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A B S T R A C T 

C 1' 
A r e l a t i o n a l model of data has been proposed by Codd 

fo r p r o t e c t i n g u s e r s of formatted data systems from the 

p o t e n t i a l l y d i s r u p t i v e changes i n data r e p r e s e n t a t i o n caused 

by growth i n the data base and changes i n t r a f f i c . The 

adoption of t h i s r e l a t i o n a l model of data has permitted the 

development of a u n i v e r s a l data sublanguage, based on an 

a p p l i e d p r e d i c a t e c a l c u l u s , c a l l e d ALPHA. Although ALPHA 

has been intended to be a sublanguage of the languages used 

by a l l t e r m i n a l u s e r s of a shared, formatted data base, only 
[ 2 ] 

the semantics of i t has been f u l l y d e s c r i b e d by Codd. 

However, before ALPHA can be implemented, i t i s ne c e s s a r y 

to s p e c i f y the syntax of t h i s data sublanguage. 

A c c o r d i n g l y , the work d e s c r i b e d here has i n v o l v e d the 

s p e c i f i c a t i o n of the syntax of t h i s data sublanguage and the 

development of a r e l a t e d PL/1 computer program, c a l l e d the 

t r a n s l a t o r . The t r a n s l a t o r c a r r i e s out the f o l l o w i n g 

f u n c t i o n s : 

( i ) a c c epts as input a modified form of source statements; 

these statements i n c l u d e both data sublanguage ALPHA 

statements and computational f a c i l i t y statements 

( i i ) checks t h a t c o n d i t i o n s are met f o r the r e l a t i o n a l 

c a l c u l u s ; i n t e r a c t i v e debugging f a c i l i t i e s are provided 

( i i i ) produces as output a s e t of coding t a b l e s s u i t a b l e 

as input to an i n t e r p r e t e r ; these t a b l e s , a modified 
[31 

v e r s i o n of those based on the work of Palmero, are 

presented i n a p r e c i s e manner which c l e a r l y r e f l e c t s the 

subsequent o p e r a t i o n s to be c a r r i e d out. 

I t i s intended t h a t t h i s work w i l l form a b a s i s f o r 

the development of a data base system. 7 



1. I N T R O D U C T I O N 

1.1 SCOPE OF WORK 

With the i n c r e a s i n g q u a n t i t y of data i n commericial 

and i n d u s t r i a l e n t e r p r i s e s , a need has a r i s e n f o r the 

implementation of a s i m p l i f i e d computer language to 

manipulate such data. The adoption of Codd's r e l a t i o n a l 

model of d a t a '"^ and the subsequent d e s c r i p t i o n of the 

semantics of a data sublanguage ^ (DSL) c a l l e d ALPHA 

has j u s t i f i e d the need t o s p e c i f y f u l l y the syntax of t h i s 

sublanguage. T h i s work has i n v o l v e d the s p e c i f i c a t i o n of 

the syntax of DSL ALPHA and the development of a r e l a t e d 

PL/1 computer program, subsequently r e f e r r e d t o as the 

t r a n s l a t o r . T h i s i n t e r a c t i v e t r a n s l a t o r t r a n s l a t e s 

DSL ALPHA statements and computational f a c i l i t y 

statements (source) i n t o a s e t of coding t a b l e s (object 

code). The l i s t i n g of the t r a n s l a t o r i s given i n a 

supplementary volume. 

(a) When the computation-oriented components of a language 
f o r d a t a base manipulation are removed, the remaining 
language components which support storage and r e t r i e v a l 
of formatted data from shared data bases are r e f e r r e d 

r a t h e r than language. 

(b) A translator i s a program which t r a n s l a t e s a source 
program i n t o an e q u i v a l e n t o b j e c t program. The source 
program i s w r i t t e n i n a source language, the o b j e c t 
program i s a member of the o b j e c t language. I f the 
source language i s a h i g h - l e v e l language l i k e FORTRAN or 
ALGOL, and i f the o b j e c t language i s the assembly 
language or machine language of some computer, the 
the t r a n s l a t o r i s c a l l e d a compiler. 

a uai_a o U JJJ. an y It a y S . TTft 
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1.2 HISTORICAL REVIEW 

(c) The i m p l i c a t i o n s of the corporate data base have 
r 4] 

been w e l l a i r e d , i n p a r t i c u l a r the dangers of amassing 

and r e l a t i n g l a r g e volumes of dat a , from the po i n t of 

s e c u r i t y and the i n v a s i o n of p r i v a c y . 

I n the conventional data p r o c e s s i n g system the content 

and s t r u c t u r e of data i s organized around s p e c i f i c 

a p p l i c a t i o n s (see F i g u r e 1.1). Each a p p l i c a t i o n has i t s 

f i l e s o rganized t o meet i t s own requirements although t h i s 

i n e v i t a b l y l e a d s to d u p l i c a t e d and u s u a l l y i n c o n s i s t e n t 

data. For example, the departments concerned w i t h p a y r o l l , 

p e rsonnel s e l e c t i o n and employee expenses would each have 

t h e i r own f i l e s although much of the data would be common 

to a l l t h r e e . 

The disadvantages of the con v e n t i o n a l approach became 

apparent when the computer was used to c a l c u l a t e and e x t r a c t 

f o r management, information f o r c o n t v o l r a t h e r than 

s t r a i g h t f o r w a r d data p r o c e s s i n g purposes. The r e q u i r e d 

information had to be e x t r a c t e d from a number of f i l e s , then 

s o r t e d and c o l l a t e d . The r e s u l t , was a l a r g e cumbersome and 

f r a g i l e approach known as the I n t e g r a t e d Management 

i n f o r m a t i o n System - IMIS (see F i g u r e 1.2). With t h i s 

approach, the i n c r e a s i n g number of interdependent f i l e s and 

programs presented a major problem such t h a t i f any one 

l i n k i n the ch a i n broke, the whole system s u f f e r e d . 

(c) A data base i s a c o l l e c t i o n of data s t r u c t u r e d i n such 
a way t h a t the c u r r e n t l y understood r e l a t i o n s h i p s one 
to another are known. 

9 
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The answer t o these l i m i t a t i o n s and problems was seen 

to be i n the corporate data base - the i n t e g r a t i o n of data, 

r a t h e r than of a p p l i c a t i o n s (see F i g u r e 1.3). T h i s approach 

views the data of an e n t e r p r i s e i n i t s e n t i r e t y , r a t h e r 

than as belonging to i n d i v i d u a l a p p l i c a t i o n s . Each a p p l i c a t i o n 

i s aware of and e x t r a c t s only the data i t r e q u i r e s from the 

data base. However, a major d i f f i c u l t y i s t h a t of 

s t r u c t u r i n g the da t a , and arranging i t s content, so as to 

meet o p t i m a l l y the requirements of a l l systems. Each time 

a new a p p l i c a t i o n i s developed or an e x i s t i n g one changed 

the data base, and many a p p l i c a t i o n s a l r e a d y o p e r a t i o n a l , 

r e q u i r e r e l a t e d changes. 

The s o l u t i o n which r e p r e s e n t s the c u r r e n t stage of t h i s 

t e c h n o l o g i c a l p r o g r e s s i s known as the Data Base Management 

System ^ - DBMS (see F i g u r e 1.4). The DBMS can be 

regarded as the software s u p p l i e d t o make the data base 

approach f e a s i b l e f o r a l l computer u s e r s . The system p r o v i d e s 

a means of d e f i n i n g the data independently of the a p p l i c a t i o n 
(e) 

programs so t h a t changes to one a p p l i c a t i o n need not 

a f f e c t the data base and w i l l c e r t a i n l y not a f f e c t other 

a p p l i c a t i o n s . I t a l s o p r o v i d e s standard means of a c c e s s i n g 

the data base, so t h a t the programmer and a n a l y s t need no ^ 

longer be concerned with d e t a i l s of f i l e design, s e c u r i t y 

and r e c o v e r y procedures, and p r i v a c y c o n t r o l s . 

(d) A data base management system i s a method by which data 
i s s t o r e d w i t h i n , and r e t r i e v e d from, the data base. 

(e) Application programs are programs which a c c e s s the data 
base through the data base management system. 
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I t i s a l r e a d y apparent t h a t the DBMS permits a f l e x i b l e 

system, reducing interdependence between a p p l i c a t i o n s and 

data to a manageable l e v e l , w h i l e a t the same time p r o v i d i n g 

the n e c e s s a r y i n t e g r a t i o n of data. Future developments are 

l i k e l y t o be based on improvements t o the f a c i l i t i e s 

provided by DBMS software. Within a few ye a r s a l l computer 

u s e r s w i l l regard the DBMS as an e s s e n t i a l item of software, 

j u s t as now computer u s e r s take the operating system f o r 

granted. 

Users of l a r g e data bases t h e r e f o r e need not know how 

the data i s organized i n the machine (the i n t e r n a l 

r e p r e s e n t a t i o n ) . A c t i v i t i e s of u s e r s a t t e r m i n a l s and most 

a p p l i c a t i o n programs w i l l remain u n a f f e c t e d when the i n t e r n a l 

r e p r e s e n t a t i o n of data i s changed and even when some a s p e c t s 

of the e x t e r n a l r e p r e s e n t a t i o n (e.g., t a p e s , d i s k s , e t c . ) are 

changed. Changes i n data r e p r e s e n t a t i o n w i l l o f t e n be 

needed as a r e s u l t of changes i n query, update and n a t u r a l 

growth i n the types of st o r e d i n f o r m a t i o n . 

To p r o t e c t u s e r s of formatted data systems from the 

p o t e n t i a l l y d i s r u p t i v e changes i n data r e p r e s e n t a t i o n caused 

by growth i n the data base and changes i n t r a f f i c , Codd 

has proposed a simple t a b u l a r view of the data. The 

adoption of such a r e l a t i o n a l model of data has permitted 

the development of DSL ALPHA. 

12 



1.3 PRESENTATION OF WORK 

T h i s f i r s t s e c t i o n d e s c r i b e s the development made i n 

the f i e l d of data base management, and scope and p r e s e n t a t i o n 

of work. 

S e c t i o n 2 d e s c r i b e s the r e l a t i o n a l model of data 

proposed by Codd, where the a p p l i c a t i o n programmer and the 

i n t e r a c t i v e u ser view t h i s data base as a time-varying 

c o l l e c t i o n of normalized r e l a t i o n s of a s s o r t e d degrees. 

Codd's concept of f u r t h e r n o r m a l i z a t i o n i s d e s c r i b e d . The 

two p r i n c i p a l types of language f o r manipulating r e l a t i o n s 

are a l s o i d e n t i f i e d . These are an a p p l i e d p r e d i c a t e 

c a l c u l u s and a c o l l e c t i o n of o p e r a t i o n s on r e l a t i o n s which 

are termed a r e l a t i o n a l a l g e b r a . 

S e c t i o n 3 d e s c r i b e s the o v e r a l l s t r a t e g y f o r the 

development of a data base handling system w i t h r e f e r e n c e 

to DSL ALPHA. A d e s c r i p t i o n of t h i s ALPHA sublanguage 

together w i t h some examples to i l l u s t r a t e i t s use are given. 

S e c t i o n 4 g i v e s a d e t a i l e d d e s c r i p t i o n of the t r a n s l a t o r . 

S e c t i o n 5 e x p l a i n s the coding t a b l e s 'generated' by 

the t r a n s l a t o r . 

S e c t i o n 6 summarizes t h i s work and draws c o n c l u s i o n s . ^ 

Suggested improvements to the t r a n s l a t o r and suggestion f o r 

f u r t h e r work are i n c l u d e d . 
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2. R E L A T I O N A L M O D E L , N O R M A L F O R M 

A N D R E L A T I O N A L L A N G U A G E S 

2.1 THE RELATIONAL MODEL OF DATA 

Codd and Date have shown t h a t c a s u a l and oth-^r 

use r s of l a r g e , formatted data bases need a simple t a b u l a r 

( r e l a t i o n a l ) view of the data r a t h e r than a network view 

as t y p i f i e d by the proposals of the Codasyl Data Base Task 

Group (DBTG), or a t r e e - s t r u c t u r e d view. S e c t i o n s 2.1 to 

2.3 summarize Codd's r e l a t i o n a l model of data and the two 

p r i n c i p a l types of language f o r a c c e s s i n g such d a t a . 

The r e l a t i o n a l model of data i s one i n which data can 

be l o g i c a l l y seen i n the form of data base t a b l e s c a l l e d 

r e l a t i o n s . The term relation i s used here i n i t s 

mathematical sense. Given s e t s D^, D 2, D n (not 

n e c e s s a r i l y d i s t i n c t ) , R i s a r e l a t i o n on these n s e t s i f 

i t i s a s e t of elements of the form (d^, d 2 , d n ) where 

dj c Dj f o r each j = 1, 2, n. More c o n c i s e l y , R i s 

a subset of the C a r t e s i a n product D, x D~ * ... x D . D. i s 
1 - 2 n 3 

r e f e r r e d t o as the j t h domain of R. R i s s a i d t o be of 

degree n. The elements of a r e l a t i o n of degree n are c a l l e d 

n-tuples or t u p l e s . S i n c e the n u l l s e t i s a subset of 

every s e t , i t i s p o s s i b l e to have r e l a t i o n s of degree m 

where m < n. 

The mathematical r e l a t i o n s h i p greater than can be 

i l l u s t r a t e d by the s e t of r e a l numbers, X. The C a r t e s i a n 

product X x x i s the s e t of a l l ordered p a i r s of r e a l 

numbers. Any p a i r (x,, x,) i s e i t h e r t r u e or f a l s e f o r 

14 



the c o n d i t i o n x^ > x^. The subset of a l l p a i r s f o r which 

i t i s t r u e d e f i n e s the r e l a t i o n greater than. D e f i n i t i o n s 

of the more commonly used terms together with some 

examples are a l s o given i n Appendix A. 
(a) 

A normalized r e l a t i o n can be repr e s e n t e d as a 

r e c t a n g u l a r a r r a y with the f o l l o w i n g p r o p e r t i e s : 

( i ) i t i s column-homogenous, i . e . , i n any s e l e c t e d 

column the o b j e c t s are a l l of the same k i n d whereas o b j e c t s 

i n d i f f e r e n t columns need not be of the same kind 

( i i ) each o b j e c t i s a number or a c h a r a c t e r s t r i n g 

( i i i ) a l l rows of a t a b l e must be d i s t i n c t 

( i v ) the o r d e r i n g of rows w i t h i n a t a b l e i s im m a t e r i a l 

(v) the columns of a t a b l e are ass i g n e d d i s t i n c t names and 

the o r d e r i n g of columns w i t h i n a t a b l e i s i m m a t e r i a l . 

I n order t h a t u s e r s need not know the column or d e r i n g 

i n a r e l a t i o n the underlying columns (domains), on which 

data base r e l a t i o n s are defin e d , are ass i g n e d d i s t i n c t 

a t t r i b u t e names. Suppose one of the un d e r l y i n g domains P# 

i s a s e t of s e r i a l number of p a r t s . A r e l a t i o n w i t h 

a t t r i b u t e s SUB_P# and SUP_P# then i n d i c a t e s t h a t the r o l e 

names (SUB, SUP) attached to the common stem (P#) s e r v e to 

d i s t i n g u i s h two d i s t i n c t a p p l i c a t i o n s of the domain P# 

w i t h i n the r e l a t i o n . An a t t r i b u t e of some other r e l a t i o n 

having the stem P# wi t h or without the r o l e name would a l s o 

have v a l u e s from t h i s same u n d e r l y i n g domain, i . e . , s e r i a l 

number of p a r t s . A d d i t i o n a l l y the data base r e l a t i o n s must 

be named uniquely r e l a t i v e to themselves and to the 

a t t r i b u t e names. 

(a) For e x p l a n a t i o n , see S e c t i o n 2.2 . 
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One attribute (or c o l l e c t i o n of attributes) of a given 
r e l a t i o n which uniquely i d e n t i f i e s each tuple of that 
r e l a t i o n i s c a l l e d the p r i m a r y key. 

(c 
Basic operations (e.g., projection, j o i n , d ivision) 

on r e l a t i o n s disprove the contention that tables are 
inadequate data structures to support f a c i l e manipulation 
of rel a t i o n s h i p s between and within the tables. 

The r e l a t i o n a l model of data provides the following 
advantages: 
(i) an e n t i r e l y general method of manipulation of data 
and r e f e r r i n g to i t 
( i i ) a high degree of data independence in that 
application programs and terminal a c t i v i t i e s can be made 
independent of changes i n p h y s i c a l (or storage) 
representation of data 

(b) Throughout the t h e s i s the primary key of each r e l a t i o n 
i s underlined. 

(c) For d e f i n i t i o n s , see Appendix B. 
(d) Data independence i s the concept of separating the 

d e f i n i t i o n s of l o g i c a l and physical data such that 
application programs and terminal a c t i v i t i e s need 
not be dependent on where and how physical units of 
data are stored. Logical data i s that data as seen 
by the user and manipulated by the application 
programs; physical data i s that data which the system 
stores on, or r e t r i e v e s from some storage media. 
The user thus sees the elimination of several 
s t r u c t u r a l concepts (e.g., repeating groups, h i e r a r c h i c 
and plex structures, and cross-referencing structures) 
supported by current data base systems. 
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(e) 
( i i i ) a simple structure consistent with the semantics 
of the stored information; t h i s makes i t possible to use 
a l o g i c a l l y simple language to in t e r a c t with the data base. 

To i n t e r a c t with t h i s data base the user then needs 
to know the following: 
(i ) the names of the data base r e l a t i o n s 
( i i ) the attribute names of each r e l a t i o n 
( i i i ) the primary key of each r e l a t i o n (for updates). 

2.2 NORMALIZATION OF RELATIONS 

2.2.1 Introduction 

r 5 71 

Codd ' has introduced the concept of normalization 
to make the c o l l e c t i o n of r e l a t i o n s in the data base e a s i e r 
for the users to understand and control/ and simpler to 
operate upon. 

Normalization i s a step-to-step reversible process 
of replacing a given c o l l e c t i o n of rel a t i o n s by successive 
c o l l e c t i o n s such that the r e l a t i o n s have a progressively 
simpler structure. The r e v e r s i b i l i t y guarantees that the 
o r i g i n a l c o l l e c t i o n of r e l a t i o n s can be recovered and 
therefore no information i s l o s t . 

(e) The r e l a t i o n a l model i s a representation of the data 
i n terms of i t s natural structure only - i t contains 
absolutely no consideration of storage/access d e t a i l s 
(pointers, physical ordering, indexing or s i m i l a r 
access techniques); i n a word, no 'representation 
c l u t t e r ' -i 
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2.2.2 The F i r s t Normal Form 

Conversion to F i r s t Normal Form 

Consider the r e l a t i o n P, representating PARTS, shown 
in F i g . 2.1 . 

(P£, PD, QOH, J(J # , JD, JM#, QC) 
102 CAD 24 11 SORTER 005 4~ 

32 COLLATOR 079 6_ 
105 TOG 144 11 SORTER 005 25 

24 PUNCH 079 14 
57 READER 023 9 

F i g . 2.1 An Unnormalized Relation 

For each d i s t i n c t kind of part the part "number (P#) r part 
description (PD) and quantity on hand (QOH) are recorded 
together with the project data for each project J using 
that kind of part. The project data, which i s a repeating 
group, consists of project number (J#), project 
description (JD), project manager number (JM#) and 
quantity (QC) of t h i s part committed to t h i s project. The 
attr i b u t e s P#, PD and QOH a l l have simple values while 
the attribute J has r e l a t i o n s as i t s values. The r e l a t i o n -.. 
P i s said to be unnormalized as J i s a non-simple attribute 
of that r e l a t i o n . 

The f i r s t step of normalization i s to s p l i t P into 
two separate r e l a t i o n s : 

P x (P#, PD, QOH) 
VJ1 (P#, J#, JD, JM#, QC) . 

