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ABSTRACT

EXTENSIBLE DATA BASES
p

Jonathan W. Hayward

Peter Buneman

I. P

Traditional data base’ systems only allow queries
- to be made about the data within the database, rather

- . than about the data as well as the structure of the
• data. A set of primitive operations is proposed which

allow a flexible means of entering and exploring the data
and the structure of a database.
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Extensible Data Basesp
Jonathan W. Hayward

May 1978

1~
1.0 INTRODUCTION - SOME QUESTIONS THAT CANNOT BE ANS~JERED

Many models have been proposed for database systems ,

and even more implementations of databases exist , but

several problems still remain. There are three problesns

which I would like to discuss in this paper.

1 — There is a lack of data describing the content of a
database within the database.

p 2 — Most database systems do not have provisions for
denoting similarities between the different entities
that the database describes.

3 — Most database systems only allow a static
representation of the world.

p This paper consist of seven chapters:

1 — Introduction
2 — Current data base models — covers the major models

used in database systems to date, and defines the terms
tha t  are o f t en  used in regard to databases.

3 — Introduction to extend and restrict — a set of
pr im itive operations is proposed for defining and
accessing a database .

4 — Query languages — describes some minimal query
languag es that can be used for exploring the structure
of a database , as well as the data within the database.

5 — Decision structures — describes decision structures,
W and rela tes them to extend and restrict.

6 — An alternative data manipulation language f~.r SEED —

describes a query langua~e for a network databasesystem that does not have the drawbacks of  typical

p
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INTRODUCTION - SOME QUESTIONS THAT CANNOT BE ANSVJERED

network DML.
7 — Conclusion

1.1 Lack Of Data Descr ibing The Data Base

There are two classes of information that may be

unavailable to the user of a database. One is information

concerning the structur e and content of the database . The

other class is information pertaining to the exact names of

entities within the database. Natural language systems

generally have both types of knowledge built into them , and

are able to answer queries which assume the user has som~

knowl edge of the database structure. But databases, or any

query system built on top of databases do not have the

abili ty to directly answer question about their structure.

Consider the query ‘Tell me abou t a c ity’ versus ‘tell me

about Philadelphia’. The latter question could be answered

by many query systems , but the former question could n-at.

Yet , if the former question could be answered , perhaps query
systems would not have to be database dependent. The need

for natural language query systems would not be as great , i f

database users could explore the structure of the database

themselves. 
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1.2 Similar Record Classes

Data base systems general ly are conceived with twO

constructs: 1 — Classes of objects can be defined (usually

known as records); 2 — Functional dependencies can be

created between the elements of one class of objects and the

elements of another class of objects (known as sets). Most

data bases can be described entirely using the 2 constructs

above. However , two often needed constructs of databases

cannot be described directly: Many to many relationships

and similar record classes. ‘similar record classes’ refers

to Sets of objects such as l awyers , doctors and students

which share a common core of information (‘people’). Many

to many relationships are captured without much difficulty

in confluencies , but there is no prefered method for

implementation of similar record classes.

1.3 Flexibility

If a rela tionship has remained undefined in a database

system, it is very difficul t to add that relationship at a

later time in all but relational database systems. Dynamic

defini tion of relationships is not allowed. Yet 1 as new

problem areas use a database as a common store of

informa t ion, new rela tionships are ‘discovered’ that were

previously ignored. Old relationships that were thought to

have existed may be proven false. It is interesting to note

— 
-
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that the ‘world’ has not changed , just one’s view of the

world. The statement that there is a correct desig n for any

given database is false in the sense that the design is

limi ted to the view (both current and future) that the

database designer sees.

Proponents of relational database systems use the

argumen t above to illustrate the desirability of the

— relational model. However , the relational model captures

the ability to create dynamic relationships at the expense

of a total lack of descriptive information about the

structure of the new relations.

1.4 Where Does The Problem Begin: Entities And Attributes

In loo k ing a t the que st ion , ‘Tell me about

Philadelphia ’ notice that there are not any quotation marks.

yet , when we use pr ogramming languages, we use quotes of ten

to distinguish literal data from names of data. In terms of

data base models , the distinction is made by calling some

items entities, and some items attributes. Our concepts

about data base structure is heavily based on this

dis tinction. Records represent entities and the have fields

which describe th. attributes of the entity represented by

the record . Record classes represent sets of entities of

the same type. Further complicating the problem in

determining the difference between literal and non—literal

I
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data in a query is the fact that attributes have names (or

descriptions) as well as values associated with them.

If I asked someone that was familiar with data base

systems to structure a model which contained information

about all the people that live in Philadelphia, one common

part would probably the definition of a ‘people’ recor d

which contains attributes such as name and social security

num ber. Al so suppose that the data base is completely

invertible so that if I ask ‘Who is Howard’, it is not

necessary to specify the name of the attribute which

contains  ‘Howard ’ . In the l imi t ed  wor ld  of people tha t  l i v e

in Ph i l a delphia , such a system presents no problems . In the

very statement of the problem , I have de f ined  what  e n t i t i e s

we are talking about (people). However , if the problem

scope was extended to include more detailed info rmation

about the residents of Philadelphia , the problem is no

longer clear . If we wish to add occupation to the data

base, it could be added as an attribute of each person,  but

that is not really adequate since an occupation could also

be considered as an entity . As more information is added to

the data base , it becomes less clear where the distinction

between entity and attribute lies. In the case of answering

‘what is a doctor’, one would like to make questions about

the structure of the entities by treating the structure of

the entity as an entity . But just as ‘doctor” can be

considered an entity, it can also be considered an attribute

0

4
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of a person. In natural language we easily switch our

meanings from attribute te entity : There are no quote

marks. We structure our knowledge in such a way that we can

concurrently classify wor ds , items , or whatever as either

entities of one set, or attributes of another set.

1.5 What Help Is Available

Two options are generally available to the programmer

of a query system . The information about the structure of

the data base can be stored in the prog ram as data, or as

program code. In frame systems , fo r  ins tanc e, the ‘world

knowledge’ is often within programs contained in the frames,

but the frames are considered data. [6] Semantic nets are

sometimes used to describe the nature of queries that are

made. But again , rather than hav ing information represented

as establishes data structures, it is often encoded into a

program . A simple dictionary of commo n names (as in the

data dictionary) is an example of a minimal query system

whic h is based on a data structure representing the

$ r e l a t ions  between v a r i o u s  record classes in the data  base .

All  of these approaches are dependent on the s t r u c t u r e  of

the data base . If the  s t r u c t u r e changes,  the pr og r am mus t
$

be changed .

— _

* 
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In oruer to answe r the question “tell me about

philadelphia’ i wo ul d l i k e  to propose tha t  the query system

should make queries to the data base system about the

structure of the data base. With the information that is

p returned , more specialized queries can be made , until the

initial question is answered. In such a system , the

structure of the data base need not be defined in advance

and need not be s ta t ic  fo r  a query  system to m a in t a i n  it ’ s

usefulness.

I am go ing  to propose a f r ee  f o r m a t  da t a  base Sy steP~.

No restrictions will be placed on the structur e of the

system at any poin t  in time. The structure will be

determined by a combination of all previous definitions -~ I

w i l l  show how ne twork  da ta  base concepts such as “ set

ownersh ip ’ can be in t roduced w i t h o u t  v i o l a t i ng  the premise

of f ree  s t r u c t u r e .

4
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2.0 CURRENT DATA BASE MODELS

Networ k, hierarchical, and relational data base models

carry many of the same concepts. The details of the

restrictions (such as third normal form for relationalp
models) pl ace different constraints on a particular model

for an appl ication, but three concepts define the common

ideas between them .

2.1 Records And Fields

Record classes are de f ined  in a l l  of these models .  In

r e l a t i o n a l  terms , a record class is e q u i v a l e n t  to a

“ r e l a t i o n ” . A r e l a t i on , or record , is u s u a l l y  formed f rom a

set of lowe r level a t t r i b u t e s .  The a t t r i b u t e s  c o n t a i n  the

u l t i m a t e  data of the da ta  base.  A p a r t i c u l a r  record is the

set of attributes representing one entity in the real world.

For instance , a person record m i g h t  con ta in  the a t t r i b u t e s

name , social secur i ty  number , address , c i ty , age , etc.  A

col lect ion of records (or  r e la t ions)  of thi s  type (peop le)

is called a record class. The individual attributes are

stored in the “ f i e l d s ” of a record .

2 . 2  Set Ownersh ip

If one had a significant amount of information about

the  c i t y  in a “PERSON ” record , one might pl ace the

4 
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information in every record in the data base. The problems

that arise from placing this redundant information in the

data base relate to data storage, update problems, and

clar ity.

One of the main objects of data base models has been to

provide easy translation f rom the model in to  real onl i ne

mass storage. Because of this desire , it is unreasonably
I

wasteful to dupl icate large amounts of data such as details

about a city in every person record.

In order to update one piece of in f o r m a t i o n  about a

par t icular ci ty, it would be necessary to find all the

records where the information was stored , and then to update

them all. Guaranteeing that all of the data has been

updated properly becomes a major problem .

The third reason for wanting to not repeat the data,

and perhaps the most important , is the desire to say

something about the structure of the real world in the

structure of the model. It is not clear from defining one

large person record containing a lot of information about a

ci ty ,  what particular parts of the record relate to the

details of the city .

For these reasons , the information pertaining to

objects which themselves can be considered entities (in

addition to attributes) , are broken out of the original

record Since there are a large number of people that have

6
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the same c i ty  informat ion for any par t icu lar  ci ty . The

‘city record’ owns a set of ‘people records”. Note that a

set is a funct ion  from the owned record to the Owning

records. The owned record are functionally dependent on the

owning record.

2.3 Confluency

A functional dependency is only one type of relation

possible between entities. It is possible to also have a

one to one relationship. This represents no problem ,

because if a relation between entities is one to one, a

larger aggregate entity made. If the relation ship is many

to many howev er , it is not immediately clear how to

represent it. This problem is solved by breaking a many to

many relationship down into two functional dependencies. A

common recor d class is forme d between the two recor ds wh ich

have the many to many relationship. This record class is

called a confluency , and it has a functional dependency to

each of the record classes that have the many to many

rela tionship. As an example , suppose we wanted to describe

the relationship between doctors and the cities that they

serve. We believe that there is a functional dependency

from patient to doctor (i.e. a doctor owns a set of

patients) and a functional dependency from pat.i”nt to City

(i.C. a city owns a set of patients) . Th~~ the patient

record class represents the confluency . It fully trie

- - 

- -
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d.s :ribe s the many to many re la t ionship  between the doctor

and ci ty.  It also interesting to note that the patient

record class contains other information with it than just

it’s relation between doctor and city . In the real world ,

p it usually turns out that whenever a confluency is created ,

some additional useful data can be added to the confluency .

