis for accessing entities

in the database whether or not access paths (indexes , chains , pointers , hashing

algorithms , etc.) have been explicitly defined. Since some widely used systems

cannot access records unless a firelationship H is explicitly defined , we have be-

come conditioned to comingle and confuse the notions of access path and relationship.

The nondirectionality of relationships and the separation of log ical relationships

from physical access paths have both been further confused by the comon practice

of using an arrow to represent a hl relationship .J’*

*See Charles W. Bachma n , ‘Data Structure Diagrams ,” Data Base (1:2), 1969

Summer, pages 4—10; and John K. Lyon, An Introduction to Data Base Design , New York :

Wi ley, 1971 , (Section 3).

In the absence of defined access paths 1 if a relationship is formally defined

and known to the system, then entries or records can be accessed even if it requires

an exhaustive search of the entire database. There is only an affect on perfor-

rnance , not on feasibility of access.
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Exclusivit y of a Relationship

The exclusivity characteristic of a relationshi p indicates whether an

instance of one entity class (X) is related to at most one or more than one

instance of another entity class (Y).  If an X is related to at most one V

then the X -Y relationship is said to be exclus ive on Y . In set theoretic

terms, such a relationship is a function from X onto Y , that is , given an

X a unique V is determined (or perhaps no V , but that depends upon the

exhaustibility characteristic). A function is a special case of a relationship.

We say that the function maps or transforms X onto V

Not only must a relationship be defined in terms of its exclusivit y on V

but is m~.~st be defined in terms of its exclusivit y on X . If a relationship is

exclusive on both entity classes , it is a one-to-one (1:1) relationship. In

general , there are four possibilities for the exclusivit y characteristic of a

• relationship: One-to-one , one-to-many , many-to-one , and many-to-many. Three are

shown in Figure 3 along wi th their graphical representation and a sample instance

picture .

Figure 3.

Exclusivity Characteristics of a Relationshi p

The fanning out of the arc visuall y communicates the inherent exclusivity

characteristic of the relationship. As such it is preferred to the use of

alternative graphical notations such as the arrow. The arrow can be misleading

because it inherently communicates directionality and Implicitly depicts an access

path.
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EXCLUSIVITY A SAMPLE
CHARACTE RISTIC SCHEMA INSTANCE
OF A RELATION SHIP PICTURE PICTURE

______ 

X1 X2 X3 X4 X5 X

one-to-one (1:1) 
_____ Tii~

-
~1 I I I 

6

(exclusive on X 
Yl V2 V3 V4 V5 V6 V7

and V )

