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AB STRACT

An abundance of Data Base Management Systems and
Query Languages already exist, not to mention those
which have been, and continue to be proposed. Most
Data Base Management System surveys focus on.the type

of model used to represent the data, methods of
access, protection, etc. This paper acquaints the !DP
nanager with the fundamental differences among the
more si gnificant query languages with emphasis on
those characteristics which should be considered when

choosing a query language. The term query language as
used here has been expanded to include the entire ~~~~
interface ~~ ~ he data base, and encompasses both data
sublanguages and stand—alone query languages.
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I. BACKGROUND

A. THE DATA BASE — WHAT IS IT?

A data base is not just a file system. While a data

base could include a f i le  system , it is much b roader in
scope. In general , an automated file system is a con t inuous
group of fixed length records, sequentially or dered , which
are accessed through card readers , tape u nits , and usually
slow—speed rotating storage devices.

The data tase came of age with the advent of fast ,
• relatively inexpensive ran d om access devices. A data file

previously tied to and used with  a specific applicat ion
program was  o f ten unavailable to other users. This meant

tha t  for each new application a new program would be wr i t t en
necessitating a new data file relevant to that  application.
This led to much duplication of data, which , when combined
wit h infrequent  and inconsistent updating methods , produced
a predictably large prol i ferat ion of redundant , of ten
outdated , data  files.

Mart in  ( Ref .  1] provides the following def in i t ion  of a
data base in contrast to traditional file structures:

• 
“A data base may be defin ed as a collection of

interrelated data stored together with as little r e d u n d a n c y
as possible to serve one or more appl icat ions  in an o~ tiwai
fashion ; the data are stored so that they are independent  of
programs wnich must  use the data;  a common and controlled

_ _
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approach is used in adding new data and in modifying and
retr ieving existing data wi th in  the data base. ”

Summarizing, a data base, as compared to a file system ,
reduces data redundancy , proliferation, and inconsistencies,
permits shared access, and provides improved data integri ty
and comprehensive data protection.

B. BRIEF HISTORY

Prior to the age of the computer , data was stored and
controlled in some fo rm  of clerical ledger. Thus manual
extraction of i n fo rm a t ion  ‘ias severely restricted by labor
costs and  the  ou tpu t  capacity per clerk. Addi t iona l ly ,  such

systems were subject  to a i~igh error rate and were typical ly
redundan t.

Of the early attempts at integrating information

sy ste ms, the one most o f ten  mentioned is a project developed
at the Mitre Corporation for the U.S. Air Force Electronics

System Division. The outgrowth of the project was the

Advanced Data Management  System ( A D A M ) ,  signi f ican t  for its
external data definition facility, which allowed different

data base applications to use a common retrieval system.

Early data base systems employed exclusively low—level

query languages. As Data Base Management System (DBMS)

technology has developed , there has been a parallel

development of query languages, not unlike the evolution of

I • high—level, programming languages during the development of

modern compu ter systems.

Fry and Sibley (Ref. 2) cite three significant families

of systems developed in the first decade of DBMS technology:

I
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the formatted file/GIS family originated at the David Taylor

Model Basin around 1958; the Bachnan/IDS family, an
Integrated Data Store facility developed at General Electric

which was noted for its random access storage and high—level
data manipulation language; and the Postley/MARK IV family

for the IBM System/360.

The Data Base Task Group (DBTG), a CODASYL programming

l anguage  ccmmittee formed to extend COBOL to operate  in a
database environment , made reports in 1969 (Ref. 3], 1971
( R e f .  4), and 1973 (Ref. 5]. These reports generally

approached the data management question on the basis of

using two separate languages: the Data D e f i n i tion) (Description) Language (DDL ) and the Data M ani pulation
Language  (DM 1)

The DBTG reports marked vhat is commonly regarded as the

beg inning of the second genera tion of Da ta Base Managemen t
Systems. No tewor thy  examples of query languages in the
CODAS Y L /DE TG fami ly  include DN S 1100 (UNIVAC 1110 series)
a rid IDM S (IBM System/360) . Paralleling the growth of DBTG

systems , the relational model , f i rs t  proposed by Codd
[Ref. 6) in 1970, began to receive widespread attention and

has been the subject of a great deal of academic research

and debate.

C. RECENT DEVELOP MENTS

Considerin g the domir.an:e of IBM in the data processing

field , it is hardly surprising that most commercially

avail ’abl e da ta bas e management software systems today run on

IBM equipmen t. These include: I n f o r m a t i o n  Management

Systea/360 (IMS/360) , released by IBM in 1969; A E A B A S , 4

-

~ released by Software AG ;fl 1970, I D M S  (Cullinane

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— - -
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Cor poration , 1973); System 2000 (MRI Systems, 1970); and

TOTAL (Cin com Syst ems , 1971)

Whil e the substance of the commercial market today

remains in the realm of the CODASYL/IMS network/hierarchical

system approach to DBMS , significant effort in recent years
has been devot ed to relational data bases. A notable effort

in this area is the Interactive Graphics and Retrieval

System (INGEES), a PDP—11/40 based hardware configuration

ins ta l led a n d  r u n n i n g  on top of the UNIX Operating System at
the  U n ivers i ty  of Cali for f lia , Berkeley [Refs .  7 , 8) .
Another major  e f fo r t  is Sys tem R [ Refs .  9 , 10], a r e l a t i ona l

implementa tion developed at the IBM San Jose Research Lab.

Sys tem R runs on an IBM /370 usin.g VM /370 and p rovides  a
complete data base management capability.

0. MAN—MACHINE

Almost  the entire thru st of recen t DBM S pro posals
appears to have been in the direction of relational models
unde r ly ing  a non— procedural query language interface.

Furthermore , each new proposal woul d seem to be designed for
a more casual class of user than its predecessor. This is

4 in an effort to make the machine perform ever more of t~ e

thought processes and improve the efficiency of interaction

with the user. Obviously, as the machine assumes a greater
role in the interaction, the user ’s ef f ic iency  increases and
the costs both in processor tine and software escalate. It

would seem that there must come a point when it will be

recognized that even the mo st casual user will always be

required to possess at least a mi n imal , r u d i m e n t a r y
kncwledg e of the environment in which his queries are to be

formulated.

11
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In the next chapter, the terminology associated with

- 
query languages and data bases is presented. Chapter  III
presents proposed criteria for measuring and selecting a
query language. Chapter IV will present the characteristics

of some of the better known , more widely used , or more
interesting query languages. The final chapter provides

some further guidance for selecting a query language,

discusses scme implications of the current trends in DBMS

and examines some of the prospects for future systems.

I-

1

I

$1
12

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

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



-

II. TERMINOLOGY

A. DATA EA SE MODELS

Mu ch effort has been expended in comparing the three

logical methods of organizing data by DBMS ’s. The

advantages and disadvantages of each are well established.

While the models are not the central issue here, a few words

will be devoted to discussion of them in order to provide a

framework frdm which to explore alternative methods of

comparison.  Mart in  ( Ref .  1] and Date [R e f .  11) provide
additional material on data base models.