These r e l a t i o n s are shown i n Figure 2.2 . This conversion 
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to f i r s t normal form i s only possible i f the unnormalized 
r e l a t i o n s a t i s f i e s the following conditions: 
(i) The graph of i n t e r r e l a t i o n s h i p s of the non-simple 
attributes i s a c o l l e c t i o n of t r e e s , as shown below. 

PART (P) 

PROJECT (J) 

( i i ) No primary key has a component attribute which i s 
non-simple. 
Definition of F i r s t Normal Form 

A r e l a t i o n i s i n first normal form i f i t has the 

property that none of i t s a t t r i b u t e s has elements which 
are themselves s e t s . 

PD, QOH) 
CAD 24 
TOG 144 

(P#, JD, JM#, QC) 
102 11 SORTER 005 4 
102 32 COLLATOR 079 6 
105 11 SORTER 005 25 
105 24 PUNCH 079 14 
105 57 READER 023 9 

Fi g . 2.2 Relations i n F i r s t Normal Form 

102 
105 
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2.2.3 The Second Normal Form 

Conversion to Second Normal Form 

In r e l a t i o n PJ^ there are some i r r e g u l a r i t i e s i n the 
dependence of attr i b u t e s upon the primary key (P#, J # ) . 
Observation shows that JD and JM# are a t t r i b u t e s of the 
J# component of the primary key while QC i s an att r i b u t e 
of the entire key. These i r r e g u l a r i t i e s give r i s e to 
the following anomalies: 

(i ) Unless f i c t i t i o u s part numbers are introduced, data 
concerning a new project cannot be recorded u n t i l the 
project uses some parts (an i n s e r t i o n anomaly). 
( i i ) I f only one kind of part remains in use by a project, 
deletion of data concerning that part causes deletion of 
the l a s t remaining information on that project while 
previous deletions did not have t h i s consequence 
(a deletion anomaly). 
( i i i ) I f a r.iange i s made to the value of an att r i b u t e of a 
project (e.g., the manager's s e r i a l number JM#), the number 
of copies of t h i s information to be updated i n the data 
model depends on the number of parts in use by that project 
at the instant the update i s performed (an update anomaly). 

This dependence of attr i b u t e s upon the primary 
key (P#, J#) in PART-PROJECT r e l a t i o n P J 1 can be removed by 
replacing r e l a t i o n PJ n by two of i t s projections: ^ 

P J 2 = n 

n J#, JD, JM# 
P#, J#, QC ( P J1> 

(PJ X) . 

(f) For d e f i n i t i o n , sea Appendix B. 
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The quantity QC of a part committed to a project i s an 
attribute of the combination of part number P# and project 
number J#. Hence, i t belongs i n the r e l a t i o n not i n 
J 2 . The r e s u l t i n g r e l a t i o n s are tabulated in Figure 2.3 . 

Functional Dependence 

Consider a r e l a t i o n R with attr i b u t e s A and B. 
Attribute B of r e l a t i o n R i s functionally dependent on 

attribute A of R i f , at every instant of time, each value 
in A has only one value in B associated with i t under R. 
I f B i s functionally dependent on A i n R, then R.A ->• R.B 
else R.A + R.B . I f both R.A R.B and R.B -*• R.A hold, 
then at a l l times R.A and R.B are in one-to-one 
correspondence and R.A -*--»• R.B . 

This d e f i n i t i o n can be extended for A and B to be 
two d i s t i n c t c o l l e c t i o n s of a t t r i b u t e s . I f B i s not 
functionally dependent on any proper subset of A, then 
B i s said to be f u l l y dependent on A i n R. 

A functional dependence of the form R.A -> R.B where 
B i s a subset of A i s c a l l e d a trivial dependence. 

Candidate Keys 

Each candidate key K of r e l a t i o n R i s a combination of 
a t t r i b u t e s (or a single attribute) of R with the following 
properties: 
PI : (Unique I d e n t i f i c a t i o n ) In each tuple of R the value 
of K uniquely i d e n t i f i e s that tuple, i . e . , R.K -*• R.fi where 
fi denotes the c o l l e c t i o n of a l l a t t r i b u t e s of the 
s p e c i f i e d r e l a t i o n . 
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P2 : (Non-redundancy) Property PI i s l o s t when any 
attribute of K i s discarded, i . e . , the number of attr i b u t e s 
in K must be minimal. 

Unless a l l possible values of the attributes of a 
r e l a t i o n R are known, property P2 cannot be imposed. 
Suppose; K i s defined to contain attributes D^, T)^ and D^. 
Imposing property P2, given the current values that 
D^, D2 and may assume, the key i s minimal only i f 
K contains and B^. However, at some l a t e r time, values 
may be entered for and D 2 which w i l l destroy property P i 
and therefore attribute i s needed to uniquely i d e n t i f y 
each tuple i n R. 

For each r e l a t i o n R in a data base, one of i t s 
several candidate keys i s a r b i t r a r i l y designated as the 
primary key of R. The usual operational d i s t i n c t i o n 
between the primary key and other candidate keys ( i f any) 
i s that no tuple i s allowed to have an undefined value 
for any of tne primary key components, whereas any other 
components may have an undefined value. This r e s t r i c t i o n 
i s imposed because of the c r u c i a l role played by primary 
keys i n r e t r i e v a l algorithms. 

Any attribute of r e l a t i o n R which p a r t i c i p a t e s i n 
at l e a s t one candidate key of R i s a prime attribute of Rs 

A l l other a t t r i b u t e s of R are c a l l e d non-prime. 

Definition of Second Normal Form 

A r e l a t i o n i s i n second normal form i f i t i s i n 

f i r s t normal form and every non-prime attribute of R i s 
f u l l y dependent on each candidate key of R. 
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Suppose R i s i n f i r s t normal form and one or both of 
the following conditions hold: 
C l : R has no non-prime a t t r i b u t e s . 
C2 : Every candidate key of R consists of j u s t a single 
a t t r i b u t e . 
Relation R i s then said to be in second normal form. 

P 2 (PI, PD, QOH) 
102 CAD 24 
105 TOG 144 

P J 2 (P#, J#, QC) 
102 11 4 
102 32 6 
105 11 25 
105 24 14 
105 57 9 

(J#_, JD, JM#) 
11 SORTER 005 
32 COLLATOR 079 
24 PUNCH 079 
57 READER 023 

F i g . 2.3 Relations i n Second Normal Form 

2.2.4 The Third Normal Form 

Conversion to Third Normal Form 

The f i n a l step of normalization i s best i l l u s t r a t e d by 
considering the EMPLOYEE r e l a t i o n E tabulated i n Figure 2.4 . 

Each employee, i d e n t i f i e d by a d i s t i n c t employee 
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E£, JC, D#, M#, CT) 
1 b y . 12 n 
2 c z 13 n 
3 c z 13 n 
4 d X 11 g 
5 a y 12 n 
6 b w 14 g 
7 a X 11 g 
8 b z 13 n 
9 d X 11 g 

Fig. 2.4 A Relation Not in Third Normal Form 

s e r i a l number (E#) with a jobcode (JC), i s assigned a 
department number (D#). Each department has i t s own 
manager, whose s e r i a l number (M#) i s recorded, and each 
department i s involved i n contract type (CT) work, e i t h e r 
governmental (g) or non-governmental (n). The n o n - t r i v i a l 
functional dependencies in E are exhibited in Figure 2.5 . 

E.E# 

\ E.D#- »E.M# E.JC 

E.CT 

Fi g . 2.5 Functional Dependencies in Relation E 

Although r e l a t i o n E does not possess the kind of 
dependency described i n Section 2.2.3, some of i t s . 
attri b u t e s are t r a n s i t i v e l y dependent on others and t h i s 
gives r i s e to s i m i l a r anomalies: 
( i ) Unless f i c t i t i o u s employee numbers are used, the 
D# and CT values for a new department cannot be established 
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before people are assigned to that department. 
( i i ) I f only one employee remains attached to a 
department, deletion of that tuple for that employee causes 
deletion of the l a s t remaining departmental information 
while previous deletions did not have t h i s consequence. 
( i i i ) I f the manager of a department changes, more than 
one tuple has to be updated and the number of updates 
varies with time. 

Conversion of r e l a t i o n E to t h i r d normal form consists 
of replacing E by two of i t s projections: 

E 3 = nE#, JC, D# ( E ) 

D 3 = nD#, M#, CT ( E ) " 

These two r e l a t i o n s are tabulated in Figure 2.7 . 

Tr a n s i t i v e Dependence 

Suppose that A, B and C are three d i s t i n c t c o l l e c t i o n s 
of a t t r i b u t e s of a r e l a t i o n R (R i s of degree 3 or more) 
and that the following time-independent conditions hold: 

R.A -> R.B, R.B + R.A, 

R.B -»• R.C 

This implies that 

R.A -»• R.C R.C + R.A 

Figure 2.6 summarizes the entire set of conditions on 
A, B and C. The condition R.C •> R.B i s neither prohibited 
nor required. Thus C i s said to be transitively dependent 

on A under R. 
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R.A 

R.B 
/ 

/ 
1 > R.C 1 

Fig . 2.6 Tra n s i t i v e Dependence of C on A under R 

In the s p e c i a l case where R.C -*• R.B in addition, both 
B and C are t r a n s i t i v e l y dependent on A under R. 

Looking at Figure 2.5 i t can be deduced that CT, D# 
and M# are t r a n s i t i v e l y dependent on E# under E. 

Definition of Third Normal Form 

A r e l a t i o n R i s in third normal form i f i t i s i n 

second normal form and every non-prime attribute of R i s 
non-transitively dependent on each candidate key of R. 
Relations P 2, P J 2 and J 2 taoulated i n Figure 2.3 are also 
in t h i r d normal form. 

The undesirable i n s e r t i o n , deletion and update 
dependencies have disappeared with the removal of the 
t r a n s i t i v e dependencies. No information has been l o s t 
since the o r i g i n a l r e l a t i o n E may be recovered by taking 
the natural j o i n of E- and D_ on D#. 

(g) For d e f i n i t i o n , see Appendix B. 
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(E#, JC, 
1 b y 
2 c z 
3 c z 
4 d X 
5 a y 
6 b w 
7 a X 
8 b z 
9 d X 

(D# , M#, CT) 

y 12 n 
z 13 n 
X 11 g 
w 14 g 

F i g . 2.7 Relations in Third Normal Form 

2.2.5 Objectives of Normalization 

The objectives of normalization are: 
( i ) to make i t f e a s i b l e to tabulate any r e l a t i o n i n the 
data base so that a l l objects are simple 
( i i ) to obtain a powerful r e t r i e v a l c a p a b i l i t y by means of 
a simpler c o l l e c t i o n of r e l a t i o n a l operations than would 
otherwise be necessary 
( i i i ) to avoid undesirable i n s e r t i o n , update and deletion 
dependencies i n the r e l a t i o n s 
(iv) to make the r e l a t i o n a l model more informative to 
users 
(v) to reduce the need for restructuring the c o l l e c t i o n 
of r e l a t i o n s as new types of data are introduced and thus 
increase the l i f e span of application programs 
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(vi) to make the c o l l e c t i o n of re l a t i o n s neutral to 
usage pattern e s p e c i a l l y where t h i s pattern varies with 
time. 

The f i r s t two objectives apply only to the f i r s t 
step of normalization while the l a s t four objectives apply 
to a l l normalization steps. 

2.2.6 Summary of Normalization 

Figure 2.8 summarizes the relationship between the 
three normal forms. 

UNNORMALIZED FORM 

eliminate attributes which 
have relations as elements 

V 
FIRST NORMAL FORM 

eliminate non-full dependence 
of non-prime attributes on 
candidate keys 

NORMAL FORM 

eliminate transitive dependence 
of non-prime attributes on 
candidate keys 

THIRD NORMAL FORM 

Fig. 2.8 The Three Normal Forms 

2„3 RELATIONAL LANGUAGES 

2.3.1 Introduction 

A r e l a t i o n a l model of data, based on normalized 
r e l a t i o n s of assorted degrees, can be manipulated by 
two p r i n c i p a l types of r e l a t i o n a l language - the 
intermediate l e v e l , algebraic ( t y p i f i e d by the Peterlee 

V 
SECOND 
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IS/1 System) and the high l e v e l , calculus-oriented 
data sublanguages, an example of which i s described i n 
Section 3.3 . 

2.3.2 A Relational Algebra 

In t h i s algebraic approach data r e t r i e v a l or ... 
selecti o n i s viewed as the formation of a new normalized 
r e l a t i o n from the e x i s t i n g c o l l e c t i o n of re l a t i o n s by 
some operation of the algebra. The basic operations of 
the r e l a t i o n a l algebra include the t r a d i t i o n a l set 
operations (Cartesian product, union, i n t e r s e c t i o n , 
difference) and the new operations on these 
r e l a t i o n s (projection, j o i n , d i v i s i o n , r e s t r i c t i o n ) . 
Definitions of these r e l a t i o n a l operations are given i n 
Appendix B. These operations act upon en t i r e normalized 
r e l a t i o n s as t h e i r operands. 

The c o l l e c t i o n of re l a t i o n s i n a data base with these 
operations forms the r e l a t i o n a l algebra. These operations 

T 91 
have been implemented on a computer system using APL. 

2.3.3 Relational Calculus 

The r e l a t i o n a l c a l c u l u s , based on an applied predicate 
calc u l u s , may also be used in the formulation of queries 
of a r b i t r a r y complexity on any data base consis ting of a 
f i n i t e c o l l e c t i o n of r e l a t i o n s i n simple normal form. A 
query, represented as a relation-defining expression (an 
ct-expression) i n the r e l a t i o n a l c a l c u l u s , i s tr a n s l a t e d 
into a r e t r i e v a l algorithm, '-10-' a sequence of operations 
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on the relations of the data base y i e l d i n g the response 
r e l a t i o n . To f a c i l i t a t e the s p e c i f i c a t i o n of such a 
query, Codd has also introduced a data sublanguage, 
DSL ALPHA, based on the r e l a t i o n a l c a l c u l u s . An outline 
of t h i s r e l a t i o n a l calculus which includes the d e f i n i t i o n 
of an a-expression i s given in Appendix B. 

The basis of t h i s r e t r i e v a l algorithm i s e s s e n t i a l l y 
the reduction of an ar b i t r a r y a-expression into a 
semantically equivalent expression of the r e l a t i o n a l 
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algebra. Palmero has incorporated a number of 
improvements to t h i s r e t r i e v a l algorithm to obtain a more 
e f f i c i e n t algorithm. The introduction of the concept 
of semi-join as an intermediate object when the tuples 
of a r e l a t i o n are retrieved permits the algorithm to 
determine dynamically the order i n which the re l a t i o n s are 
explored. Palmero used instead the y~expression (a 
normalized B-expression) to represent the query. 
2.3.4 Relational Completeness 

An algebra or calculus i s relationally complete i f , 

given any f i n i t e c o l l e c t i o n of r e l a t i o n s R^, R 2 , BJJ 
i n simple normal form, the expressions of the algebra or 
calculus permit d e f i n i t i o n of any r e l a t i o n definable from 
R l ' R 2 r kY a-expressions (using a set of N range 

predicates i n one-to-one correspondence with R^, R 2, RJJ) 
Both the algebra and calculus described here provide a 
foundation for designing r e l a t i o n a l l y complete query 
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languages. 

2.3.5 Calculus versus Algebra 

Codd has shown that these two types of language 
(the algebraic and the calculus-oriented) for data base 
manipulation are equivalent i n the sense that a r e l a t i o n -
defining expression i n the r e l a t i o n a l calculus can be 
mapped into a semantically equivalent expression i n the 
algebra. Although the r e l a t i o n a l algebra possesses as 
much s e l e c t i v e power as the r e l a t i o n a l calculus, the 
descriptive calculus approach as opposed to the 
constructive algebraic approach permits the user to 
request the desired data by i t s properties. 

(h) For d e f i n i t i o n , see Section 3.1 . 
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3. T H E P R O P O S E D D A T A B A S E 

S Y S T E M W I T H R E F E R E N C E 

T O A L P H A S U B L A N G U A G E 

3.1 INTRODUCTION 

Among languages f o r data base manipulation, the 

intermediate a l g e b r a i c and the high l e v e l c a l c u l u s - o r i e n t e d 

sublanguages score h e a v i l y i n p r o t e c t i n g u s e r s from 

r e p r e s e n t a t i o n c l u t t e r by u s i n g a simple data model and by 

t r e a t i n g r e l a t i o n s as data o b j e c t s manipulable i n t h e i r 

e n t i r e t y . 

A data sublanguage may be embedded (with a p p r o p r i a t e 

s y n t a c t i c m o d i f i c a t i o n ) i n a v a r i e t y of host programming 

languages such as PL/1, COBOL and FORTRAN. A l l computation 

of f u n c t i o n s i s de f i n e d i n the host language statements; a l l 

r e t r i e v a l and storage o p e r a t i o n s i n data sublangauge 

statements. A r i t h m e t i c f u n c t i o n s defined i n the host 

language can be invoked i n the data sublanguage statements. 

A l t e r n a t i v e l y , the data sublanguage may stand alone ( s e l f -

contained system) and i s commonly r e f e r r e d t o as a query 

language, even though i t may co n t a i n p r o v i s i o n f o r simple 

updating, i n s e r t i n g , e t c . 

Many u s e r s i n the p a s t were f o r c e d t o use s p e c i a l i z e d 

query languages to meet t h e i r s p e c i f i c needs. The high c o s t 

of supporting a g r e a t v a r i e t y of these languages w i t h 

t r a n s l a t o r s has suggested t h a t the common f u n c t i o n s i n 

these t r a n s l a t o r s be i d e n t i f i e d and programmed once and f o r 
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a l l . T h i s , i n t u r n , has suggested adopting as a source 

language f o r these t r a n s l a t o r s a very high storage and 

r e t r i e v a l language. The c a l c u l u s - o r i e n t e d type of language, 

an example of which i s DSL ALPHA, appears b e s t s u i t e d 

f o r t h i s purpose. The adoption of t h i s c a l c u l u s - o r i e n t e d 

approach has permitted s u c c e s s i v e improvements i n g e n e r a l 

r e t r i e v a l algorithms t o be i n c o r p o r a t e d i n t o data base 

systems without a f f e c t i n g u s e r s ' programs. 

A query may be repr e s e n t e d i n a number of forms as 

shown i n Fig u r e 3.1 . 

Query 

N a t u r a l R e l a t i o n a l 
Language C a l c u l u s 
( E n g l i s h ) 

y - e x p r e s s i o n 

\ 
R e t r i e v a l 
T ables 

F i g . 3.1 Query Representation 

A t a b u l a r r e p r e s e n t a t i o n of the query, i n the form of 

r e t r i e v a l t a b l e s , ^ i s a l s o d e r i v e d from the 

(a) R e t r i e v a l t a b l e s are those coding t a b l e s 'generated' 
f o r a query (see S e c t i o n 5) . 

\ 
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y - e x p r e s s i o n which i s needed f o r the understanding 

of Palmero's r e t r i e v a l algorithm. A d e t a i l e d d e s c r i p t i o n 

of t h i s r e t r i e v a l a lgorithm w i l l not be r e i t e r a t e d here 
r 3 ] 

as a paper on the algorithm i s a v a i l a b l e . B r i e f l y , 

from the 'generated' r e t r i e v a l t a b l e s , the r e q u i r e d 

r e l a t i o n s are r e t r i e v e d from the data base and the 

se m i - j o i n s and r e f e r e n c e r e l a t i o n s are c o n s t r u c t e d and 

s t o r e d i n temporary v a r i a b l e s . These s e m i - j o i n s are then 

combined to c o n s t r u c t the r e l a t i o n T where p and q are 
p+q 

the number of f r e e v a r i a b l e s and q u a n t i f i e d v a r i a b l e s 

r e s p e c t i v e l y i n the y- e x p r e s s i o n . The q u a n t i f i e r 

operations ( p r o j e c t i o n and d i v i s i o n ) are then a p p l i e d t o 

obtain the i n d i r e c t response r e l a t i o n T which i s then 

combined w i t h the r e f e r e n c e r e l a t i o n s t o c o n s t r u c t the 

response r e l a t i o n to the query. 