one-to-many (1 :N) Lid— ~ 
~~~~~~~~ >‘N

(exclusive on X ) 
1 2 3 4 5 6 7

X X X  X X X

many-to-mary (M:N) ~~~~~~ —~ vJ
1 2 3 4 5 6 7

Figure 3. Excl usivity Characteristics of a Rel ationship.

© Gordon C. Everest, 1977.
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If a relationship is nonexclusive on either entity class , it is desirable

for the user to provide some information concerning the size or cardinality on the

“many” side(s) of the relationship. For example , the relationship may be better

characterized as “one-to-a-few ” or “one-to-at-most-four ” or “one-to-between-two-and-

four.” To the extent possible , the user should provide information concerning

the cardinality of the relationship which is known or can be estimated . If the

“many” is variable , the file design process is even better served if the user can

specify a frequency distribution on the cardinality of the relationship in each

direction. For a one-to-many relationship, such a cardinality frequency distri-

bution might be as follows :

RELATIONSHIP : l:N between X and V

NUMBER OF V’ s NUMBER OF X ’s

FOR AN X. WITH n V’s

n f(n)
300

1 750
2 1000
3 500
4 250
5 200
TOTAL NUMBER OF X ’s = 3000

As a second-order behavioral characteristic it would be useful to know the

direction and rate of shift in this frequency distribution. For example , of the

number of V ’s is growing, where are the new ones being added? If the number of

X’ s remains constant , then the mean of the distribution is most surely increasing.
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Exhaustibility or Dependency in a Relationship

The exhaustibility characteristic of a relationship indicates whether all

or just some of the instances of one entity class (x) are related to instances

of the other entity class (V), in other words , whether or not the relationship

exhausts the members of an entity class. From the opposite perspective , if the

relationship exhausts the set of X’s then every X must be related to at least

one V , and X is said to be dependent upon Y

If a relationship between X and V is a function of X onto Y ,

and the relationshi p exhausts X , that is called a total function; otherwise ,

it is a partial function. Notice that whether a function is total or partial wi th

respect to X , implies nothing about whether or not the relationship exhausts

Y . The exhaustibility characteristic of a relationshi p independently applies to

each of X and V . Therefore, there are four possibilities : some of X are

related to s ome of V , all X to some V , some X to all V , and all X

to all V

The all or exhaustive characteristic represent more restrictive semantics on

the data structure and its behavior. With a one-to-one relationship between X

• and V which exhausts the X’ s (that is , with X dependent upon Y), there must

be at least as many Y’s as there are X’ s. An X cannot exist or be added

wi thout a V , and a V cannot be deleted without first deletin g the dependent

X . If the relationship is mutuall y exhaustive on X and V (that is , X and

V are mutually dependent upon each other), there must be exactly the same number

of X ’ s and V ’ s. With mutual dependence , an X and a Y nust be added or

deleted simultaneously.

With a one-to-many relationship between X and V which exhausts Y (that

is , V is dependent upon X), an )( cannot be deleted without first (or

simultaneousl y) deleting all of its dependent V ’s. If a V is added , it must
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simultaneously be related to an X or else a new X must first (or

simultaneously) be added. This relationshi p is very common and is given the

special name of hierarchic relationship . The hierarchical data structure is

built up from a set of hierarchic relationships .

If a one-to-many relationship exhausts both X and V , the number of V’ s

must remain greater than or equa l to the number of X’ s. With such mutual

dependence , the addition of an )( requires the simultaneous addition of (at least)

one V , and the deletion of an X requires the simultaneous deletion of all

dependent V’s. Addition (deletion) of a V requires the addition (deletion) of

the X if the V is the first (last) of the dependents of X . •

There are several possible ways to graphically represent the exhaustibility

• of dependency characteristic of a relationshi p. The one recomended here is to

add the letter “D” on the arc of the relationship close to the dependent entity .

If the relationship is mutuall y dependent , add the letter “D” at both ends of the

arc. Some selected relationships are graphically shown in Figure 4.

Figure 4.

Graphical Representation of Exhaustibility or
Dependency in a Relationship

Since exhaustibility or dependency Is the more restrictive condition on a

relationship, it is selected as the one for explicit notation in the graphical

schema diagram. The less restrictive nonexhaustibility characteristic is the de-

fault if no notation is added to the representation of a relationship.

In capturing Information about a relationshi p that is nonexhaustive , it is

helpful for the user to indicate what proportion of the entities in the nonexhausted

class do not participate In the relationshi p.

41

- ,• • . 
.~- . •



- -

one-to-one (1:1) relati onship between X and Y , with X exhausted or dependent:

tTh-4
one-to-one (1:1) relationship between X and Y , mutually exhausted or dependent:

ETh—B-t ~J

one—to-many (l:N) relationship between X and Y, with V exhausted or dependent:
(called a HIERARCHIC Relationship) 

- 

• 1

_ _  _ _  -

•

one-to-many (l:N) relations hip between X and Y , with X exhausted or dependent :

I x k ---
~~
-

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~

one—to-many (1:N) relationship between X and V , wit h mutual dependence:

Figure 4. Graphical Representation of Exhaustibility or Dependency in a Relationship .

~
j Gordon C. Everest, 1977. -:
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Degree of a Relationship

The degree of a relationship consists of the number of i tems of information

needed to represent the relationshi p. The minimum is two pieces of information

corresponding to the two entities participating in the relationship. It is help-

ful to consider the two minimum pieces of information to be the identifiers of

the entity records for each arc in an instance picture .

From the sample personnel -organizational database shown in Figure 5, one

relationship would be represented by the two data i tems: EMPNO and UNITNO . It

is a one-to-many relationship which exhausts the set of employees , that is ,

every employee must be assigned to exactly one organizational unit.

Another relationship exists between organizational units within the

hierarchy of an organization. Such a relationship is reflexive since it relates

entities from the same entity class. The two i tems which represent the relationship

are UNITNO and the organizational unit number of the parent , referred to as

REPORTS TO in the sample database. The reflexive one-to-many relationshi p wi th

dependency on the “many ” side , effectively constructs a tree of organizational

units . The “0” on the arc indicates that each organizational unit must have a

parent. For a reflexive relationship, this dependency implies that the instances

are on one big cycle (or ring ) or else the rule must be relaxed slightly to say that

each organizational unit except one must have a parent unit; that one being the

top l evel organizational unit or the root of the tree.

A third relationship exists between employee and skill which can be represented

by the pair: EMPNO and SKILLCODE . In fact , there are three such relationships

between emp l oyee and skill which is why they must be named. All employees must

have exactly one skill which is their primary skill , and they must have one skill

which relates to the job they fill. The third relationship, secondary sk ils , is

a many-to—many relationship and is nonexhaustive on either the emp loyee or the

skill entities.
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ORGANIZA TION

UNITNOJ ORGNAME BUDGET REPORTS TO

—4 ~~~~ 1 W~~~~ N ~~~.U ~~~~~~~

EMPLOYEE

_____ 

____________________ _______

SECONDARY IJOB
SKILLS / SKILL ARY

S K r L L

SKILLCODE DESCRIPTION

Figure 5. Relationships in Sample Personnel-Or ganization Database.

~~ Gordo n C. Everes t , 1977.
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Notice that the first two , job skill and primary skill , are total functions

onto skill. This means that , given an employee record, a unique skill is deter-

mined for each relationship. As a consequence , it is rather simple to represent

each relationship by storing the SKILLCODE (the identifier of the skill entity)

in an appropriately named data item wi thin the employee record as shown . (The

• organization UNITNO could similarly have been stored wi thin the employee record

to represent the organization-employee relationship.) The third relationship,

secondary skills , is more difficult to represent as will be shown later.

All of the relationships discussed so far have been binary relationships .

Now consider extending the definition of the database to include additiona l
1 attributes associated with a relationship, for exampl e , a proficiency rating for

each skill possessed by each employee . Such a relationship is ternary and would
- consist of three pieces of information : employee identification , skill , and

- the proficiency rating. The degree of a relationship refers to the number of

individual pieces of information required to represent it.
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Cri teria of a Relationship

Every relationship must have some criteria or rule which provides the

basis for an association between two entity instances . The criteria is generally

stated in the form of a Boolean expression on the values of attribute from each

of the entities participating in the relationsh i p. The following paragraphs

descri be the various types of criteria.

Two entities which possess the same cornon identifier are automatically related .

For example , an organization may consider one entity type to be active employees

currently on thr payrol l and another entity to be all personnel ever associated

-
• wi th the organization including applicants never hired and those on leave or

retired . In both files the entities may be identified by some personal

identifier (such as the U.S. Social Security Number or the Canadian Social

Insurance Number). A simple matching of the value of the identifier for each

entity establishes an association between two entities. This criteria is only

possibl e for one-to-one relationshi ps.

With mutual identifiers , entities in two files are related because there is

a one-to—one relationshi p between the identifiers . For example , one file may have

organizational unit number as an identifier and another may have organizational

• unit name as an identifier. As a second example , one file of motor vehicles might

be identified by a Vehicle Identification Number (VIM) while another file is

identified by a license number. Since names and numbe rs, or VIM ’s and license

numbers , are assigned uniquely to the entities , there will be a one-to-one cc’rrespon-

dence . In most cases , such files essentiall y describe the same real world entity

class. Defining a relationship based upon mutual identifiers requires some

representation which relates each value in one set of identifiers with each

value in the other set of identifiers . This criteria is only possible with one-

to—one relationships.
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Two entities are related if they have a ~~~~~~~~~~~~~~~~~~~~ in other

wor ds , part of the identifier (which is a ranked set of data i tems) of one entity

corresponds to the identifier (all or part) of another entity. For example , if

the identifier of a position is organizational unit number and job code which is

from the skill domain , then the position entity is related to both the organiza-

tional unit entity and the skill entity . The relationship is based upon a match

of the appropriate data item values in the related entities. This criteria would

be possible on one-to-many relationships .

Two entities may be related through a foreign identifier , that is , one entity

possesses a nonidentifier attribute which is actually the identifier for another

entity. For example , the organizational unit within which an employee works is

an attribute of the employee and is also the i dentifier of the organizational

unit entity . A one-to-many relationship could be based upon a foreign identifier.

• Two entities can be related through a ~~~~~~~~~~~~~~~~~~~~~ If two

entities have an attribute which is based upon the same domain they are related ,

although such a relationship may not always be meaningful . For example , position

has an AUTHOR!ZED SALARY attribute and employee has an ACTUAL SALARY attribute ,

therefore, these two entities are related through the salary values. For a second

ex amp le , entities in a customer file could be related to entities in a salesperson

file through the common attribute of LOCATION indicating the city where they are

located . This relationship through a common nonidentifier domain could be quite

meaningful and useful. Such a relationship is automatically established as soon

as the system knows that the two data i tems in the two files are from the same

domain , even if they are named differently. Two entity instances would be related

if the va l ues are equal in the common domain. In general , such a relationship

would be many-to-many .

Except for mutua l identifiers , all of the above criteria establish the re-

latlonship between two entities based upon a data Item value in one entity instance
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bei ng equal to a data item value in the other entity instance where the two data

i tems are from a common domain. In general , the criteria for a relationship can

be any Boolean expression in which the operands are data items from both entity

classes. The mutual identifiers is a simple example of such an expression which

is a one-to-one transformation from the identifiers in one set to identifiers in

the other set.

Sometimes a relationshi p may exist between three or more entity classes. In

this case, one entity class must be designated as the parent (various other terms

used include master , header , or owner) and the others are dependent entity classes

(detail , trailer , or member). Such a relationship requires that there exist a -

common domain across all the dependent entity classes. If there is no common

domain , there can be no single criteria upon which the relationship is based . As

an alternative , a separate relationship can be defined between the parent entity

and each dependent entity class.

I-
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Representing Relationships

As was seen in the previous section , a relationship is always based upon an

equality (or other more general functional relationship) between values of data

i tems in each of the entity classes participating in the relationship. Although

such data items are real attributes of the entities represented , they need not

always be explicitly defined withi n the formal database structure.

A relationship may be represented in the data structure using one of three

forms: association through the values of data i tems in each of the entity classes ,

physical contiguity , or chaining . More than one form can- be used simultaneously

resulting in greater redundancy and greater reliability . It is primari ly the choice

of representational form for relationships that gives rise to the various data

models in the current literature .

A one-to-one relationship can be represented by a data i tem value in one

entity being equal to (or otherwise functionally related to) a data item value in

the other entity . There can be no relationship between two entities unless there is

some common domain on which to base the relationship (or a defi ned correspondence

between two domains). As an alternative , one of the two entity types could be de-

signated as “parent” with the dependent entity instanre physically stored “next ” to

the parent entity instance , or a physical pointer added to the parent entity instance

to point to the dependent entity instance. In these two representational forms it is

no l onger necessary to explicitly store the data i tem of the comon domain in the

“dependent” entity . The only problem is that the proper recording of the relationship

is dependent upon physical contiguity or the correctness of the physical pointer. If

the attribute value in the dependent entity instance changes , it must be reflected

in a physical move of the entity record or the requestor must identify both the

old and the new entity instances so that the system can appropriately update both

• physical pointers. Also , the physic al contiguity and - pointer representational
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-~~~--

_ _ _ _ _  
— --.----

forms imply a directionality and access path -~ihich must be known and adhered

to on the part of the user. It is more diff icult (an l sometimes impossible)

to access dependent entity instances independent of parent entity instances. It

is generally more desirable to store the data i tem explicitly, and then let the

use of pointers or physical contiguity be dictated solely by the need for more

rapid access or better utilizat ion of storage. At the very least , the user should

be insulated from these physical considerations. In defining the database

structure , the user should only be concerned with the relationship and not its

representational form -- that is a matter for the file designer or the file

design routines .

Figure 6 shows three possible representations of a one-to-one relationship

based upon a foreign identifier or a mutual identifier.

Figure 6.

Representation of a One-to-one Relationship

In these two cases it is necessary to add a data i tem to one record which contains the

identifier of the related record from the other entity class. Either the identifier

of X is stored in the records of type V or vice versa. Doing one or the

other has some access implications. If the identifier of V is stored in the

records of type X , then finding the record of X that corresponds to a given

record of V is not obvious. Such retrieval however , is feasible since it is

always possible to scan the records of X until one is found with the matching

identifier of V . Al ternatively, the records of X may be indexed on the data

i tem containing the identifier of V . (There is actually a fourth representa-

tional form in which the match ing identifiers of X and V are stored together

in matching pairs In a separate table).
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Fi gure 6. Representation of a one-to-one Relationship.

• For ~-e1atio nships based upon a foreign i dentif ier or a mutual
identif ier , record X can contain the i dentifier for record Y, or
record V can contain the ident ifier for record X. For greater
reliabili ty and redundancy , each can contain the identifier

— 
for the other. For rel-itionshi ps based upon common data items ,
whether i dentifiers , nonid entifiers , or partial i dentifiers ,
no addi tional data i tems are required —- the relat ionship

Is fully represented in the existing data i tems .

4 t~J Gordon C. Everest, 1977. 
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A one-to-many relationshi p between X and V can be represented by storing

the identifier of X in each instance of V storing a set of identifiers of V

in a repeating group within each instance of X , or storing the identifier for

the first V in X and having the rest of the V ’ s cha ined together. These

choices are shown in Figure 7.

Figure 7.

Representation of One-to-Many Relationships

In all of these cases is it possible for the foreign i dentifiers to be

replaced by physical pointers . The fourth representational choice is to store the

V ’ s physica lly contiguous with their related X . A variation of the third

choice would be to store the V ’s of an X remote from X but physically

contiguous with each other.

The first representational form is the basis for the relational data model

while the second and third are the basis for the network data model. There is an

implicit directi onal ity from many-to-one (V to X) in the relational data model

and a directionalit y from one-to-many (X to Y) in the network model. Neither

one of these directions is inherent in the relationship to be defined by the user

and captured in the stored database. The particular representational form chosen

depends upon the behavioral characteristics of the database -- how it is used and

the more frequent avenues of access. It is obviousl y possible to store sufficient

information to permit efficient access in either direction . The X records can

be indexed on the identifier of the V’s and the V records can be indexed on

the identifier of X . Each form shown in Figure 7 is a minimal set of

Information for representing the relationship.
- 

- In representing many-to-many relationships the repeating group cannot be

avoided without setting up a special linki ng record type. Either each record of
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Figure 
~~. 

Representation of One-to-Many Relations hips .

~~ Gordon C. Everest, 1977.
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X contains a repeating group of identifiers of V , or each record of Y