1. Network

In the network approach , typ i f ied  by systems of the
COD A SYL /DBT G fami ly ,  record occurrences are represented as

nodes of a network , ch ained together by name d, directed

arcs. The arcs present logical li~ ks between the entities
wh ich can be traversed in the  specified direction in or der
to nav iga te  through the data base.

2. ~~~~~~~~~

A restricted for m of the ne twork  approach is the
hierarchica l model in which record cccurrences are
represented as nodes of a tree in a strictly owner—member
(or more t radi t ional ly  p a r e n t — c h i l d )  r t 1~ationship.

_____________________ _________ 
- 

- -
~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ - .:: 
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3. Relational

In the relat ional model data is viewed as a group of
tables or flat files (relations) . Each table is composed of
rows (tup les) . The order of the columns (attributes) within
tables is of no significance and no hierarchical or graphic
relationship exist s among the tables containing the  da ta .

.

B. DATA INDEPENDE NCE

General users of a data base do not wan t to be and
should not have to be concerned with da ta base
implemen tation details such as access methods, character

representaticn , or a host of other physical implemen ta tion
and operating system particulars. All they need is a “view ”

of the data th at w ill a llow them to formulate queries and

manipulate  data. Thes e users desire an “independence ” from
implewentaticn details.

These details of access method , character
representation , floating-point and integer representation ,
pointers, and record blocking are referred to as the
physical structure of a data base. Freedom from the storage

and - access details gives the user “physical data
independence ”. What the user is provided in the place of a
physical view is a “logica l view” of the data. Furthermore ,
it is often advantageous to provide different users with
individually tailored logical views of the data. To meet
this need and to give the system added flexibility, the
following general approach is normally taken.

I ~~~~~

~ system logical view of the data, termed a schem a , is -
~~

1(4

I ~~~~~~~ ~~~~~~~~~~ -~~~~~~~~ ~~~~~~ ~~~-~~~ -—~ - -—-~ 
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defined. For hierarchical and network based systems the
schema describes the relationship between record types  and
specifies the contents of re cord fields (data items) .
Similarly,  it describes the structure of the relations in

relational systems. Subschemas are then defined whic h give
each user , or grou p of users their own logical view of the
data. Thus , users are  provided wit h “logical data
independence ” .

A system tha t  provides t rue  physical data independence
would allow the ph ysical storage and access details to be

changed without affecting the logical structure of the data

(schemas and subschemas). True logical data independence

exists only when logical changes can be made to the data

base withou t significantly affecting the programs which

access it [Ref. 2). With one recent exception , A pple
( R ef.  12),  w h i ch is discussed in Chapter  IV , logical da ta
independence is current ly  more of a goal of a data base than
a characteristic.

I
C. QUER Y LANGUAGE DEFINITION 

-

A data definition facility must exist to translate the

schema and subschemas into a form usable by the data base
system. a dat a manipulation facility is required to allow

..~‘ I 
- 

data in the system to be deleted , changed , and manipulated .
The data definition facility, or Data Definition Language

(DDL) , describes the  details and content of the schema and
sub schema tc the system. The data def in i t ion language may
be a separate language avai lable  only to the Data Base
Adminis t ra tor  (DB A ) , or it may be an extension of an

application programming language or query language.  There
may, in fact, be two DDL ’s: one to define the schema and
another to define subschemas. Al terna t ive ly ,  portions of

15
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the data def ini t ion faci l i ty used for defini ng subschem as
may exist as an extension to a query language;  for example ,
the DEFINE VIEW statement of “embedded” SEQUEL allows the
user to create a view agUnst which he may issue queries or
define other views [Ref . 9].

The dat a manipulat ion language in addition to having a
• query capability,  characterist ically provides the facil i ty

to update , create, and remove data base entit ies.  Other
operators typically inc lude COUNT , SUM , MAX , MIN , AVG 1

relational operators, boolean operators, and inclusion
ope rators. Like the data def ini t ion fac i l i ty ,  the  data
manipula tion facility may be an ext~ nsion of a host
application programming language; in such cases it is

referred to as a data sublanguage (DSL) and is said to be

“ embedded ” in the host language.  The data man ipu l a t i on
fac i l i ty  may also exist as a s tand—alone query language
through which the user interacts directly with the DBMS;

some authors (Ref. 10] limit the use of the term “query

language” to languages of the stand alone variety. No
distinction will be made here betwee n a DSL and a query
language except to point out that the latter is generally,
though not necessarily, less procedural ( this term wil l  be
defined later). The term query language will be used to

refer to both, and is simply defined as the ~~~~ j~~ erface

~~~~~~~

h In evaluat ing general purpose programming languages ,
consideration is normally given to the following: syntactic
clari ty,  data structures, control structures, oper3tors,

eff ic iency of program execution , and , more r ecen t ly ,
ef f ic iency cf pr ogram design , e f f i c i ency  of problem
solution , and compatability with top—down programming
techniques (Ref. 131. To use these same characteristics to

examine query languages amoun ts to looking at query

~

- -

~
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languages only through the eyes of a programmer .
Application programmers would probably be quite content  with
the “procedural” query languages selected using these
criteria ; however , everyone who wish es to interface directly
with a data tase is not a programmer.

.

I ~~~~~~~~~~ 
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Having recognized the importance of ident i fy ing the
various user groups , this chapter defines five classes of
user. The differences among these classes and the changing
relative importance of them establish the need for measures
of query languages .  Two quant i ta t ive and three ~pialitative
mea sure s are proposed.

A. CLASSES OF USERS

H Codd ( R e f .  111 ] divides the users of data bases into
f ive  classes .

1. S~~~ ea Afl Zs ts/D_~~ .!..s 
~~~~~~~~~~~~~~~

The system analysts are responsible for ma in ta in ing
• the data base ma nagement system , a function which includes

creating or altering logica l views of the data.

2. ~~~~1icat~~~n Prog~~~~~~~~s

The application pro grammer serves as the middle—man
for  most of today ’s data processing needs; his function
should be limited to designing and opt imizing f r equen t ly
executed routine querie s or those queries tha t  are
inappropriate  for more non—procedural  query languages (more
will be sai d about this later) .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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3. Qflj~~~ ~ -trai~~~ User

This group includes bank tellers and insurance
company clerks who use the data base to answer routine

queries on a .  random basis . The need s of this group are
structured in nature , allowing most of their queries to be
formalized.  An example might be , “Wha t is the balance of
James N . Simpso n ’s checking account?”

4. Researchers-————- ~~~———~~~

This class of users is quite diverse but their

queries could probably be characterized as being ad hoc and

• 
requiring aggregate results. Users in this group are most
lik ely willin g t o wa it a few hours or even days for an

answer .

5. çj ~j~~ ~~~

Some authors ( R e f .  15] seem wil l ing to exten d this
term to include almost anyone ; it is not un l ike ly  that  by
th e 1990’ s this may well be justified. However , at present
a practical need is seen to limit this term to users such as
managers , lawyers , analysts,, accountants, and planners.
These people nee d the informat ion in the data base to help
them make decisions but prefer not to encounter the expense

4 or experience the delay in going through a third party,
perhaps an application programmer , to process their  queries.