Palmero's r e t r i e v a l a l g o r i t h m w i l l be used as a b a s i s 

f o r the development of algorithms (e.g., f o r d e l e t i n g , 

i n s e r t i n g , e t c . ) t o be inc o r p o r a t e d i n t o data base systems. 
3.2 THE PROPOSED DATA BASE SYSTEM 

A schematic r e p r e s e n t a t i o n of the proposed data base 

system i s pres e n t e d i n F i g u r e 3.2 . The r e l a t i o n a l 

completeness of DSL ALPHA ( i . e . , any query e x p r e s s i b l e 

i n the p r e d i c a t e c a l c u l u s i s e x p r e s s i b l e i n ALPHA) makes 

(b) I t i s c o n j e c t u r e d t h a t a y- e x p r e s s i o n i s s e m a n t i c a l l y 
e q u i v a l e n t t o an a-expression although t h e r e a r e a 
number of s y n t a c t i c d i f f e r e n c e s between them. 

34 



i t an extremely s u i t a b l e candidate f o r implementation. 

DSL ALPHA has been implemented as a query and command 

language, and an a r r a y r e p r e s e n t a t i o n of normalized 

r e l a t i o n s i n the data model has been assumed. 

I n the proposed data base system the t r a n s l a t o r 

a c c epts as input a modified v e r s i o n of source statements, 

checks t h a t c o n d i t i o n s a r e met f o r the r e l a t i o n a l c a l c u l u s 

( i n t e r a c t i v e debugging f a c i l i t i e s are provided) and 

produces as output a s e t of coding t a b l e s s u i t a b l e f o r 

i n t e r p r e t a t i o n . A d e t a i l e d d e s c r i p t i o n of the working of 

t h i s t r a n s l a t o r i s given i n S e c t i o n 4. The data 

sublanguage i n t e r p r e t e r , which i n c o r p o r a t e s Palmero's 

r e t r i e v a l a l g o r i t h m and other algorithms, i n t e r p r e t s the 

coding t a b l e s a t i n t e r p r e t a t i o n time. 

A query handling scheme of the proposed data base 

system i s presented i n F i g u r e 3.3 . Palmero's r e t r i e v a l 

a l g o r i t h m a n a l y z e s q u e r i e s i n the form of r e t r i e v a l t a b l e s 

produced by che t r a n s l a t o r . The a c t u a l r e t r i e v a l of t u p l e s 

from a r e l a t i o n (or r e l a t i o n s ) i n the data base w i l l be 

done through system subroutines t o p r e s e r v e p h y s i c a l data 

independence, i . e . , the i n t e r p r e t e r w i l l not be aware of 

the p h y s i c a l r e p r e s e n t a t i o n of the data except f o r the f a c t 

t h a t i t w i l l be able to know whether an a t t r i b u t e i s a 

component of or i s the primary key. These system 

s u b r o u t i n e s are e s s e n t i a l l y the operations of the r e l a t i o n a l 

a l g e b r a d e f i n e d i n Appendix B. Since a l l the b a s i c 

r e t r i e v a l power i s embodied i n DSL ALPHA, t h i s r e t r i e v a l 

c a p a b i l i t y can be implemented once and f o r a l l . 
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DSL ALPHA statements 
and 

computational facility 
statements 

The data sublanguage 
translator checks 
that conditions are 
met for the 
relational calculus 
and produces a 
set of coding tables 

Input is picked 
up from 

y coding tables 

Data sublanguage 
interpreter interprets 
the coding tables 
using algorithms 

V 
Retrieval / Update / Deletion / Insertion / 

Dropping or Establishing data base relation / 

Input or Output facility 

F i g . 3.2 The Proposed Data Base System 
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Query 

\ t 
The translator 
produces a set 
of retrieval 
tables 

! 
Interpreter 
retrieves data 
from the 
relational 
data base 
via system 
subroutines 
by an algorithm 
using semi-joins 

> f 
System 
subroutines to 
manipulate the 
relational 
data base 

Response relation 

F i g . 3.3 A Query Handling Scheme of the Proposed System 
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Hence the proposed system provides a means of 

d e f i n i n g the p h y s i c a l r e p r e s e n t a t i o n of data independently 

of the t r a n s l a t o r and i n t e r p r e t e r ; and t h a t changes to any 

of them w i l l not a f f e c t the system subroutines and 

v i c e - v e r s a . 

3.3 DESCRIPTION OF THE IMPLEMENTED DATA SUBLANGUAGE ALPHA 

3.3.1 B a s i c C h a r a c t e r i s t i c s 

The ALPHA sublanguage i s a language f o r manipulating 

r e l a t i o n s . I t permits the f o l l o w i n g f u n c t i o n s : 

( i ) the a d d i t i o n of d e c l a r e d r e l a t i o n s and t h e i r 

a t t r i b u t e s t o the system c a t a l o g ; each d e c l a r a t i o n of 

a r e l a t i o n i d e n t i f i e s the primary key f o r t h a t r e l a t i o n 

( i i ) the s p e c i f i c a t i o n f o r r e t r i e v a l of any subset of data 

( i i i ) the a d d i t i o n of new elements or s e t s t o d e c l a r e d 

r e l a t i o n s 

( i v ) the d e l e t i o n of elements or s e t s from d e c l a r e d 

r e l a t i o n s 

(v) the d e c l a r a t i o n ( i m p l i c i t ) of v a r i a b l e s ; each 

v a r i a b l e being a s s i g n e d a va l u e 

( v i ) the l i s t i n g of inform a t i o n contained i n r e l a t i o n s 

and v a l u e s of v a r i a b l e s . 

Codd's concept of the u s e r workspace i n DSL ALPHA has 

to be e x p l a i n e d . Data flows i n and out of the data base 

v i a u s e r workspace as d i r e c t e d by data sublanguage 

statements (see F i g u r e 3.4). T h i s data t r a n s m i s s i o n 

appears t o the u s e r t o take p l a c e a l l a t once. A workspace 

may c o n s i s t of space i n core or d i s k . A s i n g l e u s e r has 
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N E W * * 
R E L E A S E 

1 

G E T * 

H O L D * 

DATA BASE 
« 

WORKSPACES 

I I 

I 

\ . UPDATE 

) R O P * —Z 
PUT 

D E L E T E a s s i g n m e n t 
s t a t e m e n t 

* 
D S L A L P H A S T A T E M E N T S 

F i g . 3.4 Information Flow 
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UPDATE 

start c o m p l e t e 
U P D A T E HOLD 

busy busy 
U P D A T E R E L E A S E H O L D 

comple te s tar t UPDATE HOLD 

> ( busy \ s ta r t PUT star t G E T busy busy 
P U T G E T complete PUT complete G E T 

ready to r e c e i v e 

ready to t ransmi t 

F i g . 3.5 Transmission C o n t r o l ; S t a t e T r a n s i t i o n Diagram 



s e v e r a l workspaces i n use c o n c u r r e n t l y . 

The workspace provides a data i n t e r f a c e between 
(c) 

DSL ALPHA statements and assignment statements. The 

us e r never a p p l i e s assignment statements d i r e c t l y t o data 

r e s i d i n g i n the data base, but i n s t e a d f e t c h e s the 

d e s i r e d data i n t o one or more workspaces u s i n g data 

sublanguage statements, and then a p p l i e s assignment 

statements t o the data i n these workspaces. Thus, a t 

each i n s t a n t of time, each workspace holds the a r r a y 

r e p r e s e n t a t i o n of one r e l a t i o n or a t u p l e . 

A s t a t e diagram i s given i n F i g u r e 3.5 showing 

p e r m i s s i b l e changes of s t a t e f o r any workspace. Whenever 

a workspace i s i n one of the four busy s t a t e s i t i s 

i n a c c e s s i b l e t o both DSL ALPHA statements and assignment 

statements. I n any of the non-busy s t a t e s assignment 

statements may be a p p l i e d t o the workspace. 
3.3.2 Struu^.ure of Data Sublanguage ALPHA 

The s t r u c t u r e of ALPHA sublanguage i s determined by: 

( i ) N, the s e t of s y n t a c t i c e n t i t i e s (or non-terminal 

symbols) 

( i i ) T, the s e t of b a s i c (or t e r m i n a l ) symbols 

( i i i ) S, the d i s t i n g u i s h e d symbol 

( i v ) P, the s e t of s y n t a c t i c r u l e s (or p r o d u c t i o n s ) . 

(c) Assignment statements are in c o r p o r a t e d i n DSL ALPHA 
f o r updating purposes. 
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Notation 

A s y n t a c t i c e n t i t y i s denoted by i t s name (a sequence 

c o n s i s t i n g of l e t t e r s and hyphens) enclosed i n the 

br a c k e t s < and >. A s y n t a c t i c r u l e has the form 

<A> : : = x 

where <a> i s a member of N, and x i s any p o s s i b l e sequence 

of b a s i c symbols and s y n t a c t i c e n t i t i e s . The s e t P 

contains the s y n t a c t i c r u l e 

<BAR > : : = | 

implying t h a t | i s a b a s i c symbol of the sublanguage. 

Adopting the convention t h a t a l l r e f e r e n c e s to t h i s b a s i c 

symbol i n other s y n t a c t i c r u l e s s h a l l be r e p l a c e d by 

<bar> permits the unambiguous use subsequently of the 

no t a t i o n 

<A> X 
I r 

« 

I Z 

as an a b b r e v i a t i o n f o r the s e t of s y n t a c t i c r u l e s 

<A> : : = X 
<A> : : » Y 
• • 
• • . I 
• • 

<A> : : = Z 

T h i s p a r t i c u l a r n o t a t i o n i s c a l l e d Backus-Normal Form 

or Backus-Naur Form (BNF). 
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3.3.3 B a s i c Symbols 

The ALPHA sublanguage i s b u i l t up from the f o l l o w i n g 
b a s i c symbols: 

<UAS 1C-SVI !U0L> :=» < L E T T E f O 
I C 0 I G I T > 
I < D C L [ M l T E R > 

L e t t e r s 

< L E T r E R > A 
B 
C 
0 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
• 
P 
g 

. R 
S 
T 
U 
V 

' U 
X 
V 
z 

L e t t e r s do not have i n d i v i d u a l meaning, 

f o r forming i d e n t i f i e r s and s t r i n g s . 

They are used 

D i g i t s 

< D I G I T > 

D i g i t s are used f o r forming i d e n t i f i e r s , numbers and 

s t r i n g s . 
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D e l i m i t e r s 

< D E L I M I T E R > <OPERATCK> 
| <SEPARA rCH> 
I <BRACKET> 
I <DECLARATGH> 
I < O U A N r i F I E R > 

<OPERATUR> : : = <ARl THHET ! C - C P E R A T C R > 
I <aELAT[ONAL-UPt;i<AVf]R> 
I <LCGlCAL-Ct>ERAI iJR> 
I < V E K n A L - C P E R A l C R > 

<ARITHME T I C - U P E R A T O R > 

< R E L A T I O N A L - 0 P E K A TOR> 

< L O G I C A L - 0 P E R A T 0 R > 

<VERBAL-0PErtATOR> 

<SEPARATGR> 

<BRACKET> 

UP 
DOMN 

I I 
I SI 
I <) 

<OECLAKATC.R> 

I -
I / 
I • 

< 
I > 
I = 
I <-
I > = 
I -= 

:= E 
I I 
I AND 
I CR 

REAR 
L I S T 
RANGE 
GET 
HCLO 
R E L E A S E 
UPDATE 
O E L E T E 
DROP 
PUT 
NEW 

K E Y 
F I X E D 3 1 
F I X E D 
FLOAT 16 
FLOAT 
CHAR 
CHARVAR 

< Q U A N T I F I E R > .» ALL 
I SOME 

Separators serve the purpose of marking d i v i s i o n s 

between c e r t a i n DSL ALPHA e n t i t i e s , w h i l e d e c l a r a t o r s and 

q u a n t i f i e r s are used t o d e s c r i b e the p r o p e r t i e s of 

i d e n t i f i e r s . 
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3.3.4 I d e n t i f i e r s 

Syntax 

< I C E N T I F I E R > ::*= <LETTER> 
I < I D E N T I F i n u > < L E T T E R > 
I < I 0 £ N T I F 1 E R > < D I G I T > 
! < | i - . E , ' i I I F [ E R > _ 
I < K J E N T I F I E R > I 

<HORKSPAC'i-NAME> : : = < I O E N T I F I E R > 

< D A r A - B A S E - K E L A T l C N - N A H E > : : = < I O E N T I F I E R > 

<LOCAL-RELATION-HAME> : : = < I D E N T I F [ E R > 

<AT TR-NAME> = < I D E N T I F I E R > 

<VAR1ABL E> : : = < 1 0 E N T I F I E R > 

O D E N T I F I E R - L I S T > < I DENT I F I ER> 
I <IOENT IF I E R - L I S T > , < I O E N T I F I E R > 

< V A R I A B L E — L I S T > <VARIA(!LE> 
I <VAH I ALL E - L I S T > , < V A R I A B L E > 

Examples 

SUPPLY 
SUB_PART 
Wl 

PART* 

Semantics 

I d e n t i f i e r s serve f o r the i d e n t i f i c a t i o n of workspace 

names, data base r e l a t i o n names, l o c a l r e l a t i o n names, 

a t t r i b u t e names and v a r i a b l e s . The length of an i d e n t i f i e r 

should contain twenty or fewer alphanumeric, hash and 

underscore c h a r a c t e r s ; C e r t a i n i d e n t i f i e r s are r e s e r v e d 

words (see S e c t i o n 3.3.5). 

Names f o r d a t a base r e l a t i o n s and a t t r i b u t e s are 

chosen by the community of u s e r s , w h i l e workspace names and 

l o c a l r e l a t i o n names are chosen by i n d i v i d u a l u s e r s . A 

workspace name i d e n t i f i e s a DSL ALPHA workspace w h i l e 
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a data base r e l a t i o n name i d e n t i f i e s a data base r e l a t i o n . 

A l o c a l r e l a t i o n name designates a t y p i c a l t u p l e of the 

r e l a t i o n t o which i t i s s p e c i f i e d . I t i s a l s o used to 

provide an a l i a s f o r a data base r e l a t i o n name/workspace 

name used i n more than one context i n a s i n g l e statement. 

An a t t r i b u t e name i d e n t i f i e s an a t t r i b u t e . Users must 

not use any data base r e l a t i o n name or a t t r i b u t e name as 

a workspace name or l o c a l r e l a t i o n name. 

I d e n t i f i e r s which r e p r e s e n t v a r i a b l e s are of type 

r e a l or i n t e g e r . V a r i a b l e s are i m p l i c i t l y d e c l a r e d . An 

i n t e g e r v a r i a b l e has as i t s f i r s t c h a r a c t e r I , J , K, L, M 

or N w h i l e a r e a l v a r i a b l e s t a r t s with one of the c h a r a c t e r s 

i n the range A t o H or 0 t o Z. 

3.3.5 Standard Function I d e n t i f i e r s 

Syntax 

<FUNCT I O N - I Q E M T I F I E K > = AVERAGE 
I COUNT 
I MAX 
I M IN 
I TOTAL 

< I - F U N C T I O N - I D E N T I F I E R > : : = I AVERAGE 
I I COUNT 
I I MAX 
I IH IN 
I 1TOTAL 

< B O O L - F U N C T I C N - 1 0 E N T I F IER> ! : = TOP 
I BCTTON 

Semantics 

The f o l l o w i n g i d e n t i f i e r s are p r e d e c l a r e d f o r the 

standard f u n c t i o n s of a n a l y s i s : 

( i ) COUNT, ICOUNT - counts the number of elements 

( i i ) TOTAL, ITOTAL - forms the sum of elements 

( i i i ) MAX, IMAX - s e l e c t s the maximum value 
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( i v ) MIN, IMIN - s e l e c t s the minimum value 

(v) AVERAGE, IAVERAGE - forms the a r i t h m e t i c mean 

( v i ) TOP, BOTTOM - r e t u r n s the value t r u e or f a l s e , 

The standard f u n c t i o n s COUNT and ICOUNT are a p p l i e d 

to any f i n i t e s e t while the others are a p p l i c a b l e t o 

f i n i t e s e t s of numbers only. Examples to i l l u s t r a t e the 

use of some of these f u n c t i o n s are given i n S e c t i o n 3.4 . 

3.3.6 Constants 

Syntax 

<CONSTANT> : : = <NUH8ES> 
I <srRiNC-cc -N i : jNT> 

<NUMBER> <SICM> < If.' T E G E R T C C J N S T A N T > 
I <SIGN> < R c A L - C G N S T A N T > 
I <!NIEGEK-r .G(.Srfci ' IT> 
I < i ' .EAL-CC\STAf(T> 

<SIGN> : : = * 
I -

<£NTEGER-CDNSTANf> J : = < D I G I T > 
I < INTEGER-CONST All T> < 0 ! G I T > 

<REAL-CCINSTAMT> : : = . < !NTCGER-CONS f. 1T> 
! < i N T EGi:i5-t(3;is rA.-j r> . 

I <KITEGl : «-CONSTANT> . < INTEGER-CCNSTANT> 

<STRI Nf,-CfJNSTANT> = • <QPCN-STR ING> ' 

< G P E N - S T R I H C > <Cl-'AK ACTER> 
| < r j i 'EN-S IK ING> <CH.»RACTER> 

<CHAk/ .CTEk> ::=• < L F T r F R > 
I < P I G I T > 
| <SPEC I Al_-CHARAC TER> 

< S P E C I A L - C H A R A C T E R > BLANK 
I . 
I < 
I ( 
I • 
I I 
I t 
I ! 
i » 
l • 
I i 
I : 
I -
I -
I / 
I . 
I * 
I _ 
I > 
I : 
I If 
I a 
1 • 
I = 
I " 
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Examples 

25 
+20.7 
-400.579 
•26.12.48' 
• JONES' 

Semantics 

A r i t h m e t i c constants are numbers i n t e r p r e t e d a c c o r d i n g 

to the conventional decimal n o t a t i o n , Each number has a 

uniquely defined type. 

S t r i n g s c o n s i s t of any sequence of a t most 20 

c h a r a c t e r s enclosed by ', the s t r i n g quote. 

3.3.7 Statements 

The d i s t i n g u i s h e d symbol S of the ALPHA sublanguage 

i s the symbol <session>. 

Syntax 

< 5 E S S I Q H > ::- < S T A T E M E N T - l I S O STOP 

< S r A T E M L N r - t I S O : := < S T A T E M E N O 
I <ST£TFMENT-L I S O <STAX EMENT> 

< S T A T £ M E N O : : = <CQ:4 P - E AC I L I T Y - S TA T EMEN T> 
I «UF.*Y-SE' i :UENCE-S r i . rF .MENO 
I <UPDAI t -SEQUENCE-ST» IHMENO 
I < C t l E T L - S E Q U E N C E - S r A T E M E N T > 
I <DRap-STATEl , .E^•r> 
i <PUT-STA TEMUNO 
I <NEW-S T A r EMENT> 

The p r i n c i p a l statement forms of the sublanguage are 

the computational f a c i l i t y statement, query sequence 

statement, update sequence statement, d e l e t e sequence 

statement, drop statement, put statement and new statement. 

A p r i n c i p a l statement denotes a u n i t of a c t i o n . By the 
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execution of a p r i n c i p a l statement i s meant the 

performance of t h i s u n i t of a c t i o n , which may c o n s i s t of 

s m a l l e r u n i t s of a c t i o n such as the e v a l u a t i o n of 

expr e s s i o n s (e.g., q u a l i f i c a t i o n e x p r e s s i o n ) or the 

execution of other statements. 