contains a repeating group of identifiers of X . The options of physical

contiguity and chaining are not viable for representing many-to-many relationships.

The third possibility is to set up a special linking record to contain two data

items: an identifier of X and an identifier of V . The file of such records

contains all relevant pairs of identifiers .

If a relationshi p exhausts an entity class , a value is mandatory for the

foreign identifier in that exhausted entity record . Without the exhaustibility

condition , some foreign identifier data i tems may be null.

When the degree of a relationship is greater than binary , its representation

is straightforward for one-to-one and for one-to-many relationsh ips . In a

• one—to—one relationsh ip, the attributes of the relationsh ip can be added to the

records of either entity class. This is because the records are both essentially

describing the same class of entities Or at least one set of entities is a subset

of the other. In a one-to-many relationshi p between X and V the extra

attributes of the relationship would always be added to V , the entity on the

“many ” side . This is because an entity of V can have at most one parent.

Wi th -higher degree, many-to—many relationships , the extra attributes of the

relationship (and/or physical pointers ) can be added to the repeating group of foreign

identifiers in either the X or the V record . Alternatively, the extra attributes
-

• 
can be added to the special linking record . This last alternative is the only

reasonable one permitted in either the network or the relational data models (unless

the ful l nature of the relationship is not explicitly defined to the system , and

therefore its maintenance is the responsibility of the users). Physical contiguity

is another representation possibility , usually rejected because oi its inherent

redundancy. Ideally, the user should not be involved with definiti ons at this level

of representation . It should be sufficient to declare two entity classes , a

- 
- relationship between them , the characteristics of the relationship, any attributes

of the relationshi p, and the behavioral characteristics of the relationship.
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SEMANTIC CONSTRAINTS

Semantic Constraints are a general i zation of the concept of validation

cri teria which is an extension of the definitional information. A semantic

constraint defines the acceptable value domain for an attribute or a consistency

relationship between several attribute val ues (e.g. the total payable on a bill

equals the total for all of the i tems purchased , minus any discount , plus tax).

There are tradeoffs to be made in deciding whether to store an attribute or to

derive it when necessary. This is the reason for generalizing validation

criteria to semantic~coristraints . If the attribute is actuall y stored, then

the constraint becomes a validation cri terion. However, if the attribute is

deri ved, then the expressed semantic constraint is the deri vation rule. In

the former case a true-false value is returned dependi ng on whether the value

is valid , but in the latter case the derived value is returned. Whichever is

implemented , the user needs to specify the semanti c information as part of the

data definition process. With semantic constraints as validation criteri a ,

there are two basic approaches to maintainin g val i di ty wi thin the database --
constructive and functional .

With constructive validity, a set of legal operators are defi ned such that,

given a set of valid operands , these operators will always yield valid results .

Many of the possible operators are descri bed in the previous section of Value

Cl ass. Two benefi ts of this approach are that repeated tests are not required

each time any attribute is changed and the database can move through temporari ly

invalid states (e.g. in the above example wi th the bill if the total were actual

ins tead of deri ved two operations are necessary to add an i tem to the bill and

maintain consistency -- include the i tem, and increment the total). For this

approach to be used the user mus t be able to define his own value classes and

the operators on them , and the system mus t check to insure that the operators

are indeed legal and will always yield valid va l ues. With a functional approach
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the system must be provided three pieces of info rmation: (1) the validation

cri teria , (2) the action to be taken when the data is not valid , and (3) when

the validation cri teria are to be invoked and tested. The general format woul d

be:

WHEN (condition) j
IF (premise) THEN continue normal processing

ELSE exception/error processing.

Both the condition and the premise are Boolean expressions , with the premise

being the actual val i dation cri teria. The premise can be as comp l ex as necessary .

For example , it may defi ne the domain of the attribute and consistency relation-

ships wi th several other attributes or groups . -

1~
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These semantic constraints may apply to either the database or to a

query response a user obtair~ from the database. Edward Yourdon identifies three

database problem condi tions (injjesign of On-line Computer Systems, Englewood

Cliffs , NJ: Prentice Hall , l~72~).

1. obsolete -- the data is out of date , but will be corrected by a later

transadjion. There is no way for the user or the database to recog-

nize this condi tion , although an effective date would provi de some

assistance.

2. inconsistent , but automatically self- correcting -- certain consistency

conditions are not met because the database was observed in the mi ddle

of an update data transaction. By specifying whe n to test the validity ,

this problem is ignored and allowed to correct i tself wi thin the

database. However, a user ’s query may occur at this point and result

in an inconsistent response that will not be se~—f-correcting. This

problem coul d be avoided by speci fying that the query is to have

exclusive use of the object data wi th respect to concurrent updates .

3. consistent , but incorrect —- this condi tion indicates improperly defined

or inexpressible validation cri teria. 
- -

Semantic Constraints may be applied to the database or to transactions

against the database.

Database —— When appl ied directly to the database , semanti c constraints

provide val i dation cri teria or derivation rules .

Transactions —— When applied agai ns t transactions , semantic constraints

can occur at four levels.

1. Item —- Within the transaction the constraint can apply to a single

i tem. In this case it speci fies a condition on the value domain of

the attribute or some other characteristi cs of the attribute . (See

Domains and Value Class.)
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2. Interitem -- ~4ith in a transaction the constraint may apply to the

relationship between attributes . For exampl e, -the total pri ce for

an i tem may be defined as the uni t pri ce times the quanti ty. This

constraint could then be checked and verified before the transacti on

would be accepted and processed.

3. Batch -- When transactions are entered and processed as a batch , certain
control info rmation (e.g. control totals) may be defi ned and used as

semantic constraints . If they are not met , then the enti re batch is

rejected. (Note: it would be possible for individual transactions

to be invalid and rejected , but for the contro l totals to be

automatically updated so the entire batch woul d not have to be

rejected).

4. Transaction—to—Databas e —- It is also possible to defi ne semanti c

constraints relating a transaction to the current state of the

database. For example , when a cus tomer’s purchas e is being added ,

both the customer and the i tem being purchased mus t already be in

the database. Similarly, when a new account is being added , a check

mus t be made to insure that the new cus tomer number is not already

in use.
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II. DEFINITION OF SVSTEM DATA

System data in an application/database system consists of all the information which

defi nes the various static and dynamic components of the object system. In addition

to the database definition or schema described in Part I , these components include :

1. Reports.

2. Transactions.

3. Mappings.

4. Authori zed Users.

• 
- 

As more of the object system is formally defined independent of the programs , this

list of components expands. Only the first two are discussed in this report. -

The definition of system data raises the problem of the duality of processes and

~‘stem data as discussed in the Introduction. The definition of a report, for example ,

implies the l ater generation of that report, the generation being the action of a

process. Figure 8 attempts to show these relationships. The report generator is a

ge~eralized program (part of the DMS facilities) which is “driven ” by a stored report

definition -- part of the system data . Such a view implies that the report generator

executes the definition interpretively.

At the other extreme , the report definition compiler could actually generate

directly executable object code , in which case the embodiment of the stored report

definition is , in fact, a program. Now there is no generalized report generator , only

a col l ection of tailored report generators. The language used to wri te the report

definition is actually a very high level programming language . The view taken here

is that if the report definitio n language is descriptive and nonprocedura l (as it

should be), the user will not think of it as specifying a process but rather as speci-

fying system data. Hence, the definition of system data is treated separately from

processes (which are user application processes).
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Figure 8. The Dualit y of System Data and Processes .
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REPORT DEFI NITION

A report is simply a very complex retrieval specifi cati on. There is a

continuum of query requests -- the very simple which the user provides in its

enti rety, the n~re complex which Is usually pre-defined and stored for him ,

and finally the very complex or report request which is usually pre-defi ned

and specifies both the data to be retrieved , the form in which it is to be

presented, its distribution , and a variety of other factors. The info rmation

to be output may be defined in terms of any of the data components -- data
items , groups , relationshi ps , entities , Info rmation elements, or fi l es or

subsets of files. The output or reports may be in ei ther of two modes --
list or graphic. The output may be intended for man (either a programmer or

a nonprogrammer) or for the database or another machine.

Reports are a general i zation of derived i nformation. The report definition

is the derivation rule and the actual way the report is deri ved and/or stored

shoul d be determined automatically from the defini tion. We will now cons i der

in detai l the defining information required to completely specify a report.

Mode -- The information in a report can be presented in several different

formats. It may be in the list or tabular mode or ~t may be presented

•
. graphically as charts or curves . This distinction is not frequently made

currently because of the weakness of current graphic systems . However , there

is much psychological literature to suggest that people get more information

and get it quicker and more accurately from graphic than tabular form. There-

fore, for reports destined for human users the graphic mode is often preferrable.

However, when the report is primarily to modify the database or provide input

to another machine , the tabular or list format would be better. Much of the

report defining information -is common regardless of mode , however , the specific

differences will be pointed out when they occur.
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The basic report defi ni tion mus t incl ude the following items:

1. Titles —- i deally there should be defaul t options whi ch the user can

overri de, for example , file name and Boolean selection expression

could be a defaul t title.

2. Items included -- should include the names of the items, their position

on the report, and their value edi ting formats. Once again gi ven

the item name there should be a complete set of default opti ons.

(This is the main area where the di fferent modes requi re different

• definitional info rmation.)

3. Condi tions under which the report is to be generated. -

4. Access controls -- Who can cause the report to be generated (i.e. who
can invoke it , if it can be generated on demand?) What is the report

distribution , i.e. who gets copies?

5. Who defined the report?

6. When was the report defi ned , modi fied , and what is its current

vers ion number?

7. Where to send the report? Is it for internal system use or for external

use by either another system or by humans ?

The new field of word processing relates to the formation and presentation

phases of report definition.

f - :
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1. Titl es -- When a report is generated there shoul d be a complete set of

defining info rmation provi ded for the reci pient. There should be a

coveri ng page incl uding report title , date and time the report was

generated , the date and time covered by the report (this may be either

for a point in time or for a certain interval), why the report was

generated (at the end of a standard reporting period , because certai n

-
. 

exception condi tions were found , or on demand and if on demand the

requester should be i denti fi ed). The report should also provi de a

• distribution list and any information about restricted distribution.

The report defini tion must provide the user wi th a way to specify all

of this info rmation which can be incl uded as a default option or

- 
modified on an ad hoc basis for a specific report ins tance. All of

• the above information shoul d be present regardless of the mode of the

report.
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2. Items/Attributes to be included -- The i tems/attributes to be included

in the report mus t be specified . There must also be a selection

expression specifyi ng the enti ties on which to report. This informa-

tion must be provided regardless of the mode of the report. However,

there is addi tional information wh i ch is dependent on the mode.

LIST -- Gi ven the Item names and selection rules for the enti ties ,

there must be edi ting and placement info rmation.

Editing -- Much of this information can be provided as defaul ts

because it is included in the data defini tion of the item/

attribute . The mai n edi ting information includes —- field

size , data type, right or left justi fication , any

encoding/decoding tables , any leading or trailing character

fill , whether the val ue is signed or followed by CR , whether

there is a floating dollar (or other currency ) sign ,

what to do if the field overflows , or condi tions under which

a value shoul d not be pri nted.

Labels —- Labels must be provided to identi fy the informati on
- 

- in the report. The labels mus t i denti fy both the i tem name

(schema information) and the enti ty for which the data applies

(instance or value information). Encoding/decoding tables

may also be necessary and wou ’d have to be provi ded ei ther in

the data definition or the report definiti on. In most reports •

i tem names are the column l abels and value l abels are used

on the rows , however , ei ther type of label should be

applicable for ei ther row or column .
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— Placement -- This speci fies where the item is to be printed on

the page . Placement mus t be indi cated both hori zontally

and vertically. It may be given in either absolute or relati ve

terms absolutely (column 10, line 4 or relati vely skip two

lines before printing the next line). Relati ve placement

has an advantage since it facilitates page mappi ng.

Page mapping -- Currently most reports are defi ned with absolute

placement. This means that when the report is to be

produced on a different devi ce wi th a different page size ,

it has to be redefi ned. Wi th an automatic page mapping

capability reports wi th greater device independent can be

defi ned. Certain default mappi ngs (wi th possible user

overri des ) can be defi ned for converting from a gi ven logica l

report page size to a larger or smaller physical page size

required by the output device .

Paging —- Condi tions must be specified for when to start a new

page. These condi tions may be value dependent. However,

often they are simply dependent on the page position , not

any data val ues. Often in this case certain additional

special processing is necessary befo re the normal output

can continue , e.g. reprinting the header labels at the top

of the page.

Control B reaks -- These define special condi tions on whi ch certain

exception processing, such as totaling occurs . Control brea k

processing is a generalization of the exception processing

described under paging. However , control breaks are always

determi ned by data values , as opposed to page pos i tion.
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TRANSACTION DEFIN ITION

Transactions are a speci fic type of system enti ty which is used to describe

certain “real worl d” enti tl es of interest. Each transacti on type mus t be explici tly

defined in terms of its input format, validation cri teria, and processing. A

transaction type defini tion includes many of the same characteristi cs as an enti ty

type:

1. Name of the transaction type.

2. Description - A narrative explaining the transacti on type.

3. Cri teria for Incl usion — What are the characteristi cs whi ch a transaction

must exhibi t to be classified as this type. 
-

Transaction instance characteristi cs are similar to those for other enti ty

instances , e.g. date and time of creati on , user/process who created it , size. The

previous discussion for attributes and data i tems for enti ties also appl ies to

transactions . The input definiti on includes a defini tion of the attributes in the

transaction, their val ue class , and validati on cri teria. In those cases where the

trans actions are batched additiona l definitional information such as batch

identi ficati on, validati on, and control totals must be defined.
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III. DEFINITION OF PROCESSES

In the overall proces: of system design , both files and appl ication processes

must be defined. This research takes a data perspective with a focus on the

database design. Therefore , for purposes of this research we only need to capture

enough information about processes to enable file design to be accomplished . Pro-

cesses here are defined in a jeneric way and only from the unique perspective of

the interaction wi th the data . The user defines application processes in terms of

the generic , data processes. -
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Classes of Processes

There seem to be some distinct classes of generic processes -- the classes

beln~j differentiable by level of interaction with the database, or time of

functioning. These classes of data processes are shown in Figure 8. Data

processes are divided into :

1. operators which act directly on data ,

2. generalized functions which act directly on data (through
-
‘ 

the execution of a complex collection of actions built up
from the data operators), and

3. sets of functions (generalized or tailored ) which operate
on system data .

Within each class of processes, we want to define those which are generic

or basic -- those which represent the functional primitives within each class.

At the same time we want to define processes that represent a complete unit of

processing to the using environment. The user can then take one process (or

some small number in combination ) to define an application process.

In dividing data into actual data and system data , we find that some

processes act directly on the system data. In fact, these could be the same

processes , as , for example , when the data definition is stored in the database

just like any other data. However, since the function is different we would 
—

consider them to be different processes (it is the mechanism which is the same).

Moreover, the system data actually implies a process as , for example , a report

definition implies the generation of a report when requested .

Defining User Application Processes

The user selects from the generic data-oriented processes and describes

(or builds up a description of) user application processes that model events ,

activiti es , and operations in the real world. Just as logica l database design

J and data definition attempt to model the statics in the real worl d , the user

68 —

- ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ 

_ _ _ _ _  -



— - - w - — - ~~~ - .~~~~~ - - • --- - - - - --

add/ delete

~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~ ~~~~~~~

LI~ ToR
~K

hl__ REC0RD-LEVEL~~~~~~~~create

-

~ functions

I operators longi tudinal deri vat ions

CR’~AT ION ( 1 ) 
-- - - - 

-

•
I 

VALIDATION (1 )
- General ized

FUNCTIONS QUERY (2)

- - on data REPORT GENERATION (2)
- 

i 

UPDATE (3)

functions DATA CONVER SION (4)
• i can also

operate on
I system data