In many case s, there is no useful name that can be assigned

to a confl uency . If we want to describe the relation

between students and classes , enrollment is the obvious

confluency. Grade is the additional piece of information

that can be a added to the enrollment. But , there is no

useful name that can be attached to a particular instance of

an enrollmen t. One reason for this may be that there is no

real world object correspond ing to the entity enrollment.

Enrollment is only a conceptual entity .

Note that the term ‘conf lu ency ” is generally used only

in regard to network database models. I am using it in a

more general manner, to describe the generally accepted

representation of a many to many relationship.

2.4 Hierarchical And Network Database Models

Network and hierarchical database systems have explicit

definitions of set ownerships in the definition of the

database, a network database system will allow any

(non—recursive) arbitrary structure of set ownership. 

-- ------- - -.- - ------- - - - 5 - - - - - —-— -— -- - — - - - - --
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Hierarchical database system s, only permit a record class to
be owned by at most one record class. As the name impl ies,

the structure produced is hierarchical. In a network

da tabase , the data is usually stored as a series pointer

structure. In a hierarchical structure , the onwed sets of

data are usually stored as repeating groups of information

within the owning record. Pointer structures can also exist

in a hierarchical database system . (4]

Retrieval of an owned record from most network and

hierarchical data base systems requires that a context be

established for all the owning records before a retrieval

can occur . A context is generally used since a means is not

provided for identifying a reference to a particular record

w i t h i n  the database . Proponen ts  of ne twork  and h i e r a r c h i c a l

databases argue that the lack of identifiers on records is a

f eature , since it requires the user to get the particular

records he is interested in manipulating before making the

update. This has the advantage of guaranteeing that you

have the latest copy of the record, or that you know that

the record has been deleted . Alternately, I feel that

establishing a global context is against good structured

programm ing techniques. In Chapter 6, I d iscuss a query

language that we have dev ised at the University of

Pennsylvania that allows one to remove the global contexts

from queries made to network databases systems.[5)

C

-
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2.5 Relational Data Bases

A relational data base is externally described by a set

of record classes alone . Rules for constructing relational

models such as third and second normal form , pl ace

restr ict ions on the typ es of functional dependencies that

are allowed between f ie lds  of a pa r t i cu la r  record , and

between f i e ld s  in d i f f e r e n t  record classes. A set of

a t t r ibu tes  is called the candidate key for  any re la t ion (or

record class) if the candidate key uniquely determines an

element of the relation. Confluencies are used impl icitly,

but not expl icitly in relational data bases. Rules such as

third normal form define the sets of a relational database

in terms of functional dependencies, but the functional

dependencies are not expl icitly stated in the database

definition. The operations for manipul ating data in

rela tional data bases are much cleaner that for network

models. Since the candidate keys are part of the data of

the records , no contex t setting or checking is required to

find a particular record of interest. If the values of the

candidate key fields are known , it is no problem to go

dir ectly to the record of interest. Note that when

confluencies are formed , the candidate keys from the two

rela tions which have the many to many relationship must be

aggregated to form the candidate key for the

confluency. (2 ,3]

C
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2.5.1 The Smith ’s Work With Relational Data Bases —

The Smiths have seen the lack of th is  in format ion  in

relational data bases, and have made some suggestions for a

syntax to add more structure. They have two ideas. One is

aggregation, and the other is generalization. Aggregation

refers to the description of relations between record

classes as in network data bases. Generalization refers to

a new concept, which describe the similar aspects of several

record classes. The Sm ith ’s have defined update rules which

guaran tee consistency of the data base when defined with

their syntax. (7,8]

2.5.2 Generalization —

Lawyers, doctors and construction workers are all

people . People have certain attributes in common , suc h as

name , address , and social security number . Lawyers ,

doctors , and construction workers are different because they

each have some specialized attributes different from people

in general . Lawyers are licensed under a particular state’s

bar. Doctors have a specialty. Construction workers have a

union that they belong to. The various record definitions

could be listed as:

— PEOPLE RECORD:
NAME
SS
STREET ADDRESS
CI TY 
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DOCTOR RECORD:
S PE CI ALTY
HOSPITA L
PRIVATE PRACT ICE

LAWYER RECORD:
BAR
LAW FIRM

CON STRU CTI ON-WORXER RECORD :
UNION
LOCAL
TRADE

The Sm ith ’s handle generalization by pl acing a field in the

people record which might be called “profession” .

Profession would be limited to 3 pOssible entries (‘doctor” ,

“lawyer ” , ‘construction—worker ’) by the syntax of the data

base definition. A record class defining “doc tor’,

“lawyer ” , and “construction—worker ” must be present. The

fields of “people” may be inherited in “doc tor ” , ‘lawyer” ,

an d “construction—work er ” , or they may not be inherited ,

depending on the desire of the da’a base designer, but at

leas t  the ‘key ” f ie l d s  for  “ person ” must  be present  in

“doctor ” , “ lawyer ” , and ‘cons t ruc t ion—wo r ker ” . (The “k e y ”

fiel ds are also given in the syntax of the database

d e f i n i t ion . )

_ _ _ _ _ _  _ _ _J
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2.5.3 Aggregation —

Aggregation is a method of defining what the “keys’ to

a particular record class are , and what fields wi th in a

record class contain data which are keys to other record

classes , and consequently define a series of sets. For

instance, suppose a doctor has a list of patients, and a

patient has only one doctor. Then the person record defined

above would h ave a doctor field added to it. In the

definition of the doctor field , the Smith’ s would say

‘DOCTOR—NAM E key DOCTOR’, meaning that the field

“doctor—name ” contains data which is the key to a record in

the “doctor ” record class.

The Smith ’s would draw a diagram similar to the follow ing :

:Patient—name : Doctor—name :.. : Patient record

:Doctor—name : ..,.. . : Doctor record

Note that the representation of a Smith diagram is “upside

down’ relative to a Bachman diagram . The Smith’ s suggest

that in the owned records , more fields can be defined as

keys than just the fields which ‘point” to the owning

record. Consequently, the Smith’ s ar e ab le to place a muc h

finer type of restriction on set ownership and confluencies

than are most network database system . Network database

systems use only the “own ing ” records as keys for tn~

-H
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‘owned’, and they allow the keys to be dupl icated . In a

network database, for exampl e, there would be no guarantee

that the same patient does not have more than one occurence

in the Patient record class. By declaring PATIENT—NAME as

well as DOCTOR—NAME as a key to the the patient record , the

Smith ’s have guaranteed that there will be no dupl ication.

2 . 5 . 4  Updates Wi th  Aggregat ion And Ge n e r a l i z a t i o n  -

All  updates to a r e l a t i o n a l  da ta  base can be made q u i t e

easil y ,  s t i l l  gua ran tee i ng the consis tency of the data  base

because the links between different record classes are

expl icitly stated in the syntax of the data base defin ition.

If a new doctor is being added , then it can be verified tnat

he appears in the doctor record and the person record.

Similarly, if a new “doctor—name ” is added to a person, it

can be verified that the doctor exists before the update is

allowed.

2.5.5 Conclusions About The Smiths —

The Smith’ s ideas have: I.. introduced the idea of

g e n e r a l i z a t i o n , wh ich has not been deal with explicit ly

befo re ;  2. placed constraints on relational data bases

which ‘]in k’ record classes together , similar to the way

that records are linked in network data bases.

- — -

~
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Network data bases draw very close analog ies to

‘aggregat ion”. Diagrams describing aggregation usually look

like Bachman diag rams turned upside down. An ‘aggregate” is

very s imi l a r  to a “confluency ” in network data bases.

Generalization is something that can be modelled

Several ways in network and relational data bases. The

Sm i th’s are the first to look upon generalizat&on as a new

type of construct in data base descriptions.

2.6 Entity Set Model

One appealing break from the consistent ideas of

records and fields that seems to be present in network ,

hierarchical , and relational database systems , is the

entity—set model,I1) The entity set model defines 3

categories of sets of object: Entities, Relationships , and

Values. The set of values is the ul timate data, i.e.

“RED” , “3” , “HOWARD” . The set of entities is connected to

the se~ of values by a function (call the attribute) tha t

maps a p a r t ic u l a r  p o i n t  in the set of entities to a number

of points  in the set of va lues .  E n t i t i e s,  r e l a t i o n s h i p s ,

and value sets are further divided into subsets. For

instance , 2 entity sets might be EMPLoYEE and PROJECT. Note

that nothing stops an entity from being a subset of another

set, For instance , MALE—EMPLOYEE is a subset of EMPLOYEE.