( i ) Computational F a c i l i t y Statements 

Syntax 

< C O M P - F A C I L I T Y - S T A T E M E N T > : : = < A S S I G N r E N T - S T A 7 E M E N r > 
| < I N F U T - C U T P U T - S r A T F.KENT> 

<ASSIGNM.ENT-Sr ATEMENT> : : = < w O R X S r A C E - N A M £ > . <A T Tfi -NAHE> = < R I G H T - P A R T > 

<Ri r ,HT-PAR1> • < 0 » E N - S TR I N O • 
„ . | <;.« |THMET1C-£XP«ESSI0N> 

< A R I T H M E I I C-cX^ i ; E S S I O N > : : - ' <r.E03;i!!ARY> 
I < S i r , N > <SEC(.NDARY> 
I <A»1 THI--E r IC-l=Xi>RFSS IUN> » <SECCNDARY> 
| < A K I T » ' « E r i C - t X F H E S S I O N > - < SECOr.'DAR Y> 

<SECONDARY> : : = <PR!MAR Y> 
I <SFCCNDARY.> » <PRIMARY> 
I <SECCNUARY> / <PKIMARY> 

<PRINARY> <NUHBER> 
I < V A R I A 8 L E > 
I <WaRKSPACE-NAHE> . <A T TR-NA.HE> 
I ( <ARI THKET I C - t X i ' R E S S IOH> 1 

<!NPUT-OUTPUT-STATEI ' .ENT> J : = <HEAO- S 1; ATEMENT> 

! < l IST-STATE. U .C-MT> 

. <READ-STATEMENT> REAO ( < V A R I A b l E - L I S T > ) 

< L I S T - S T A T E f . E N T > : : = L I S T ( < tDENT I F I E R - L I S T > I 

Examples 

W.Q = W.Q * (30.867 - 3.469) 
READ (ALPHA, BETA) 
LIST (W, ALPHA, X, M) 

Semantics 

Assignment statements are a p p l i e d only t o data i n the 

workspaces to a l t e r the c u r r e n t v a l u e s . 

A read statement designates a f r e e f i e l d input 

procedure. I d e n t i f i e r s s p e c i f i e d i n the read 
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statement are d e c l a r e d t o be v a r i a b l e s . Values are read, 

matched with the v a r i a b l e s of the a c t u a l v a r i a b l e l i s t 

i n order of appearance, and assigned t o the 

corresponding v a r i a b l e s . The type of each value must be 

assignment compatible with the type of the corresponding 

v a r i a b l e . A l i s t statement designates an output procedure 

with automatic format conversion. Information contained 

i n data base r e l a t i o n s and workspaces, and v a l u e s of 

v a r i a b l e s can be requested. 

Precedence of Operators 

The sequence of operations w i t h i n an a r i t h m e t i c 

e x p r e s s i o n i s g e n e r a l l y from l e f t t o r i g h t , w ith the 

f o l l o w i n g a d d i t i o n a l r u l e s : 

( i ) According t o the syntax given above the f o l l o w i n g 

r u l e s of precedence hold: 

f i r s t : / * 
second : + -

( i i ) The e x p r e s s i o n between a l e f t p a r e n t h e s i s and the 

matching r i g h t p a r e n t h e s i s i s e v a l u a t e d by i t s e l f and 

t h i s v alue i s used i n subsequent c a l c u l a t i o n s . 

Consequently the d e s i r e d order of operations w i t h i n an 

a r i t h m e t i c e x p r e s s i o n can be s p e c i f i e d by appropriate 

p o s i t i o n i n g of parentheses. 
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( i i ) Query Sequence Statements 

Syntax 

< Q U E R Y - S E O U E N C E - S T A T E M E N T > : : = < R / . N G E - L I S T > < G E T - S T A T E M E N T ) 

<RANGE-L IS r> : : = < R A N G E - S T A T E M E N T > 
• I <RANGE-L IST> < R A N G E - S T A T E H E . N T > 

< R A N G E - S T A T E M E N r > <RANGE—NAME-PAR T> 

I < R A N G E - H A M E - P A | > T > Q U A N T I F I E R ) 

< R A N G E - N A H E - P A R T > R A N G E D E L A T I O N - N A M E ) < L D C A L — R E L A T I C N - N A M E > 

< R E L A T I O N - N A : ' E > < W ( ) R K S P A C E - N A C E > 

I < D A T A - B A S E - R E L A r | Q N - N A M E > 
< G E T - S T A T E M E N T ) : : = <GE T - N A M E - P A R r> 

I < G E T - N A M E - P A R T > : <QUAL I F I C J r I O N - F . XPRE SS I ON) 
I < G E T - N A . « E - P A R T > : < mi 41 I F IC A r ION-EX PR t S S I O N ) < G E T - E L E M E N r -ORDER I N G - E X P R E SSION> 
I <GfcT-NAME-PART> < G E T - r . i . n H E N r - C R f ) E R I N G - E X P R E S S I U N > 

< G E T - N A H E - P A R T > : : = GET < W O R K S P A C E - N A M E > < Q U O T A > < G E T - T A R G E T - L I S T > 
I GET < H O R K S P A C E - M A K E > < G E T - T A R G E T - L I S T > 

< Q U O T A > : : = I ( I D E N T I F I E R ) I 
I ( < W E G E R - C O H S r A N T > I 

< G E T - T A R G E T - L I S T > <GE T-TARGE T > 
I ( F U N C T I O N - D E S I G N A T O R ) 
I < C U t L - A T T R - l . I S T > , < I - F U N C T I f l N - C E S I GNATOR) 
I I <GE T - T A R G E T - i . 1 S r> I 

<GET-TARGE D : : = < G E T - T A P G E I - - F L E H E H T ) 
I < G E T - T A I - G E . T > , <GE T - T A R G E T - E L E M E N T > 

< G E T - T A R G E T - E L E M E N T > : : = < L C C A L - R F L A r J C N - N A M E ) 
I < o t u L - A r r r . - N . i H E > 

< Q U A L - A T T P . - N A M E > < L G C A L - R E L A T IQN-.NAMC) . < A T T R - N A M E > 

F U N C T I O N - D E S I G N A T O R ) = <FUNCT I G U - I CENT I F I £li> I < F U N C T I G N - A R G U H E N D I 

( F U N C T I O N - A R G U M E N T ) : : - O U A L - A T T R - N A K E > 

<0UAL-Ar T R - L I S T > : : = < Q U A L - A T T R - N A M E ) 

I < O U A L - A r T R - L 1 S T > , < Q U A L - A T T K - N A M E > 

< I - F U N C T I U N - D £ S I G N A T O R > : := < I -FUNCT ION- IDE-NT I F I E R > I < I - F U M C r I O N - A R G U H E N T > I 

< I - F U N C T ION- . \RGUME; iD : := <LQCAL-RE L f c T 1 O N - N A M E ) . <AT TP. - UM".-SE 0UENCE> . < A T T R - N A M E > 
<AT T R - N A K E - S E Q U E N C E ) : : = < / . T T R - N A H E > 

I I <A T T R - L I S T > I 

< A T T R - L I S T > : : - < A T T R - N A M E > 
I <ATT R - L I S T> , <AT T R - N A H E > 

< 0 U A L I F I C A T I C N - E X P R E S S 1 0 N > : : = < C C M P L E X - G U A L l F I C A T I C N > 
I < B C D L - F U N C TI O N - O E S I U N A I0R> 
I < I - F U N C T I G N - D E S I G N A T 0 R > < R E L A T I G N A L - O P E R A T O R ) < N U M B E R > 

< C O M P L E X - Q U A L I F I C A T IDN> = C Q U A L I F I C A T I0N> 
I < C C M P L E X - C U A L I F I C A T I O N ) OS <ZU*I I F I C A T I O N ) 

< O U A L I F I C A T I 0 N > «JUAL> 
I < Q U A L I F I C A r i G N > ANO < C U A L > 

<QUAL> : : = <W-CGMPnNENT> 
I * ( < C C K P L E X - i 2 U A L I F I C A T I 0 N > I ) 

<W -C0«P0NENT> • • ! - <MArR|X -TI IETA> 

I <U -COMPCNEND I <MA TR I X-THE TA> 

< M A T R I X - T H E T A > = < THETA-C0.' J P0NENT> 
I ( <NArRI X - T I I E I A > ) 

<THF.TA-CCMPC!;F.,\'T> : : = <TERH> 
I <THE T A - C O M P C N E N T ) I < T E R M ) 

<TERN> 1 O'.CNAOI C - I E RV> I 
I ( < n v A D i c - j a i N - r £ R M > i 
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<MONAOIC-TERM> : : =' <QUAL—AT TR-NAME> <RElAT I C N A L - O P E R A T O R > <COflSTANT> 

< O Y A O I C - J O I N - T E R M > : : = <CUAL-ATTR-NAME> <REL AT 1 UNAL-CFrP .ATOR> <OUAL-ATTR-NAME> 

<BOOL-FUNCTICJN-DESIGNATOR> " = <BOOL-FUNC \ IC1N-I OENTI P I ER> ( <BOQL-FUNCT I CN-ARGUMEflT> ) 

<BOOL-FUNCTICN-ARGUMEHT> : : = < INTEGER-CCNSTANT> , <CUAL-ATTR-NA.ME> 

< G E T - E L E K E N T - 0 R I ) E R 1 N G - E X P R E S S I U N > : : = <GET-QRDER> 
I < G E T - E L E M E N T - O R D E R t N G - E X P R E S S ION> <GET-ORDER> 

<GET-ORDER> : : = UP <CUAL-ATTR-NAME> 

I DOWN <QUAL-ATTR-NAHE> 

Examples 

RANGE PART P 

GET W (P.P#, P.PNAME, P.QOH) : (P.QOH < 25) UP P.WEIGHT 

RANGE SUPPLY Z 

GET W COUNT(Z.S#) : (Z.J# = 5) 

Semantics 

A query sequence statement c o n s t r u c t s the response 

r e l a t i o n i n a s p e c i f i e d workspace. 

The range l i s t informs the system t h a t c e r t a i n l o c a l 

r e l a t i o n names are used to designate t y p i c a l t u p l e s of 

the corresponding r e l a t i o n s . T h i s range l i s t s t a y s i n 

e f f e c t u n t i l the response r e l a t i o n to the query i s 

cons t r u c t e d . 

The t a r g e t l i s t i n a get statement d e f i n e s the r e l a t i o n 

to be co n s t r u c t e d . T h i s l i s t i s se p a r a t e d from the 

q u a l i f i c a t i o n e x p r e s s i o n ( i f present) by a colon which can 

be taken t o mean 'such t h a t 1 . Any number of d i s t i n c t 

r e l a t i o n s may be re f e r e n c e d i n the t a r g e t l i s t . When a 

fu n c t i o n designator or an image f u n c t i o n d e s i g n a t o r 

appears i n the t a r g e t l i s t then only one r e l a t i o n i s 

ref e r e n c e d . The quota, i f s p e c i f i e d , i n d i c a t e s t o the 

system the number of t u p l e s t o be r e t r i e v e d . The 
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q u a l i f i c a t i o n e x p r e s s i o n ( i f present) provides the 

s e l e c t i o n c r i t e r i a f o r t u p l e s of the response r e l a t i o n . 

The element o r d e r i n g e x p r e s s i o n can be s p e c i f i e d t o 

inform the system t h a t t u p l e s are t o be d e l i v e r e d t o 

the workspace i n a p a r t i c u l a r o r d e r i n g . 

A l l t u p l e v a r i a b l e s ( i . e . , l o c a l r e l a t i o n names) 

appearing i n the q u a l i f i c a t i o n e x p r e s s i o n and not i n the 

t a r g e t l i s t of a get statement must be q u a n t i f i e d 

e x p l i c i t l y u s i n g the a t t r i b u t e s SOME or ALL on range 

statements. The q u a n t i f i e r SOME i n d i c a t e s e x i s t e n t i a l 

q u a n t i f i c a t i o n of the a s s o c i a t e d l o c a l r e l a t i o n name 

whil e ALL i n d i c a t e s u n i v e r s a l q u a n t i f i c a t i o n . Tuple 

v a r i a b l e s appearing i n the t a r g e t l i s t should not be 

q u a n t i f i e d . 

Precedence of Operators 

According t o the syntax given above the followincj 

r u l e s of precedence hold: 

f i r s t : < > = <=>= = 
second : 6 
t h i r d : | 

fo u r t h . : AND 
f i f t h : OR 

Precedence can be imposed upon the l o g i c a l o p e r a t o r s , 

AND and OR, s e p a r a t i n g the w components i n the 

q u a l i f i c a t i o n e x p r e s s i o n . The w component between a 

l e f t b r a c k e t $( and the matching r i g h t bracket $) i s 

eva l u a t e d and t h i s r e s u l t i s used i n subsequent 

c a l c u l a t i o n s . Hence the d e s i r e d order of exec u t i o n of 
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a l o g i c a l combination of two or more w components i n the 

q u a l i f i c a t i o n e x p r e s s i o n can be s p e c i f i e d by appropriate 

p o s i t i o n i n g of these b r a c k e t s . 

( i i i ) Update Sequence Statements 

Syntax 

<UPDATQ-SEQUENCE-STATEMEHT> : : = I I I 
<UPUATE-HEAO> 

OiPDA TE-HE A f » < RE L E AS E - 5 T AT E M E r i T > 
<UP<)ATF_-llfcAI>> <L""?A I E - S T A fEI 'ENT> 
<UFDATF-H(J0Y> <P «TL E AS E - S f A I EMEU T> 
<UPDAlE- ! lGnY> <UPf)A f£ -STATEK£NT> 

: : - < R A h G E - L I S T > < H C D - S T A T E M E N T > 

<HQLO-SI«TEKENT> : : = <HiUD-NAM£-PAR T> 
I <HOL0-NAP£-PART> : C Q U A L I F I CAT IQN-EXPR E S S I O N > 
I <HQLU-NAf1E-PART> : <au AL IF (C A 1I GN-E XPRE SS111H> < G E r - E L E M E N r - G R O E R I N G - E X P R E S S IUN> 
I <H010-NAME-PA«T> < G E r - E L E M E N T - O R D E : U N G - E X P R E S S l C N > 

<HOLO-NAH£-PART> : : = HOLG <WORKSPACE-NAHE> < H n L D - T A R G f c T - L l ST> 

< H 0 L 0 - T A R G E T - L 1 ST> : : = <H-JH/—TARGET > 
I < L G : * .L - I ; .ELAT lori-NAHE> 
I I < H C L O - T A R G E T - L ! S T - > I 

<HOLO-TARGET> <HOLD-TARGE T-CLEMENT> 

I <H0LO-TARGET> , < H C L D - T A R C E T - E L E M E N T > 

<HOLO-TARGET—ELEMENT> : : = <OUAL-ATTR-NAME> 

< R E L E A S E - S T A T E M E N T > : : = R E L E A S E 

<UPDATE-STATEMENT> : : = UPDATE 

<UPOATE-BODY> : : = <UPOATE-HEAC> < C G M P - F A C I L I T Y - L I S T > 

< C O « P - F A C l L I T Y - L I S r > : : = <CGMP-FACl L !TY-STAT£MENT> 
1 <CaHP - F A C I L l T Y - L I S T > <CUNP-FAC I L I T Y - S T A T E M E N T ) 

Examples 

RANGE PART P 
HOLD W (P.QOH) : (P.P# = 3) 
W.QOH = W.QOH + 5 
UPDATE 

RANGE SUPPLY Z 
HOLD W (Z.S#) : (Z.P# ~* = 3) 
RELEASE 
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Semantics 

A hold statement has the same e f f e c t as a 

corresponding get statement i n r e g a r d t o the i n f o r m a t i o n 

made a v a i l a b l e t o a s p e c i f i e d workspace. An a d d i t i o n a l 

e f f e c t of a hold statement i s t h a t i t warns the system 

to be prepared t o r e t u r n modified data t o the t u p l e s 

s u pplying the r e t r i e v e d data. T h i s r e t u r n i n g of modified 

data i s requested by an update statement. The system 

suspends other non-computational f a c i l i t y a c c e s s e s 

u n t i l t h i s update i s completed or c a n c e l l e d . C a n c e l l a t i o n 

i s requested by a r e l e a s e statement. 

The hold statement ( u n l i k e the get statement) i s 

r e s t r i c t e d t o a s i n g l e r e l a t i o n o c c u r r i n g i n i t s . 

t a r g e t l i s t . Thus m u l t i - r e l a t i o n updates e n t a i l the 

use of more than one hold statement and more than one 

workspace. 

( i v ) Delete Sequence Statements 

Syntax 

< D f c L E T E - S E Q U E N C E - S T A T E MENT> : : = < R A N G E - L I S T > < D C L E T E - S T A T E M E N T > 

< 0 E I . E 7 E - S T A r E H E N T > <UELET E-NAME-P ART> . 
I < O E L E T E - N A . i E - P A R T > : <QUAL I F IC AT I O N - E X P R E S S 10N> 

<QEl.eTE-N ,AHC-( ,ART> OCLGTC <LUC A L - R E L a i I CN-H «KE> 

Examples 

RANGE PART P 
DELETE P : (P.P# = 5) 

RANGE SUPPLY Z 
DELETE Z 
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Semantics 

A d e l e t e sequence statement removes t u p l e s from only 

one r e l a t i o n . The q u a l i f i c a t i o n e x p r e s s i o n i n a d e l e t e 

statement i s s i m i l a r t o t h a t i n the hold statement or 

get statement, i . e . , i t can i n v o l v e any number of 

r e l a t i o n s . When a boolean f u n c t i o n d e s i g n a t o r or an 

image f u n c t i o n d esignator appears i n the q u a l i f i c a t i o n 

e x p r e s s i o n then only one r e l a t i o n i s i n v o l v e d . 

(v) Drop Statements 

Syntax 

< 0 R O P - S T A T E H E N T > : : = <CRCP-NAME-PART> 
I < 0 R O P - N A K E - P A R r > . <ATTR-NAME-SECUENCE> 

<DF:QP-NAI' .E-PART> : : = DROP < 0 A T A - B A S E - R E L A T ION-NAME> 

Examples 

DROP PROJECT 
DROP PART.(COLOR, WEIGHT) 

Semantics 

A drop statement removes a l l information about a 

data base r e l a t i o n or i t s a t t r i b u t e (or a t t r i b u t e s ) from 

the data base c a t a l o g . 

The statement DROP R (where R i s a r e l a t i o n name) 

should be c o n t r a s t e d w i t h 

RANGE R L 
DELETE L 

(where L i s a l o c a l r e l a t i o n name) which merely d e l e t e s a l l 
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t u p l e s of R but l e a v e s R as an e s t a b l i s h e d , although 

empty, r e l a t i o n of the data base. 

( v i ) Put Statements 

Syntax 

< P U T - S T A T E H E N T > : : = <PUT-NA.ME-PART> 
I <pur -NA. Mt-PAiu> . < p u r - R E s r > 
I <PUT-NA.«E-PA?.1> . < P U T - K E S T > < P U T - E L E . U E N T - O R D E R I N C - E X P K ESS 10N> 
I <PUT-NAHE-P, \RT> <Pur-ELEMENr -OKDERIN&-EXI»RESSICN> 

<PUT-NAME-PA'RT> PUT <UORKSl'ACE-NAME> < R E L A T I CN-NAME> 

< P U T - R E S T > : : = <ATIR-GRO I: R I N G - E X P R E S S ION> 

<ATTR-ORULRIHG-EXPi».ESS IGN> : : = <ATTR-."IAME-SEOUENCE> 

< P u r - t L E H b N r - Q S D E R I I I G - E X P R E S S I O H > : : = <PUT-UROER> 

I <PUT-FL EM ENT—ORDER I N G - E XPRE S S I 0 N > <PUT-OROER> 

< P U r - C R O C R > : : = UP <ATTR-NAHE> 
I OCWN <ATTR-NAPE> 

Examples 

PUT Wl W2 

PUT W PART.(P#, COLOR, QOH) UP P# 

Semantics 

A put statement i n s e r t s t u p l e s l o c a t e d i n a workspace 

i n t o a r e l a t i o n i n the data base, or i n t o another 

workspace. 