~~~~~ TEM (2) 

DATA DEFIN ITION ~.--~Schenia

- Figure 9. Cl ass es of Gener ic Data Processes

© Gordon C. Everest , 1974 .

69

~~~~~~~ ~~~ 
-

~~~~ 

L~~~~~~~~~~~~~~~ j L~~~~~~~~ 
~~~~~~~~~~~~ 

.
~~~

- 
- -
.L~~ 



- 
L = . 

-
____

application processes are defined so as to model the dynamics of the real

world.

In defining an application process , the user uses the highest level and

fewest number of generic process primitives . Ideally, the set of generic

processes is such that every user application process could be defined in terms

of a single parameterized generic process. Although the i deal is impossible ,

it leads us to define a rich set of generic , data-oriented processes.

The user may write an application program using the generi c operators, or

may create some system data which defines a process to be executed at some future

time. Neither one of these two activities lead to any action until the user (or

some event) initiates execution of the application program , or the process defined

(or implied) by the system data , and delivers any required parameters -for the

• 
• process.

Conditional Execution of Processes

Theoretically, every process specification requires a premise -- the condi-

tion under which it will be invoked and executed. Execution triggers include :

user request for a report.

‘ receipt of a transaction by the system.

• the arriva l of a particular point in time (e.g., last day of the month).

• the passage of an interval of time (constant or variable).

• internal request from another executing process.

• the status of the database , that is , the truth evaluation of a
Boolean expression.

Every process specification , from individual operators to system-wide

functions , has a condition on its execution . Since a process is built up from

more primitive processes and operators , there can be internal conditions ex-

pressed on parts of a process specification.
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ITEM-LEVEL OPERATORS

These have been discussed in some detail in conjunction with data item

types under database definition . Althou gh a full definition of i tem-level

operators is desirable here , it seems that defining generic data processes at

higher levels (record , file , function) will have a greater impact on the macro

aspects of file design .

• Item-level operators create , retrieve , modify , and destroy individual data

item values using specific verbs and derivation rules . They always take a

record instance as given. They may or may not take an item value instance as

given depending upon the interpretation of the processing action.

Item-level operations may be specified in a variety of ways. For retrieval ,

• r 
the simplest f~—rm is naming the item. At execution , the record instance is

presumed to be specified by context and the i tem name is considered to be a

variable which takes on the value of the data i tem from the object record

instance.

For update , the simplest form is writing the i tem name to the left of a

replacement statement. The specification of a va l ue or expression on the right

determines the value used to replace the data i tem in the object record instance.

A value can be used directly. With an expression , all operands must be resolved

(given a value) in context and the expression evaluated .

Examples of implicitly specified (that is , without using an explicit verb)

i tem-level updates include :

Item-name 4—value

Item-name ~+— expression

i tem-name i— item-name + C

Item-name 4— NULL 
-

;

~ 
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The first two are direct (value indep~,ident) item-value replacement operations ,

the third is a value dependent modifi cation of the data i tem value , and the last

operation effectively deletes any existing value for the data i tem. Increase

and decrease are two simple , value-dependent operations.

The distinction between value dependent and value independent i tem-l evel update

actions is extremely important to backup and recovery operations. In a value depen-

dent update operation , the resulting data i tem value depends upon its previous value.

Proper recovery requires recording one additional piece of information compared to

value independent updating -- both before and after images , or one of them plus the

change to the before image (say, + 10). -

Update actions using explicit verb specifications provide added integrity . For

example , one very would assign a value to an i tem only if it was previousl y null ,

while another verb would assign a value only if it was previously val ued , and a

third verb could operate either way . The implicit update specified using a replace-

ment statemeiit (as discussed earlier) is equivalent to the third case -- and is

unable to distinguish the first two. To accomplish the first two would require a

conditi on to be associated wi th the replacement statement. It could be of the form:

IF condition THEN i tem-name *— value.

where , for example

condition := i tem-name IS NULL

The proper execution of an i tem-level operator may depend upon the role of the

object data item in the entity record . For example , changing the value of an i tem

upon which the records are physically ordered implies that the object record be moved

in storage to maintain the defined ordering. Similarly, changing the value of an

identifier may change the entity (e.g. part number) and , therefore , such action should

be disallowed , or at least restricted to a well-defined set of semantic constraints.
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Other Instances of changing the identifier may not indicate a change in the entity ,

for example , changing an employees maiden name to a married name , or reassigning

part numbers . Note that changing an identifier may affect the representation or

relationships with other entities.

- 

Item-level operations are often implicit in a record-level operation .
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Time Dependent Operators

Adding the time dimension to the definition of a database leads to the

use of (at least potentially) specific operators which depend upon the time

dimension for proper execution.

There are two basic types of time dependent data -- data pertaining to a

specific point in time (such as level of inventory) and data relating to a

time interval (such as sales , or flow of goods through a manufacturing process).

Examples of time-dependent operators include :

• EARLIER , LATER.

• BEGINNING OF , END OF , MIDDLE OF.

Time-dependent operators are most likely to appear in the Boolean selection

expression .

(References: Randall , Sundg ren, Taggart, Jones.)
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RECORD LEVEL OPERATORS

A record level operator always acts upon or d~livers a single reco rd

instance at a time :

create

retrieve
a record instance

modify

destroy

The i nput to a record-level operation must identify a record instance and the

data items to be operated upon (depending on the action). Retrieval involves

‘l identifying a record instance and then delivering all or named data i tem values

from the record . In general , a record-level operation acts on a whole record

Instance. To modify a record is to identify an instance and execute item-level

changes within that context.

Identification of a Record Instance

Before a record—level operation is executed , a single record instance must

be identified . This can be done through a special selection expression or through

positional verbs.

The special selection expression must be required to identify at most one

record instance. A simple example would be

item-name = value

where the named data item is the record identifier.

For a single file with one record type, the positional verbs would be NEXT ,

PRIOR , FIRST , and LAST. For multiple , interrelated file structures , there may

be adaitional positional verbs such as FIRST CHILD (of current parent record

instance) , NEXT WITHIN PARENT (or NEXT SIBLING), LAST CHILD , or PARENT (of

current child record instance). These all refer to a particular relationship

and assume a parent-child Interpretation of the relationship.
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Positional verbs generally require a prior designation of a °current”

record instance and an assumed sequence of record Instances . The

positional verb is then executed relative to a current record instance and

in a particular sequence from the current record instance.

Creati ng a Record Inslance

Record creation requires the values for data i tems to be pulled together

to form an instance of the object record which is placed in the file. Record

creation must be done in a manner consistent with the definition of the file.

All mandatory data items must have a value in the new record instance , otherwise

the creation operation should not be executed . Any data i tems designated as

identifiers must not have the same value existing in any other record instances

of the same file , otherwise the creation operation should not be executed . If

the file is ordered (presumably the ordering data i tems would be mandatory),

then the record instance would be inserted in its proper place in the sequence

of records.

Sometimes it is useful to separate the function of creating a record in a

user buffer (followed by a series of i tem-level operations) from the function

of placing the constructed record instance into the file.

Deleting a Record Instance
-

- Deleting a record implies deleting all the data-item values which exist

• within the object record instance . It may involve logical or physical removal

from the database but that distinction is of no importance to the user. The

choice of logical or physical removal is a function of space and time which

can be derived from user performance criteria.

1~
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FILE-LEVEL OPERATORS

File-level operators act upon all (or some ) records of a single file.

In all cases it is necessary to fi rst name the file which is the obj ect of

the file-level operation. This may be done wi th one global declaration or

as part of each file-level comand to the system . File-level operators include

creation, destruction, selection , ordering, and file-level derivation functions.

File Creation and Destruction

The file creation operation begins by naming a previously defined file.

File creation then consists of a series of record creation operations . File

destruction is accomplished wi th a delete operator fol lowed by the name of the

file to be deleted.

Record Selection

The file-level selection operation essentially partitions the file into

- 

- 

, - selected and nonselected record instances based upon a Boolean selection

expression. The default with no expression is to select all record instances.

In general , a Boolean selection expression consists of operands , operators,

and del imi ters (parentheses). The operands are constant literals, named data

i tems from the object record type, or other variables. Operators may be

arithmetic (+ — * / ), relational (EQ NE LT LE GT GE), or Bool ean (AND OR) . An

• expression consists of one or more conditions separated wi th Boolean operators

and variously grouped with parentheses. A condition consists of a data item

name , and either a binary relational operator with an object operand, or a

unary operator. The object operand may be a constant literal , a named data item,

or an expression of a type consistent with the type of the subj ect operand. A

Boolean expression always evaluates to a true or false which indicates whether

an obj ect record instance is to be selected or not.
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In a file-level coninand , the selection expression may be preceded by a

keyword such as WHERE or WITH . If the selection expression is used on a

record-level operation , a special designation is required (such as WHERE UNIQUE ,

SELECT UNIQUE, SELECT ONE , or UNIQUE WHERE). In fact , it may be the UNIQUE

designation alone which identifies a record-level operation requiring the

identification of-at most one record instance.

Boolean selection expressions are the central means for identifying data

by content. They are used in several different contexts within the database

environment. When semantic constraints are used as validation cri teria , they

-
• 

consist of Boolean expressions stored as part of the data definition. Boolean

expressions are also used for access control . Attached to either the user

(authorization ) or the data (permission) can be a Boolean expression which must

be true before the user can operate on the data . In these cases, the expression

is prestored and automatically ANDed to the user ’s selection expression.

Selection may be based upon the values of data items , functions on data

i tem values, nonvalue attributes of data i tems, or any combination of these.