Not onl y is there a varied group who  use , or would like
to interact with a data base , but the  distr ibution of

19
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interactions by the five classes is changing.  In the early
seventies, most data base interactions were by application
programmers.  In the next two decades the number  of
int eract ions by this group is expected to be less
significant; a corresponding increase in the significa nce of
interact ions by on—line job—trained users seems imminent .
But, by far , the casual user class seems to be the emerging

dominant force.

Why is the role of the casual user on the rise? An

increasingly large number of people have recognized the

value of the data bas e and the lcst opportuni ty costs that
result from not being able to interface wi th  it at a level
in which the machine properly compliment s man ’s decision
making. In many instances availability of the proper query

language  could e l iminate  the need to go th rough  t~ e

• application program m er to answer a query ,  whi ch seems
part icularly desirable in an era of increas ing m anpower
costs. In many data base systems, such as military command

and control system s, having  the abi l i ty  to answer gueries as
close as possible to the level at which critical decisions

are made can be of particular importance. Some commercial

ven dors view developing the casual user market  as a matter
• of survival [Ref. 16].

Note that  the need to cater to those at the casual end
of the user spectrum in no way implies tha t the languages
that are  used comfor tably  by the more compute r oriented

users do not and will not contin ue to p lay an impor tan t  role
in dat a base system interface.

-i
8. THE NEED FOR MEASURES

What  are the differences  which exist among  the classes

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~~~~~ .~~~



- - ~~~~~~ —- -~~--~~~~~ — -- -- 

-

L of user that affect the type of query language with which
they would be comfortable? There are certainly differences
in the understanding of how a compu ter works, internal data
representations, operating systems, and programming
experience. The latter is of particular importance since
non—programmers may n~t be acquainted with such notions as
data structures, looping, ~ranching, and program efficiency.
There are quite likely ~1iffering levels of mathematical

sophistication. Differences in the number of times a user

interacts with a data base and the interval between
interactions are significant as an indication of the amount
of time and effort a user can devote to learning a query
language. The infrequent user way experience difficulty
retaining syntactic details of some query languages.

In short, these differences point to the need for query
languages ccmpatible with users of varying qualifications
and varying needs. This may imply having several query

languages running concurrently on a data base. The more

casual users do not desire to know and should not be

required to lear n the s t ructure of the under ly ing  data
model , access methods~ or programming control structures.

Query languages giving users freedom f rom these details will
require the machine to play a greater rol e in the
man—machine symbiosis.

C. MEASURES OF QUERY LANGUAGES

W i t h  the need well established , qua l i ta t ive  and
quant i ta t ive  measures of query languages are presented .

3
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• 1. Q~~ ntitati!e Mea sures

Level and completeness are considered quant i ta t ive
measures. It is not essential that an evaluator apply these
measures directly to a language being evaluated ; it is,

however , recomm~ nded that the  concepts embodied in them be
at least subject ively appl ied .  References 17 and 18 discuss
other measures of “ sof tw are  physics” .

a. Level

Level [ R e f .  17]  is a quan t i t a t ive  me asure  of
t~ e amount of decision making that goes into the formation

of a program to solve a problem . The n u m b e r of decisions
required to solv e a given problem can be p r o f o u n d l y  a f fec t ed
by the language being used. The user may be forced to make

m a n y  dec isions concerning syntax , delimiters, operators ,
etc., which are of little or no significance to the problem

itself. Specifically, level is a ma thema tically derived
value, between zero and one, base d on the num ber of
operators and operands used in the !~2~~ ~ffici~r~ ~~1j ~.a
of a problem in a language.

As an example ( though perhaps ext reme and
certainly a misuse of COBOL) of the difference in level ,
consider the following problem: program in COBOL and in
APL , the matrix multiplication of matrices A and B. The e
result in APL is A+ .xB.  The amount  of code generated to
solve the same problem in CO BOL is obviously much greater .
In this examp le A PL would hav e a leve l close to one while  1-1
COBOL would have a level close to zero .

An evaluator may want to generate some benchmark



- ____ ____- ---. _ - — -

algori thm to actually determine the level of languages under
consideration. Those languages that consistently have low
levels will generaL~~ prove to be procedural in nature , have
low er query design efficiency, hold the user responsible for

exception or error checking, depend on the user for insuring

eff ic iency of execution ; and  are thus less suited to the
casual user. The opposite characteristics are ~~~erally
true for languages yielding high values for level.

One word of - caution is in order. Languages that
yield a high value for level do not necessarily relieve the

user of the responsibility for execution efficiency. APL is
a case in point; the order of operation may have a profound

effect on execution efficiency.

b. Completeness

Completeness re fe rs  to the selection capabi l i ty
of a query  language , independent  of any  host l anguage  in
which it may be embedded. A complete query language allows

an authorized user to extract any data item that is

semantically contained within a data base. Actually
completeness is not a quantitative measure , but is included
here b~eause of its theoretical basis in mathematics . Codd
[Ref. 19] established the basis for completeness of
relational algebra and relationa l calculus. Thus the
completeness for any language based on relational algebra or
relational calculus way be established by determining if it
permits the expression of any query t expressible in the
relational calculus. Recent work (Ref. 20] suggesting the
equivalence of the three data models mak~~ it appear
reasonable to attempt to determine completeness for
languages designed for hierarchical and network models. At
the very least, an intuitive judgment of completeness should
be obtained.
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• 2. Q i ~~~ j~~ ~~~~~~~~ -

• Mathema tical sophis tication, learnability, and
procedurality are proposed and discussed as qualitative
mea sures cf a query language.

a. Mathematical Sophistication

Math ematical sophistication is a subjective
measure of the degree to which a language requires a user to
be familiar with mathematical concepts, terminology, and

sywbology .

There is much to be said for languages that have

a strong theoretical foundation in mathematics being used as
target languages for user—oriented source languages.

Relational algebra, discussed ~ater , is often used for this
purpose. The degree to which the relational algebra

operators (projection, restriction, etc.), used to
manipulate data, are visible in the source language is an
indication of the amount of mathematical backgroun d reguired
by the user. While terms such as restriction and projection
are not well, know n, the actions accomplished by them are
certainly more nat ur al than that  of an a lgor i thm which  uses
a sequence of operations acting on one element at a t ime to
select data . Ho wever , when these operations are “visible”
at the user level, the user must mentally go through the

mathematical operations necessary to extract the data. Is

i’~. reasonable  for  a casual use r , such as a l awyer , to g o
through a mathematical process to formulate a qu e ry?  Should
he really h a v e  to do wore than describe what he wants?

The presence o~ m a t h e m a t i c a l  terms such as

2L $ 
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“ range ” and symbols such as C S A V , — w ay be other
• indicators of the amount of mathematical sophistication

required to use a language.

Languages requiring little or no mathematical
sophistication will tend to be non—procedural.

b. Learnability

In lookin g at the learna bility of a langua ge, 
-
~

one should be in te rested in the t ime and ‘e f for t  r equ i r ed  to
learn a worka ble subset to answer simpl e queries ; thi s
w o r k i n g  set should ne~ t t h e  needs of m a n y  users.  The
r e s t r i c t ions  and exceptions tha t  mus t  be m as te red  t o  compose

• mode ra t ely  complex queries m a y  be a bet ter  i nd i ca t i on  of
lea rnab il i t y .  The ab i l i ty  of casual users to r e t a i n  wh a t
th ey  have lea rned  be tween  i n f r e q u e n t  uses must  also be
considered.