I n a l l put statements only one data base r e l a t i o n i s 

s p e c i f i e d . I f the t u p l e s t o be i n s e r t e d are ordered, the 

element ordering i n t h a t workspace can be s p e c i f i e d to 

ad v i s e the system. 
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( v i i ) New Statements 

Syntax 

<NEW-STATEMENT> NEW <CATA-BASE-REIATION—NAME> <ATTR-RECCRD> 

< A I T R - R E C O R O > : : = { <ATTR—F1ELO> t 
| <ATTR—KECORO I <AT T R - F I E L U > I 

< A T T R - F I E L O > <ATTR-NAME> , < A T T R - T Y P E - I E N G T H > 
I <A T TK-NAME > , < K E Y - T Y P E > , < A T T R - T Y P E - L E N G T H > 

< A T T R - T Y P E - L E N G T H > <A T T R - T Y P E > 
I < A T T R - T Y P E > i <ATTR-LENGTH> 

< A T T K - T Y P E > : : = F I X E D 3 1 
F I X E D 
F I C A T 1 6 
FLOAT 
CHAR 
CHARVAR 

<ATTR-LENGTK> := <1NTEGER-CCNSTANT> 

< K E Y - T Y P E > : : = K E Y 

Examples 

NEW PROJECT ( J # # KEY, CHAR, 4)(JNAME, CHAR, 10) 
NEW SUPPLIER (S#, KEY, FIXED)(SNAME, CHAR, 15) 

Semantics 

A new statement d e c l a r e s a new data base r e l a t i o n . 

Each d e c l a r a t i o n of a data base r e l a t i o n i d e n t i f i e s i t s 

a t t r i b u t e s , primary key as w e l l as the data types of these 

a t t r i b u t e s . 

The keywords FIXED and FLOAT denote a t t r i b u t e s t o 

be of type i n t e g e r and r e a l r e s p e c t i v e l y , whereas FIXED31 

and FLOAT16 are the double p r e c i s i o n r e p r e s e n t a t i o n . 

CHAR and CHARVAR denote f i x e d and v a r y i n g length c h a r a c t e r 

s t r i n g s r e s p e c t i v e l y . 
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3.4 DATA SUBLANGUAGE ALPHA EXAMPLES 

Examples t o i l l u s t r a t e the use of the implemented 

DSL ALPHA are given i n the f o l l o w i n g order: 

( i ) q u e r i e s 

( i i ) updates 

( i i i ) d e l e t i o n s 

( i v ) i n s e r t i o n s 

(v) dropping and e s t a b l i s h i n g data base r e l a t i o n s 

( v i ) input and output f a c i l i t i e s . 

The sample data base which the examples e x p l o i t , 

c o n s i s t s of four r e l a t i o n s as t a b u l a t e d i n . Table 3.6. . 

R e l a t i o n A t t r i b u t e s 

FACTORY S#, SNAME, ADDRESS 
MATERIAL P#, PNAME, WEIGHT, QOH 
TASK J#, JNAME, PRIORITY 
ORDER S#, Pf, J * , DATEDUE, QUANTITY 

Table 3.6 Sample Data Base 

The r e l a t i o n ORDER s a t i s f i e s the f o l l o w i n g c o n d i t i o n s : 

( i ) The s e t of s u p p l i e r numbers (S#) appearing i n the 

ORDER r e l a t i o n i s a subset of s u p p l i e r numbers appearing 

i n the FACTORY r e l a t i o n . 

( i i ) A s i m i l a r c o n s t r a i n t a p p l i e s t o p a r t numbers (P#) 

r e l a t i v e to the MATERIAL r e l a t i o n . 

( i i i ) A s i m i l a r c o n s t r a i n t a p p l i e s t o job numbers (J#) 

r e l a t i v e t o the TASK r e l a t i o n . 

(d) E x p l o i t i n g a data base i n c l u d e s q u e r i e s , updates, e t c . 
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3.4.1 Queries 

Simple Query 

** F i n d a l l the p a r t numbers of m a t e r i a l s being s u p p l i e d 

by the f a c t o r i e s . 

RANGE MATERIAL M 
GET W (M.P#) 

The s e t of d i s t i n c t p a r t numbers appearing i n the p a r t 

number a t t r i b u t e of data base r e l a t i o n MATERIAL i s copied 

i n t o workspace W. D u p l i c a t e v a l u e s of P# are not 

d e l i v e r e d to W. A f t e r execution of t h i s query sequence 

statement, W may be t r e a t e d as a unary r e l a t i o n whose s o l e 

a t t r i b u t e i s P#. 

Query w i t h Q u a l i f i c a t i o n 

** F i n d the p a r t numbers, names and q u a n t i t i e s on hand (QOH) 

where the q u a n t i t y on hand i s l e s s than 100. 

RANGE MATERIAL M 
GET W (M.P#, M.PNAME, M.QOH) : (M.QOH < 100) 

The s e t of d i s t i n c t MATERIAL t u p l e s (P#, PNAME, QOH) 

s a t i s f y i n g the requirement t h a t the q u a n t i t y on hand i s l e s s 

than 100 i s copied i n t o workspace W. W may then be regarded 

as a t e r n a r y r e l a t i o n w i t h a t t r i b u t e s P#, PNAME and QOH. 

A convention c a l l e d the name inheritance r u l e permits 

the a t t r i b u t e s t o be r e f e r r e d t o by the terms 

W.P#, W.PNAME, W.QOH 
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Query with Quota and Element Ordering E x p r e s s i o n 

** Same query as above, except t h a t no more than s i x 

elements are t o be r e t r i e v e d and elements are to be 

d e l i v e r e d t o the workspace i n order by i n c r e a s i n g P# 

(major order) and d e c r e a s i n g WEIGHT (minor o r d e r ) . 

RANGE MATERIAL M 
GET W (6) (M.P#, M.PNAME, M.QOH) : (M.QOH < 100) 

.UP M.P# DOWN M.WEIGHT 

I f no element o r d e r i n g e x p r e s s i o n i s s p e c i f i e d and the 

data base c o n t a i n s more elements s a t i s f y i n g the s p e c i f i e d 

q u a l i f i c a t i o n than the quota, the system determines which 

of the q u a l i f i e d elements are t o be d e l i v e r e d . By 

i n c l u d i n g an element o r d e r i n g e x p r e s s i o n along w i t h a 

quota, the us e r can e x e r t p a r t i a l (and i n some c a s e s , 

complete) c o n t r o l over which elements are d e l i v e r e d . 

S i n g l e E x i s t e n t i a l Q u a n t i f i e r 

** F i n d the names and addresses of those f a c t o r i e s whose 

orders have been pl a c e d f o r p a r t number 5. 

RANGE FACTORY F 
RANGE ORDER 0 
GET W (F.SNAME, F.ADDRESS) : 30((F.S# = O.S#)&(O.P# = 5 ) ) 

T h i s get statement may be paraphrased as f o l l o w s : F i n d the 

names and addresses of every f a c t o r y such t h a t t here e x i s t s 

an order t u p l e having the same s u p p l i e r number together 

w i t h an a s s o c i a t e d p a r t number of value 5. 

Where a q u a n t i f i e r appears a t the extreme l e f t of a 

q u a l i f i c a t i o n , i t i s moved up t o the range statement f o r 
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the t u p l e v a r i a b l e which i s q u a n t i f i e d . The query i s then 

exp r e s s e d as 

RANGE FACTORY F 
RANGE ORDER 0 SOME 
GET W (F.SNAME, F.ADDRESS) : (F.S# = O.S#) & (O.P# = 5) 

I t i s thus p o s s i b l e to express a query i n the 

implemented ALPHA sublanguage u s i n g the a t t r i b u t e s SOME or 

ALL on range statements, so t h a t no q u a n t i f i e r s appear 

e x p l i c i t l y i n the get statement. 

M u l t i p l e Tuple V a r i a b l e s with Common Range 

** F i n d the s u p p l i e r numbers of those f a c t o r i e s which 

have the same address as f a c t o r y IRONWORKS. 

RANGE FACTORY F 
RANGE FACTORY E SOME 
GET W (F.S#) : (E. SNAME = 1 IRONWORKS1) & 

(F.ADDRESS = E.ADDRESS) 

I n t h i s query F and E have the common range FACTORY but 

must be d i s t i n g u i s h e d . 

S i n g l e U n i v e r s a l Q u a n t i f i e r 

** F i n d the s u p p l i e r numbers of those f a c t o r i e s which do 

not supply p a r t number 3. 

RANGE FACTORY F 
RANGE ORDER 0 

GET W (F.S#) : ^30((F.S# = O.S#)&(O.P# = 3)) 

Th i s get statement i s l o g i c a l l y e q u i v a l e n t to 

GET W (F.S#) : VO""((F.S# = O.S#)&(O.P# = 3)) 
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where the q u a n t i f i e r i s a t the extreme l e f t of the 

q u a l i f i c a t i o n e x p r e s s i o n ( i . e . , i n prenex normal form). 

When t h i s u n i v e r s a l q u a n t i f i e r i s moved to i t s 

corresponding range statement, the query appears as 

RANGE FACTORY F 
RANGE ORDER 0 ALL 
GET W (F.S#) : " ,((F.S# = O.S#)&(O.P# = 3)) 

As "(p & q) i s e q u i v a l e n t t o ""(p) I ""(q) where p and q 

are monadic or dyadic terms, the symbol i n the above 

get statement can be e l i m i n a t e d and the query w r i t t e n 

as 

RANGE FACTORY F 
RANGE ORDER 0 ALL 

GET W (F.S#) : (F.S# -= O.S#) | (O.P# "'= 3) 

M u l t i p l e Q u a n t i f i e r s 

** F i n d the names of a l l f a c t o r i e s , each of which s u p p l i e s 

a l l t a s k s . 

GET W (F.SNAME) : VT30((F.S# = O.S#)*(O.J# = T.J#)) 

I n t h i s statement the meaning i s changed when the or d e r i n g 

of q u a n t i f i e r s i s a l t e r e d . Thus, when the q u a n t i f i e r s are 

moved t o t h e i r corresponding range statements, these 

statements must appear i n the order shown below. 

RANGE FACTORY F 
RANGE TASK T ALL 
RANGE ORDER 0 SOME 
GET W (F.SNAME) : (F.S# = O.S#) & (Q.J# = T.J#) 
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M u l t i p l e R e l a t i o n Target L i s t 

** F o r each t a s k obtain as a t r i p l e the job number, job 

name and s u p p l i e r address f o r a l l f a c t o r i e s which supply 

t h a t t a s k . 

RANGE TASK T 
RANGE FACTORY F 
RANGE ORDER 0 SOME 
GET W (T.J#, T.JNAME, F.ADDRESS) : (T.J# = O.J#) & 

(O.S# = F.S#) 

A m u l t i p l e r e l a t i o n t a r g e t l i s t sometimes causes 

a t t r i b u t e s of a workspace to i n h e r i t i d e n t i c a l names. An 

e s t a b l i s h e d data base r e l a t i o n r e q u i r e s t h a t i t s a t t r i b u t e s 

be d i s t i n c t l y named. I t i s , however, p o s s i b l e f o r an 

a t t r i b u t e of one r e l a t i o n t o have the same name as an 

a t t r i b u t e of some other r e l a t i o n . Consider the 

p o s s i b i l i t y t h a t the a t t r i b u t e s JNAME and SNAME i n the 

sample data base had been named as NAME. A query of the 

form 

RANGE MATERIAL M 
RANGE TASK T 
GET W (M.NAME, T.NAME) 

w i l l cause these two a t t r i b u t e s of W to i n h e r i t i d e n t i c a l 

names and t h e r e f o r e cannot be d i s t i n g u i s h e d * 

I n such cases when information i s t r a n s m i t t e d from the 

data base i n t o a workspace W i n accordance with a t a r g e t 

l i s t of the form 

(L^.A^, L 2 . A 2 , L n . A n ) 

the j t h a t t r i b u t e of W i n h e r i t s the p r e f i x e d name R. where 
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L j i s a l o c a l r e l a t i o n name whose range i s the r e l a t i o n 

R. and A. i s an a t t r i b u t e of r e l a t i o n R.. T h i s p r e f i x i s 3 D D 
dropped i f the unprefixed name does not occur as p a r t of 

any other a t t r i b u t e name f o r t h a t workspace. 

Using a Workspace as J u s t Another R e l a t i o n 

** F i n d the names and addresses of a l l f a c t o r i e s which 

supply a t l e a s t those t a s k s s u p p l i e d by f a c t o r y PAINTWORKS. 

One approach to formulate t h i s query i s t o decompose 

i t i n t o two q u e r i e s . A unary r e l a t i o n c o n t a i n i n g the s e t 

of job numbers s u p p l i e d by PAINTWORKS i s f i r s t c o n s t r u c t e d 

i n workspace Wl. T h i s s e t i s then used t o obtain the 

r e q u i r e d s u p p l i e r s * names and l o c a t i o n s as a b i n a r y 

r e l a t i o n i n workspace W2. 

RANGE ORDER 0 
RANGE FACTORY F SOME 
GET Wl (O.J#) : (O.S# = F.S#) & (F.SNAME = 'PAINTWORKS') 
RANGE FACTORY F 
RANGE Wl X ALL 
RANGE ORDER 0 SOME 
GET W2 (F.SNAME, F.ADDRESS) : (F.S# = O.S#) ft 

(O.J# = X.J#) 

M u l t i p l e w components i n the Q u a l i f i c a t i o n 

** F i n d the s u p p l i e r numbers of those f a c t o r i e s which 

supply the m a t e r i a l s f o r job number 25 or supply p a r t 

number 7 t o job number 47. 

RANGE ORDER 0 
GET W (O.S#) : (O.J# = 25) OR (O.J# = 47) & (O.P# = 7) 
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Simple Functions i n the Target L i s t 

** F i n d the number of f a c t o r i e s which do not supply p a r t 

number 5. 

RANGE FACTORY F 
RANGE ORDER 0 
GET W COUNT (F.S#) : " ,30((F.S# = O.S#)4(O.P# = 5)) 

Ex p r e s s i n g the q u a l i f i c a t i o n e x p r e s s i o n i n prenex normal 

form and e l i m i n a t i n g the - symbol, the query i s expressed 

as 

RANGE FACTORY F 
RANGE ORDER 0 ALL 
GET W COUNT(F.S#) : (F.S# 0.S#) | (O.P# -= 5) 

The r e s u l t t o t h i s query i s a s i n g l e v a l u e . T h i s value i n 

the workspace W i s r e f e r r e d to as W.S# . 

Boolean Functions i n the Q u a l i f i c a t i o n 

L e t X be a t u p l e belonging t o r e l a t i o n R, and l e t A 

be a numeric a t t r i b u t e of R and N be an i n t e g e r . Then 

TOP(N, X.A) has the value t r u e i f the A-component of 

tu p l e X has a val u e which i s Nth l a r g e s t 

i n R.A (the p r o j e c t i o n of R on A ) ; 

otherwise i t s value i s f a l s e . 

BOTTOM(N, X.A) i s s i m i l a r l y d e f i n e d , except ' l a r g e s t ' 

i s r e p l a c e d by ' s m a l l e s t ' . 

** F i n d the job names of a l l t a s k s having the fo u r t h 

h i g h e s t p r i o r i t y . 

RANGE TASK T 
GET W (T.JNAME) : TOP(4, T.PRIORITY) 
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When a boolean f u n c t i o n d e s i g n a t o r appears i n the 

q u a l i f i c a t i o n e x p r e s s i o n of a get statement then the 

t a r g e t l i s t and q u a l i f i c a t i o n of t h a t statement must r e f e r 

to the same r e l a t i o n . 

Image Funct i o n s i n the Target L i s t 

I n the ORDER r e l a t i o n the s e t of s u p p l i e r numbers 

a s s o c i a t e d w i t h a given p a r t number i s an example of an 

image set. The f u n c t i o n ICOUNT a p p l i e d to t h i s s e t y i e l d s 

the number of f a c t o r i e s which supply t h i s p a r t i c u l a r 

m a t e r i a l . 

T h i s k i n d of c o n s t r u c t i o n t o generate image s e t s i s 

so common t h a t composite f u n c t i o n s c a l l e d I - f u n c t i o n s have 

been introduced. For example, ICOUNT a p p l i e d t o an ORDER 

t u p l e , the P# a t t r i b u t e and the S# a t t r i b u t e y i e l d s the 

number of f a c t o r i e s which supply the m a t e r i a l i d e n t i f i e d by 

the P# component of t h a t CRDER t u p l e . ITOTAL a p p l i e d t o 

an ORDER t u p l e , and the a t t r i b u t e s P# and QUANTITY y i e l d s 

the t o t a l q u a n t i t y being s u p p l i e d with the m a t e r i a l 

i d e n t i f i e d by the P# component of t h a t ORDER t u p l e . IMAX, 

IMIN and IAVERAGE correspond i n an analogous way t o MAX, MIN 

and AVERAGE. 

** For each p a r t number s u p p l i e d t o a t a s k , f i n d as a 

t r i p l e the p a r t number, the job number and the t o t a l 

q u a n t i t y on order f o r t h a t m a t e r i a l s u p p l i e d t o t h a t t a s k . 

RANGE ORDER 0 

GET W (O.P#, O.J#, IT0TAL(O, (P# , J # ) , QUANTITY) ) 

I n t h i s query image s e t s of QUANTITY v a l u e s are c o n c e p t u a l l y 
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formed f o r each d i s t i n c t p a i r of v a l u e s (O.P#, 0 . J # ) . 

The name i n h e r i t a n c e r u l e r e s u l t s i n the f o l l o w i n g 

a t t r i b u t e names f o r the workspace W: 

W.P#, W.J#, W.QUANTITY 

** For each p a r t number s u p p l i e d t o a t a s k , f i n d the 

p a r t number, the job number and the number of f a c t o r i e s 

which supply t h a t m a t e r i a l t o t h a t t a s k . 

RANGE ORDER 0 
GET W (0.P#, O.J#, IC0UNT(0, (P#,J#), S#) ) 

Image Fu n c t i o n s i n the Q u a l i f i c a t i o n 

Image f u n c t i o n s can appear i n both the t a r g e t l i s t and 

the q u a l i f i c a t i o n e x p r e s s i o n . 

** F i n d the p a r t numbers of m a t e r i a l s s u p p l i e d t o more 

than three t a s k s . 

RAFiGE ORDER 0 
GET W (O.P#) : IC0UNT(0, P#, J#) > 3 

3.4.2 Updates 

Simple Update 

** A l t e r the job name f o r job number 20 to CAM. 

RANGE TASK T 
HOLD W (T.JNAME) : (T.J# = 20) 
W.JNAME = 'CAM' 
UPDATE 

Upon r e c e i p t of a HOLD operation the system r e t a i n s 

enough primary key information ( a s s o c i a t i n g i t w i t h the 
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workspace W) so t h a t i t can perforin the update p r o p e r l y . 

I f the value of the primary key i n W has changed when the 

UPDATE i s r e c e i v e d , the system f l a g s an e r r o r . 

Primary Key Update 

A d i s t i n c t i o n must be made between updates of primary 

keys [ i n c l u d i n g components) and updates of other a t t r i b u t e s 

because of the c r u c i a l r o l e of primary keys i n 

i d e n t i f i c a t i o n and s e a r c h , and the g r e a t impact on the 

u s e r community of changes i n these keys. 

** Change the primary key of the task with job number 

6 t o 7 . 

RANGE TASK T 
GET W (T) : (T.J# = 6) 

RANGE TASK T 
DELETE T : (T.J# = 6) 
W.J# tt 7 

PUT W TASK 

The query sequence statement r e t r i e v e s the e n t i r e TASK 

tu p l e which has 6 i n i t s J# component. The d e l e t e 

sequence^ statement then d e l e t e s t h a t t u p l e from the data 

base r e l a t i o n TASK (not from W). The assignment statement 

a l t e r s the primary key to 7. F i n a l l y , the put statement 

i n s e r t s t h i s new t u p l e i n t o the data base, r e l a t i o n TASK» 

M u l t i - r e l a t i o n Update 

** A p a r t i a l shipment of p a r t number 4 has a r r i v e d f o r 

job number 5 due on 1 A p r i l 1974. Reduce the 

corresponding q u a n t i t y by 40 and i n c r e a s e the q u a n t i t y 
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on hand f o r t h a t m a t e r i a l by 40. 