Selection on an identifier data i tem implies that zero or one records

• selected is the only legal response. If one record is selected only an insert

operation will rai se an exception since it cannot be allowed . If zero records

are selected a record-level retrieval , modification , or deletion raise an

exception since they have no data to operate upon. If two or more records are

selected the data is inconsistent with its definition.

Selection on a non—identifier data i tem means that the data i tem values

need not be unique , and, therefore , zero or more records can qualify . In

•
1 

addition , the user may state exactly how many records must qualify , or

the minimum or the maximum number of records that must be selected before the

associated processing is to take place.
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Selection on lon9ltudlnal operators specifies that an Item Is to be compared

to a val ue derived across all (or selected) records of a file, based upon such

functions as count, sum, minimum, max imum, avera ge, or standard deviation.

Selection using a sampling function specifies the selection of records

which meet a sampling function cri teria. The user may specify the kind of

distribution desired and on what i tem.

Non-value attribute selection is selection based upon attributes of a data

item other than its value . These could be such things as value length , type,

ex istence , substring match , masked match , or other defined or assumed attributes.

— Ordering

File-level ordering is applied to all (or selected ) records in a file based

upon defined ordering criteria. An orderi ng is defined by specifying:

1. a ranked set of data items,

2. collating sequence on the value set for each data i tem (usually
implicit in the character coding convention and the data i tem
type declaration), and

3. an ascending or descending flag for each data item.

• Normally, a file ordering is specified on selected records prior to printing

or other form of output. Generally, users do not specify an orderi ng on the

records as stored , unless it is a temporary prel ude to subsequent processing

- 

- 

or output. 
-

File—Level Derivation Functions

File-level derivation functions operate on the values of a data i tem across

a set of record instances. These inc lude count, sum , minimum, max imum, avera ge ,

standard deviation , and many higher-level statistics . They also include marginal

and joint frequency distribution statistics from two data items . For example ,

AVERAGE SALARY woul d be ca l cula ted across a ll se l ected records and woul d produce
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a single output value , whereas AVERAGE SALARY BY JOBCODE would produce an

average salary value for each unique jobcode among the selected records. The

latter is based upon a marginal frequency distribution. It requires either a prior

sort on jobcode (which may or may not be explicitly stated by the user), or a complete

scan of all instances of salary, tallying them wi th respect to each unique value

of jobcode.
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GE~ERALIZED FUNCTIONS

Generalized functions are defined to be generic , that Is, to perform a

single , well-defined action wi th respect to the database. They are built

up from the operators discussed in the previous section. A user could specify

the process for performing one of these functions using the data operators

embedded In some programing language. On the other hand , the notion of a

generalized or generic function Implies a high-level system module and language

• designed specifically to perform that function . The user provides the necessary

input parameters , data , or directives and the generalized function module can

perform the processing (now, or later if the input is catalogued).

A generalized function has associated with it a generalized , self-contained

l anguage and a l anguage processor. The language processor may be a two-stage

processor. The first stage accepts input wri tten in the language of the

function , doing some syntactic and semantic validation , and storing the language

statements in some internal or object form (which may be compiled code). The

second stage takes the stored specifications and executes them in response to

a specifi c request, within a specific context, and with a given set of input

data or parameters. The second stage of the process is mandatory . The first

stage always exists in some form, ranging from simply storing the source input

statements without any validation , to performing extensive prior analysis on

the source input statements and generating highly tailored machine language

object code. It is also possible that the input source statement would be

executed immediately upon receipt, not deferred. Conversely, a process speci-

fication may appear to be executed immediately when , in fact, it is compiled

and run in quick succession .

There are several useful ways to classify the set of all possible general-

ized functions. One way divides them into setup functions, run time functions,

and resetup functions. The first and the third are often called utilities

81



because they are not actually executed on a continuing basis (although that

distincti on quickly gets fuzzy when speaking of transaction-driven online systems

with masterfi l es being “open” for processing 24 hours a day). The resetup

functions are executed in response to an exception or deviant condition ; examples

include creating and destroying Indexes, physical database reorganization ,

logical database restructuring , and restart and recovery. Ongoing functions

could further be divided into direct ongoing functions (such as interrogation

• and update) and underlying ongoing functions (such as validation , l ogging for

backup, access control , and performance monitoring).

Generalized functions apply to the stored database directly or to the

system data . Generalized functions which act directly on the stored database

include :

- .  crea tion (se t up )

validation (ongoing, underlying)
F 

- 
S interrogation (ongoing)

update (ongoing )

backup logging (ongoing, underlying )

• recovery (resetup)

dump , reload , reorganization , restructure (resetup)

All of these functions depend upon a prior stored database definition if they

are to adequately manage the stored data . In addition , interrogation may use

previously stored report definitions , update may use prev$ously stored trans-

action definitions , and restructure/reorganization uses mapping instructions .

At a meta level , the functions of creation , interrogation (display), and

update apply equally well to the stored definitions of data , reports , trans-

actions mappings , users, etc. Indeed , if this system data is stored in exactly

the same fashion as the database, then these three functions can be applied

directly to the stored definitions. Since the stored definitions would be much
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less volatile than the stored data , there is less need for generalized valida-

• tion , backup, logging , and recovery, and practically no need for generalized

reorganization and restructure. In most systems, the processes for creating,

maintaining, and displaying stored definitions (that is , system data ) are special

purpose and tailored wi th more restrictive access controls. Only the database

administrator should be allowed to change stored definitions and then not too

often. Users cannot tolerate much instability in system data .

The following subsections identi fy and briefl y describe various generalized

functions . There are many degrees of freedom possible in specifying any one of 
-

these functions. At this stage of the research it is impossibl e to go into much

detail for any of these. Yet, the real payoff of this research stems from a

comprehensive definition of each of these functions. A comprehensive definiti on

would encompass all the major patterns of processing against a database within

each function. This would enabl e users to specify their data processing

requirements at a substantially higher level than is currently possible.
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Database Definition

The generalized function of database definition takes as Input the

definition of a database written In a Data Definition Language, processes

and valida tes those language statements, and produces a stored representation

of the database definition. Thi s functi on Is performed by a DDL Compi ler.

The definition of a data base includes :

• the logical s tructure of items , groups , records , and relationships.
• the stored physical representation of the logical structure ,

- - including item value encoding, record formats, and links .

• access mechanisms on the data structure.

• validati on criteria and semantic constraints .

• device-media control information .

Besides creating the stored database definition , it is necessary to be

able to display , add to, modify , and delete parts of or all of the stored

database definition. This begins to resembl e all the operators discussed

earlier and indeed it is, except that the function is now being performec~
on system data . Modifying the stored database definition is generally called

redefinition. Redefinition is the first step in the overall function of

database revision.
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Database Creation

The generalized function of creation takes a given database definition

and some input source data for which it knows the definition , and stores

the input data according to the database definition. In effect, the crea tion

function “populates ” a database. This general process is shown in Figure 10.

The simples t form of creation is to store the data in its existing

physical form. In this case, the definition of the database and the definition

of the input source data must correspond exactly. Flexibility would be added

to the creation process by defining a different encoding for data item values ,

- 

- 
diff erent sizes for data i tems, different sequencing of data i tems wi thin

records, different inter-record relationships , and validation criteria on

the input data or the resul tant stored database. In fact, creation is one

o~ a family of data conversion processes as showr, in Figure 11. Therefore,

a more flexibl e database creation function i ncorporates a generalized data

conversion function (based upon a defined mapping) and may incorporate a

generalized validation function. This example illustra tes the extreme

importance of defining generic generalized functions , and not redefining

essentiall y the same function merely because it is used in multiple contexts.
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Database Revision: Redefinit ion, Restructure , and Reorganization

After a database Is established , that is , defined and created , it may

become necessary to revise it in some way. The first step is to specify

the changes to the database definition. Now the system has data which conforms

to an old definition , and the object Is to convert the stored data so that It

f conforms to the new defi,,4tion. 
• 
If the conversion only i nvolves changing the

physical stored representation of the database, then the process is called

reorganization . If the logical structure of the database is redefined , the

conversion process is called restructure. The overall database revision

process is shown in Figure 12.

The inputs to the restructure/reorganization function consist of the

stored database, the old definition, the redefinition , and a set of mapping

instructions , some of which the system may be able to infer from the differences

between the two definitions. Some differences cannot be inferred , however , as

wi th a name change, for example.

It is evident that a substantial portion of the restructure/reorganization

process incorporates the generic function of data conversi on (also called data

translation).

Since all processes which act upon the stored database depend upon the

stored database definition for their proper functioning , the database revision

process is not actually compl ete until all such processes have been appropriately

revised. Thi s would Include user written programs against the database,

prestored transaction processing programs , prestored report definitions, etc.

(even the “programs ” In the minds of those who have been using the old database).

If the revision is strictly additive , the impact will be minimized .
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Database Interrogation

Interrogating a database entails asking a question and obtaining an

answer based upon the contents of the database.

The interrogation process always takes place wi thin the context of a given

or assumed definition of the database. It may be the stored schema , or it may

be an explicitly defined userschema . Conceptual ly, there is always a userschema ;

in the absence of an explicit definition , the userschema can default to the

database schema. When the userschema differs from the schema , a set of mapping

• Instructions may be necessary for the system to properly perform any implied

-
• 

conversions of the data .
• The i nterrogation request is expressed in terms of the userschema . That

— is, the data names , structure , and relationships defined in the userschema

are used in constructing an interrogation request.
• - In its most general and comprehensive form, an interrogation request is

• made up of a series of steps, each corresponding to an operator i denti fied

in the previous section. Assumi ng the interrogation is against a single

file , the steps would include:

record selection

• projection (extracting data items from selected records)

• entry-level derivations (adding new data i tems to each sel ected record)

• file ordering

• file-level derivations (functions across all selected records)

At this point , the system could output the results in a default format , or

use a report definition to format and present the results . The interrogation

~ 
•~~ language itself may have facilities wi th which to specify the formation and

presentation of results .
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Database Update

The function of database update involves taking some i nput data or an

upda te request and affecting a change in the stored database. Update changes

the content but not the organization or structure of the stored database.

An overview of the update process is shown in Figure 13.

Update may be accomplished wi th a generalized update language which is

used to express all the necessary information for a complete update action.

The primi tive update actions correspond to the item and record level operators

discussed earlier . Other update actions can be built up from these operators ,

for example:

- ~. 
change all instances of a data i tem value to a new va l ue.

• perform the same update action against all records which satisfy
a given record selection expression .

• perform the update operation only if a specified conditi on Is true.

- • Al ternatively, an update action may be specifi ed in terms of a transaction

• definition which contains validation criteria and rules for processing the

transaction against the da tabase. The transaction is defined in the same manner

as a database -- in terms of the structure and format of data items and groups ,

-

• 

batches , physi cal representation , validation criteria , responses to exce ption

or invalid conditions, and the processing and mapping to the database. Batch

r header and tra iler recor ds are analo gous to paren t reco rds of the transac tions .

Wi th batches of transactions , additional processing directives are needed ,

such as ordering , and batch validation criteria.