Value sets are divided into similar classes also. There 

-— -
~~~~~~~~~ - - -— ---5 — -5
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might be a value set for NAME , DATE , FEET, etc. One is

supplied with pr imitive functions which test if a particular

entity is an element in a particular entity set. The set of

rela tionships is connected to the set of entities, as well

as the set of attributes , by a second function that maps a

poin t in the relation set to a set of points in the entity

set and attribute set.

Consider the following example:

Entity Sets Relationship Sets Attribute Value Set

:Employees : >:name
name 

>: : percent
:project—worker: >:percent: 

>: : of time

project
:pro)eCt  : ):flame

name

The principles behind the entity set are quite amenable to

tr~ principles I will discuss in Chapter 3, but the

implementation that is suggested fo r  the e n t i t y  set model is

extremely close to a relational model , and lac ks many of the

types of information and flexibility I am interested in

placing in the database .
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3.0 INTRODUCTION TO EXTEND AND RESTRICT

I am going to d e f i n e  a set of operators  which  w i l l

a l low the cons t ruc t ion  of a data base f rom something called

the “ nul l record” . the nul l record is a s t r u c t u r e  w i t h  no

f i e l d s .  i want  to incorpora te  the concept of

generalization , and network data bases in the lang uage. I

want to break down the distinction between data and

definition . The only record whose definition is known is

the “null recor d ” . Other records will be constructed by

adding data to the the nul l record. More and more data will

be added , until a complete data base is defined . The resul t

will be a structure which contains data about data about

data about...... I do riot want to think about

implementation at this time . Implementation concerns woul d

place too many restrictions on the thoughts I want to

discuss .

The functions I want to define are “extend ” and

“restrict” . They will take a record constructor as one of

th ie r  a rguments , and produce a record construc tor as the

r e s u l t.  To make e v e r y t h i n g  cons i s ten t , let  us cons ider

starting with the nul l record construc tor instead of the

null record itself. The point of deal ing with constructors

is to de—emphasize the traditional distinct ion between data

and d e f i n i t io n .  A cons t ruc to r is half way between the

d e f i n i t i o n  of a r ecord  ( w h i c h  i n i t i a l l y  d e f i n e d  the

construc tor) , and the record that the constructor would

4 
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actually produce. Another poin t of dealing with

constructors is that , l ike f u n c t ions in a p r o g r a m ,

construc tors have names which have no explicit connection

with the fun ction they perform. A reference to a function

is distinct from a literal piece of data.

Let’s suppose tna t we want to aefine a person record

class.  We can take tne n u l l  r eco r d , and extend it in tne

following manner.

PERSON:: EXT END NULL , NAME , STREET—ADDRESS

A “PERSON” is now a record constructor wnich will create a

record containing fields for a name and address when it is

invoked. Notice triat a person contairt~ only informa tion

about the structure of tnie data base.

Some info rmation is missing in this definition.

Pernaps we woula li ke to add city and social security

number. A statement of the following form could oe i~ade to

add these items :

PEi~SON :; EXTEND ( PERSON , CITY , SS

Tne person constructor has been replaced with a new

construc tor that adds city and social security nunDer.

People can be classif ied by the city that they live in.

tr-ierefore , we might make the f~~llowing type of statErr -2nt:

PiiILAD~ LPHIAN :: ~<~~~T~k L CT ( ~~RS~ N , C I TY =
“PHILADELPHIA”

8OSTOi~JiAN :.. RESTRICT ( PERSON, CITY = “~~O~ TON” 

- - 
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Two new record cons t ruc tors  have been crea ted. They a r e

restric tions of “PERSON” in the sense tnat if a record is

constructed from “PHILADELPHIAN ” , or “BOSTONIAN” , the field

“CITY” is restric ted to one value (Priiladelphia , f o r

“~~H ILA DELP H IAN ” s, Boston for “BOSTONIAN” s). Note that more

da ta has been added to the structure of the data base , but

no records have yet  been cons tr u c ted.

I stated above that doctors were people witn a

specialty . To crea te a “doctor ” , the fo l lowing  sta teme nt

can oe made.

DOc-roR::= EXTEND ( PERSON , SPEC IALTY

To create a lawyer , tne following sta tement can be made :

LA~’~YER:: EXTEND ( PERSON , LAW-OFFICE

To c rea te a P h i l a d e l p h i a n  l a w y e r , tne following statement

can oe made:

P H I L A — L A w Y E R : : =  RESTRICT ( LA,~YLR , C iTY =

“PH I L A D E L P H I A ”

or:

PHILA—LAWYER ::= EXTEND ( PHILADELPHIAN , LAW—OFFiCE

Every body from Pniiladelpnia knows that all the citizenry

nust have a favorite “hoagie ” to be a true Pniladelphian .

Noting this fact , the following statement can be made :

COMPLEAT-PHILADELPHIAN:: EXTEND C PHILADELPHIAN ,
HOAGIE

-—- -. 5- 5 - . - -  -- .--- _~~~~--------- ..-- .-—-~~~~~~~~~~~~~ —~~~~~~~~~ -—- - -
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F ina l ly , we m a y  fee l  tne need to p u t  some people in

t h i s  da ta  base.

PET E R : = RESTRICT ( P H I L A D E L P H I A N , NAME = “PETER ” ,
STRE ET—ADDRESS = “E L~4 s-rREET” , H OAGIE = “CHEES ESTE AK ”

J I M : :  RESTRICT ( DOCTOR , NAME “ J IM ” , STREET— ADDRESS
“C HESTNUT STREET” , CITY = “PHILADEL PHIA” , SPECIALTY =
“~ oDIArRy”

DICK ::= RESTRICT ( BOSTONIAN , NAME = “ D I C K ” ,
STREE. T—AD L)R ESS= “ L I V I N G S T O N  STREE T”

No records  nave  been a c t u a l l y  c o n s t r u c t e d ! 1! Al l  t h a t  has

been c rea ted  a r e  r e c o r d  constructors .

As the d e f i n i t i o n s  of ex tena  and r e s t r i c t  stand above ,

a seeming ly p l ea s ing  s t r u c t u r e  has  been c rea ted . In

p a r t i c u l a r , the concep t  of a “ k i n d  o f”  has been introduced .

A “LA.~YER ” is a kind of “P~RSON ” . A “DOCTOR ” is a K ind of

“PERSON” . “DICK” is a kind of “BOSTONIAN” . A

“ PdI LA— LA~ Y E R ” is a k i n d  of “ P H I L ADEL PH iAN ” . This class of

Knowledge is often missing in a data—base system . The

Smi ths hav e called it “g e n e r a l i z a t ion ” and I have r e f e r r e d

to tne problem as “s imi l a r  records ” . Ex tend and restrict

are slightly more abstract tnan generalization. Restrict

and extend result in a database in wnicn tne structure of

da ta abou t data is the same as the structure of ultimate

data.

As I mentioneo before , a “PHILA—L~ WYER” could be

defined in several ways. The resul ts of the different

def initions would be the same . it is the fields of a

5-—
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constructor , and the restric tions on the fields that

determine if another constructor is of the same record

class. For instance , I could create another person :

CARL : := EXTEND ( NULL , NAME , STREET—ADDRESS , CITY ,
STATE , HOAGIE , LAW—OFFICE

CARL::= RESTRICT ( CARL, NAME = “CARL” , CITY =

“PHILADELPHIA ”

Car l  is a “PERSON” (he has all the fields of a person

cons tructor), a “PHILADELPHIAN” (he has a restric tion on

ci ty = pniladelphia), a “LAWYER ” (he has a law—office), and

Car l  is a “PHILA—LAWYER” .

If tne ques tion “wha t is Carl” is asked , tne answer s

cou ld  be :

1. A constructor witn name = Carl , ci ty = Philadelphia , a
street address , a state , and a law—office.

2. A Pnila—lawye r
3. A Ph iladelphian
4.  A l awy er
5. A person  -

[f I was to ask “wha t is a Phila—lawyer ” , I w o u l d  ge t a

similar lis t of answers. Whatever question I asic about

l a w y e r s , P h i l a d e l p h i a n s  Dick , Car l , Jim and Peter , I w i l l

always get one answer in common: “a per son ” . “person ” is

the record constructor which has all the fields of the

in tersection of all constructors that contain any of the

same fields in Dick , C a r l , J i m , etc . For that reason , the

person construc tor is considered the “genotypical”

constructor of all tne other construc tors mentioned above.

Tne geno typical constructor need not nave been explicitly

_ _ _ _ _ _ _ _ _ _ _ _  
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aefined , but it will always exist for any record

constructor. The geniotypical constructor has an important

constraint on it. In order to guarantee that no

dupl ica t ions  ex i s t  in the da ta  base , all r e s t r i c t i o n s  of the

genotypical constructor (explicit , or implicit in

r e s t r i c t i o n s  of ano ther  c o n s t r u c t o r)  mus t  be un ique . In the

example above , I cannot  add an o tner  lawyer  tha t  l ives  in

Phi lade lpn ia  a t  Elm s t r ee t  and whose name is Pe te r .  I f  I

did , an implic it restriction of person has occurred ,

dupl icating another restriction or person.

It is in teresting to consider wnat classes of responses

exis t in tne answers given to the hypothetical inquiry

above . I am going to list the different classes by a “ type

number ” .

Type 1 — gives the explicit list of fields and restrictions
on the fields of a particular constructor.

Type 2 - g ives the c o n s t r u c t o r s  whose f i e l d s  and
restr ictions are a subset of the field in question.

Type 3 — g ives  the c o n s t r u c t o r s  wh ich  c o n t a i n  the the  f i e l as
and r e s t r i c t i o n s  of the c o n s t r u c t o r  in q u es t i o n .

Type 4 — gives  t im e constructors whicn have any f i e l d s  in
common

The smallest  n o n — n u l l  i n ter s e c t i o n  of type 4 responses  g ives

th e genotypica l  c o n s t r u c t o r .  The “ oata ” ( i n  the t r a d i t i o n a l

sense) of the d a t a  oase is a suo set  of the type 3 respo nses.

In the case of a PERSON c o n s t r u c to r , t im e presence of a

- 5
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constructor represents “ultimate data ” .
IZ

So far , extend and restrict hav e been used in a lim ited

sense. They have been used to i l lustrate  the concept of

similar record classes, but no problems of set ownership

have been introduced .

Network data bases can be implemented quite easily

using extend and restr ict. We have only considered

restrictions of fields that contain literal data. There is

no reason to limit ourselves in this sense, The

restrictions can just as easily be to other constructors.

Suppose a doctor is to have a list of patients.

PERSON :: EXTEND ( PERSON , DOCTOR-REF)

PERSON:: — RESTRICT C PERSON , DOCTOR -REF DOCTOR )

Note that  DOCTOR on the r i g h t  side of the ~~~~~
“ above is not

in quotes. This is because the restriction is to a

cons tructor , not a literal piece of data. By placing a

restriction on DOCTOR—REF which is a construc tor ( the  doctor

const ructor  in  th i s  case), we have ind icated that any

f u r t h e r  r e s t r i c t ions  of person can on ly  have a type 3

cons t ruc tor  of DOCTOR in the DOCTOR—REF f ie l d .  The

following restriction woul d be acceptable under these

c i rcumstances:

D I C X : :  RESTRICT C DICK , DOCTOR-REF - J IM

The fo l l ow i n g  r e s t r i c t i o n  would not be acceptable:

I 
-5- -
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DICK::- RESTRICT ( DICK , DOCTOR-REF - CARL

In the latter case, since Carl is not a type 2 construc tor

of doctor, (Ic Carl does not have the characteristics of a

doctor), the new restriction cannot be allowed. J
To illus trate a more complex situation , let’s consider

a “par t file” for an automobile. The structur e of file

should pictorially resemble the follow ing .

Part 

: Par t—Const ruc t ion

PART:: E XTEND ( NULL , PARTNUM , NAME , PRICE

PART -CON STRUC TION :: EXTEND C NULL , PA RT R EF ,  FROMPART ,
QUANTITY )

PART-CONSTRUCTION:: - RESTRICT (PART-CONSTRUCTION ,
PARTREF - PART , F ROMPART - PART

Suppose a door handle is made from two screws and a piece of

metal, then:

SCREW : :* RESTRICT ( PART , PARTNU M - “3 49” , NAME
“SCRE W” , PRICE — “ 0 .00”

METAL::-  RESTRICT ( PART , PARTNUM * “201” , NAME
“METAL PIECE” , PRICE — “0.01” )

HANDLE:: RESTRICT C PART, PARTNUM “750” , NAM E *

“DOOR HANDLE”
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All  the ind ividual parts are now de fined , and the l in k ing  of

the parts can be performed .

<unassigned>::- RESTRICT C PART—CONSTRUCTION , PARTREF -

HANDLE , F ROI4PART - SCREW , QUANTIT Y — “ 2” )

<u nass igned > : : — RESTRICT ( PART—CONSTRUCTION , PARTREF *

HANDLE , FROMPART - METAL, QUANTITY - “1”

Note that individual parts could have specialized fields

attached to them . Screws have a length, diameter , and

pitch. Metal pl ates have a set of d imensions  descr ib ing

leng th width and thickness. Using extend and restrict it is

no problem to accommodate these special needs.

Individual linking records do not hav~ a mean in g ful

name. In effect , we would like to throw Out the references

to these items until it becomes necessary to look at an

individual record. I have indicated this in the syntax by

placing “<unass igned> ” on the left side of the “ :: “ . By

using some of the pr imitives listed below , the construc tor

can be found and updated .

In defining a network of constructors, one often

sequentially applies EXTEND, to create a linking f i e l d ,  and

RESTRICT to limit the cOntents of the linking field. As an

alternative to sequential appl ica t ion of EXTE ND and

RESTRICT , consider GENREC , an operator which combine s EXTEND

and RESTRICt. As an example:

PERSON: : GENREC ( PERSON, DOCTOR—REF DOCTOR)

coul d be used to allow a doctor to have a list of patients.

I 
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PERSON : := GENREC ( PER SON , DOCTO R_REF DOCTOR )

could be used to allow a doctor to nave a l is t  of patients.

The syntax is the same as for RESTRICT , except that a

r e s t r i c t i o n  m i ght  not be spec i f ied :

PHILADELPHIAN:: GENREC ( NULL , NAi4E , SS ,
C1TY= ‘PkULADELPHIA’)

Once tne description of the data base nas aeen entered ,

tne natural question is “what is in the data base ” . 1 have

mentioned 4 type s of answers that talk aoou t data in

genera l , but  it u s e f u l  to be able to f i n d  a speci f ic  piece

of data also. Reference names to all p ieces of da ta a r e  no t

always meaningful , as mentioned aoove. Sometime s we may be

interested in searcriing for a particu lar value in a field.

A se t of pr imi tives f o r  loca t ing r eco rds  whoses r e f e r e n c e s

nave oeen forgotten , or thrown away is needed. Tne

primitives that are needed to find data are described aelow .

Select record — takes a constructor , type of query (2—4 from
above) , and a set of pairs of fieldnames and values. A
list of recora constructors that meets the type
requirements , and also contains the specified values in
tne given fields , is returned .

Fields of — takes a constructor , and returns a list of pair s
of fieldnames and values (This is essentially a type 1
inquiry. It is seperated from “select record” because
it returns a list of pairs of fields and values , rather
than a list of records.)

Literal — takes a value (from the values returned by fields
of) , and tests to see if it is literal data. If it is
literal data , true is returned . Otnerwise false is
returned .

- -_ _ _ _ _

I 

— -----



p.— -i-

Extensible Data Bases Pag e 30
INTRODUCTION TO EXTEND AND RESTRICT

Constructor — tests whether a value is a record construc tor
or not, as In li teral , and undefined .

The pr imitives outl ined above classify all the

impor tant types of retrieval except those which intend to

get the “ultimate ” data from the database . Since restrict

and extend do not provide any indication that a piece of

data is complete , simply listing the the type 3 constructors

is inadequate to look at the actual parts that go in the

par t file, for example. Looking at all the type 3

constructors woul d also reveal a great deal of information

about the structure of the data base, as well as the

constructors representing the actual parts. The

constructors which do represent the parts will be referred

to as “ u l t i m a t e  da ta ” . Notice  t h a t  “ u l t i m a t e  da ta ” can

still be extended , restricted , and copied . For instance ,

one m i g h t  want  to use “JOE-STUDENT” , who ac tua l ly  ex ists, as

a model for  new s tuden ts  tha t  en ro l l  in a u n i v e r s i t y .  For

the purpose of differentiating between construc tors that

describe the data base, and construc tors that contain

ultimate data , the idea of a “candidate key ” is borrowed

from the relational model. In the relational model, a set

of attributes of a relation is a candidate key if all the

the aPtributes of the candidate key uniquely determine an

instance of the relation . No functional dependencies can

exist between the elements of the candidate key. The values

I
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assigned to a candidate key uniquely determ ines an instance

of data in the database . A r e l a t i on  may have more than one

candidate key . I will refer to an arbitrarily chosen

candidate key.  as the “key ” of a construc tor

The concept of a genotypical construc tor is very close

to that of a key. In order for the elements of data stored

in the database to be unique , the restrictions on the

genotypicai construc tor must be un ique . Unfortunately, the

requirements of the genotyp ical cons truc tor is unique may be

too strong , “NAME” will probably appear as a field in many

cons t ruc tors , and wo ul d consequent ly  be a geno typ ica l

cons t ruc to r.  But , “ NAME” should not necessa r i ly  be unique .

To specify a less rigorous constraint , I would like to

in t roduce  the “GE NKEY” operator. The GENKEY operator

specifies the constraints on a set of cons t ruc tors tha t

constitute a similar record class.  Using GEN K E Y it is

possible to segment the database into a series of related

constructors.

The GENKEY operator is similar to GENREC , with the

exception that the restriction cannot be literal : the

restric tion can only be uiidefined or be another construc tor.

Any type 3 constructor is consequently a membe r of the

similar record class wh ich is defined by GENKEY.

e
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Given a set of similar record classes and key fields ,

the database begins t~ take on a less arbitrary nature:

1 — If a constructor is ult imate da ta, then the key

fields from the similar record class must be completely

restricted . If key a field contains a reference to

another constructor, the referenced constructo r ’s key

fields must also be completely restricted .

2 — The data base is segmented intO s i m i l a r  r ecord

class es , rather than being an arbitrary set of

d e f i n i t i o n s .

As an exam ple , to set U~ a da ta  base of courses ,

students , professors, and the courses they take and teach ,

the following instructions could be used :

PERSON : : GENKEY ( NULL , SS )
PERSON::  EXTEND ( PERSON , NAME
DEPARTMENT:: GENKEY ( NULL , DEPT , DEPT N AME
STUDENT:: GENREC C PERSON , MAJ OR *DEPA R TMEN T
PROFESSOR::— GENREC C PERSON , INDEPT DEP AR TM ENT )
COURSE:: GENKEY C NULL, COURSEI
COURSE::  GENREC ( COURSE, COURSENAME , PROF PROFESSOR
ENROLLMENT:: GENKEY ( NULL , INCOURSE STUDENT,
TAKESCOURSE—COURSE
ENROL LMEN T::- EXTEND ( ENROLLMENT , GRADE )

Grade is not a part of the key to enrollment , only one grade

can be given for a particular enrollment .

In a d d i t i o n , a f i f t h  t ype  of c o n s t r u c t o r  mus t  be added

to the 4 types ou t l i ned  above:

Type 5 — g ives those constructor ’s wh ich cont4in the fiel~ S
in question , and are “GENKEY” ’s

The ar guments of SELECT RE CORD are  no l o n g e r  adequa te  si~r~ce
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there is no manner of requesting only that ul timate data, or

non—ul timate ” data be retur ned . A third argument

specifying ultimate , non—ul timate , or al l recor ds mus t be be

passed to SELECT RECORD.

I 
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4. 0 QUERY LANGUAGES

In chapter 3 , I discussed the 4 types of responses that

could be made to the question “what is a (something>?” .

p “what is a (som ething> ” is the only question that can be

asked in a “ f l a t  f i l e ” da ta  base ( w i t h  no l i n k s  between

record classes i m p l i c i t  or exp l ici t )  because only  one record

class  is involved in a query . In network data bases more

than one record class is typically involv ed in a query. For

ins tance, to find out how many screw s are in a door handle

(from the example in chapter 3), both part 349 and 201

must be specified to get the constructor which says that 2

screws are required .

Another  type of ques t ion  m i g h t  be “ wha t  pa r ts  is a

screw used in? ” or “ what  pa r t s  a re  used in a door h a n d l e ? ” .

in t h i s  case , we are a s k i n g  to tr ave l  down and then  back up

a confluency . a third type of commo n ques t ion  mi g h t  be “ wh o

ar e Jim ’s patients” : a straight forward case of set owner

ship.

Given the f o l l o w i n g  s t r u c t u r e :

A : : B

\ /
\ /
\ /
\ /

c :

V
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where an A and B determine one or more C’s, the 3 types of

quer ies  discussed above are:

1. g i ven A and B, what  is C.
2. given A , what is B, or g iven B, what is A.
3. g i v e n  c , what  is A , or g iven  C, w h t  is B.

Most q u e r i e s  made to ne twork  d a t a  bases is one of the

three above , or:

m a n u f a c t u r e r

D

/
sh ip  p lan e  /

A : : B

\ /
\ /

C

pl anes on ships

g i v e n  A , what is D
or

what are the manufactu er (D) of the pl anes on ship “A” ?

Another possible pattern might be:

sh ip  : :p l anes :  : r ada r

/ \  /
\ / \ /
planes  : : rada r

On : : On :
: ships : : planes  :

wha t  a re  rhe “ r ada r ” on “ p lane s” on “ sh ips ”?