Human factors studies even wore  r igorous than
those conducted on SQUARE and  SEQUE L [ R e f .  21 ]  and  Query  by
Example (Ref. 22] may be necessary to accurately identify
elements  tha t  a f f e c t  l ea rnabi l i ty .  These s tudies  support

j. ~~~ the  no tions that s imple concepts should be used and tha t
those concepts which  d i f f e r  semant ica l ly  should also d i f f e r

- 
- 

- syntartically to avoid causing confusion. Reference 21

found that two different uses of the term WHERE were

d 
Confusing; this ambiguity was eliminated in a later version

of the  language ( R e f . 9] .  S imi la r ly  R e f .  22 f o u n d  tha t
subjects  made  mist a~ es on o n e — f o u r t h  of the  occasions when
t h e y  n~eeded to choose between th~ C O U N T , SUM , CO N P A CT — CO ~JNT ,
and AV E R A G E operators .  It was also noted that  a s i g n i f i c an t
perce n ta ge cf users h a d  t roub le  w i t h  the  universa l
quan tification constructs — for  al l , and  there exis ts .  A

25
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smaller number  even ha d d i f f i cul ty wi th the rela tional
opera tors <, >, ~, �.

languages that require less mathematical
— 

background and are non— procedura l tend to be more easily

learned by a broa d class of users. Ideally a human factors

t study should be conducted on the specific group for wh ich a

language is intended.

The ability Df a user to recall what he has

learn ed can be enhan ced if the user is given an ex plici t
forma t with which to formulate his query. For example , in
SEQUEL (Ref. 16] queries are structured as:

SELECT <what>

FEOM <relation name>

WHE RE <condition> .

The user is less likely to recaU the operators necessary to

ccns truc t a query  in lan gua ges con taining mor e f r eedc m of
form. It is possible for an imple mentation , par ticular ly an
interactive cne, to assist the user by providing prompts

(such as query formats on a CRT screen) or by providing

menus. Interactive input devices, suc h as l igh tpen s,
tablets, and cursors, that allow the user to specify his

requirements in the most natural way may help appreciably.

C. Procedural ity

Seve ral of the measures described above have

ma de reference to the procedurality or non—procedurality of

a language. Many of these measures have a close correlation

to the degree of proced urality of a language. Languages

fall along a procedural —— non—procedural spectrum just as

users span a broad spectrum of backgrounds and needs. This

26
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spectrum cannot be described in absolute terms. Languages

fall along this spectrum based on the following factors,

• several of which may apply in vary ing  degrees.

(1) User S2ecified Access Pa th

Languages that require the user to provide

a detailed access path to locate the desired data are highly

procedural. In such languages the user must have a thorough

knowled ge of the underlying logical data organization. In

hierarchica l models the user mus t literal ly star t a t the
roo t no de and walk  down the tree , node— by—node , un til he
reaches the requir ed record type. In network models there

way be several possib le access paths (ne twork models allow
records to have mor e than one pa rent) . Since there is no

guarantee the user will pic~’z the optimum access path , the

efficiency of the query’s execution nay be adversely

affected. Languages with this characteristic will have a

low level an d generally requ i re  tha t queries be composed by
appli cat ion programmers .  The ef f ic iency of problem solution

• is , therefore , low . Additionally, the DBA has less freedom

in restructuring the underlying schema; doing so might

require the rewriting of user programs that run on a

recurring basis. In relational models different relations

do not have parent—member relationships. Therefore,

specifying the logical access path is not characteristic of
relational query languages .

(2) ~~~~ ~~~~~~~ _____

Languages that require the user to program

detailed handling of each record or tuple characteristically

have go to, branch ing,  and looping control structures. Once

the user arrives at a node (in a hierarchical model) he must

check each record elemen t—by—element to determine if it

meets the search criteria . The user is also responsible for

27 
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handl ing  exceptions and error conditions. Natural ly ,
languages requiring element— by—element search are quite

procedural , have a low level , and are meant for users with

programming experience.

— (3) Us ~~~~fied Logical Order of ~~ erations

In languages exhibiting the preceeding two

characterist ics the user specifies the sequence in which
operators are executed. However , this trait is iden tified
separately because there are languages in which the user is
not required to specify the access path or. process records

(tuples) ind iv idua l ly  but which do require  him to logically
apply operators in a specified sequence to locate data.
Languages using terse relational algebra notation have this

requirement. Th~ term logical was used because the system
mai optimize the actual order of execution; if not, the user
affects efficiency. Languages falling on this part of the

spectrum are not l imited to ap plica tion programmers , but

generally do require a significant degree of mathematical

sophistication. 
- -

(4) ~~~ ~~~~~ 
Execution

Language implemen tations exist in which the

user does not actually specify the order of operations, but
where he can significantly affect it. This feature  will  be

discussed further in the examples presented in Chapter IV.

(5) !1~~i 9~~~ j q,~ Q,~ ~~~~~~~~~~~~ ~~~~
At the extreme procedural end of the

spectrum the user must have detailed knowledge of access
- - ~

- 
paths. Toward the center of the spectrum rela tional
languages  still require  knowledge of wha t  a t t r ibu te s  are in
what relations; this knowledge must be used to “navigate 

- - - - 
- 

- 
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across relational boundaries ” (R ef.  12]. Network  and
hierarchical. languages in the center require knowledge of

— what  data item is in specific files. At the non— procedural
— end the user is required only to know attribute or data item

names. Some -language implementations accept predefined

synonyms or derivatives of actual data names. Such
implementations- are said to be “user—friendly.”

Many attempts have been made to give adjectives

to languages along the spectrum. Very procedural languages

in which the user must have detailed knowledge of the data

base in order to specify an element—by—element path through

the data base are called “navigational” languages (Ref. 23).

Languages along the center of the spectrum , generally
exhibiting factors three and four , are  “prescriptive ”

— languages. Languages at the non— procedural end , simply
requ i r ing  the user to state attr ibu te nam es , are
“descriptive” . Languages r equ ir in~ no knowledge of t h e  data
base are terme d “ open—ended ” . The special class of query
languages which allow the user to specify queries using

tables, forms , and geometric images are also described using
these adjectives.

In contrast to the procedural languages, the
non—procedural  languages require little knowledg e of the
data base or its under ly ing model; require less source code
(higher level) ; allow the system to determine access paths;
allow informat i on to be addressed by con tent (as opposed to

location) ; require less mathematica l sophisticati on ; free
the user f r o m  error  handling and execution efficiency

considerations; are more ef f ic ient  in total problem
solution; and a re  ea sier to learn and retain. They are

l~ , though not necessarily, interactive. They also

require another layer of software and thus ~~~~ require more

machine time. The extra layer  of software gives the DBA

_  

29
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more freedo m in changing the logical structure of the data
base.

It is impor tan t  to note t h a t  every
- 

- 
non—procedural  query language must be supported by an
underlying procedural language. And it is reasonable to use
the crit eria presented in Chapter One for selecting general
purpose programming languages as a starting point for

evaluating a non—procedural query language.