Wi th semantic conditions defined on a database , it is possible for such

a condition to be temporarily violated after a single i tem-level or record-

level update operation. Therefore, it becomes necessary to provide commands

to suspend and restore the testing of semantic conditions on the database.

These commands are needed only if an update process must be specifi ed wi th
- 

- multiple upda te actions using the functional primitives provided by the system.
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Figure 13. The Process of Database Update.
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Userschema Definition

The userschema is system data and a facility is needed to define, process ,

and store userschemas. The userschema consists of a logical definition of

data, its physical representation, perhaps validation cri teria and semantic

constraints , and the mapping between the data in the userschema and the

database schema. In addition to defining and creating a stored userschema ,

processes are also needed to display , modify , and delete userschemas.

-• Transaction Definition

This function creates a stored transaction definition . A transaction

definition includes the content and structure of a type of input data

transaction , the validation to be performed on transactions of that type,

and the mapping instructions for processing those transactions against the

database.

Report Definition

The definition of reports desired on a recurring basis are stored as

part of the system data . Functions are also needed to modify and delete a

stored report definiti on . Some parameters may be omitted in the stored

definition to be added at the time the report is invoked for generation.

Invocation of report generation may be on dema nd , on a time-dependent trigger ,

or on some condition of the database.
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User Profile Definition

- Users must be defined to the system for the purpose of access control

for privacy . For each boriafide user of the database system, the profile

contains user identification and authorized actions (read, add to, modify,

delete) against the database and against system data (for example , which

- userschemas and report definitions they are authori zed to invoke).

- 

Integrity and Performance Parameters
- Some facilities are needed to define and modify parameters for the

ongoing , under lying functions. These include: -

- :. • backup strategy (what to log, frequency of dumps).

• concurrenc y con trol .
- 

- encrypti on-decryption keys .

- 
• what to record on the audit trail.

- when and what performance statistics to record.

I :~-~

1~•
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IV. BEHAVIORAL CHARACTERISTICS OF DATA AND PROCESSES

Behaviora l characteristics of data and data processes constitute the third

basic component of information requirements which the user and/or designer must

specify. (Data definition and process specification are the other two.) The be-

• haviora l characteristics can be expressed in terms of either the actual real world

entities and processes on them or their representation within the database as data

and processes. In either case the user/designer specifies certain estimates of

behaviora l characteristics which the system can process in two ways -- (1) by com-
• paring the various estimates and their derivatives for consistency and (2) by using

the estimates as input to certain design algorithms . Once the database has been

created and is being used the behavioral characteristics can be monitored both to
-

• determine the accuracy of the initial estimates and to determine when the use of the

database has changed enough to justify reorganization.

The estimates of behavioral characteristics the user makes can be classified

into two types -- mandatory and optional . Mandatory estimates are those which must

be made for system design. Optional estimates are those which the user may supply

to improve the desi gn , but which are not essential.. In either case, later performance

- • 
monitoring would probably be done.

In discussing the behavioral characteristics , there is an underlying hypothesis. —

Behavioral statements can describe data or processes or both. To a certain extent

these differences are simply differences in perspective . However, the assumption

is that given a complete behavioral description of the processes, then the behavior

of the data can be derived. Figure 14 attempts to depict the modes of arriving at

the behavioral characteristics of data.

Behavioral characteristics of data can be obtained in three ways: direct

est imates , derived from estimated behavioral characteristics of processes acting

upon the data , or by monitoring actual usage and behavior over time . In practice ,

all three would be used . Direct estimates are needed to arrive at an initial file
design.
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Characteristics deri ved from aggregate process characteristi cs are needed to

validate the initi al di rect estimates . Once in operati on wi th an established

database, the actual usage and behavior of the database can be moni tored. If

usage patterns are or become significantly different from initial es timates ,

redesign may be requi red. The behavioral characteri s ti cs would be store d in the

design database , both ini tial estimates and moni tored statisti cs .

The derivation sequence for Behavi o ral Characteristics is as follows :

1. Behavioral Characteri s ti cs of external events (e.g. transactions ,

queries , or report requests), from which we can-derive :

-
• 2. Behavioral Characteristi cs of internal applicati on processes, from which

we can derive :

3. The dynamics of the data :

The database is a passive component of the system; it only behaves or

exhibi ts dynami cs in response to processes acting upon it.

Model statics relate to the data , while model Dynamics relate to the user

applicati on processes. Thus , we need a statement of Ini tial condi tions on the

statics such as database size , and number of enti ties of each type. Then we

can “run” the dynamics (upon which we have defined behaviora l characteristics) to

- 
- “der ive ” the behavior characteristi cs of the stati cs, that is , the database.

The re are two types of behavior that can be described: stati c behavior

describes the current state of the database or provides status information about the

data, process, or users in the system; and dynamic behavior describes the change

in the data or processes or the flow wi thin the system.

There are three levels on which to describe Behavioral Characteristics :

1. Fi rst order characteri s ti cs :

size or projected size ,

e.g. number of records in a file;

e.g., distribution of the number of instances of a repeating group

per entry .
97 
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2. Second order characteristics:

rate of change of size; growth.

e. g. number of insertions and deletions per unit time

e.g. number of requests for a report per unit time .

3. Third order characteristics:

changes in the growth rate .

First order characteristics describe statics and higher order characteristics

describe dynamics. The first order or static characteristics provide the initial

conditions on which we apply the hi gher order characteristics to yield projections

of static characteristics in the future.

~
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Behavior Relatin g to Structural Data Elements

There is behavioral information that can be moni tored at each level of data

(item, group, relati onship, record , file and database). Two main uses of this data

are to assist the desi gn process in determi ni ng encodi ng schemes and access paths

through the data. Some of the properties are cumulative , in other words , the

effect of moving up the hierarchy of levels is simply a summation , e.g. lengths

for i tems, groups , records , and fi l es. Howeve r, other characte risti cs such as

access paths are emergent and don ’t exist for l ower levels (below the group).

1. Domains - The values wi thin a domai n have certain lengths. Behaviorally

one can cons i der the probability distribution of the various values or lengths

• 
- of values . These characteri sti cs will help in designing encodi ng methods .

2. Items — Items are ei ther present or absent. If they are present they

- • 
assume certain values from the appropriate domains . Important behavioral charac-

teristi cs are the percentage of time the i tem is absent and the distribution of

the lengths for the values the i tem assumes . This info rmation is useful in de-

termining how to represent the i tem in the database. This representation has

two components . Fi rst, how to signify the i tem ’s presence or absence : (1) always

present by usi ng a nul l val ue when necessary ; (2) assume present , but use flag bits

when not; (3) assume all i tems are absent and l abel all vari ables that are present

by attaching a name to the value. Second , how to encode the informati on (fixed length

binary , variable length , encoding table , Huffman code , etc.). Most of these

behavioral characteri stics are cummulative , since i tem lengths build into group ,

and record lengths .

Additional behavior whi ch relates to an i tem are how many times it is retrieved ,

by which users or processes , for what purpose (on each of two dimensions —- (1)

for use in selection or for presentation; and (2) for read only , or value modifi —

cation). However , some of this behavior could also be considered to describe the
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process operating on the data rather than or in addi tion to describi ng the

data behavior. Examples of how this behavioral information would affect database

design are : (1) frequently retri eved data would probably be stored on fast ,

expensive devices ( record segmentation) and not be encoded unless there was a great

discrepance in value frequency and the values we re, according to information theory,

longer than they needed to be to disti nguish among them; (2) use for selection rather

than presentation would sugges t the use of indexes and access paths ; and (3) use

for read only versus modi ficati on sugges t the tradeoff between retrieval versus

update efficiency .

At system design the user could probably only provi de estimates of these

characteristi cs. However, by performance moni toring , better estimates could be

obtained and used for sys tem redesign or optimi zati on. Database reorganization points

could be determined by comparing the differences in performance given the better

es timates and the cost of actually reorgani zing the database.

3. Groups - Groups are collecti ons of i tems and may be linked to other groups.

This sugges t two types of behavioral info rmation. For groups , as collections of

items , most of what was sai d for i tems (presence-absence , length , and use) also

applies .

4. Records — Record types describe the enti ti es about which the data is

being maintained. Behavioral characteri stics include : (1) the number of record

types; (2) the number of instances of each type; (3) the growth or contraction of

the number of i nstances , by type; (4) the amount of access to each type (conceivably

by instance); (5) by which process and operati ng for which user; and (6) the

nunter of multival ued i tems or repeating group instances wi thin a parent record.

Record size (and thei r summati on into file length ) is simply a summati on of the

item and repeating group lengths of the record components.

5. There are rel ationships between various record or entity types and between

groups which can be represented by a variety of linka ge methods . These linkages

100

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ • 
.

_________ 
J



may be implemented with embedded links or pointer tables . The amount of usage for

each relationship and the volatility of the relationship will determine the best way

to Implement the linkage . The method of establishing this linkage depends upon the

patterns of group processing. If there is a high probability that two groups will

be processed together then access of one group from the other should be relatively

easy. This pattern of processing can be determined by monitoring the access paths

through the data -- frequently used paths should be very efficient , while infrequent
paths do not need to be. Once again the user may provide initial estimates of this

behavior. Later this can be Improved by performance monitoring.

Performance monitoring is not a substitute for the specification of behavioral

characteristics of data and processes. During initial design the system does not

yet exist. Once an initial design has been implemented , the performance of the

system can be monitored . The performance statistics will indicate the need for

redesign to the extent that the initial design parameters were not accurate or that

patterns of processing change. Of course, if new or changed patterns of processing

are known in advance , the system can be redesigned , and the database reorganized

prior to the new or changed use.
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Static Behavior

Behavior of ei ther data or processes can be divided into ei ther stati c or

dynamic behavior. In their stored form, process specifications are simply other

examples of data , therefore, some of their characteristics will be considered under

data. For example , when the volatility of data is described thi s will also describe

the volatility of the stored process defini ti ons. The stati c informati on provides

a snapshot of the state of the database at a poi nt in time. It includes such

information as: (1) the size of the database and the defined processes ; (2) the

numbe r of users of the database; (3) the number of processes or user applications

agai nst the database (this is di fferent than 2 whi ch is the numbe r of users each

of whi ch may use many di fferent processes); (4) a confi dence level or measure of

the quality of the data in the database. Each of these behavioral characteristics

can be descri bed in more detail.

1. Size - The size of the database can be measured in a variety of l ogical

or physical units (characters, i tems , groups , records). Di fferent uni ts are needed

to measure the size of processes. However , they may still be physica l (number of

characters , instructions , words , storage units ) or logical (number of processes

independent of thei r si ze or how they are stored).

2. Users (or individual s) — Users can be defined in two ways -— users as

individuals or departments which operate on the database maki ng queri es and updates

or users as the processes whi ch these individuals or depa rtments use. Users in the

latter sense (processes) are consi dered in the next section . Users in the former

sense can be described in several ways. Fi rst, there is simply the number of users .