~~~~
. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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4.1 The Data Dictionary

The data dictionary, developed at the University of

Pennsylvania to interface the SEED Codasyl network database

system wi th  i n t er a c t i v e  users  throug h a s imple  query system ,

is an exam ple of h~w the types of queries shown above can be

h andelled . The da ta  d i c t i o n a r y  is s imp ly  a d i c t i o n a r y  of

common names fo r  records , f ields , and the l i n k s  between

records  in a more compl ica ted  d a t a  base . Art e x a m p l e  of the

record n ames in the test  da t a  base at  The u n i v e r s i t y  of

pennsylvan i a  was I 18NAMEO8 which  s tand fo r  Sh ip n am e.  The

n am es have no common sense meaning . The first task of the

data dictionar y is simpl y to translate the commo n sense

names into the correspo nd ing names in the data base. The

o the r  purpose of the da ta  d i c t i o n a r y  was to g u i d e  i n q u i r i e s,

by hav ing comments (or help) stored with every name . The

structure of the data base is also stored in the data

dictionary. Every entry has a “commo n nam e” , “type” ,

“comments” , “system name” , and “database ” An entry is of

type “recor d” , “set” , “field” , or “database ” . The different

types of entries had different information associated with

them . A da ta  base e n t r y  have a l i s t  of record  c lasses .  A

record entry has a list of fields , a lis t ~ f owned se ts , and

a l ist of owning  sets. Sets have an owner record and an

owned record class. It is poss ib le  to make  que r i e s  about

the structure of the data base and about the data in the

d a t a  base w i t h  the da ta  d i c t i o n a r y .  Two war d s , S~ Ovi a nd

I

- -
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DESCRIBE , are used to make the distinction between a query

about the structure and about the data. The command

DESCRIBE SHIP would tell about the structure of the record

class ship in the data base . SHOW SHIP would list all of

the records stored in the ship record class. SHOW JFK would

show only the information in the record about the ship

record with key JFK. When a command is given such as

DESCR IBE SHIP , a con tex t  is which  i nd ica t e s  tha t  you are

interes ted in ships .  If you subsequent ly  say SHOW JFK ,  it

is assumed tha t  JFK is a key to the s h ip  record c lass,

because JFK is not  in the data  d i c t i o n a r y  as a commo n name.