— 
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IV. THE Q~ E~ Y L A N G U A G E  SPECTRUN

A sampling of query languages is presented in order to
examine the characteristics discussed in Chapter III. No

at tempt  has been made to limit the sa mpling to commercia l ly
available languages since languages were selected on the

basis of their ability to demonstrate various

characteristics. The first two examples do not ccn form
syn tactically to any actual languages , but a re  used to
represent a large group of navigational languages.

The sample query used throughout the examples is applied

to the data base in Figures 1 and 2. The sampl e data base

was extracted from Ref. 10. The sample query,

Qi : LIST THE ELECTI ON YEAR S IN WHI CH A REPUBLI CAN
FR OM CALIFORNIA ~A S EL!CTED.

is solved in all examples.

A. PROCEDURAL — NET WORK

The fo l lowing  example uses Figure 2 and  is
representa t ive  of languages such as INS CRef. 24),

CODASTL/DBTG (Ref. 4), and IDM S (Ref. 25). This language

models a net4oi k language , but a hierarchical  procedural
language would employ s imilar  constructs.  A typical query
for Qi might be formulated as follows:

31
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ELECTIONS—WON

• YEAR W I N N E R — N A M E  WINNER—VOT E S

1952 Eisenhower ($42

1956 Eisenhower 447

1960 Kennedy 303

1964 Johnson 486

1968 Nixon  301

1972 Ni xon 520

~

- 

1_
ca

PRESIDENTS

NAME PART Y HOME—STAT E

Eisenhower Republican Texas

Kennedy Democrat sass

Jchnson Democrat Texas

~

Nixon Republican Calif

Figure 1 SAM PL E DATA E A SE — RELATIONAL

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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PR E SIDENT S .

Johnson Democrat Texas

Nixon Republica n Calif

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

_

ELECTIONS—WON

1972 520

1968 301

1964 1486

.

I

Fig ur e 2 — SAMPLE DATA BASE — NET WORK

33

ii &r-”~~~~~ ~~
-‘---

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



Qi:  MOVE “Republican ” TO PARTY AND “C alif’t TO
HONE—STATE h i  PRESIDENT

FIND PRE SIDENT RECORD k
if fa i lure  go to error

LOOP 1 : FIND MEMBER OF P— EW SET
if none go to error
PRINT YEAR

LOOP2 : FIND NEXT MEMBEP . OF P—EW SET

if none go to LOOP3
PRINT YEAR
go to LOCP2

LOOP3: FIND NE XT PRE SIDENT
if none “done”
go to LOOP 1

The query resembles a program in a simple general purpose
prog ramming  l anguage .  A n s w e r i n g  a query  in this language
amounts  to writi ng a progra m that “navigates” through the

data e lement—by—element . Indeed the language was designed

to be used by programmers. It has low level and requires
detailed knowledge of the data base.

a 3 -
B. PROCEDURAL — RELATI ONAL

This example , using Figure 1 , was included to

demonstrate that low level relational languages such as XRN

(Ref. 26] and GAMMA— O (Ref. 27] have characterist ics in
common with network/hierarchical procedural languages. j
Those minor differences which do exist are not significant.

H 
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Qi: FIND FIRST PRESIDENTS TUPLE

WHERE PARTY = “Republica n”
AND HO ME —ST A TE = “Calif”

if failure;  re turn  “ no such president”
LOOP i : save name

— FIND ELECTIONS -WON TUPLE WHERE
- WIN NER—NAME = saved name

if failure; return “presiden t exists that did
not win election”

LOOP2 : PRINT YEAR
FIND NEXT ELECTION—WON TU PL E WHERE

W INNER—NAME = saved name

if none: go to LOOP3

go to LOOP2

LOCP3: FIND NEXT PRE SID 3NTS TUP L E WH E R E  PARTY
“R epublican” AND HOME—STATE = “Calif’t
if none “done ”

go to LOOP1

Although there is no access path to specify, the

programmer must still use the knowledge that the President ’s

name was commcn to two relations in orde r to naviga te  across
• 

relational boundaries and extract YEAR .

C. RELATIONAL ALGEBRA -

These languages and the one used in the follo~ ing
example  are based in set theory . They were proposed by Codd
when he first introduced the relational model (Ref. 6] and

later when he further defined a relational algebra and 
*

relational calculus ( R e f s . 19 , 28). Languages based on

relational algebra include MACAIMS (Ref. 29), IS/i
(Ref. 30j, and RDNS (Ref. 311 . The query Qi , using Figure
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1, is presented in the relational algebra fol lowed by a
simple description of the operators used. A more complete
description of relational operators is provided in Ref. 10.

* (0) (%( (1=3) ]~( E LECT I ON S— WON * (* (0) (%( (1=”Republican ”
& 2=”Calif”) ]PRESIDENTS))))

Processing begins at the innermost nested level.
Domains are numbered left to right beginning with zero.

RESTRICTION (%) of a relation amounts to seLecting all tuples

(rows) t hat meet the con ditions defined b y the restriction
of the relation specified . Thus

%( (1= ”Rep ubli can ” & 2= ”Cali±”) ) PRE SI D E N T S

selects all tuples from the relation PRESIDENTS in which

the a t t r ibute (column) nu m ber  “ 1” has the valu e “Repu blican”
and attribute number “2” has the value “Calif’t. The result

is a new relation, A , which serves as the operand for the

next  operator. A has the value:

NAME PARTY HOME—STATE

Nixon Repu blican Calif

PROJECT I ON( *)  extracts sp ecif ied a t t r ibu tes .  The result  is
a new re la t icn .  Thus *(0) A selects the n a m e  a t t r ibu te  from

36
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A yieldi n g B:

NAME

Nixon

PRODUCT(*) concatenates its left and right arguments . If N

and N are the cardina].ities of the relation , the resul t is a

new rela tion having N x ~ tuples. ELECTIONS—WON * S yields
C:

YEAR WINN ER—NA?1 E WINNER—VOTES NAI E

1952 Eisen hower 442 Nixon

1956 Eisenhower 41~7 Nixon

1960 Kennedy 303 Nixon

1964 J ohnson 486 Nixon

1968 Ni xon 301 Nixon

1972 Ni xon 520 Nixon

To this result a restriction is applied in which WINNER—NAM E

= NAM E to eliminate ambiguous information such as the tuple 

- ~~~~~-—~~~~ - - - 
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1
“1952, Eisenhower , ~442, Nixon ”. The result is:

YEAR WIN NER—NAME WINNER— VOTES NAME

1968 Ni xon 301 Nixon

1972 Ni xon 520 Nixon

A p ro jection yields the f in al answ er:

YEAR

1968

1972

A ctual i~ p lem enta t io ns micht  use a more descriptive
s y n t a x  in order to improve readabi l i ty  and learnability.

The significant difference between this and the two
preceeding examples is that the user specified what he

wanted in terms of sets not in terms of individual records.

Th e under ly ing  system took care of loca ting the rela tions,
doing e lemen t—by—elemen t  processina , inc luding  error
handl in g and storing intermediate results (perhaps
virtually) . The language is not navigational ; it is

essentially prescriptive. However , the user still ha d to
specify the operat ions to be performed and the order in
whi ch they were to be performed . Some imp lemen ta t ions  may
op t imize  the query by (1) f i n d i n g  an equ iva len t  r e — o r d e r i n g

If
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of the operators , (2) pe r fo rming  some operations v i r tua l ly ,
(3) using a different  combination of ope rators , (4) using a
d i f feren t set of relations and attri butes, or (5) a

com bination of the above. Obviously, in many  cases the  user
determines or affects the execution efficiency of his query.

The rela tional algebra does not re quir e the p ro gr amm in g
skills of the f i r st two ~xa m ples, but the ma the m a tically
unsophisticated user might find it cumbersome , at least in

it~ terse form.

D. RELATIONAL CALCULUS

In the relational calculus the user specifies w h a t  he
- 

I wants using logical operators. The system maps the quer y

into an eguivalent expression in the relational algebra .

Relational calculus may be thought of as restrictions

f~~ lowed by projections. Qi stated in the relational

calculus uses Figure  1:

(x: ~ ((y,R ep ublican,Calif)6 Presiden-tsA (z , y, z)E
ELECTIO NS—WON) )

The query specifi2s !M~ 
is wanted , x; wher e it comes

from , ELECTIONS—WON; and with what qualifications.

Paraphra sin g , Select x f rom (x ,y,z), an elem ent of (6)
ELECTIONS—WON , where z has any value and (A) y is taken from

(y,R epu b lican,Calif) , an element of President. X , y ,  an d z
are variable; Republica n and Calif are constants,

The relational calculus is pre scriptive . The user
rel ies on his knowledge of what attributes are in what

relations tc prescribe a solution to his query. It is :ne

sys tem ’s responsibility to determine the exact sequence of
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— operations to be used . As with the relational algebra , it

is still possible that using some decomposition algorithms

the user may have a profound influence on execution

efficiency. This is particularly true in implementations

that use join as one of the operators in the underlying

algebra (Pecherer (Ref. 32] has shown that certain subsets

of the rela tional algeb ra are suf ficient)

As discussed earlier many users have difficulty with the

universal and existential qualifiers as well as set

notation. This could limit the number of users who would

feel comfortable with this language.

. QUEL

QU EL ( R ef .  33 ] is ty p ical of lan g uag es which are  based
on the relationa l calculus. Other such languages include

ALPHA [Ref. 28], COLARD tRef. 34], an d RIL [Ref. 35].

Th ese langu ages do no t require  the user to apply quan tifiers
directly.

QUEL is actual ly  a query  lan gua ge as well  as a DSL which
is embedded in the “C” language and the UNIX operating

system using the procedural language EQTJEL [Ref. 33].

The solution to Qi , using  Figure  1 , is presented:

RANGE OF B IS ELECTIONS—WON

RAN GE OF P IS PRESIDENTS

RETRI EVE E .YEAR

W H E R E  E . W I N N E R — N A N E  = P. NAME
W H E R E  P . P A R T Y  “R e p u b l i c a n” A N D

P . H O M E — S T A T E  = “Calif’t

40 
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The RANGE statements specify the relations used in the

RETRIEVE and WHERE statements. The requirement for the user

to have detailed knowledge of relati onal structure is

reflected in the block structure of the language. Here

again the user is prescribing a means to navigate across

relat ional  boundaries.

F. CUPID

.

References 36 and 37 describe CUPID (Casual User

Pictorial In terface Design ) , which as its name implies  is a
— picture—oriented query language. It is intended for the

“casual” user. CUPID contains a high—level , m enu—type

sublanguage which is the front—end to INGRES , the rela tional
data base system supporting QUEL . Additionally, CUPID

offers  a user def in ition faci l ity which al lows the sys tem to
“learn” new concepts. C UP I D  is presented h9re due to its

graphic nature, which  pla ces it in the “special” ca tegory of
query languages.

Figure 3 illustrates how Qi might appear on a cathode

ray tube device. An English language approxima tion of the

- - 
‘ query as it is depicted here , would be , “Select and save

Name from Presidents relation where Party equals Republican

an d Home—state equals Calif; select and output Year from

Elections—won relation where Winner—name equals saved Name. ”
The graphic  diagram is drawn as a result of user i n p u t s  from
a key boavd.

In order for the individua l graphic symbols to be

displayed , the user mus t select f rom a menu of shapes
a v a i l a b l e, those symbol s which  are necessary to f o r m u l a t e
his query, and then through interactive queuing, properly

position each symbol. It woul d seem tha t this would , for
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all practical purposes, necessitate the user having sketched

his intende d query,  or at least have it well—formed in his

own mind prior to commencing “con struction”. There are

unique shapes available in the menu to represent each cf the

following entities: relation names, domain nam es,
relational operators , ari thmetic operators , logica l

operators , constants , q—box es(des ign ates  the target list of
requested data), and a special symbol to enclose aggregate

• operat ions .

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

~~~~~~ ONS~~~~~~~~~~~~~~~~~~

Figure 3 — CUPID QUERY

• 
.

While this query appears fairly straightforward , some
additional comments ar~ in order. CUPID is prescriptive

since the user must provide a graphical “prescrip tion ” fDr
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PRESIDENT N A M E  PART! HOME—STATE