How many di fferent individual users are maki ng requests of the database . This pro—

vides information about the sharability of the data , how responsive the system must

be, and how many users it mus t be capable of handlin g. Obviously , all of these

users will not be making their requests simultaneously, therefore two estimates

are needed for the number of users -- total , and number at any one time .
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A second factor is the dispersion of the users -- are they all at one site or
dispersed throughout a pl ant, city, state, or country . This information will be

important in designing distributed databases . Another characteristi c of the user

is his sophistication in dealing wi th the database. Is he a programing or non-

programing user? if nonprogramming, is he a general , parametri c, or casual user?

How much training and experience has he had in worki ng wi th the database? This

determines the level wi th which the system can deal wi th the user. It may requi re

extensive tutorial assistance providing the user wi th a list of options and a full

explanation of each or at the other extreme provide virtually no assistance , simply

accepting the user’s requests as he enters them. To a certain extent some of this

information would also be applicable at the other level , the process as the user.

The sophisti cated or a naive user will have a different interface wi th the database ,

but will often use the same underlyi ng processes. Therefore, there would be

additi onal information if the estimating and monitori ng were done at the individual

level.

3. Users (as processes) - In this case much of the same information described

in the previous secti on would also apply, however, it would not be disaggregated

to the level of the individual user . Also certain processes could not be completely

classified. For example , if a single application proces s were capable of dealing

with either a sophisticated or an unsophisti cated user, it would have to be classifi ed

when it was invoked , dependi ng on how it was used , rather than based on the charac-

teristi cs of the process as it was defi ned.
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Dynamic Behavior

Dynamic behavior refers to changes over time. These changes may be in either

data or the processes. There are two basic ways to measure dynamic behavior --- (1)

volatility = change/base in a unit of time or (2) the rate of an occurrence per

unit of time. Percentages are a special case of volatility in which the change

and the base are in the same units , however, a more general form of the measure

might be queries/user/day .

In terms of data , two importan t volatilit y measures are the number of val ue

changes to the database and the number of inserts and deletes (size modi fication).

While these measures could be provi ded as a rate/unit of time , they are often

dependent on the size of the database, therefore, it is appropriate to use a measure

which will control for this factor. The selection of the proper control is cri tical ,

since it is usually the control factor whi ch is v~r~ed to study various design

al ternati ves. For example , consi der the relati ve usefulness of queries/day versus

queries/day/user. Other dynami c behavior~l characteri stics of data incl ude:

1. the rate at which certain data (items , records , files) is used;

2. how it is used , e.g. is ~n item used for selection or for presentation;

3. how much data is retrieved by a request;

4. who it is retrieved for; and

5. how it is used functionally for read only , upd~ate, or insert/delete.

Similarly, we can consi der the dynami c behavior of individual processes. S,~ch

measures inc l ude:

1. how many times a process is invoked ;

2. when it is invoked ;

3. by whom it is invoked~
4. which access paths it uses to obtain what data ;

5. what is its response time to fil l a request.

This latter measure should probably be controlled for t:,~e of ?equest (read only ,

val ue modification -, insert/delete , and more complex requests p
~hich may incl ude file

level derivations), size of the response set , an~ possible time of day.
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Data Behavior Characteristics

The behavioral characteristi cs of data can be grouped into three areas : (1)

the size and rate of change in the size of the database; (2) the volatility of the

database, which would incl ude changes in both the content and structure of the

database ; and (3) the access and use of the database.

• 1. The size of the database is a stati c characteristic. However , the

change in the size (growth or decay) is a dynami c characteri sti c which describes

the behavior over time. The size will be cons tant in ei ther of two cases: (1)

if there are no adds or deletes to the database (the only changes are for value

modification -- regardless of whether they are data dependent or independent) or

(2) there are balan ced changes , e.g. approximately equal numbers of adds and deletes .

To speci fy these characteristics, the user should estimate the initial size of the

database and its growth factor per uni t of time . This growth factor could be the

net growth or the rate of adds and deletes separately. Obviously the latte r approach

would provide more information. If the initial hypothesis is correct, one could

- 
- specify the frequency or amount of use of the add and delete processes and then

derive the corresponding behavior for the data.

2. Volatility is a dynami c characteri stic whi ch refers to the amount of change

over a specifi c time interval . It is basically the numbe r of records or other units

changed divided by the total or base number of those units . The volatility could

apply to value modification changes to the database or to changes in the size of

the database. Both of these approaches consi der changes to the content of the data-

base. Another more di fficult type of volatility concerns changes to the structure

of the database. This type of volatility woul d primarily i nvolve addi ng or deleting

relati onships and access paths to the database. Estimates of this type of volatility -

provide a measure of the flexibility which should be designed into the database.

A database desi gned for a relatively stable set of appl i cations would have low

105

- -
~~~~~~~~~~~~ ~~~~~~~~~~~~~ 

.
~~~ - — - - I



structural vol atility , whereas one designed for a new , expanding set of applications

would be expected to have high structural volati lity . This structural volatility is

important because it is usually obtained at the cost of efficiency of time, space,

or both. 
-

3. Access to the database includes access paths through the database and , as

a subse t, the question of who is allowed the use of those paths. A static

characteristic is what access paths are currently in existence. Dynamic

characteristi cs would be the frequency of use of specifi c paths over a period of

time and the change in this usage. From one perspective -the access path used to

obtain a pi ece of data is a behavioral characteri sti c of the data. However , this

access was for some individual user and through a speci fic process, therefore , the

access path used to obtai n the data coul d also be consi dered as part of the behavior

of one of these enti ties. The reason for moni toring behavior wi th respect to access

paths is to determine thei r relative usage so that tradeoffs can be made in

determini ng which access paths to maintain to provi de proper responsi veness to the

users.
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APPENDIX: RESEARCH CONTEXT
INFORMATION SY STEM DEVfl OPMENT AND THE DESIGN DATABAS E

1. INTRODUCTION

The research reported herein is part of a larger research area which focuses

on the portion of the information processing system (IPS) design database used as

the basis for subsequent file design. First , all information needed for file

design must be captured and stored in the design database. Three parts of this

-
. information relate to (1) the definition of data , (2) a high - l evel specification

of patterns of processing against the data , and (3) the behavioral characteristics

of data and processes. A full description of these three parts of the design data-

base can provide the basis for evaluating the Problem Statement Language (PSL)

[Hershey, 1974]. PSL would be evaluated as a basis for gathering and expressing

the information needed for file design.

• This appendix describes the context of the overall research area , namely, the

ISDNLS prototype system for IPS development a~id discusses the specific ideas relating

to the definition of data , its behavioral characteristics and patterns of processing,

and testing the adequacy of PSL.

2. SYSTEM LIFE CYCLE

For a simplified view , the life cycle of a computer-based system goes through .

three phases: development , operation , and modification . The primary resources re-

quired in each of these phases are human resources duri ng the system development

phase , machine resources during the system operation phase , and again , human

resources during system modification. This is depicted in Figure 1. Even before

final installation of a system that has been developed , pressure builds to modify

the system. As the months pass the pressure mounts until eventually management

Is forced to initiate substantial system revision. The perssures for change may

stem from economic , technological , or human behavioral considerations .
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System
Phases: Development Operation Modification

Donti nan t
Resource : Human Mach i ne Human

Figure 1. Dominant Resources in System Life Cycle

E4ficiency
— 

I 
•-

Integrity Evolvabi lity

FIgure 2. Mult iple Objectives in Systems Development
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PSI and database design to date have only considered the efficiency objec-

tives of time and space utilization . This only reflects a desire to make best

use of machine resources. It largely ignores the human resources necessary for

system development and system modification .

The multiple objectives in systems development are machine efficiency ,

integri ty, and evolvabi lity (see Figure 2) [Everest, 1974 May]. Human resources

are becoming increasingly costly relative to machine resources . Considerations

of machine efficiency do not lead to effective use of human resources . The two

objectives which primarily affect human resource utilization are integrity and

evolvability . Greater system and data integrity leads to increased user and

management confidence in the use of a system and its output. Greater evolv ability

l eads to easier system modification in response to changing user demands , thus

resulting in more responsive systems.

Integrity is becoming a significant concern in system and database develop-

- 
- ment and operation . Organizations are increasingly concerned about the unau-

thorized disclosure of sensitive and classified information. Federal privacy l aws

demand that personal data be accurate and that its disclosure be controlled. The

objectives of integrity and evolvability must be factored into the system develop-

ment process in the future.

Unfortunately, the objectives of integrity and evolvability generally stand

in opposition to the objectives of machine efficiency of time and space utilization .

That is , a greater measure of integrity generally means less efficient machine

operation. Furthermore , integrity and evol vability must be factored in at the

beginning of the system design and development process. They cannot be effectively

added on later.
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3. SYSTEM DESIGN AND DEVELOPMENT PROCESS

Systems design and development is the first phase in the system life cycle.

With an eye toward automatir~g the systems development process , the design data-

base takes on a pivotal position. The process of system development and design

is assumed to be a highl y iterative process. At the front end the process involves

capturing requirements from the problem and application environment. At the back

end the process involves using the information in the desi gn database to desi gn

and optimize files and application processes . The design databa~c is the repository

for all information input from the environment. It contains all original and

derived data captured and developed during a system design process.

As shown in Figure 3, there are two families of processes involved in the

machine -based development of an application system. First is the PSL family of

processes which capture and store problem application requirements . Then there

is a second family of processes to verify the problem statement and to design and . -

optimize the database and application processes .

From the reality of the using environment come information requirements and

application process requirements . The reality of the using environment includes

data steming from various events reflecting status and changes in status of various

entities in the real world. It also reflects an organizational context , activities

of operating personnel , and decisions of managers . In the process of information

systems design , the user needs guidance in how to look at the reality of the environ-

ment , and needs guidance on how to formally express these requirements given some

requirement statement language such as PSI. The data resultin g from a formal ex-

pression of these information and application process requirements is stored in

a design database. . -

The design database then is the basis for the design of files , hardware

configuration , and application processes . That is , the design database is input

to the process of defining and generating files , specifying a hardware and
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comunication system configuration , and specifying and generating application

programs. A major long-run objective is to automate as much as possible of this

information system development activity . This research focuses on the collection

and veri fication of the problem description data required by the file design

portion of the systems development activity .

Looking in more detail at the file design process , the enzl product is the

actual establishment of a designed file (see Figure 4). The step creating this

-
‘ output is the activity of designing the file. The step before that involves

techniques for file design. The set of techniques wi thin an automated system must

be sufficiently rich to approximate what an exprelenced designer would do. A step-

before the techniques for file design includes design rules of thumb for choosing

among several techniques or for determining exceptable values on the parameters of

a technique. These rules of thumb for file design would come in higher and higher

• levels of a hierarchy . In other words , rules of thumb are needed to explicitly

consider the interactions across techniques for file design .

The center of focus between these two activities , namely:

1. identification and formal expression of user requirements and

2. file design

• is the design database. The question to be asked is: what is sufficient data to

be represented in the design database to satisfy the needs of the file design

activity and , at the same time , what is sufficient to adequately describe the user

requirements?
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4. RATIONALE AND OVERVIEW OF THE RESEAR CH

During the past decade the field of data processing has begun to recognize the

significance of data 
~I~r 

se in the system development activity . Traditionally,

systems analysis and design activities have been sophisticated with respect to the

specification of application processes but overly simplistic with respect to the

data -- file design , structure , and dynamic behavior. Stated another way , the

systems analysis and design activity has historically taken a view which leaned

too heavily on a process or “runs ” orientation.