Suppose that  the da ta  base has the f o l l o w i n g  st r u c t u r e :

ships  : : p lanes :

\ /
\ /

:planes on ships

If SHOW PLANES is g i v e n  as a command as the command

f o l l o w i n g  SHOW JFK , ( l e  a command which  has e st a b l i s h e d  the

contex t  of a p a r t i c u l a r  sh ip) , then  the planes on the  ship

JFK are  d ispl ayed . Th i s  is done by f i n d ing the short e s t

path to pl anes f rom sh ip,  under  the constraints that:

1. Only one c o n flu e n c y  ( i m m e d i a t e l y  descendant  to the
record of c u r r e n t  con t ex t)  is a l lowed  in any pa th .
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V

This is a simplistic assi.miption , but it does allow many

of the queries made to a network data base to be answered .

Unfor tunately, there is no method of indicating that more

complex types of paths are to be followed.

4.2 A Data Dictionary For Restrict And Extend

The “two word” query system of the data dictionary does

p e r f o r m  well  enoug h to cons ider  how i t  could be extended to

the concept of restrict and extend . When dealing with a

CODASYL. network SHOW and DESCRIBE are adequate since there

is only one level of desc r ip t ion  of data  in the da ta

d i c t i o n a r y .  In a database created by EXTEND and RESTRICT,

the u l t i m a t e  da ta  is d i f f e r e n t i a t e d  f rom da ta  d e s c r i b i n g  the

structure of the database , but there can be many leve ls  of

data  d e f i n i t i o n s  between the n u l l  record and the ul timate

data  that  are not a lways  of in te res t  to a person ex p l o r i n g

the database.  “SHOW ” can be used t~ request a di spl ay o f

ul timate data , but “DESCRIBE” is too vague. First , a method

of different iating the different levels of development in

the d e f i n i t io n  of the database must be determined . Then a

method for indicating the des i red  level  of development to

the da ta  d i c t i o n a r y  must  be developed .

One method for  d e t e r m i n i n g  the r e l a t i v e  impor tance  of

c e r t a i n  record cons t ruc to r s  in the da tabase  is to count  the

number of type 3 cons t ruc to r s  t h a t  have been generated from
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it. An ordering of construc tors by this criterion would

probably prove useful , especially once one has determined

that a particular similar class of records is of interest.

V 

, 
Second ly, the definition of the GENKEY’S prov ide a starting

point for the description of the classes of objects stored

in the database. They can also be ordered by the number of

type 3 constructors that have been generated from them .

We can divide the types of requests into 3 classes:

I. — Those reques t ing  u l t i m a t e  da ta
2 — Those requesting the construc tors related to a GENKEY

constructor.
3 — Those reques t ing  a l i st  of GENKEY const ruc to r s .

The two extremes of the above 3 requests (1 and 3) are

“SHOW ” and “DESCRIBE” . The m i d d l e  g round  is s t i l l  vague ,

because i t  is not c lear  whether  we are interested in type 2

or type 3 const ruc tors .  For t h at  purpose , I propose t ha t

two additional words be introduced which distinguish those

requests.:

KINDS OF <x>  to l i st  a l l  the type 3 c o n s t r u c t o r s  of ( x >
WHAT IS < x >  to l i st  a l l  the type 2 co n s t r u c t o r s  of (x )

In ad dit ion , one might be interested in any of the simila:

classes to a particular record cons~ ructo: (the type S

constructors of a particular constructor):

S I M I L A R  < x >  to l i s t  a l l  the record classe s w h i c f l  ar e
s i m i l a r  to  (x >
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In order to provide the ability to traverse the sets

that  are  de f ined  irt the dataoase , I suggest another word be

add ed:

LIST < x> to , a f t er a SHOW <y> , li st tfle u l t i m a t e  < x > ’ s
r e la tea  to <y>

Suppose we have a database constructed from tne

studen t , e n r o l l m e n t, courses , departmen ts and professors in

Cnap ter 3 , A set of queries and responses might look like

tne follow ing :

D E S C R I B E
The dataoase contains information on :

ENROLLMENT , PERSON , DEPAR TMENT , CDUR SE
DESCRI 3E PER SON
A ~,P~ R SON T h as:

NAME , ES (key)
K I N D S  OF PERS O N
Tne k inds of “PE RSON” a r e :

5TU~~~~T, ~R OF E SS OR
SIMILAR ST~ LE~~T

T” i~~~~Tm i I a r to:

~- ERSC~~ , PRCJFESSOR
w HAT IS PROFESSOR
A “~ R3FE S SI R ” is :

?ERS~ir.

~~~~~~~~ E .’~- -~~~~~~:.T

~~~~~~~~~~~~~~~~~~~~ ~as:
Gi~A~ E , ~~~~~~~~~~~~~ ( K e y ) ,  LA S - ~~~~~ ( k e y )

~~~~~~~ - —  

-~ -~ADL INCQ~ kSE. TAKESCOURSE
A øl 9— 39—8 3~~9 BA8~3ø
S ~~ l— 4 9— ~~5€~ ~A 8øl
A— 035—61—75 4 9

.~ n u r ~~~~ri , t~3 S — t I — 7 8 4 ~~, MAJ3~~~~~~-J
L 5 .

~~~~~~~ COLR3E
Aami s t r t c .~

DS~~~ : n t r o  to Dec~ S~~~~~S~~iences

—— - --~~~~~ _ _—
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SHOW COURSE DS2~ 0COURSE =DS200 , COURSENAME=In tro to Decision Sciences ,
PROFCSSOR=096—34—6892

SHOiJ PERSON 0 9 6 — 3 4 — 6 8 9 2
NAME=williarn Duffy, SS~~096—34—6892 , DEPT=DECSCI

The aoi l i t y  to i n v e r t  on any a t t r i b u t e  should e x i s t .

For example , “SHO W JOSEP H WHARTON ” should y i e ld  the same

r e s u l t  as “ SHO W PERSON 0 3 5 — 6 1 — 7 8 4 9 ” .

Sucn a s imple l a n g u a g e  is adequate  fo r  many s i t u a t i o n s ,

p a r t i c u l a r l y  when a new user  is shown a da taoase  tna t  he is

u r t f a m i i i a r ~ r~icn. Note t n a t  tne l a n g u a g e  ou tlined above for

E Xf  and RE ~ TR1CT lack s the “n e l p f u l ”  i n f o r m a t i o n  tn a t  is

availaole wi tn tne data  d i c t i o n a r y  f o r  SEE D .
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5.0 DECISION STRUCTURES

Certain decision sequences can be described easily as a

series of questions to be asked . In planning a trip to

another city, the basic informa tion needed woul d be the

routes that would be followed . Further information might

also be desired concerning fuel consumption cost of

transpo rtat ion, location of overnight stays , and any o ther

somewhat arbitrary pieces of information.

Many of the ideas expressed about restrict and extend

were  generated from thoughts  about  dec is ion  s t r u c t u r e s .  For

th i s  reason , I wo uld l i k e  to d iscuss  some of the type s of

problems that are raised in attempting to describe a

decision process , and note how closely structure created by

extend and r e s t r i c t  come to implement ing  dec i s ion  s t r u c t u r e .

A very s imple st r u c t u r e is proposed from which we can

b u i l d  a model to expe r imen t  w i t h . We t h i n k  of all  problems

having  some overa l l  knowledge at tached to them . This

knowledge is pl aced in a “PR—Block ” . A PR— Block is somewhat

similar to a “frame”. The major distinction is that

PR—Bloc ks are meant to be defined by anyone. Only the

designer  of an Al p rog r am can g e n e r a l l y  design a f ram e t h at

w i l l  f it  in to  the  prog r am . The PR—Block  is g iven a name.

It could contain the following type of information:

1. Nam e
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2.  Help — text describing the use of this PR—Block

3. Entry Conditions — a program to be run when the
PR—Bloc k is entered

4. Da ta

5. Exit Conditions — a prog ram to be run when the
PR—Bloc k is exited

The data may be a stored constant. For instance , in

p l a n n i n g  a meal , i t  might contain the name of the wine that

was chosen. In a PR—Block for wine selection, the text

would state that the data was a wine . The entry condition

woul d ask for the name of the wine . The exit condition

might check that the wine that was entered is in the wine

ce l la r , and t ha t  is does not c lash  w i t h  the meal ( i . e .  red

wine with fish) . After the wine had been filled in , the

PR—Block would have different information , and a somewhat

d i f f e r e n t  s t r u c tu r e  since it is now a completed dec i s i on ,

rather than a plan for a decision. A unique name fur the

dec is ion  woul d be stored in the PR—Block. The chosen wine

would be stored . The name of the PR—Block  f r o m  w h i c h  t h i s

block was created would be stored , and new help text would

be stored .

We can t h i n k  of the PR—Blocks  c o l l e c t iv e l y  as a

d i c t i o n a r y  of p lans  fo r  d i f f e r e n t  i tems . Each PR—Block then

asks a spec i f i c  ques t ion , or poses other plans which could

be invoked .  Plans  are ar ranged in a h i e r a r c h y  by t h i s

conven t ion .  W i t h i n  the  h i e r a r c h y ,  on each level, there are

a numb er of dec is ions  to be made in an a r b i t r a r y  o r de r .  

The4
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l is t  at each level shoul d not l i m i t  us to only those plans

I given , nor should it require us to en ter them a l l .  The e x i t

cond itions of the level that contains this list should check

that either enoug h , or not too many subsidiary pl ans have

been invoked on this level.

A s an exampl e, imagine a meal pl an where an arbitrary

number of wines is required , and one main dish is required .

Other courses are optional . It might be represented as:

Plan name: MEAL
Help: DECISION STRUCTURE TO PLAN A MEAL
Entry condition: none
Data: WINE PLAN, MAINDISH PLAN , DESERT PLAN
Exit condition: AT LEAST ONE WINE AND EXACTLY ONE MAIN

DISH MUST BE CHOSEN

Pl an name: WINE
Hel p: DECISION STRUCTURE TO PICK A W I N E
En t r y  cond i t ion :  ENTER A WiNE NAME
Da t a :  WINE NAME
E x i t  cond i t ion :  IF MAIN DISH IS FISH ,  W I N E  MUST BE

WHITE;  IF MA IN DISH IS MEAT , W I N E  MUST
BE RED; WINE MUST BE IN THE i ’J I NE
CELLAR;

P l a n  name: MAIN DISH
Help: DECISION STRUCTURE TO PICK A MAIN DIS~i
Entry condition: ENTER A MAIN DISH
Data: MAIN DISH NAME
E x i t  c o n d i t i o n :  none

Plan name: DESERT
Help: DECISION STRUCTURE TO PICK A DESERT
E n t r y  c o n d i t i o n :  ENTER DESERT NAME
Data: DESERT NAME

V E x i t  c o n d i t i o n :  none

I
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Notice that In order to leave the wine plan , a decision

Rust be made about the main dish. Since the order of making

decisions Is arbitrary , It will be important to be able to

arbitrarily pick the next decision to be made , even in the

middle of making any other decision.