Republican Calif

~~~~~TI0NS~~~~~~~~~~~~~~~~~~~~~~

Fi gure 4 — A M B I G U O U S  Q U E R Y  IN CUPID

answering a query. It would indeed be difficult to assess

the learnability of this language without a much wore

thorough examination. Although , one small study reoorted

favorable results (Ref. 37]. It can , however , be observed
that the menu—selection feature would most surely stimulate

the infrequent user ’s recall. The language requires a

fairly high—level of mathematical sophistication; even the
most simple quer ies  genera l ly  cannot  be formulated without

boolean operators . Furthermore , it is not clear (at least
to the casual user) whether the query depicted in Figure ~

I . 
would yield the same results as that in Figure 3; a

F substantial understanding of the formal syntax is also

required. Considering these factors, it would seem that the

~43



language wculd be wore appropriate for the on—line

job—tra ined use r or perhaps the research category of user.
As for the level and completeness of CUPID , it would be
expected that both are very near QUEL , as the pictorial
queries of CUPID are compiled into tha t prescriptive query
language .

An additional, unique feature of CUPID is its definition

capability. There are provisions for both user definitions

and “learning” (through global def in i t ion tables) . As an
exa mple , Figure 5 depicts how a user mi ght fo r m u l a t e  the
query Q2:  “Li st the names of n~ nori ty presidents. ” Th e
vocabulary def in i t ion a lgor i thms  would ideal ly resolve both
problems presented by this query : (1) define
“minority—president” and (2) resolve the appa ren t
misplacemen t of “ninority—pres~~ ent” , an un known value for

the winner—name domain. The user would eventually be

require d, through a queuin g segue nce, to prcvide the maximum

num ber of votes which would qualify a member of the

winner—name domain as a minority president.

Q2 

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

Figure 5 — USER—FRIENDLY QUERY IN CUPID

Wi th some practical experience, it appears that CUPID

woul d be an interesting, tidy method of expressing simple

queries , and almost fun to use. On the other hand , more

~ ~~~~~~~~~~~~ 
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r
cornPncated~~~~~~ries, such as the examples depicted i Ref.
36, become quite cumbersome and d ifficult to follow.
Nonetheless, its design er should be commended for her ~nj~ue
e f fo r t s  in the area Cf pictorial (graphical) queries, her
success with user vocabulary definition, and the
contribution to reduction of typographic and spelling errors

in Engl ish—language text input  by use of the “menu ”
f ac i l i t y .

G. SEQUEL

SEQUEL (Ref. 24), an outgrowth of SQUARE (Ref . 38J, is
t y p ical of w h a t  Chamberlin CRef. 10] calls

“ma pping—criented languages”. Mapping—oriented languages

sp e c i f y  queries by def inin g a napping be tween the  desired
result, which is a relation , and relations which are known
to exist in the data base. SEQUEL was originally intended

for interactive problem solving by non—computer specialists.

System R (Ref. 31] implements SEQUEL both as a stand—alone

language and as a DSL callable from application programming

languages .  The SEQUEL s y n t a x  resembles t ha t  of QUEL.  Both
are block structured and use WHERE statements. The SEQUEL

solution of Qi  using Figure 1 is:

SELECT YEAR
FROM ELECTIONS—WON

WHERE WINNER—NAME

SELE CT NA M E
FR OM PRE SIDENT S
WHERE PARTY = “Repub l i can ”

AND HOME—STATE = “Calif’t

Most of the comments about QUEL are applicable here.

SEQUEL is prescriptive. The syntax of SEQUEL (SELECT , FR OM

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—
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vice R A N G E , RETRIEVE) seems more natural  and more learnable
than that of QUEL (see Ref .  21 for  human factors study of
SEQUEL) . The mathematica l sophistication required  for
simpl e queries is quit e low . More complex queries may
req uire use of the set operators — union , intersection, and
set difference between intermediate mappings .  For example ,
use the relations in Figur e 1 to answer Q3:

Q3: F IND THE NA ME S OF PRE SIDENT S BORN IN TEXA S WHO R E C E I V E D
MORE THAN 400 WINNER—VOTES.

An appropr ia te  query  might  be:

SELECT WINNER—NAME

FROM E L E C T I O N S — W O N
WHERE WINNER—VOTE > 400

()
SELE CT NAME

FR OM P R E SIDENT S

W H E R E  HO M E—STAT E = “Texas ”

Some users may not have the prerequisite back ground for
the proper use of the set operators.

H. QUER Y BY EXAMPLE

Query by Example (R e f s . 39 , (40] is intended to serve the

needs of the non—programming casual user wit h little
mathemat ica l  background . It is presented here as an example
of a category of query  languages  generally refer red  to as

“forms” . MARK IV (Ref . 4 1] ,  intended fo r  batch usage , was
an early a t t empt  at the  fo rms  approach .  Another  s i g n i f i c a n t

• exa mple of this approach has been presented by t h e  CODASYL
End User Facility Task Group [Ref. 42], which is a t t e m p t i n g
to def ine  a “language” to emulate the naturalness of

_ _  

_
_ _ _  
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manually extracting data from “forms” which are fami l ia r  td
-

• 

the user .

In Query by Exam ple the user formula tes  his query by
displaying blank tables on the CRT , naming the tables and
their columns, and fill ing in the columns to i l lustrate the
query to be answered. rhe queries are then translated into

relat ional calculus for processing .

The Query by Example  solution to Qi follows:

EL ECTIONS—WON YEAR W I N N E P .— NA M E WINNER— VOTES

I- 
_ _ _ _  _ _ _ _ _ _ _  

—

P.1948 Wilson

PRESIDENTS NAME PARTY HOME—STATE

_______________ ______________

Wilson Republ ican  Calif

Republ ican  and Calif are “constant e lements” and are not

under l ined .  WILSON and 1948 are var iables , termed

“example  element s” , and are  designated as such by
underlining . Example elements need not be actual elements

in the data base. “P.” specifies tha t  t he  element is to be
retrieved and printed.

______ 47
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This language is classified as “prescriptive” because

the user must  prescribe the means to navigate across two
stables” in a manner not unlike that required by SEQUEL.

• Reference 22 presents a human factors study of Query by
Example . As di scussed earlier , universal quantification
presented a problem for some users. Q(4 , taken  from
( R e f .  39],  is a query requiring universal quant i f icat ion.

Q4 : FIND TH E NAMES OF SUPPLIERS WHO SUPPLY A JOB LOCATED
IN NEW YORK WITH ALL PARTS OF TYPE A.

SUPPLY SUPPLIER PAR T—NAME JOB—NAME

_ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  

-

P .N a t ~e ( ALL R o d ]  ~~lb

PART PA RT—NAME TYPE JOB JO B—NAME LOC A T I ON

• _______ ___________ ______  ______  __________  __________

~~ ~~

ALL Rod A Bulb New York

ALL Rod means all P A R T — N A M E s  of TYPE A. T h e  dot ‘ .‘

indicates that a SUPPLIER may supply more than parts of

TYPE A to a job  in N e w  Y o r k.

In comparing this query  wi th  tha t  for r e la t iona l
calculus , note how the target  langua ge shows t h r o u g h .  The

L4 8
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problem wit h uni versal quant i f ica t ion was also detected in
the evaluation of SEQUEL (Ref . 21) .  This suggests that  the
level of mathematical sophistication required for a language

may be easily under—est imated , anI that the casual user ’s
facil i ty of the language may be l imited.

I. APPLE -

APPLE (Ref. 12] is the language used by a developing

system which allows the user to specify queries us ing only
attribute names. The formulation of Qi follows:

SELECT YEAR WHERE PARTY “Republica n ” AND

HCM2—STAT~ = “Calif’t

This language is truly “descriptive”. The user need not

“navigate ” or give a “prescription” for navigating across
relational boundaries ; he need not eve n know what boun daries

exist, let alone knob what attributes transcend their

boundaries. All tha t is required is a knowle dge of
a t t r ibu te  names . The system determines  access paths and
ident i f ies  the operator s necessary to answer t he  guery .
APPLE currently has some iInpl?mentation problems relating to
th e solution of ambigui t ies  w i t h i n  quer ies , but , whe n

-: sat isfactorily resolved , could present the casual user wi~ h
a language that  is t ru ly  simple to u n d e r s t a n d  and use.

J. NATU RAL LAN GUAGE

The idea of u sing na tura . English as a query l a n g u a g e  is
not new or un ique  (R e f .  43 3 .  In f ac t , Simm ons ( R e f .  144 3
r ev iewed  f i f t e e n  exper i~ ental  ques t i on—answer in g systems
more tha n t en  year s ago . 

--
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Due to the inherent complexities of the English