The general thrust of this research is to re-examine the formal specification

of requirements from the perspective of data.

The expected results of research will serve to 1) validate PSI or 2) identify

gaps in PSL and suggest additions which would enrich the formal specification of

user requirements by taking a more sophisticated view.

I

t
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5. DATA-RELATED INPUT TO FILE DESIGN PROCESS

Out of the statement of user requirements and as input to the file design

process , the design database must contain (but not be limited to):

1. a full definition of the static structure and semantics of the
database.

2. a precise , high-level specification of expected patterns of processing
against the database.

3. a full specification of the dynamic behavioral characteristics of
the data and processes.

- 
- The database definition information must be adequate to represent the entities

and relationships in the user environment. In other words , it must provide modeling

fidelity . It must also be sufficient for the file design activity to build effective

and efficient files and direct operations on the files . It must contain sufficient

information to enable a system to automatically maintain the logical structure and

semantic integrity of the stored data and to handle structural volatility .

A full specification of the dynamic behavioral characteristics of the data

must be adequate to represent the user environment and sufficient for the file

design activity . This stems from an expression of patterns of processing against

the database from the perspective of the using environment. Patterns of processing

would be expressed in terms of the highest (that is , largest or broadest) unit of

processing which was independent of other units of processing against the data .
-

. These three classes of data would be contained in the design database. The

split between static structure and dynamic behavior may prove to be a difficult

basis on which to classify certain design data.
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5.1 Examples of Data Structure Definition Information

Information pertaining to a high logical level might include :

• The entities represented

• The attributes which describe those activities

• The domain of values for the attributes

• Intra-entity relationships among attributes

• Inter-entity relationships

• Definition and derivation rules for virtual and inferred data

Additional data needed to produce a physical realization of the database to be

stored might include:

• Encoding of item values

• Sizes of item values

• Distribution of item value occurrences

• Physical access paths , including such things as indexes

Additional information may be included , such as:

• Validation criteria

• Semantic constraints

• Input/output formats

• Device/media control information
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5.2 Examples of Patterns of Processing

At the l owest l evel , processing against the database can be expressed in

terms of reading and writing individual records. This would be analogous to a

COBOL programing language facility which provides the verbs OPEN , CLOSE , READ ,

and WRITE. However, when a user writes these verbs in a program there is usually

some higher l evel pattern of processing implied in the particular sequence of

issuance of these verbs. If an efficient and effective job of file design or

process execution is to be accomplished , it is important that information relating

to these patterns of processing be obtained at a high level and in advance of the

performance of the processing. This is partially accomplished in a system such as

COBOL with the prior declaration of whether or not a file is to be opened for input ,

output , or update and a prior declaration of whether the file is to be processed

sequentially or randomly. However, much more information is generally available

regarding patterns of processing.

• To draw a couple of examples , consider one pattern of processing in a bank

which is to calculate the accrued interest on every savings account and credit that

amount to the account. A second l evel of processing would be represented when a

check is presented for payment and the teller needs to know whether sufficient funds

are available in the account. These two patterns of processing represent two ex-

tremes. Little research has been done on the development of a taxonomy of patterns

of processing and of how to describe patterns of processing. Some work in this area

could greatly aid the process of information systems design and development.
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_ _ _ _ _ _ __5.3 Examples 0f Behaviora l Characteri~t ics

The types of information includ~ under behavioral characteristics are:

• Volumes of data

• Growth in volumes of data

• Volatility

• Timeliness

— 

• Structural volatility

• Data conversion

• Geographical distribution

• Sensitivity to loss or damage

Behavioral characteristics would also relate to the queries directed to the

database. This would include such information as:

- • Source of the query

• Frequency of each type of query

• Volume 0f data involved in the response to the query

• The response time requirements

Behavioral characteristics also relate to transactions which update the data-

base. These characteristics would include:

• Source

• Frequency

• Volume of data per transaction

• Response time requirements

• Validation criteria
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6. PSL AND THE PROTOTYPE DEVELOPMENT

The Navy has begun with a prototype development utilizing the ISDOS Problem

Statement Language (PSI) to formally express application system requirements and to

serve as a basis for subsequent file design activities . The expected results of

this research will serve to (1) validate PSL or (2) identify gaps in PSI and suggest

additions which would enrich the formal specification of user requirements by taking

a more sophisticated view.

The fol l owing reflect some initial perceptions of the adequacy of PSL.

While PSL allows fairly detailed definition of application processes in terms

of inputs , outputs , triggering and triggered events , parent processes and subprocesses ,

it does not provide for the formal expression of the dynamic nature of the process.

The only provision so far is for “comments ” helpful to the designer. These are

captured and merely echoed within PSL; they are not in a form that is usable by the

machine. This would suggest the need for an exploration of patterns of processing.

• The development of a taxonomy within which to express patterns of processing could

- 
- 

provide the basis for a more formal expression of processes within a formal require-

- 

I 

- 

ment specification language such as PSL.

PSL is wholely inadequate in its expression of system and data integrity
- 

• requirements . For example , i.. lacks the direct ability to express error checking

and correction procedures, data validation on input data and stored data , ac cess

control author i za tion, process discipline required for controlling concurrent up-

date, and data encryption needs due to geographical dispersion of data and users.

Another weakness evident in PSL is the inabilit y to declare restrictions to

the class of data structures to be used in any instance of an application system

design. PSL implicitly assumes a network structure similar to that presented in

Chapter 2 of the CODASYL Systems Committee Feature Analysis of 1971 [CODASYL , 1971

May] and the CODASYL Data Base Task Group Proposal for 1971 [CODASYL , 1971 April].

It may be highly desirable In the development of a system to restrict the class of
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data structures to hierarc hi cal structures or to rel ational struc tures , perhaps

even binary rela tional structures.

Several questions can be posed relating to the adequacy of PSL for formally

expressing system requirements as perceived by problem definers and users. Is it

really possible for a problem definer in the application environment to express

the system requirements using PSI? PSL is the basis for various file design

activities but is the information known or attainable and expressable at the level

and in the form required for PSI? Is PSI a sufficient vehicle for a user to

describe his environment , the critical factors and relevant parameters of that

environment?

7. SUBSEQ UENT TASKS IN THIS RESEARCH AREA

This report (MISRC—TR-77—05 ) is a preliminary specification of the information

needed to express information system requirements . This research naturally leads

to a language for expressing that requirements information. Furthermore , to test

the adequacy of the descriptive information requires that these ideas be communicated ,

in other words , that a language be developed which provides a formal and concise

means of expressing the information needed to describe the information system re-

quirements in a problem environment.

Given an initial specification of an information system requirements language ,

- it is necessary to test and explore the validity , generality , completeness ,

expressibility , and sufficiency of the semantics of the language. Subsequent re-

search tasks will seek to refine, modify , and extend this language to fit an ever

widening spectrum of defined data structures and processing environments .

Ideally, the information content and l anguage for expressing information system

• : requirements should be generalizable and consistent across severa l complexity spectra :

a) Sing le flat file to hierarchical and multi-file
structures

b) Single user to a multi -user or shared environment
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c) Single application to different application environments

d) Time and space efficiency to . . . . added data integrity requirements

e) Static requirements to a dynamic environment wherein usage
statistics are gathered and the
possibility for redesign exists

f) A single data processing node to . . databases in a distributed processing
environment

Most current research in file design assumes a priori a single entity

connotation , which is to assume a single file. Much of it also assumes a single

flat file , or makes no material assumptions regarding intra-record structures. The

general approach to be followed in this research is to start by considering the

single flat file and then to extend the descriptive information and language semantics

to incorporate multi-file and hierarchic file structures. In mak ing this generaliza-

tion , it will be important to explore the degree of dependence of the language for

expressing patterns of processing on the object data structure model . To what extent

will expressions for processing against one data model be transferable to processing

against another data model?

7.1 Test of Adequacy for Describing Application Environments

Several tasks can empirically test the adequacy of the information system

requirements l anguage for describin g selected user application environments in the

Twin City area of Minneapolis/St. Paul , in the Navy , and possible other user

environments . The Management Information Systems Research Center of the College of

Business Administration at the University of Minnesota has direct access to several

large firms with substantial data processing activities . These firms would serve

as the basis for the survey to gather indepth information and to test the initial

statement of data definition , patterns of processing, and behaviora l characteristics

as expressed using the preliminary language specifications.

At the beginning of this task , the proposed methodology for visiting user appli-

cation environments will be expressed in a working paper. Then the findings of these

visits will be recorded in occasional working papers .
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Users will be selected from organizations that utilize a relatively

sophisticated approach to applications systems development and design. Such

testing would first examine in detail selected appl i cation processes. Are such

processes contained within the descriptive taxonomy of patterns of processing?

Are the semantics of the processing expressable in the information system require-

ments language? At the same time , the established data structures will be examined

to see if the proposed information system requirements language is adequate to

describe the data structures . The semantics of the data structure can be gleened

from formal data definitions , documentation , and application processes. Not only

-
• will such activity point out weaknesses in the proposed information system require-

ments language , but it will suggest new semantics which are not expressable and

therefore require an extension of or change in the proposed language .

7.2 Test of Sufficiency for Database Design

This avenue of testing requires an examination of selected database design

procedures. The research would assess the degree to which the required input 
—

parameters are provided by or derivable from the information system requirements

language. To be sufficient , the information expressed in the language must all

be directly available or derivable without further reference to the user environment

for additional information. The Navy may suggest some database design procedures

which can be used to test the sufficiency of the information system requirements

language . Several design procedures developed by Severance , et al., under contract

with the Navy would be obvious candidates. In addition , the design aids from

var ious vendors can be exam ined .

7.3 Test Against Existing Database Management Systems

Differing database management systems require differing definitional information

In order to establish a database environment. Some systems are considerably more

• sophisticated than others In the level of information required from the user of the
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system. Several tasks under this test can review the preliminary language

specification against the reference manuals for some of the more comprehensive

and sophisticated database management systems. Alternatively, a task could look

across several systems in terms of a particular function such as report definiti on

or transaction definition .

7.4 Continued Review of the Literature

Throughout the course of this research, i tems in the literature will be

reviewed , compared against the preliminary l anguage specifications , and useful

items will be added to the automated , annotated bibliography on the specification

of information system requirements [Everest, Bray, and Valters , 1976].

7.5 Evaluation of Problem Statement Language (PSI).

With the rather comprehensive specification of information system requirements

language to be developed under the above tasks , it is possible to evaluate the

semantics of PSL. This evaluation would primarily take the form of identifying

those semantics which are absent from PSI. The evaluation would further suggest

ways in which PSI could be convenientl y extended to make it more useful in the

prototype development at the Navy . Is PSL complete in at least representing the

information requi red to perform the file design task and to adequately represent

the entities , relationsh~ps, and behaviora l characteristics in the real environment

of the users? An attempt will also be made to use PSI for expressing information

system requirements in parallel with the visits to user application environments .

This will provide an additional opportunity to evaluate PSL and propose modifications

and enhancements .
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