In ‘-
~~ e m a i n  d ish p lan  abov e, we might want to put an

exit condition specif ying the converse relations for the

type of wine and meal that are already in the wine plan. A

“ lock  ou t”  c o n d i t i o n  could  then occur . In a c t u a l i t y,  we can

solve the deadlock by allowing the exit conditions to act on

d a t a  in the incompleted  dec i s ions .  If we first decided on a

wine , before leav ing that decision, we wou ld  be forced to

decide on a main dish. Upon leaving the main dish plan, the

e x i t  c o n d i t i o n  would check what wine was chosen and use the

data  in the  p a r t i a l l y  completed wine  p l an .  Finally, we

could leave the w i n e  p l a n .

“ U l t imate  dec i s i ons” are n~~t the on ly  dec i s ions  t h a t

are made. One can make decisions about plans as well. It

is pe r f ec t l y  d e s i r a b l e  to be able to have a set of plans

t h a t hel p to cons t ruc t p lans  fo r  d i f f e r e n t  scenar ios.  For

ins tance , one m i g h t  use the “wine ” plane to make up a series

of more special ized plans for different types of wine .

Restrict and extend come very close to providing the a

system for decision structures. The phrase “ul timate

d e c i s i o n s ” i m me d i a t e l y r e m i n d s one of ul t imate d a t a .

I
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Decision structures and extend and restrict share a large

V 
core of common concepts. In fact ,, uome of the features of

decision structures ah~ uld probably be added to the

structures created by restrict and extend . For instance , it

should be possible to add help, or some kind of comme n~ s to

a constructor , and to the fields and restrictions of a

constructor. If help was available , the drawbacks of tne

data dictionary that is described for restric’- and ex t en~

would  be j u s t  about  e l i m i n a t e d .

V — --V- - - - A
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6.0  AN ALTERNATE DATA MANIPULATION LANGUAGE FOR SEED

A l t h o u g h  ne twork  databases  g e n e r a ll y  have f i x e d

definit j~ ns of their structure , they do provide important

f e a t u r e s  which  r e l a t e  to the efficiency for physical

s tor a g e .  Faced w i t h  the reality of such constraints, we

have tried at the University of Pennsylvania to overcome the

o u t w a r d  p rob l ems  of Codasyl  n e t w o r k  da tabase ’ s by a t t a c h i n g

front ends. One of the front ends is the data dictionary

discussed in Chapter 4. Another is “Q” , a communicat ion

q u e r y  l a n gu a g e  for  SEED. “Q” is not  in tended  to answer  the

problems I have outlined in Chapter 1, but it does provide

an i n t e r e st i n g  e x a m p l e  of how one can change the  v i e w  of a

d at abase sys ’-em.

6 .1  Why I s There A Need Of A “Communication Language ”

Ge n e r a l l y ,  computer  systems have concen t ra ted  on h a v i n g  one

Or two l a n g u a g e s  ( s u c h  as FORTRAN and COBOL) which are

s t a n d a r d  on on a g i v e n  syst em.  The s t a n d a r d i z a t i o n  has lead

to a num be r of suppor t  packages  w r i t t e n  in FORTRAN or COBOL

w h i c h  can be loaded o n l y  w i t h  o t he r  FORTRAN or COBOL

p r o g r a m s . SEED is  such a syst em . As un d er s t a n d i ng of

p rogramm i ng l a n g u a g e s  has c o n t i n u e d , one f i n d s  t h a t  special

purpose  l a n g u a g e s  have been developed t h a t  can be us ed f o r

for production (as BLISS) or r e sea rch  (as  P O P 1U ) .  H o w e v e r ,

support program s w :it’en in FORTRA N or COBOL cannot

L - V~~~~~~~~~~~~~~
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generally be loaded with lang uages such as POP1O or LISP.

Development of network communications has worsened the

si tuation. Until network communications became more

importan’ , the concept of machine independence was important
t

to allow transfer of program s from one system to another

more easily. FORTRAN and COBOL were the standard 1angua .~es

for machine independence . Even after network communications

became important , one of the main uses was to transfer

programs from one machine to another (FTP on the ARPANET for

example) and machine independence was still important.

However , now , computer  n e t w o r k i n g  is s t a r t i n g  to emphas ize

the segmen tation of program systems into various “ tools ”

that are available at the sites on a network. The

poss ib i li ty of using many tools  on d i f f e r e n t  hosts  means

that a program cannot be loaded into one contiguous Section

of memory. Consequen tly, the concept of program

independence is not as im p or t a n t ;  l i n k i n g  the  independent

o p e r a t i o n  of separate  t a sks  becomes the m a i n  g o a l .

Both of these reasons  lead to a concept in pr og ramming

t h a t  is not  fu l l y un der st ood : t h a t  of breaking apart a

l a r g e  task  i n to  s m a l l er  a synchronous  components wh ich

s y n c h r o n i ze  ac t iv i ty by send ing messages between themselves.

We have been faced with several research projects at

the University of Pennsylvania which require a database to

behave as a s epa ra t e  a s y n c h r o n o u s  component  of a l a r g e r
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system . DBLOO K of the SEED database system has been used to

accomplish asynchronous operation in the past. Several

problems become apparent with DBLOOK when it is used as an

asynchronous task serving another task. DBLOOK is fairly

intelligent , and to a person using DBLOOK, the results are

satisfying . DBLOOK carries on an “implied ” conversation.

It lets the user figure out what it is reporting and

V requesting . For humans , the brevi ty of the output and input

is an excellent feature , since it cuts Out the information

the user already understands. Programs which use DBLOOK do

not have the same intelligence as humans , and have a m uch

harder t ime carrying on the conversation. For instance ,

when DBLOOK displays a record , it is not expl icitly clear

where all the fields begin and end .

DBLOOK also has some limitati ons on its capability

which make some queries difficul t to perform. DBLOO1~ cannot

give back values which are the resul t of computations on

fields in the database . In addition , the CODASYL . D~4L

functions are not very appropriate once one has decided to

access a database throug h a separate task. The DM1..

definition was based on the ability to access a global area

containing all the records easily (the UWA )

It is the intention of this project to try to overcome

some of these problems by :

I. — d e s i g n i n g  a query lang uage which is concise , allows

_ _ _ _ _ _ _  j
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complicated queries to be processed simply.

2 — des ign ing  a con t ro l  s t r u c t u r e  fo r  e x e c u t i n g  the

query which allows simple synchronization between

the communicating tasks.

3 — reporting output in formats which contain all the

i n f o r m a t i o n  fo r  a prog r am to eas i l y a s c e r t a i n  wha t

the o u t p u t  means .

Of course all of these criteria are quite vague.

Number 1 is especially vague , since that is the object of

any query language . In considering what other criteria we

m i g h t  apply ,  we decided to adopt the  f o l l o w i ng :

4 — the l a n g u a g e  shou ld  a l l o w  any q u e r y  to be processed

which does not require storage that increases more

than linearly wi th the size of the query.

5 — the l a n g u a g e  shou ld  nOt a l l o w  any e x p l i c i t  c o n t r o l

s t r u c t u r e s , suc h as do loops or c o n d i t i o n a l

branching , yet should be ab le  to s e l e c t i v e l y

process portions of the database .

Statement 4 rules out any processing which would

require sorting or mergin g .

Sta tement  5 e l i m i n a t e s  the need for any functions such

as “get first ” or “get next ” . In the limited scope of a

query language , it would be burdensome to require an

explicit “get” for every record , since a “get” is generally

necessary. In addition , we arbitrarily decided to limi t

~~~~~~~~~~~~~~~~~ V~~~~~~~~~~~~~~~~~~~~~~~~~ V
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ourselves to exploring the database by defined Set

V relationships .

We look at the database as a hierarchy by starting at

one p a r t i c u l a r  po in t  in the database .  Then , the p a r t i c u l a r

fie lds  that one wishes  to access can be spec i f i ed . Items

called computed fields can be defined that are computed on

the basis  of other fields . Computed fields can be given a

name for  l a t e r  r e f e r e n c e , or used to restrict fur ther

processing . The functions that are allowed in computed

fields are PLUS, MINUS , MULTIPLY, DIVIDE , EQUAL, GT, LT, GE ,

LE , AND , OR, NOT, and INT. Two more functions are provided

which “reduce ” portions of the tree. They are SUM and

COUNT .

The control structure for executing queries is very

straightforward. One has the option of entering a query,

opening the database , processing a query, and aborting

execution. If an error should occur, the system waits for a

specific response to resynchronize itself with the

controlling task. The system also informs the controlling

task when the processing of a request has started and

stopped .

The responses given back are straightforward . They

f a l l  in to  4 c a t e g o r i e s :

1 — Errors

2 — Data

-~~~~~ V .4
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3 — Synchronizat ion

4 — Resynchroniza tion request

6.2 System Operation

Whe n the “ Q” system is read y ,  i t  w i l l  type “ READY ” . At t h i s

point , comm ands can be entered . Legal command s are DBOPEN,

PROGRA , RUN , VERIFY, DBCLOS , and EXIT.

DBOPEN will open a database . The name of the database must

f o ll ow t he DBOPEN command as the 7th throug h 12th

characters on the line . The pr ivacy key must start in

the 14th character position.

PROGRA will allow the lines follow ing it to be entered as a

query . Syntax is checked as the query is enterred . To

end the entry of the query, an “ *“  is typed as the

first character on a line . To abort , an “
~~~

“ is typed

as the first character on a line . If a filename is

specified after the PROGRA , then the file is used as

the source of input  fo r  the q u e r y .

R UN wi l l  process the query . First the query is checked

against the schema t~ make sure that a l l  the  i tems and

sets are correctly defined . Then the database is

accessed to process the query .

VERIFY w i l l  check a query  a g a i n s t  the schema .

DBCLOS closes the da tabase .

_ _ _ _ _ _ _ _ _ _ _ _ _  - - A
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EXIT s tops the execution of the  system .

The sys P em respo nd s to comma nd s w i t h  the f o l l o w i ng

keywords  in the f i r s !  6 c h a r a ct e r  p o s i t i ons  of a l i n e :

START , DATA , DONE , SCHERR , RUNERR , SYSERR , CMDERR S CLRACK ,

ABOK , ENTER , SYNERR , FILE .

START indicates that the processing of the request has

started.

DATA indicates that the rest of the line contains output

from a print reque s~ in the query

ENTER indicates that the query system is wai ’ ing for a li ne

of the query to be typed. ENTER *ill appear if tne

query  is not input from a file.

FILE will appear if a que r y is  irp~~ f r o m  a f~~le. The

remainder of the line conta ins a line of data as read

from the file .

SYNERR indicates that an error in the syntax of the query

exists.

DC.~E i nd ica te s  t h a t  the processing of the query is complete.

SCHERR indicates that the query is in c o n f l i c t ..‘ith the

schema .

RUNERR indicates that a run error has occurred .