RANGE ORDER 0 
HOLD W (0.QUANTITY) : (O.P# = 4) & (O.J# = 5) & 

(O.DATEDUE = '1.4.74') 
W.QUANTITY = W.QUANTITY - 40 
UPDATE 

The system r e t a i n s a t l e a s t the f u l l compound val u e of the 

primary key from the HOLD to the UPDATE., i n order to be 

able t o r e t u r n the new v a l u e s t o the proper t u p l e s . 

RANGE MATERIAL M 
HOLD W (M.QOH) : (M.P# = 4) 
W.QOH = W.QOH + 40 
UPDATE 

3.4.3 D e l e t i o n s 

Simple D e l e t i o n 

** Delete a l l t u p l e s from the data base r e l a t i o n TASK. 

RANGE TASK T 
DELETE T 

No workspace i s r e q u i r e d as an information s i n k and t h i s 

a p p l i e s t o a l l d e l e t i o n s . 

Q u a l i f i e d D e l e t i o n 

** Delete a l l t u p l e s of the data base r e l a t i o n ORDER 

i n v o l v i n g f a c t o r y STEELWORKS and tas k CAG i n combination 

w i t h one another. 
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RANGE ORDER O 
RANGE FACTORY F SOME 
RANGE TASK T SOME 
DELETE O : (F.SNAME = 'STEELWORKS') & (O.S# = F.S#) & 

(O.J# = T.J#) & (T.JNAME = 'CAG') 

3.4.4 I n s e r t i o n s 

Simple I n s e r t i o n 

** I n s e r t i n t o the t e r n a r y data base r e l a t i o n TASK the 

3-tuples now l o c a t e d i n workspace W. 

PUT W TASK 

The system checks t h a t no d u p l i c a t e v a l u e s of the primary 

key are i n t r o d u c e d by the PUT op e r a t i o n . 

P a r t i a l I n s e r t i o n 

** I n s e r t i n t o the quaternary r e l a t i o n MATERIAL the 

(P#, PNAMEt QOH) t r i p l e s now l o c a t e d i n workspace W. 

PUT W MATERIAL. (P# , PNAME, QOH) 

The a t t r i b u t e o r d e r i n g of W i s as f o l l o w s : f i r s t P#, then 

PNAME followed by QOH . The element o r d e r i n g i n W may be 

any o r d e r i n g . 

The system converts each t r i p l e from W i n t o a 4-tuple 

by appending the absent v a l u e as the va l u e of 

MATERIAL.WEIGHT . 

Ordered I n s e r t i o n of Bulk Data 

** Same as above, except t h a t the element o r d e r i n g i n 

W i s by P# i n c r e a s i n g , and the system i s t o be a d v i s e d 
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f o r e f f i c i e n c y r e a s o n s . 

PUT W MATERIAL.(P#, PNAME, QOH) UP P# 

I f i t happens t h a t the data base r e l a t i o n MATERIAL i s 

repr e s e n t e d i n storage by a s e t of data ordered on P#, 

the system can make t h i s i n s e r t i o n more r a p i d l y i f advised 

about the or d e r i n g i n W. T h i s could be important i n case s 

where the number of t u p l e s to be i n s e r t e d i s l a r g e . 

3.4.5 Dropping and E s t a b l i s h i n g Data Base R e l a t i o n s 

Dropping a Data Base R e l a t i o n 

** Remove a l l information about the data base r e l a t i o n 

TASK. 

DROP TASK 

I f any of the t u p l e s of TASK s t i l l e x i s t , they are d e l e t e d . 

Dropping one or more A t t r i b u t e s of a Data Base R e l a t i o n 

** Remove a l l information about the a t t r i b u t e s WEIGHT 

and QOH from the data base r e l a t i o n MATERIAL. 

DROP MATERIAL.(WEIGHT, QOH) 

E s t a b l i s h i n g a New Data Base R e l a t i o n 

Suppose a new r e l a t i o n has been c o n s t r u c t e d i n 

workspace W and i t i s d e s i r e d t h a t t h i s r e l a t i o n be 

e s t a b l i s h e d i n the da t a base f o r shared use. Before the 

data can be copied from W i n t o the data base, the r e l a t i o n 

t o be e s t a b l i s h e d must f i r s t be d e c l a r e d . T h i s i n v o l v e s 

g i v i n g i t a name which i s not i n c o n f l i c t w i t h those of 
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other data base r e l a t i o n s and naming i t s a t t r i b u t e s i n 

accordance w i t h community-established r u l e s , i d e n t i f y i n g 

i t s primary key and s p e c i f y i n g the data types of these 

a t t r i b u t e s . 

** E s t a b l i s h the r e l a t i o n now l o c a t e d i n workspace W 

as a data base r e l a t i o n SUPPLIER. Assume t h a t the 

r e l a t i o n i n W has i d e n t i c a l a t t r i b u t e s as data base 

r e l a t i o n FACTORY. 

NEW SUPPLIER (S#, KEY, CHAR, 5)(SNAME, CHAR, 15) 
(ADDRESS, CHAR, 20) 

PUT W SUPPLIER 

3.4.6 Input and Output F a c i l i t i e s 

Input F a c i l i t y 

** Declare two i n t e g e r v a r i a b l e s and a s s i g n to them the 

va l u e s 5 and 10. 

READ ( I , J ) 

T h i s read statement i m p l i c i t l y d e c l a r e s two i n t e g e r . 

v a r i a b l e s I and J . The system suspends a l l other 

a c c e s s e s u n t i l the two i n t e g e r v a l u e s are read and assigned, 

to the corresponding v a r i a b l e s . 

Output F a c i l i t y 

** L i s t the information contained i n the r e l a t i o n l o c a t e d 

i n workspace W , and the v a l u e s of the v a r i a b l e s I and J . 

LI S T (W, i , j ) 
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3.5 SUMMARY OF DATA SUBLANGUAGE ALPHA 

The implemented ALPHA sublanguage p o s s e s s e s the 

f o l l o w i n g c h a r a c t e r i s t i c s : 

( i ) the f u l l power of the r e l a t i o n a l c a l c u l u s - an 

ap p l i e d p r e d i c a t e c a l c u l u s with t u p l e v a r i a b l e s 

( i i ) the c a p a b i l i t y of s p e c i f y i n g any of the o p e r a t i o n s : 

- f e t c h value or s e t of v a l u e s 

- change value or s e t of v a l u e s 

- i n s e r t element ( i . e . , t u p l e ) or s e t i n t o a r e l a t i o n 

- d e l e t e element ( i . e . , t u p l e ) or s e t from a r e l a t i o n 

- d e c l a r e a r e l a t i o n and i t s a t t r i b u t e s f o r 

i n c l u s i o n i n the e s t a b l i s h e d s e t of data base 

r e l a t i o n s 

- drop a r e l a t i o n or any of i t s a t t r i b u t e s from the 

data base c 

- a s s i g n v a l u e t o d e c l a r e d v a r i a b l e or s e t of v a l u e s 

to d e c l a r e d v a r i a b l e s 

- l i s t v a l u e of v a r i a b l e or s e t of v a l u e s of 

v a r i a b l e s , and/or information contained i n a 

r e l a t i o n or s e t of r e l a t i o n s 

( i i i ) the c a p a b i l i t y (through range statements) of 

d e l i m i t i n g the scope of i n t e r a c t i o n between a u s e r on 

the one hand and the data base on the other. 
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4. D E S C R I P T I O N O F T H E 

T R A N S L A T O R 

4.1 INTRODUCTION 

As mentioned e a r l i e r , the i n t e r a c t i v e t r a n s l a t o r c a r r i e s 

out the f o l l o w i n g f u n c t i o n s : 

( i ) a c c epts as input source statements of the implemented 

DSL ALPHA 

( i i ) checks t h a t c o n d i t i o n s are met f o r the r e l a t i o n a l 

c a l c u l u s 

( i i i ) produces as output a s e t of coding t a b l e s * 

4.2 TRANSLATION PROCESS 

F i g u r e 4.1 shows the t r a n s l a t i o n process i n d e t a i l ; 

dotted arrows r e p r e s e n t flow of information w h i l e s o l i d 

arrows i n d i c a t e program flow. 

A n a l y s i s of the source statement and c o n s t r u c t i o n of 

the coding t a b l e s are performed i n a p a r a l l e l , i n t e r l o c k e d 

manner. To do t h i s the t r a n s l a t o r b u i l d s up during the 

a n a l y s i s phase a symbol t a b l e which i s used during both 

a n a l y s i s and c o n s t r u c t i o n . 

4.2.1 Information T a b l e s 

During t r a n s l a t i o n information about i d e n t i f i e r s and 

constants i s s t o r e d i n the f o l l o w i n g t a b l e s : 

( i ) symbol t a b l e 

( i i ) c onstant t a b l e 

( i i i ) workspace t a b l e 

( i v ) v a r i a b l e t a b l e . 
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A N A L Y S I S 

source j_ characters 
I statements 

LEXICAL 

ANALYZER 

SYNTAX 

ANALYZER 
"7 

SEMANTIC ANALYZER 

AND 

TABLE 'GENERATOR' 

C O N S T R U C T I O N 

coding 
tables 

I N F O R M A T I O N 
T A B L E S 

symbol 
table 

workspace 
table 

variable 
table 

constant 
table 

T R A N S L A T O R 

F i g . 4.1 L o g i c a l Connection of the T r a n s l a t o r P a r t s 
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As each source statement i s analyzed, information 

about i d e n t i f i e r s i s s t o r e d i n the symbol t a b l e . T h i s i s 

a t a b l e of i d e n t i f i e r s together w i t h t h e i r a t t r i b u t e s . The 

a t t r i b u t e s are the type of i d e n t i f i e r and any other 

information about i t which i s needed t o 'generate' the 

coding t a b l e s . The constant t a b l e s t o r e s c o n s t a n t s used 

i n the source statement. The symbol t a b l e and constant 

t a b l e are temporary t a b l e s , i . e . , they are c l e a r e d a t the 

beginning of a u s e r ' s s e s s i o n and a f t e r a given s e t 

of coding t a b l e s has been i n t e r p r e t e d . 

Information about workspace names used and v a r i a b l e s 

d e c l a r e d i s saved i n the workspace t a b l e and v a r i a b l e 

t a b l e r e s p e c t i v e l y f o r l a t e r use. Both of these t a b l e s 

are permanent t a b l e s , i . e . , the information contained i n 

them i s v a l i d throughout the u s e r ' s s e s s i o n . 

The symbol t a b l e has the form 

I d e n t i f i e r 
Lexeme 
Value 

Information 
F i e l d 

E n t r y 1 

E n t r y 2 

E n t r y N 

where the i d e n t i f i e r s are the a c t u a l symbols and the 

lexeme v a l u e s and information f i e l d t h e i r a t t r i b u t e s . 

Only e n t r i e s f o r l o c a l r e l a t i o n names i n the symbol t a b l e 

u t i l i z e the information f i e l d ; t h i s f i e l d w i l l i n d i c a t e 

the a t t r i b u t e of the a s s o c i a t e d l o c a l r e l a t i o n name 

( i . e . , whether i t i s f r e e or q u a n t i f i e d ) . The workspace 

t a b l e has only the i d e n t i f i e r argument, and the v a r i a b l e 
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t a b l e the i d e n t i f i e r argument p l u s the information f i e l d . 

T h i s information f i e l d i n the v a r i a b l e t a b l e w i l l i n d i c a t e 

the v a l u e s of the d e c l a r e d v a r i a b l e s and such v a l u e s are 

entered by the sublanguage i n t e r p r e t e r . 

4.2.2 The L e x i c a l Analyzer 

The l e x i c a l a n a l y z e r or scanner i s t h a t p a r t of the 

t r a n s l a t o r which scans the c h a r a c t e r s of each source 

statement from l e f t t o r i g h t and b u i l d s the source program 

words or symbols - i n t e g e r s , composite symbols (e.g., ""•= ) , 

i d e n t i f i e r s , keywords, e t c . The i n t e r n a l r e p r e s e n t a t i o n 

of these symbols ( i . e . , lexeme v a l u e s ) are then passed on 

to the syntax a n a l y z e r . Thus the syntax a n a l y z e r never 

a c t u a l l y sees the symbols but t h e i r lexeme v a l u e s . These 

symbols are arranged i n t o c l a s s e s and each symbol i s 

given a r e p r e s e n t a t i o n w i t h i n a c l a s s . For example, the 

c l a s s of q u a n t i f i e r s are i n t e r n a l l y r e p r e s e n t e d as 

ALL 0110 
SOME 0210 . 

Each lexeme value i s s t o r e d as a four d i g i t number. The 

l a s t two d i g i t s c o n s t i t u t e the c l a s s number and the f i r s t 

two ( i f p r e s e n t ) the number w i t h i n t h a t c l a s s . Thus the 

symbols ALL and SOME are repr e s e n t e d by 1 and 2 

r e s p e c t i v e l y , w i t h i n c l a s s 10. The d i f f e r e n t c l a s s e s of 

symbols and t h e i r lexeme v a l u e s are given i n Appendix C. 

The scanner i s a r o u t i n e c a l l e d by the syntax 

a n a l y z e r whenever the syntax a n a l y z e r r e q u i r e s a new lexeme 

v a l u e . When c a l l e d , t h i s r o u t i n e r e c o g n i z e s the next 

source symbol and pas s e s the lexeme value of t h i s symbol 

to the syntax a n a l y z e r . 
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The l e x i c a l scan thus i n v o l v e s the f o l l o w i n g sequence 

of s t e p s : 

( i ) I s source symbol a s t r i n g constant or d e l i m i t e r ? I f 

i t i s proceed t o ste p ( i v ) . 

( i i ) I s source symbol a keyword ( r e s e r v e d word) or 

i d e n t i f i e r ? (see below) I f i t i s proceed to step ( i v ) . 

( i i i ) Assume symbol to be an i n t e g e r or r e a l number, and 

c o n s t r u c t i t s v a l u e . 

( i v ) A s s i g n to symbol i t s lexeme va l u e and r e t u r n t h i s 

v a l u e to the syntax a n a l y z e r . 

I n ( i i ) above, the l i s t of keywords i s f i r s t searched 

t o see i f the symbol i s i n t h a t l i s t . I f symbol i s not a 

r e s e r v e d word, i t must then be an i d e n t i f i e r . A keyword 

i s searched with the technique c a l l e d hash coding which 

uses some computable f u n c t i o n (hash f u n c t i o n ) ( a ) of the 

numeric r e p r e s e n t a t i o n of the keyword. The hash f u n c t i o n , 
(b) 

determines the s t a r t i n g p oint i n the t a b l e (hash t a b l e ) 

t o s e a r c h f c r the keyword. The hash t a b l e (see Table 4.2) 

can be v i s u a l i z e d as c o n t a i n i n g a key f i e l d (hash addresses) 

and an information f i e l d (keywords). A s e a r c h f o r a 

(a) The hash function used i n the l e x i c a l a n a l y z e r i s 
N - (N * 22) * 22 (v denotes i n t e g e r d i v i d e ) where 
N - \ M\ T L ; M being the numeric representat-ion-o-f the 
f i r s t four c h a r a c t e r s of the keyword and L the number 
of c h a r a c t e r s of the keyword. A s e r i e s of t e s t s were 
c a r r i e d out f o r the f u n c t i o n N - (N * k) * k where 
k = 5, 6, 7, 29. The value of k was chosen t o be 22 
because t h i s i s the s m a l l e s t i n t e g e r which g i v e s the 
hash f u n c t i o n a f a i r l y uniform d i s t r i b u t i o n of hash 
addresses over the l i s t of keywords. 

(b) The hash table has been c o n s t r u c t e d as a co n v e n t i o n a l 
hash t a b l e w i t h e x t e r n a l overflow. 
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KEY I N F O R M A T I O N 

0 COUNT 
1 DELETE 
2 DROP 
3 READ 
4 FIXED31 
5 RANGE 
6 ALL 

NEW 
KEY 

7 GET 
8 PUT 

STOP 
ICOUNT 

9 RELEASE 
11 HOLD 

AND 
12 MAX 

UPDATE 
13 MIN 

TOP 
I AVE RAGE 

14 UP 
IMIN 

15 FLOAT 
CHAR 
CHARVAR 

16 DOWN 
IMAX 

17 AVERAGE 
BOTTOM 

18 SOME 
OR 
ITOTAL 

19 TOTAL 
FIXED 

20 FLOAT16 
21 L I S T 

Table 4.2 Hash Table 



keyword thus reduces t o c a l c u l a t i n g the f u n c t i o n and 

performing a s e q u e n t i a l s e a r c h on the e n t r y (or e n t r i e s ) 

at the hash address. 

As each i d e n t i f i e r i s encountered the f o l l o w i n g sequence 

of s t e p s are c a r r i e d out: 

( i ) Perform a s e a r c h on the two permanent t a b l e s 

(workspace t a b l e and v a r i a b l e t a b l e ) to see i f t h a t 

i d e n t i f i e r i s i n e i t h e r t a b l e . I f t h a t i d e n t i f i e r i s i n 

e i t h e r t a b l e proceed t o step ( i v ) . 

( i i ) Perform a s e a r c h on the symbol t a b l e to see i f t h a t 

i d e n t i f i e r i s i n t h a t t a b l e . I f t h a t i d e n t i f i e r i s i n the 

t a b l e proceed t o step ( i v ) . 

( i i i ) Append t o the end of the symbol t a b l e t h a t i d e n t i f i e r 

and i t s lexeme v a l u e . 

( i v ) Return a p o i n t e r t o the l o c a t i o n of t h a t i d e n t i f i e r . 

The type of an i d e n t i f i e r i s not known u n t i l the 

a n a l y s i s of the source statement i s complete, and i s 

determined by the s y n t a c t i c p o s i t i o n of the i d e n t i f i e r i n 

the statement. S i m i l a r l y , an i d e n t i f i e r i s i n s e r t e d i n the 

workspace t a b l e or v a r i a b l e t a b l e only when s y n t a c t i c 

context shows t h a t i t i d e n t i f i e s a workspace name or 

v a r i a b l e name r e s p e c t i v e l y . T h i s i d e n t i f i c a t i o n p r o c e s s i s " 

unique. 

E n t r i e s f o r the source statement 

RANGE SUPPLY S SOME 

are i n i t i a l l y made by the l e x i c a l a n a l y z e r i n the symbol 

t a b l e as 

SUPPLY 37 0 
S 37 2 
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where 37 i s the lexeme value f o r i d e n t i f i e r . A '0' i n the 

info r m a t i o n f i e l d denotes t h a t the a s s o c i a t e d l o c a l r e l a t i o n 

name i s f r e e , '1' denotes u n i v e r s a l q u a n t i f i c a t i o n and 

'2' e x i s t e n t i a l q u a n t i f i c a t i o n . For a l l other e n t r i e s i t 

ta k e s the n u l l v a l u e . 

When a n a l y s i s i s complete the symbol t a b l e shows 

SUPPLY 39 0 
S 40 2 

where 39 i s the lexeme v a l u e f o r the data base r e l a t i o n 

name and 40 the lexeme value f o r the l o c a l r e l a t i o n name* 

4.2.3 The Syntax Analyzer 

The syntax a n a l y z e r or p a r s e r performs a complete 

syntax check on each source statement of the implemented 

ALPHA sublanguage. 

The p a r s e r c o n s i s t s of a sequence of syntax statements 

and a r o u t i n e which d i r e c t s the execution of these 

statements. T h i s r o u t i n e uses a syntax s t a c k . The syntax 

statements are r e f e r r e d to as F l o y d Production Language (FPL) 

statements which were generated u s i n g a modified v e r s i o n of 
C I ] 

an a l g o r i t h m used by DeRemer, * which maps the s e t o f 

BNF productions i n the data sublanguage i n t o FPL statements. 