language , it is not surprising tha t while s ignif icant
progress has been made , the f ield remains a v i r tua l
f ron t ie r .  Mart in ( R e f .  4 5 ]  has stated , “The ar t  of
devising dialogues between men and machines should be

regarded as a new form of l i teracy.  As yet  the m a j o r i t y  of
practitioners of this art are unguesti onably illiterate.”

Since it has, in some sense, evolved as an efficient

medium for communications interchange between men , it would
seem that English must surely be the ultimate man—machine

communicat ions mediun ’ . The motiv a t ion is s imply  an
extension of the previous~.y discussed trend in query

languages: making the machine do more so that man expends

less effort ~n int~ rnctina with the machine. The solution

is not -~uite as sin: Iv stated. Almost every attempt at

~~pIoy~ n g natural English as a query language has actually

uti .ized an extremely restricted subset of the languagE . 
—

Ins tead  of l i m i t i n g  t h e  system to a subset of the
E n g L i s h  l anguage , another  approach which is relatj, i~~ I easy
to implement is the computer—initiated dialogue. The user

may experience the sensation of communicating with the
m achine  in a very natural  manner , when in r e a l i t y  the
mac hine forces the use of a restricted subset of the

language by initiating the dialogue and requiring the user

to respond in an u n a m b i g u o u s  manner  which  can be clearly
unders tood by the machine.

To i~ p lement a genu ine , use r ini t iated dialogue syst em
remains  a challenge for the following reasons:

1. I1222~i~h~c ~~ ~na

Free—for m in put opens a Pandora ’s box of po ten t i a l
• problems wi th  respect to typographic  and  spell ing errors.

50
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Some query languages , such as CUPID have  red i~ced the
significance of this problem by the implementa t ion  of a
menu.

2. S~~~tactic ~~~ x.j~~ ]. Am b i~~~ities

Man y grammat ically correct English language requests
are inherently ambiguous. For instance, “List students
receiving diplomaE by sections,” can easily be in terpreted

~
1 l  at least two di f ferent  ways ; the “by sections” phrase  can be

applied to mcdify (1) the verb “list” or (2) the phrase

“receiving diplomas ” . Codd ( R e f . 15 ]  has proposed a method
of “RENDEZV OUS with the casual user” which does much to

resolve this problem by having the machine introduce
clarification dialogue liniited to the machine—comprehensible

su bset of the na tural langua ge, an d by perio d ically
resta ting the use r ’s query.

3. 
~~&2~ ~~~~~~~~~~

Many languages (including CUPID, R E N D E Z V OUS , and
IQF) now employ fea tures  which all?w the user to def ine
individual  terms to suit his own needs. -

There can be no doubt that natural English query

languages will eventually come into widespread usage. In
the inter im , however , it is not unreasonable to expect the
casual , but interested, user to familiarize himself with the - 

-
-

envi ronment  of the DBMS and one of the currently available

prescriptive guery languages. Surely a clerk who has used

tape—output  addin g machines for  his entire career would be
gui te  bewildered the  first t ime he attempted to use a modern
hand— held , reverse— polish notation calculator. But once

acquainted with the machine , and its increased computational

power, it woul d probably be difficult to persuade him to

return to his former environment.
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V . C~~~~~ JSI ONS

h
A. SUMMARY

The differen t classes of data base users were
identified. Differences among these users were
characterized which pointed to the need fcr measures with

which to evaluate query languages. Quantitative and r
qualitative measures were proposed . Procedurality was shown

to be a good overall measure of a language.

Summarizing, procedural languages (1) are intended for
experienced programmers , (2) require more ~ource code , (3)

decrease prcgramwer efficienc7, (4) give less logical data
in d epen dence , and (5) increase machine efficiency (provided
queries are well designed) . The mor e non-procedural
languages (1) may be used by a broader spectrum of users,
(2) require le ss source code , (3) increase p rog rammer
p r o d u c t i v i t y ,  (4)  p rov ide  increased logical data
independence , and (5) decrease total problem solution tine.

Thus non—proceduLal languages increase human productivity at
the expense of machine  t ime due to t he  addi t ional  la y ers of
software. -

It is oviden t that the user must be a prime
considerat ion in selection of a query  l anguage .  The more
casual the user the more non— procedural the language must

be. “Howeve r , t h e r e  wil l , no doubt , a lways  be use rs whose
in terac t ion  rates are so h igh , whose types  of i n t e rac t ions

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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a
[Ref. 20]. The final choice of language(s) must be made

within the context of other realities. One may be limited
to existing hardware in which case increased machin e time

-: may not be available or the desired software interface may

not exist.

Curren tly ,  the choice of co~,mercial languages is limited
to those which are design ed for network an d hi erarchical
models; it may be some tine before a relational model is

commercially available. The importance of the underlyin~
model is likely to diminish in light of Stonebrak€r and
Held’s suggestion that t he  hierarchical and relational

model s are special cases of the network model ERef. 20],

and Date ’s prcposed architecture for a single high—level

language which support3 all three data models [~~ef. 4ó 1.

Reference 20 suggests another factor that should not be

overlooked —— non—procedural languages are inappropriate for
certain queries. For example , con sider the query:

Q5: FIND the President receiving the second highest

WINNER—VOT S.

it i~ u n l ikely ~aat a non—procedura l language processor

— would handl e Q5 efficiently .
-f

All things considered, most general data base

im plementations will require a mix of gt.tery languages to

meet the needs of its various users, while a sin gle query
language may suffice for some special purpose data bases.

4 S

B. THE FUTURE

Two fac tors  wil l impact  on the DBMS of the future.

First, the mach ine’s role in the nan— machine symbiosis wi~~

~
- 
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expan d beyond providing data which man analyzes and uses to

make decisions. The machine itself will be programmed to

access th e d ata base an d con duct increas ingly  h igher  levels
of analy sis to assist man in making complex decisions. A

thorough discussion of “decision support systems” is found

in Ref. 47 and an experimental system , GMIS, is the subject

~ I 

of Ref. 48.

Secon dly ,  the arrival of mass storage devices on the

market and the expected arrival of reasonabl y priced

associative memory hardware will ur .doubte ly have a prcfo~1nd

impact on the future of DaMS ’s and query languages. ~ass

storage devices make it practical to store large volumes of

in formation on—line. Associative memory will surely serve
as a c a t a ly s t  fo r  t h e  d ev e l o pm e n t  of the Data Base  ~achine
(DBN) .

The D3M will al low data  base management functions, ~~
~~1 1eve1~ , to be separa te  i f r o m  the  t r ad i t iona l  o p e r a t i n g
system . The DBiI will not be dependent on the operating -:
system ’s access methods, nor will it rely on the operating

system for I/O control. it will be a specialized machine

wi th in  a ccmpu te r sys tem w h i c h  p rov ides  services to

application processes. The DEN will be able to run

asynchronously wit h the central processing unit and will

make available data stored on secondary storage devices.

F 
- 

Efficiency of quer y processing will improve because the D3N
• will have singular conrsol over access, integrity, and

protection [Ref. 149]. Freedom from the operating system and

the use of associative memory (which will allow logical

storage to be closer in form to physical storage) will

further increase efficiency and decrease the machin e “costs”
of catering to the casual user. 

-
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I
C. FURTHER R E S E A R C H

Several areas were discussed having potential for future
-
~ res earch which  could lea d to  f u r t h e r  i m p r o v e m e n t  in the  user

interface. Human factors studies are needed to determine in

-~ general what language characteristics are compatible with

- each user class ; where feasible, studies of specific
user/language combinations should be conducted. Additiopal

research in software engineering could result in a more
complete set of quantitative measures of languages .

I
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