SYSERR indicates that an error has been detected in the

system ’ s op era ~ ion

CMDERR indicates ‘-hat ‘-he processin~ of a command is

incomplet, because of an ‘ r ro r .

-I- -- -i
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Any SCHERR will automatically cause a CMDERR at the end

of the VERIFY process. After a CMDERR , SYSERR , RUNERR I Or

SYNE R R the word “CLEAR” mus t  sent back to the query system

to indicate acknowl edgement of the error. The query system

acknowiedges with “CLRA CK ” .

To abort processing of a “RUN” , or “PROGRA ” , an “ @ “  can

be typed . The system will respond with “ABOK” when it

recognizes ‘he abort request. (The system only checks for

abor’ before pr :n ’-ing a DATA statement).

6 . 3  ~uery Language

The query language will be explained in reference to

L 

the follo ~~ing database structure:

STUDENT CLASSES

:studname: ...: :classname 

\ /
\ /
\ / ROSTER
\ TAKES /
\ /
\ ENROLLMENT /

:g rade : 

_____________________________________________________ ~~V V V 4
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The languag e is desig ned around the concept of streams .

One creates a stream by openning a Set of parentheses

preceded by a set or record name . For ins tance:

— STUDEN T (

creates a stream of s tudents.  Opera tors  can be appl ied to a

s t ream to d e f i n e  e lements  of the s t ream :

—S TUDENT (NAME : STUD WAME )

or to create a stream of streams:

— STUD E NT (1 TA K ES (  ... ))
In the former  case, a stream of student names is created .

In the latter case , a str eam of enrollments for student is

created . When defining a stream of streams , a “ ! “  is used

to ind ica i ~e t h a t  the  s t ream owns a set of i tems r ep resen ted

by the inner stream . P~ ~~~~ “ indicates that the outer stream

is owned by one i tem in  the inner  s t r eam . “V  arid “~~~“ a l l o w

t r a v e r s a l  of the Bachman d i a g r a m  r e p r e s e n t i n g  the schema.

“— “ is used to indicate that the stream that is being

def ined  is s imp ly  a 5pt of records , and is not re la ted  to

any other  s t reams.  C ” — ” can only  appear at the outs ide  of

an express ion)

IP ems in the schema are re fe renced  by pl acing the i tem

name in  the parentheses. If a name followed by a “ :“

precedes the item then the name is a user defined name for

the item . In the examp le above , “NAME ” i s the user d e f i n e d

name for  the i tem “ STUDNAME ” in the schema.
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Once some items have been defined , they can be pr in ted

wi th a “$P” . For example:

—STLJDENT(NAME:STUDNAME , !TAKES(GRADE , *ROSTER (CLASSNAME,

$P NAME , $P CLASSNAME , $P G R A D E ) ) )

w i l l  p r i n t  out  the names of students , and the classes they

are tak in g , and the grades  they have in the classes.

Suppose we would like to know how many classes the

s tudents  are t a k i n g . Then we cou ld  say :

—STUDENT(NAME:S TUDNAME , !TAKES(GRADE) NUM :COUNT GRADE,

$P NAME , $P GRADE )

The f u n c t i o n  count  produce a count  of the number of i tems in

the stream given as an argument. Suppose we wish to get the

average  grade of all the students:

—STUDENT(NAME :STUDNAME , !TAKES(GRADE) Sl:SUM GRADE ,

Nl:COUNT GRADE, AVE:D I V Si N i ,  $P NAME , $P AVE )

The function divide will divide Si by Ni to produce the

average grade. But, a problem could occur with the query

above if a student is not taking any courses. A division by

zero would  occur .  TO eliminate certain portions of a

s t ream , a r e s t r i c t i o n  can be in t roduced :

- STUDENT (NAME: STU DNA ME , !TAKE S(GRADE)  N l :COUN T GRADE )

SR GT Ni 0 ( Si :C OUNT GRADE , $P NAME , A VE:D IV Si N i ,

$P AVE)

The function after the “$R” is used to restrict any further

processing of streams that contain no grade records. “SR”

m i g h t  also be used to look at the record of a particular

_ _ _ _ _ _  - . . . V V
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s tuden t :

-STUDENT (NAME:STUDNAME )$R EQUAL NAME ‘MARTIN MEYERSON ’

V 
(!TAXES ( GRAD E , ~ROSTER (CLAS3i ~AME),

$P CLAS SNAME , SP GR A D E ) )

6.4 A Sample Execution

The follow ing example is taken from trie CTEC data oase

descr i~~ing a naval scenario. Tne por tion of the datacase

wh icn we are exploring involves snips and radar , and the

confluency between tnem .

Rl8S r~i?~ 8 ship record racar record

:I1SNAMEe8 snipname : -1 37 i ’ AME12 
: r a d a r  name

/
/ /

/ \ /
31878 / \ S 1822  / S 3 7 2 2

/ \ /
R7BSPNAI4O8/ snipriames \ /radar ship confluency

:I78NAMEe6 shipname : :I 2 2 S P R DR O 8 number  of r a d a r  on
: s h i p

.
~~~~~ Q

R EAD Y
DBOPEN ONRSUB CTEC
START OF PROC5~S 1NG
DONE QUERY RUi~TIME: ~L01s S3ED RUNTIM~.: 1.624
PROGRA Q0.DAT
S TAR T OF PROCESSING
FILE —R78SPNAM08(NAME :I7eNA~ r~~8)$R E.~’UAL NAt4~ ‘CHICAGO’
FILE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~FILE ~S3722 (RAD ARNAME:fl7N~ .’E l2 ,$p Sci i r-~ AME ,$P RADARNAME ,
FILE SP N UMBER) )))
DONE QUERY RUNTIME: 0.875 SLED RUNTIME: 0.000
RUN

- - _ _
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RUN
~~XRT OF PROCESSING
DATA SHIPNAME —CHICAGO
DATA RADARNAME SPS-lO
DATA NUMBER 1
DATA SHIPNAME —CHICAGO

V DATA RADARNAME •SPS-30
DATA NU MBER - 1
DATA SHIPNAME CHICAGO
DATA RADARNAME -SPS-43
DATA NUMB ER - 1
DATA SHIPNAME —CHICAGO
DATA RADARNAME -SPS-48
DATA NUMBER — 1
DATA SHIPNAME — CHICAGO
DATA RADARNAME -SPS-52
DATA NUMBER 1
DONE QUERY RUNTIME: 1.878 SEED RUNTIME: 0.998
PROGRA Q4.DAT
START OF PROCESSING
FILE —Ri8SHIPO8(SHIPNAME:Ii8NAMEO8,!Si822 (N:I22SPRDROa),
FILE TOTALRAD:SUM N ,NTYPE :COUNT N)$R GE NTYPE 2
FILE ($P SHIPWAME , $P NTYPE , $P TOTALRAD ,
FILE 1Si822(NUMBER:I22SPRDR08,~ S3722FILE (RADARNAME : I37NAME 1 2, $P RADARNAME ,
FILE $P NUMBER)))
DONE QUERY RUNTIME: 0.936 SEED RUNTIME: 0.000
RUN
~TXRT OF PROCESSING
DATA SH IPN PIM E =DOWNES
DATA NTYPE - 2
DATA TOTALRAD - 2
DATA RADARNAME -SPS-40
DATA NUMBER — 1
DATA RADARNAME SPS-l0
DATA NUMBER 1
DATA SHI PNAME -TRUETT
DATA NTYPE — 2
DATA TOTAL RAD = 2
DATA RADARNAME SPS-l0
DATA NUMBER - 1
DATA RADARNAME SPS-40
DATA NUMBER - 1
DATA SHI PN A ME -BOWEN
DA TA NTYPE - 2
DATA TOTPiLRAD - 2
DATA RADARNAME SPS iO
DATA NUMBER 1
DATA RADARNAME SPS-40
DATA NUMBER - 1

XBOK ABORT RECOGNIZED
EX IT



Extensible Data Bases Page 59
AN ALTERNATE DATA MAN IPULATI ON LANGUAGE FOR SE E D

END OF EXECUTI ON
CPU TIME:  11.24 ELAPSED TIME:  4 : 2 5 . 8 3
EXIT
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7.0 CONCLUSION

I have attempted to demonstrate the drawbacks to the

traditional thoughts on database systems , and how they might

be a l l ev ia ted  by a l l owing  dynamic  c r ea t i on  of st r u c t u r e s

desc r ib ing  da t a ,  as wel l  as real  world entities. Althoug h

restrict and extend are exciting concepts within their own

r i g h t , I f i n d  convinc ing da tabase  users  t ha t  they shou ld  
V

a l l ow  f l e x i b i l i t y  in their design more important than trying

to force  r e s t r i c t  fo r  and extend to be used an appl i ca t i on .

In talking with several users of large database systems

across the country, (AMOCO , EXXON) , I find that there is an

annoying tendency to believe that the structur e of the real

world can be captured in a fixed description of a database.

Until database desig ners discover that there is no trul y

correct design for a database , I be l ieve  that  the concept of

a database w i l l  be useless. The overhead of setting up the

data, and the prog rams to use the data will far outweigh the

supposed benefits chang ing to an implementation that uses a

database manag ement system . The real work to be done in

database research should be aimed at trying to homogonize

the view that anyone person sees over a set of different

databases that describe similar information.

I



__________ V -

B i b l i o g r a p h y

1 — Chen , Peter Pin—Shan , “The Entity—Relationship Model —_
Towards a U n i f i e d Vi ew of Da ta ” , ACM Transac t ions on

Database Systems, (March 1976), pp 9—36.

2 — Codd , E. F., “A Relational Model of Data for Large

Shared Data Banks” , Communications of the ACM , 13, June

1970, pp 3 77—387 .

3 — Codd , E.  F . ,  “ F u r t h e r  Normalization of the Database

Relational Model” , In Data Base Systems, pp 33—64 ,

E d i t e d  by Randa l l  R u s t i n , Engl ew oo d C l i f f s , NJ ,

Prentice Hall , 1972.

4 — Date , C. .1., An Introduction to Database Systems,

Reading , Massachusetts, Addison Wesley Publishing Co.,

1977.

5 — Hayward , J., Sangai , R., and Bun em an , P., “
~~ 

— A

Communications Query Languag e for SEED” , Working Paper

78— 05— 02 , The Department of Decision Sciences, The

Wharton School , University of Pennsylvania , May 1978.

6 — Minsky, M., “A Framework for Representing Knowledge ” , In

The Psychology of Computer Vision , edited by

P. H. Winston , NY , Mcgraw—Hill , 1975.

7 — Smith , .1. M., and Smi th , D., “Database Abstractions:

A g g r e g a t i o n ” , C o m m u n i c a t i o n s  of the  A CM , 20 ( J u n e

1977) , pp 405 — 413

8 — Smi th , 3. M., anc~ smi th , D., “Da~ abase Ab stractions:

Aggregation and Genera lization ” , ACM Transactions on

Database Systems, 2, (June 1977), pp 105— 133.

. ~~- - ~~-—-~~—-- - . - - . . - - . . -~~ V ~~~~~~~~~~~~ ~~~~ 



~ 
•VV~~~~~~_  V 