The FPL statements c o n s i s t of l a b e l l e d , mutually e x c l u s i v e 

groups of statements c a l l e d s e c t i o n s . Each s e c t i o n has a 

s p e c i f i c t a s k to perform and i s a c t i v a t e d by t r a n s f e r of 

c o n t r o l t o i t s f i r s t statement. 

i 
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(c) The syntax a n a l y z e r thus c o n s i s t s p r i m a r i l y of a 

sequence of FPL statements or pr o d u c t i o n s , each of which 

has the form-

L : a I b Rn k •+ \ ( 1 ) *...* I S F(x) 

where L ( i f present) i s a production l a b e l 

a and b are source symbols ^ 

Rn ( i f present) i s the semantic r o u t i n e 

k ( i f any) i s the number of symbols to be removed from 

top of s t a c k 

I ( i f any) i s the number of source symbols to be 

scanned 

*...* ( i f any) denote the number of source symbols t o be 

stac k e d and scanned 

s i s a s u c c e s s l a b e l 

F ( i f p r e s e n t ) i s a f a i l l a b e l 

x i s an e r r o r message number ( i f the f a i l l a b e l i s 

p r e s e n t ) . 

The f i r s t v e r t i c a l bar ( I ) i n d i c a t e s the top of the s t a c k ; the 

symbol t o i t s l e f t r e p r e s e n t s the one being looked f o r i n the 

s t a c k . The appearance of k -> and *".'..* on the l e f t of the 

(c) T h i s p a r t i c u l a r s y n t a c t i c a n a l y s i s was used f o r the 
t r a n s l a t o r because the syntax of the DSL ALPHA was 
hot f u l l y s p e c i f i e d a t the s t a r t of the p r o j e c t and 
work proceeded with w r i t i n g the bulk of the l e x i c a l 
a n a l y z e r and the r o u t i n e which d i r e c t s the execution of 
FPL statements. I t was found t h a t , as work progressed, 
i t was q u i t e easy to a l t e r the statements of the p a r s e r 
whenever changes occurred i n the s p e c i f i c a t i o n of the 
syntax of t h i s d a t a sublanguage. 

(d) The symbol ANY when s u b s t i t u t e d f o r a and/or b matches 
any other symbol i n the data sublanguage. 
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next two |'s i n d i c a t e s t h a t the st a c k i s t o be transformed. 

A production thus i n d i c a t e s p a t t e r n matching and u s u a l l y 

a s t a c k t r a n s f o r m a t i o n . During the execution o f the p a r s e r 

there i s a c u r r e n t production from which the symbols a and b 

are compared with the symbol a t the top of the syntax s t a c k 

and the c u r r e n t source symbol r e s p e c t i v e l y . I f they do not 

match and i f the f a i l l a b e l i s absent, then the next 

production i n the sequence becomes c u r r e n t and the comparison 

i s again made. T h i s continues u n t i l a match o c c u r s . When 

i t does, the semantic r o u t i n e i s c a l l e d and & symbols are 

removed from the s t a c k . The exe c u t i o n of the a c t i o n s ( l ) 

and '*'.'..* w i l l cause the scanner t o be c a l l e d . The 

production l a b e l l e d S then becomes the c u r r e n t production 

and matching c o n t i n u e s . 

I f p a t t e r n matching f a i l s a t a c u r r e n t production and 

a f a i l l a b e l i s p r e s e n t , a syntax e r r o r message w i l l be 

p r i n t e d and an e r r o r s e c t i o n of the productions becomes 

c u r r e n t . 

Suppose the production 

T ( 4 6 ) : LRNAME I , R17 1 -> | (1) *| <ANAME-SEQ1>H 
FAIL_1(12) 

i s the c u r r e n t production. I f the top symbol of the s t a c k 

i s a l o c a l r e l a t i o n name and the c u r r e n t source symbol i s 

a comma, then the f o l l o w i n g o c c u r s : 

( i ) the semantic r o u t i n e R17 of the semantic a n a l y z e r i s 

executed 

( i i ) the top symbol i s removed from the s t a c k 

( i i i ) the next source symbol i s scanned which r e p l a c e s the 

c u r r e n t symbol 

84 



( i v ) the c u r r e n t symbol i s sta c k e d and the next source 

symbol i s scanned which then becomes the c u r r e n t symbol 

(v) the production l a b e l l e d <ANAME-SEQ1>H becomes the 

c u r r e n t production. 

I f p a t t e r n matching f a i l s , the e r r o r message number 12 

w i l l be p r i n t e d and the production l a b e l l e d FAIL_1 becomes 

c u r r e n t . 

The FPL statements of the p a r s e r are coded up i n the 

form of t a b l e s . The p a r s e r thus c o n s i s t s of these t a b l e s 

and a r o u t i n e which i n t e r p r e t s the t a b l e s . The FPL 

statements of the p a r s e r are given i n Appendix D. 

4.2.4 The Semantic Analyzer and Table 'Generator' 

I n the t r a n s l a t o r the t a b l e 'generation' p a r t s are 

fused w i t h the semantic r o u t i n e s of the semantic a n a l y z e r . 

Wher. a s y n t a c t i c c o n s t r u c t i s recognized, the syntax 

a n a l y z e r c a l l s a semantic r o u t i n e which executes the 

f o l l o w i n g f u n c t i o n s : 

( i ) checks the c o n s t r u c t f o r semantic c o r r e c t n e s s , 

i . e . , a c o n s t r u c t may be s y n t a c t i c a l l y c o r r e c t but i t s 

meaning may be i n c o r r e c t and i t i s t h i s type of e r r o r t h a t 

i s d e t e c t e d by the semantic a n a l y z e r . These are e i t h e r 

e r r o r s t h a t cannot be detected by the syntax a n a l y z e r or 

e r r o r s t h a t can be detected during s y n t a c t i c a n a l y s i s but 

have been l e f t to the semantic a n a l y z e r so as t o s i m p l i f y 

the FPL statements, 

85 



e.g., (a) C o r r e c t s p e c i f i c a t i o n of l o c a l r e l a t i o n names 
where appropriate 

Suppose a query i s expressed as 

RANGE FACTORY F 
RANGE ORDER 0 
GET W (F.SNAME, F.ADDRESS) : (F.S# = O.S#) & (O.P# = 3) 

A semantic e r r o r w i l l be detected s i n c e the l o c a l r e l a t i o n 

name 0 appearing i n the q u a l i f i c a t i o n e x p r e s s i o n and not i n 

the t a r g e t l i s t of the get statement must be q u a n t i f i e d . 

A semantic e r r o r w i l l a l s o be detected f o r the query 

RANGE FACTORY F 
RANGE ORDER 0 ALL 
GET W (F.S#) : (F.S# O.S#) | (0.P# 3) UP O.S# 

as the l o c a l r e l a t i o n name 0 appearing i n the element 

o r d e r i n g e x p r e s s i o n i s not s p e c i f i e d i n the t a r g e t l i s t of 

the get statement. 

(b) C o r r e c t use of f u n c t i o n d e s i g n a t o r s 

A query expressed as 

RANGE MATERIAL M 
GET W COUNT(M.P#) : T0P(1, M.QOH) 

w i l l cause a semantic e r r o r t o be detected because 

the occurrence of a f u n c t i o n d e s i g n a t o r i n the t a r g e t l i s t 

does not permit the use of a boolean f u n c t i o n d e s i g n a t o r i n 

the q u a l i f i c a t i o n e x p r e s s i o n of the get statement. 

A semantic e r r o r w i l l a l s o be flagged f o r the query 

RANGE ORDER 0 
GET W (O.P#) : ICOUNT(0, P#, J#) > 3.5 

as the number of t a s k s being s u p p l i e d w i t h the m a t e r i a l 

i d e n t i f i e d by the P# component of the order t u p l e must be 
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an integer, c o n s t a n t . 

(c) C o n s i s t e n c y of a t t r i b u t e s s p e c i f i e d / d e c l a r e d 

RANGE ORDER 0 
GET W (O.P#, O.J#, ITOTAL(0, P# , QUANTITY) ) 

A semantic e r r o r w i l l be flagged f o r t h i s query as t h e r e i s . 

one l e s s a t t r i b u t e s p e c i f i e d i n the a t t r i b u t e l i s t of the 

image f u n c t i o n d e s i g n a t o r i n the t a r g e t l i s t of the get 

statement. 

The newly d e c l a r e d data base r e l a t i o n 

NEW SUPPLIER (S#, KEY, CHAR, 5)(SNAME, CHAR) 

w i l l a ] s o cause a semantic e r r o r to be detected as the 

a t t r i b u t e length i s not s p e c i f i e d f o r the a t t r i b u t e SNAME 

of data type c h a r a c t e r s t r i n g . 

( i i ) f i l l s i n the ne c e s s a r y information ( i f any) i n the 

information t a b l e s , 

e.g., I d e n t i f i c a t i o n of c e r t a i n i d e n t i f i e r s a f t e r s y n t a c t i c 
a n a l y s i s 

An i n s e r t i o n i s made f o r an i d e n t i f i e r i n the workspace 

t a b l e or v a r i a b l e t a b l e only when s y n t a c t i c context shows 

t h a t i t i d e n t i f i e s a workspace name or v a r i a b l e name 

r e s p e c t i v e l y . 

( i i i ) 'generates* the coding t a b l e s ; these t a b l e s , produced 

i n a form s u i t a b l e as input t o the sublanguage i n t e r p r e t e r , 

are e x p l a i n e d i n S e c t i o n 5. While these t a b l e s are being 

'generated', checks are made t o ensure t h a t the t a b l e s do 

not overflow, 

e.g., Overflow of coding t a b l e s 

An e r r o r message showing implementation r e s t r i c t i o n 
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w i l l be p r i n t e d I f the number of e n t r i e s made i n a coding 

t a b l e exceeds the maximum number permitted f o r t h a t t a b l e . 

( i v ) f i l l s i n v a l u e s of constants ( i f any) i n the constant 

t a b l e , 

e.g.. Constants encountered i n source statements. 

The value 5 encountered i n the assignment statement 

W.P = 5 

i s put i n the constant t a b l e and a p o i n t e r to i t s l o c a t i o n 

i n t h a t t a b l e i s returned. 

I n some of the semantic r o u t i n e s of the semantic 

a n a l y z e r , a s t a c k i s u t i l i z e d t o f a c i l i t a t e the ease of 

checking f o r semantic c o r r e c t n e s s of c o n s t r u c t s and f i l l i n g 

i n of t a b l e s . Where p o s s i b l e , the same semantic r o u t i n e 

has been used f o r c o n s t r u c t s w i t h s i m i l a r meaning. 

The s y n t a x a n a l y z e r , continues to analyze the source 

statement once c o n t r o l i s re t u r n e d t o i t . 

4.3 IMPLEMENTATION OF THE TRANSLATOR 

The t r a n s l a t o r i s implemented as the f o l l o w i n g r o u t i n e s : 

( i ) MAINPRG and PROG which i n i t i a l i z e the FPL statements 

of the p a r s e r 

( i i ) PARSE which d i r e c t s the e x e c u t i o n of the FPL statements 

( i i i ) SYN ERR which p r i n t s out the appropriate e r r o r message 

f o r each syntax e r r o r detected 

( i v ) SEM_ROU which checks the semantic c o r r e c t n e s s of each 

source statement and f i l l s i n the appropriate t a b l e s 

(v) LEX_ANL which a s s i g n s lexeme v a l u e s t o source language 

symbols and adds an e n t r y to the symbol t a b l e f o r each new 

i d e n t i f i e r encountered. 
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F i g . 4 . 3 L o g i c a l Connection of the T r a n s l a t o r Routines 
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(e) 

( v i ) INTERPR which pr i n t s , out the. coding t a b l e s . 

F i g u r e 4.3 r e p r e s e n t s a l o g i c a l connection of these 

t r a n s l a t o r r o u t i n e s . Some f u r t h e r d e t a i l s on the 

implementation of the t r a n s l a t o r are given i n Appendix E. 
4.4 WARNINGS AND ERRORS 

Warnings and e r r o r s flagged by the t r a n s l a t o r f a l l 

i n t o t h r e e c l a s s e s : 

( i ) warnings and e r r o r s detected by the l e x i c a l a n a l y z e r 

( i i ) syntax e r r o r s detected by the syntax a n a l y z e r 

( i i i ) severe e r r o r s d e t e c t e d by the semantic a n a l y z e r . 

T r a n s l a t i o n of the source statement continues a f t e r a 

warning (or warnings) i s flagged, e.g., a warning message 

w i l l be p r i n t e d i f the length of an i d e n t i f i e r exceeds 

twenty c h a r a c t e r s . 

An e r r o r (or e r r o r s ) detected i n the source statement 

w i l l cause t h a t statement t o be d e l e t e d and c o n t r o l t o 

r e t u r n t o th=>. appropriate s e c t i o n . No p r o v i s i o n i s made 

f o r any s o p h i s t i c a t e d e r r o r recovery procedure as the 

t r a n s l a t o r , being i n t e r a c t i v e , enables the o n - l i n e u s e r to 

c o r r e c t any e r r o r q u i t e e a s i l y . E r r o r recovery could be 

u n d e s i r a b l e a t times. 

L e x i c a l e r r o r s d e t e c t e d i n source statements i n c l u d e 

a l p h a b e t i c c h a r a c t e r s appearing i n numbers (e.g., 27.A35), 

i l l e g a l composite symbols (e.g., ""< ) and c h a r a c t e r s , 

m i s s i n g end quotes, e t c . 

(e) As the sublanguage i n t e r p r e t e r i s not y e t implemented, 
t h i s r o u t i n e p r e s e n t l y p r i n t s out the coding t a b l e s 
'generated'. 
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When a syntax e r r o r i s d e t e c t e d i n a c o n s t r u c t one of 

the p r o ductions, l a b e l l e d f a i l _ l , f a i l _ 2 or f a i l _ 3 , becomes 

c u r r e n t . The source symbols are then scanned u n t i l the 

end of the statement i s reached and no f u r t h e r s y n t a c t i c 

a n a l y s i s i s performed. A c u r r e n t f a i l _ l s e c t i o n i n d i c a t e s 

a syntax e r r o r i n a DSL ALPHA statement, f a i l _ 2 s e c t i o n 

i n d i c a t e s a syntax e r r o r i n a computational f a c i l i t y 

statement and f a i l _ 3 s e c t i o n an i n v a l i d source statement. 

A semantic e r r o r w i l l cause no f u r t h e r c a l l s of 

semantic r o u t i n e s but w i l l a l l o w s y n t a c t i c a n a l y s i s to 

continue u n t i l the end of the statement i s reached i n 

which case a production l a b e l l e d f a i l _ 4 or f a i l _ 5 becomes 

c u r r e n t . A c u r r e n t f a i l _ 4 s e c t i o n i n d i c a t e s a semantic 

e r r o r i n a DSL ALPHA statement and f a i l _ 5 s e c t i o n a 

semantic e r r o r i n a computational f a c i l i t y statement. 

91 



5. E X P L A N A T I O N O F T H E 

C O D I N G T A B L E S 

5.1 INTRODUCTION 

The f o l l o w i n g t a b l e s are 'generated' by the t r a n s l a t o r : 

( i ) assignment t a b l e (ASS_TAB) 

( i i ) a t t r i b u t e l i s t t a b l e (AL_TAB) 

( i i i ) a t t r i b u t e t a b l e (ATT_TAB) 

( i v ) d y adic term i n one v a r i a b l e t a b l e (DTOV_TAB) 

(v) d y a d ic term t a b l e (DT_TAB) 

( v i ) element o r d e r i n g e x p r e s s i o n t a b l e (OR TAB) 

( v i i ) get t a r g e t t a b l e (GT_TAB) 

( v i i i ) hold t a r g e t t a b l e (hT_TAB) 

(i x ) i d e n t i f i e r t a b l e (ID_TAB) 

(x) l o c a l r e l a t i o n name t a b l e (LRN_TAB) 

( x i ) f u n c t i o n and monadic term t a b l e (FN 

( x i l ) quota t a b l e (Q__TAB) 

( x i i i ) range t a b l e (RA_TAB) 

(xi v ) r e l a t i o n name t a b l e (RN_TAB) 

(XV) statement t a b l e (ST_TAB) 

(x v i ) w component precedence t a b l e (WP_TAB) 

( x v i i ) workspace name t a b l e (WN TAB) • 

These coding t a b l e s , l o g i c a l l y of the form d e s c r i b e d 

by Palmero, are presented i n a p r e c i s e manner which 

c l e a r l y r e f l e c t s the subsequent op e r a t i o n s to be c a r r i e d 

out by the data sublanguage i n t e r p r e t e r . 
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The i n t e r p r e t e r i s invoked a f t e r t r a n s l a t i o n of the 

f o l l o w i n g statements: 

( i ) get statement 

( i i ) h old statement 

( i i i ) d e l e t e statement 

( i v ) drop statement 

(v) put statement 

( v i ) new statement 

( v i i ) r e l e a s e statement 

( v i i i ) update statement 

( i x ) read statement 

(x) l i s t statement 

( x i ) assignment statement. 

Table 5.1 shows the t a b u l a r r e p r e s e n t a t i o n of these 

statements. Get, hold and d e l e t e statements must be 

preceded by range statements. 

S e c t i o n 5 i s be s t understood by studying the 

DSL ALPHA examples i n S e c t i o n 3.4; the coding t a b l e s 

'generated' by the t r a n s l a t o r f o r these examples together 

w i t h the r e q u i r e d information t a b l e s are presented i n 

Appendix F. 