~~~~~~~~~~~~~~~~~~~ • _ V ~VV : V ~~~~~ V _~___~~~ ~~~

DISTRIBUTION LIST

Depar tment of the Navy - O f f i c e  of N a v a l  Research

Data Base Management Systems Projec t

- “ovol ~1ectrcr. ic~ L~1D .
~~~~r c~e V

~~~~~~~~r,~r t t  ion ~~~~~~~~~~~~~~~~~~~ Thc~ r~ l.-Y~y ‘iv .
Oc~oron ?t~ t ion -

\1;~ ::.n’~r ia , ‘J’%~ 22314 - Di~~7O , CA ~2 152
12 cc’ ics- V r .  - . •~~. ~Ioi~~r.or
O f f i c e  of V

~~
:, ,1  Th~~eorch loyal Thi fl  ~c:~ o rc:~ on’l

~r.~nch Off ice , Chic~~o rcv~1o-~ont C~~t~~r
53~ ~~uth Clar k  ~treet Co~~ j t~ t i on ar V d “ot h c r o t ic  ~~~~

~~C~~~~ j V - ~~ IL ~~U’JU~~ ~~~~~~~~~ 
~~~~~ 2C Y~4

~f f i c e  of _ V;~ l ~ei~e~ rch •lr . ~~~ T~~~~~or~‘c ;  ~~r ’z ‘ rec Cf r i c e  Techr~ic~ 1 ~ ir ~ c c r
715 Tro c~~.o~’ — 5t~i ~‘l oor Infor -~~t ion ~~~~~ ~iv i~ iO~
~~~ ~~~~~ 

V V
~~ 1ULC3

~Df ice of Ch ief  ‘~ova1 r o t i o~~‘r .  ~.L .  l ’ ~c~o ’.y  ‘‘o~~ i~ :ton , V : . C .  2L :3~~
~C~~:~~t i f iC  .f . J 1 V .

~~~~r (~~~— l )
C~~~.:r~3o;’t of’~*o 

“cri~e :3r::s t rof . ~~ V~~~~~t 
‘ir,i

~~~~~~~~~~~~~~~~~~~~~~~~ 2( 3t 0 ‘ r~~ V j o  Thi~ cr~~ity
1j~ ~ “~ ‘ f j t ’ .’ of •(~~~ V~

~~~~~V • j C . ~ of :i:1 ~9~~~-rc ~’ T2 ;t. ci T l o o t r  j C~~ ~‘ - - -  ~~~~ ~~
~~;

‘r 4~~ ~~~
-
~

- To - ’ : ’ :L~r ~oi o~ ca
r1ir~ tor~, ~~2l~ ~~~~ ‘.‘

~~~~~ < ~.Y . 1~ U27

-)~ fice of ::;~i ~3~~c V ~ r c~’ ~~~~~~~~ ‘ V 7 ~~~~~ ~ C T . ’~~~~ ’ V

I- f o r- : t J .~~ -~-o t c - ~o ~rc~~r~~o •
~

._
~

V V ,
~ r t  ~r - ’ -  of t V 2  

•
~~V~

2~~2 c~2

~~~ ;t o ’ , ~~ 
V
~2 17 

~‘.~‘r~: 
~~~~~~~~~~~~ V

~~~~
V V

~~j ~~~~~11
2 oo:i”i~

2o’~ta i n o ic~ :r;  V~~~~~~~ 4 j .

~f T’ ;:l T c ~ rc~1 Ca’ ‘cr ~~i ry’i ~ f f i c o r
~ t~~~~~V~ V~~~• 

.- r j V . V . 

~~~~~~~~~ ~~~ 
‘r ”c io  ‘ :r i’ n (L ’~~— . ’ )

4 ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ‘? ;  V~’t+ .:.~~c1

: — ~ - i - ~ :r :c~ ~~ .

~~~~~~~~~~~ ~~~j  
r~~~r. -~-~-’% i 

~.‘-:C) / 1 3  ~l ” ~ 1’T ‘ r~~ -’:h

~~~~ . T f f i : c , ~~~~~~~~~~~~~~~~~

1 .3.; -~~•-- ‘- ~~~~~~~~~ i -r o~~t ~ r cj c .-~ ~ f C’~~j~~~f ~~f - : : :— 1  ~~rc~~
• • _ V j ~~~~~~~ . .

:zcl r~~~~~~~ ro-’~ i. — ~— r ~~ ory  ‘ j r~”’: ~~ ‘r r
1 -~~‘r~-’~ ior ~ i i C,- or — ‘- ic ’ -

~~

‘
‘
~~~~~

‘
~~ ‘ ~~~•

‘ ~~~~ i:~~ ‘o i l - • -’-- • • •~~~~~~~~~

~ o-~~i~~ ‘::: r L’n : . i : ,
:r. V

~~ V: . .. r .?

V~~ f~~cr of ~~~~~~~~~~ 
V : 2 t

VJ~ 221 7  To~~~ rc~~~ : ~~~~~~- V V 

;‘V :~~ ~~~~~~~~~~~~~ 
-— ~~~~~~~~~ ~~~;

C~~ V
V 

~~~~~~~~~ ~~~~ t~ ”o
2 L 3 1 .

L. 
—. -~~~~~~~~~~-



— — 
T ——--  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~ -~~~~- — ---—

D I S T R I B U T I O N  LIST

Department of the Navy — Office of Naval Reseatch

Data Baoe N V in a y e m Q n t  Systenis Project

‘ o v-~] E~~ : t ron ics r~a’ . Caner
f lc fen~ e Dccii . rn t a t  ion ~v~~~~~1 ~o1~ ~re Oec~:no 1oiy n iv .
C~~~ Vron f~t ot ion

- - a ~~r i a , V7~ 27314 ‘~~~f l  ~~ie jO , CA 92152
12 COV .V1 O S  -~- 

r .  ~~ . ‘. ~Ie i~y n e r
)ff ice of ::.:val ‘~c ~oo r ch ~cva1 ~h i~ research an~1

V~r ’ch V~~f l i c P, Ch lccco r , v o 1 o V j~ t Conter
:3r  ~~~~~~~~ ~~~~~~ ~- t I ~~(~t CoVT’;ltO t ion and V O t~~o i J  ic )c-r~t .Chicc’~ o, IL 

~~~~~~~~~~~ ~c~t~ao-5a , -~~~~ 2C C~ 4

V ) f f j C C  of oval e~o~’crch ‘r. 1 i f ’ ic.(
‘c-i ~~~~~~~ ‘r rj  ~ f f i ce  Vrn~~~:~.r j :~~~ ~~1r : c t o r  V V

~ 15 r o :  
~~

-
~y - - 

V
,t ~~~ r~~. ’0r Inli L .~0~~iofl ~~~~~~~~~ ~ j V i~~~( .)fl

•:~~: 
‘:rk , ~~~~~ li;(03

9f [ icc of Ch i c ~f 1~V v a 1  fl~:erci ionsr .  ~.L. ~~1Oi ~ V C f \ ~~’ ~~~~~~~~~~~~~~~~~~~ ~~C. 20350
~ c 1 c- f l t l f i C  ~V v i ~ or (~~~ -l )  -2O V’::n~~cf l t  of the o t i ~ e ~c i L ; c ç f  C-oar ~irq

o~~ i r :  t~~n fl .C. 2~ 3c( i u- :i i ~ ivcr ~~ity
in lYe Cil:v of :oV V~ York

Di Ii cc of ~~~~
V.IC L FC O CC h. r a ; t.  of ~Iect r icc! ine~ r i~-:~Th:~a 4~ 3 

~~~ ~~~~~~~
‘.r 1 i~~~~~V r,, V \~~~ .J i  ‘:‘or .k , ~~.Y.  J ( U 2 7

. Yf i ce  üf ~o1 
O V~~Or V O L Ch  

~~~~~~~~~~~~~~~ Nova l  ca0 Co i~~~~n~~
1r1 r~~V :t ; i nn V V V I ~~ ~~t ( ) 1 0 f l  

~ O~~-3r (V 
~ f ftc ~.vv

~ 37 
~~~~~~ ~n, D.C. ?~i3t ~2‘ r ii r: t3r ., V’~ ,~ 

.~217 L1D~ : t V V

~~~~U (.11 -
2 (:0

~_ , ; t  0~~~fl i - i c~: . : r : _ 
~V : : L t  j r . , ‘~i~~ :

)flirc of ~ ‘i’1 t c i  Co t~~ i. : J  O f l i ccrV r , C i~ ) f f i o 2 , ~~~~~~~ ~~~ ~ n~- j ~~ “a r i r n  ( I , ~_ 2 / ~j )
T:i ~:-~ r °traet FPO ~~~ ‘i’r rk  ~.f j 5 C1
in ,~~ D’. , V

,)~
V
~ IrJ

‘2V~~ot 01 n i r  c c c  . ~c: ~~~V t

:~ffi:e of ~~~~~ 1 c~ rcrc~ Y~1’D’/ ’ I 3 ~i ~~~~~~~~~~~ ~~~ ‘flC~1: rC 1  3~ l ice , ~~~~~~~~~~~ •r ~ a

1. .3 ~ r~~—.t- Tr ~~~~n Ot r o a t  
V~~11~~CP of Thiof of ~ c’i a1 ~c- -~~arch

~or - cr~ena , ~
‘
~‘\ ~ 1J 

~~ ~~~i:~~ to1, n~ r • 20350
V
~~~~~

. , V V
1 rc~? r c~ r : ‘o .3~ n r y  mi t  c~~~i of r 1 ~~~~~~~~~ on~~

~p,~
V r 1 C ~~1 i nf c r ~~ j Qfl r j V , j .~~ j . f l  L— [a r ~ ic’rl Oc in cr o  ~~~~~rch

Co-~e 2C,~ 7 r~ui’crs 
— ~ ~t t e  ~~iv-o r ~i ’

- - V 

~~~~~~~~ 
r~~C 2u3 75 l 9 Coll ’-ac ’  ‘

~~~
(. co~ ic~ ‘:c.: fl r L(n~~~ic I:, Y .3. ~ ( S~~1)3

? YJV
P

~~~~ J r ~ ‘r. ‘~r.ry Yco:
V V 1 r ~~~CC of T;:v~ l ~ 0~~2 tCh

V 155 c~r~~re - -j i
~~ -‘~~-rcv

:r nitDn , v~ 2217 To:o .?r ~~rh io Ccritcr 
-- 

A’ ’T~ ~~~~~~~~~~~~~~~ ~~ccr21~~ -J I V .
Coi’~ ‘13u3
(~~~~i;  ~~~ ‘ -~ ‘~~~~~ - , 

~~~
—
~~~~

- ‘

. O V ~~ ’~~ r ! , ). C. ‘L V 5 1 ~~

V - - _~~V -