5.2 OUTLINE OF THE CODING TABLES 

The coding t a b l e s are themselves normalized r e l a t i o n s ; 

t a b l e 5.2 shows the a t t r i b u t e s of these t a b l e s . A s s o c i a t e d 

w i t h each coding t a b l e (except those with one o b j e c t ) i s 

a v a r i a b l e which i n d i c a t e s the number of rows f i l l e d i n 

t h a t t a b l e . A zero value f o r t h i s v a r i a b l e of a t a b l e . 
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STATEMENTS TABULAR REPRESENTATION 

Get Statement RA_TAB 
ST_TAB 
WN_TAB 
Q_TAB 
GT_TAB 
DT_TAB, DTOV_TAB, FN_MT_TAB 
WP_TAB 
OR TAB 

Hold Statement RA_TAB 
ST_TAB 
WN_TAB 
HT_TAB 
DT_TAB, DTOV_TAB, FN_MT_TAB 
WP_TAB 
OR TAB 

Delete Statement RA_TAB 
ST_TAB 
LRN_TAB 
DT_TAB, DTOV_TABf FN_MT_TAB 
WP TAB 

Drop Statement ST_TAB 
RN_TAB 
AL TAB 

Put Statement ST_TAB 
WN_TAB 
RN_TAB 
ALTAB 
OR TAB 

New Statement ST_TAB 
RN_TAB 
ATT TAB 

Release Statement 

Update Statement 

Read Statement 

ST_TAB 

ST_TAB 

ST_TAB 
ID TAB 

L i s t Statement ST_TAB 
ID TAB 

Assignment Statement ST_TAB 
ASS TAB 

Table 5.1 Tabular Representation of Statements 
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CODING TABLES ATTRIBUTES 

RA TAB 

GT TAB 

DT TAB 

DTOV TAB 

FN MT TAB 

OR TAB 

WP TAB 

HT TAB 

* RNAME ( r e l a t i o n name) 
* LRNAME ( l o c a l r e l a t i o n name) 
QUANT ( q u a n t i f i e r ) 
WCOMP (w component) 

** FUNCT (f u n c t i o n ) 
* ALIST ( a t t r i b u t e l i s t ) 

ALISTPTR ( a t t r i b u t e l i s t p o i n t e r ) 
* LRNAME ( l o c a l r e l a t i o n name) 
* ANAME ( a t t r i b u t e name) 
* LRNAME 1 ( l o c a l r e l a t i o n name one) 
* ANAME1 ( a t t r i b u t e name one) 
* LRNAME 2 ( l o c a l r e l a t i o n name two) 
* ANAME2 ( a t t r i b u t e name two) 

** RELOP ( r e l a t i o n a l operator) 
WCOMP (w component) 
TCOMP ( t h e t a component) 

* RNAME ( r e l a t i o n name) 
* LRNAME ( l o c a l r e l a t i o n name) 
* ANAME1 ( a t t r i b u t e name one) 
* ANAME2 ( a t t r i b u t e name two) 

** RELOP ( r e l a t i o n a l operator) 
WCOMP (w component) 
TCOMP ( t h e t a component) 

** FUNCT (fu n c t i o n ) 
* ALIST ( a t t r i b u t e l i s t ) 

ALISTPTR ( a t t r i b u t e l i s t p o i n t e r ) 
Jm RNAME ( r e l a t i o n name) 
* LRNAME ( l o c a l r e l a t i o n name) 
* ANAME ( a t t r i b u t e name) 

** RELOP ( r e l a t i o n a l operator) 
WCOMP (w component) 
TCOMP ( t h e t a component) 
CONTYPE (constant type) 
CONLEN (constant length) 
CONPTR (constant p o i n t e r ) 

** ORDER (ordering) 
* LRNAME ( l o c a l r e l a t i o n name) 
* ANAME ( a t t r i b u t e name) 

WCOMP1 (w component one) 
WCOMP2 (w component two) 

** OPER (operator) 
* LRNAME ( l o c a l r e l a t i o n name) 
* ANAME ( a t t r i b u t e name) 

Table 5.2 (contd. on f o l l o w i n g page) 
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CODING TABLES ATTRIBUTES 

ATT TAB * ANAME 
KTYPE 
ATYPE 
ALEN 

( a t t r i b u t e name) 
(key type) 
( a t t r i b u t e type) 
( a t t r i b u t e length) 

ASS TAB 

** OPER 

OP1 
OP 2 

IOP1 
IOP2 

(operand one) 
(operand two) 
(operator) 
(image operand one) 
(image operand two) 

* AL_TAB 
* ID TAB These t a b l e s have one a t t r i b u t e only 

** ST_TAB 
* WN_TAB 
Q_TAB > These t a b l e s have one o b j e c t only 

* LRN_TAB 
* RN TAB 

* Values are p o i n t e r s to i d e n t i f i e r s i n the symbol, 
workspace or v a r i a b l e t a b l e s 

** Values are the lexeme v a l u e s f o r source language symbols 

N u l l v a l u e s i n a t t r i b u t e / t a b l e names marked * and ** imply 
t h a t no r e f e r e n c e s are made t o e i t h e r the symbol, workspace, 
or v a r i a b l e t a b l e s . or t o the lexeme v a l u e s of source 
symbols. 

Table 5.2 A t t r i b u t e s of Coding Tables 
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say DT TAB, during i n t e r p r e t a t i o n of a get statement 

i m p l i e d t h a t t h i s t a b l e was not 'generated' f o r t h a t 

statement. 

5.3 DESCRIPTION OF THE CODING TABLES 

The coding t a b l e s are d e s c r i b e d i n the f o l l o w i n g 

order: 

( i ) RA_TAB 

( i i ) ST_TAB 

( i i i ) WN_TAB 

(i v ) Q_TAB 

(v) GT_TAB 

( v i ) HT_TAB 

( v i i ) DT_TAB, DTOVJTAB, FN_MT__TAB 

( v i i i ) OR_TAB 

( i x ) WP_TAB 
f ,,\ LKN_JTAE 

( x i ) RN_TAB 

( x i i ) AL_TAB 

( x i i i ) ATT_TAB 

( x i v ) ID_TAB 

(xv) ASS TAB. 

RA_TAB 

The RA_TAB i s co n s t r u c t e d from a range l i s t . For 

each l o c a l r e l a t i o n name i n the w^ component of the 

q u a l i f i c a t i o n e x p r e s s i o n , the f o l l o w i n g e n t r i e s a r e made: 

( i ) whether the l o c a l r e l a t i o n name i s f r e e ( i n d i c a t e d 

by '0') or q u a n t i f i e d ('1' f o r u n i v e r s a l q u a n t i f i c a t i o n 

97 



and '2* f o r e x i s t e n t i a l q u a n t i f i c a t i o n ) 

( i i ) the a s s o c i a t e d r e l a t i o n name 

( i i i ) the w component number. 

ST_TAB 

The en t r y i n ST_TAB i d e n t i f i e s the DSL ALPHA statement 

or computational f a c i l i t y statement f o r i n t e r p r e t a t i o n . 

WN_TAB 

The entry i n WN_TAB i d e n t i f i e s a workspace name i n 

the workspace t a b l e . 

Q_TAB 

The entry i n Q_TAB i d e n t i f i e s the quota. A n u l l e n t r y 

i m p l i e s t h a t there i s no quota. 

GT_TAB 

The GT_TAB i s co n s t r u c t e d from the t a r g e t l i s t i n a 

get statement. An en t r y i s made i n the f o l l o w i n g c a s e s : 

( i ) f o r each t a r g e t element i n the t a r g e t l i s t ; such an 

en t r y i d e n t i f i e s the l o c a l r e l a t i o n name or more commonly 

the l o c a l r e l a t i o n name and a t t r i b u t e name 

( i i ) f o r the occurrence of a f u n c t i o n d e s i g n a t o r i n the 

t a r g e t l i s t ; such an en t r y i d e n t i f i e s the f u n c t i o n 

i d e n t i f i e r and f u n c t i o n argument 

( i i i ) f o r the occurrence of an image f u n c t i o n d e s i g n a t o r 

i n the t a r g e t l i s t ; such an e n t r y i d e n t i f i e s the q u a l i f i e d 

a t t r i b u t e l i s t preceding t h i s d e s i g n a t o r , as w e l l as the 

image f u n c t i o n i d e n t i f i e r and image f u n c t i o n argument. 

Only the image f u n c t i o n argument u t i l i z e s the columns, 
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a t t r i b u t e l i s t and a t t r i b u t e l i s t p o i n t e r . T h i s p o i n t e r 

p o i n t s t o the next a t t r i b u t e name i n the sequence 

i n d i c a t e d by a row number.in GT_TAB; the l a s t a t t r i b u t e 

name i n the sequence being i n d i c a t e d by the n u l l l i n k . 

HT_TAB 

The HT_TAB i s c o n s t r u c t e d from the t a r g e t l i s t i n a 

hold statement. An e n t r y i s made f o r the occurrence of a 

l o c a l r e l a t i o n name, or f o r each t a r g e t element i n the 

t a r g e t l i s t . 

DT_TAB, DTOV_TAB, FN_MT_TAB 

These t a b l e s are c o n s t r u c t e d from the q u a l i f i c a t i o n 

e x p r e s s i o n i n a get, hold or d e l e t e statement. 

DT_TAB, DTOV_TAB - These two t a b l e s c o n t a i n dyadic 

j o i n terms only. An e n t r y i s made i n DT_TAB f o r each 

dyadic j o i n term, and i n DTOV_TAB f o r each dyadic j o i n 

term i n one v a r i a b l e ( i . e . , having the same l o c a l r e l a t i o n 

name), i n the q u a l i f i c a t i o n e x p r e s s i o n . Such an e n t r y 

i d e n t i f i e s the v a r i a b l e s being j o i n e d , the a t t r i b u t e s 

i n v o l v e d i n the j o i n , and the r e l a t i o n a l operator as w e l l 

as the component numbers. 

FN_MT_TAB - An e n t r y i s made i n FN_MT_TAB i n the 

f o l l o w i n g c a s e s : 

( i ) f o r each monadic term i n the q u a l i f i c a t i o n 

e x p r e s s i o n ; such an e n t r y i d e n t i f i e s the l o c a l r e l a t i o n 

name and a t t r i b u t e name, the r e l a t i o n a l operator, and the 

constant as w e l l as the component numbers. A constant 

p o i n t e r determines the p o s i t i o n of the constant i n the 
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constant t a b l e , the constant type being i n d i c a t e d by the 

numerals 1, 3 or 5 ('1' i n d i c a t e s t h a t the constant i s 

an i n t e g e r , '3' i n d i c a t e s a r e a l number and '5' a 

c h a r a c t e r s t r i n g ) . For c h a r a c t e r s t r i n g s , the constant 

length i s a l s o entered. 

( i i ) f o r the occurrence of an image f u n c t i o n d e s i g n a t o r 

i n the q u a l i f i c a t i o n e x p r e s s i o n ; such an entr y i d e n t i f i e s 

the image f u n c t i o n i d e n t i f i e r and image f u n c t i o n argument, 

and the r e l a t i o n a l operator as w e l l as the number. The 

p o i n t e r determines the p o s i t i o n of the number i n the 

constant t a b l e , the type being i n d i c a t e d by the numerals 

1 and 3 (same n o t a t i o n as i n ( i ) above). 

( i i i ) f o r the occurrence of a boolean f u n c t i o n d e s i g n a t o r 

i n the q u a l i f i c a t i o n e x p r e s s i o n ; such an en t r y i d e n t i f i e s 

the boolean f u n c t i o n i d e n t i f i e r and boolean f u n c t i o n 

argument. The i n t e g e r constant i n t h i s boolean f u n c t i o n 

argument i s i n d i c a t e d by the constant p o i n t e r which 

determines i t s p o s i t i o n i n the constant t a b l e . 

OR_TAB 

The OR_TAB i s c o n s t r u c t e d from the element o r d e r i n g 

e x p r e s s i o n i n a get, hold or put statement. For each 

occurrence of the keyword UP or DOWN i n t h i s o r d e r i n g 

e x p r e s s i o n , the f o l l o w i n g e n t r i e s are made: 

( i ) whether the s p e c i f i e d o r d e r i n g i s UP or DOWN 

( i i ) the l o c a l r e l a t i o n name ( f o r get/hold statement only) 

( i i i ) the a t t r i b u t e name. 
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WP_TAB 

The WP_TAB i s co n s t r u c t e d from two or more w 

components i n the q u a l i f i c a t i o n e x p r e s s i o n to show 

precedence imposed upon the opera t o r s . An en t r y i s made 

f o r a l o g i c a l combination of two w components. Such an 

en t r y i d e n t i f i e s the two w components as operands together 

w i t h t h e i r l o g i c a l operator. A negative value i n any of 

the w component a t t r i b u t e s i m p l i e s t h a t a r e s u l t obtained 

from an e a r l i e r combination i s used as the operand; the 

r e s u l t being i n d i c a t e d by a row number i n WP_TAB. 

LRN_TAB 

The e n t r y i n LRN_TAB i d e n t i f i e s a l o c a l r e l a t i o n name 

i n the symbol t a b l e . 

RN_TAB 

The e n t r y i n RN_TAB i d e n t i f i e s a data base r e l a t i o n 

name i n the symbol t a b l e or a workspace name i n the 

workspace t a b l e . 

AL_TAB 

The AL_TAB i s co n s t r u c t e d from the a t t r i b u t e name 

sequence i n a drop statement or put statement. An en t r y 

i s made f o r each a t t r i b u t e name i n t h i s sequence. 

ATT_TAB 

The ATT_TAB i s c o n s t r u c t e d from the a t t r i b u t e r e c o r d 

i n a new statement. For each a t t r i b u t e f i e l d i n the r e c o r d , 

the f o l l o w i n g e n t r i e s are made: 

( i ) the a t t r i b u t e name 



( i i ) whether the a t t r i b u t e name i s a component of or i s 

the primary key ( i n d i c a t e d by ' l ' ) f or not ( i n d i c a t e d 

by '0') 

( i i i ) the a t t r i b u t e type ( ' l 1 i n d i c a t e s FIXED31, 

•2' i n d i c a t e s FIXED, »3' i n d i c a t e s FLOAT16, '4' i n d i c a t e s 

FLOAT, '5' i n d i c a t e s CHAR and '6' CHARVAR). 

(i v ) the a t t r i b u t e length ( f o r c h a r a c t e r s t r i n g s ) . 

ID_TAB 

The ID_TAB i s c o n s t r u c t e d from the v a r i a b l e l i s t or 

i d e n t i f i e r l i s t i n a read statement or l i s t statement 

r e s p e c t i v e l y . An e n t r y i s made f o r each i d e n t i f i e r i n 

the v a r i a b l e l i s t o r i d e n t i f i e r l i s t . 

ASS_TAB 

The ASS_TAB i s c o n s t r u c t e d from a Reverse P o l i s h 

r e p r e s e n t a t i o n of the assignment statement. An e n t r y i s 

made f o r each p a i r of operands i n the Reverse P o l i s h 

e x p r e s s i o n of t h i s statement. Such an e n t r y i d e n t i f i e s 

the two operands and the operator f o l l o w i n g them. 

Operands are i n d i c a t e d by v a r i o u s forms; v a l u e s i n the 

two image operand columns i n d i c a t e what the v a l u e s i n 

the two operand columns r e p r e s e n t correspondingly. 

A '0' i n d i c a t e s absence of an operand, 1 1 ' i n d i c a t e s a 

p o i n t e r to an i n t e g e r i n the constant t a b l e f 

'2' i n d i c a t e s a p o i n t e r to an i d e n t i f i e r i n an information 

t a b l e , '3' i n d i c a t e s a p o i n t e r t o a r e a l number i n the 

constant t a b l e , '4' i n d i c a t e s a l i n e number i n ASS_TAB and 

'5 1 a p o i n t e r t o a c h a r a c t e r s t r i n g i n the constant t a b l e . 
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6. C O N C L U S I O N S 

6.1 GENERAL 

The p r i n c i p a l motivation f o r the r e l a t i o n a l approach 

was the need f o r a high degree of data independence. Such 

a r e l a t i o n a l model of data, because of i t s s i m p l i c i t y , 

p r o v i d e s a u n i f y i n g f e a t u r e f o r the development of the 

proposed data base system with r e f e r e n c e t o DSL ALPHA. The 

use r i s provided w i t h only a l o g i c a l s t r u c t u r e and hence 

need not be concerned w i t h the complexity of l i n k a g e s , 

networks, r e p e a t i n g groups and indexes. 

The m a j o r i t y of u s e r s should not have t o l e a r n e i t h e r , 

the r e l a t i o n a l c a l c u l u s or a l g e b r a i n order to i n t e r a c t 

w i t h such data b a s e s . However, r e q u e s t i n g data by i t s 

p r o p e r t i e s (the c a l c u l u s approach) i s f a r c l o s e r t o 

n a t u r a l language r a t h e r than f o r m u l a t i n g a sequence of 

a l g e b r a i c o p e r a t i o n s . Thus, a c a l c u l u s - o r i e n t e d language 

provides a good t a r g e t language f o r a more u s e r - o r i e n t e d 

source language. The s i m p l i c i t y of the use of DSL ALPHA 

as a high l e v e l storage and r e t r i e v a l language has t h e r e f o r e 

been considered the j u s t i f i c a t i o n f o r i t s implementation. 

6.2 SUGGESTED IMPROVEMENTS TO THE TRANSLATOR 

A d d i t i o n a l f a c i l i t i e s to the implemented ALPHA 

sublanguage can be inc o r p o r a t e d . Below are two of the 

suggested improvements t o the t r a n s l a t o r : 

( i ) At t r a n s l a t i o n time no p r o v i s i o n i s made t o check 
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t h a t the data base r e l a t i o n s and t h e i r a t t r i b u t e names 

s p e c i f i e d i n q u e r i e s , updates, e t c . e x i s t i n the u s e r ' s 

data base. Data type c o m p a t i b i l i t y of these a t t r i b u t e s i s 

a l s o not checked a t t r a n s l a t i o n time. Such e r r o r s w i l l be 

det e c t e d only during i n t e r p r e t a t i o n when the coding t a b l e s 

are i n t e r p r e t e d . T h i s can be r e c t i f i e d by i n c o r p o r a t i n g 

the f o l l o w i n g f a c i l i t y i n the data sublanguage: 

<USING-STATEMENT> ::= USING <RELATION-LIST> 

<RELATION-LIST> ::= <RELATION-LIST> , <RELATION-NAME> 
< RELATION-NAME > 

When each r e l a t i o n name i s encountered i n the u s i n g 

statement, the t r a n s l a t o r w i l l then i n s p e c t the r e l a t i o n 

index ^ t o f i n d a match f o r t h a t r e l a t i o n name. When 

a match i s found the a t t r i b u t e names of t h a t r e l a t i o n -

together w i t h t h e i r data types are brought down t o 

the symbol t a b l e and any subsequent occurrence of an 

a t t r i b u t e name i s matched i n the symbol t a b l e . An e r r o r 

i s flagged when matching f a i l s . A query w i l l then be 

w r i t t e n as . 

USING MATERIAL 
RANGE MATERIAL M 
GET W (M.P#, M.PNAME, M.QOH) : (M.QOH < 100) 

The o r g a n i z a t i o n of the symbol t a b l e w i l l have t o be more 

complicated t o d e a l with t h i s f a c i l i t y . 

(a) The r e l a t i o n index c o n s i s t s of a l i s t of r e l a t i o n 
names i n the data base. 
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( i i ) The source statements of the data sublanguage, can 

in c o r p o r a t e the concept of ' i m p l i c i t ' r e l a t i o n s e q u i v a l e n t 

of the DEFINE command i n the P e t e r l e e I S / 1 System. 

The t r a n s l a t o r w i l l then produce the s e t of information 

and r e t r i e v a l t a b l e s s u i t a b l e f o r storage and subsequent 

i n t e r p r e t a t i o n . 

The f o l l o w i n g DSL ALPHA statements 

DEFINE PARTS 
USING MATERIAL 
RANGE MATERIAL M 
GET W (M.P#, M.WEIGHT) : (M.QOH < 100) 

END 

w i l l c r e a t e PARTS and d e f i n e i t as the p a r t numbers and 

weights of those m a t e r i a l s where the q u a n t i t y on hand i s 

l e s s than 100. T h i s d e f i n i t i o n i s then t r a n s l a t e d and the 

t a b l e s a s s o c i a t e d with PARTS a r e s t o r e d . I f , a t a l a t e r 

time, the response t o t h i s query i s r e q u i r e d , the r e t r i e v a l 

t a b l e s w i l l then be i n t e r p r e t e d by tna execution of the 

statement 

EXECUTE PARTS 

to generate the response r e l a t i o n i n workspace W. 

The e x e c u t i o n of the statement 

DESTROY PARTS 

w i l l destroy the t a b l e s s t o r e d under f i l e PARTS. 

With the above two f a c i l i t i e s i n c o r p o r a t e d i n the t r a n s l a t o r 

the system becomes more f l e x i b l e and s e c u r e . F l e x i b i l i t y 

i s a chieved by DEFINE and s e c u r i t y by USING i n t h a t a l l 
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a t t r i b u t e s can be checked f o r data type c o m p a t i b i l i t y when 

the s t o r e d t a b l e s are subsequently i n t e r p r e t e d , i . e . , i f a 

us e r changes any of the data types i n the data base between 

t r a n s l a t i o n and i n t e r p r e t a t i o n t h i s can be e a s i l y checked 

at i n t e r p r e t a t i o n time s i n c e the a t t r i b u t e names of each 

r e l a t i o n together w i t h t h e i r types have been s t o r e d i n the 

symbol t a b l e . 

6.3 SUGGESTION FOR FURTHER WORK 

Queries expressed i n DSL ALPHA t y p i c a l l y r e q u i r e the 

f o l l o w i n g : 

( i ) t h a t the u s e r d e f i n e s e x t r a t u p l e v a r i a b l e s which 

have as v a l u e s rows or p o r t i o n s of rows of a r e l a t i o n 

( i i ) t h a t the us e r s t a t e s the query u s i n g terms a s s o c i a t e d 

w i t h u n i v e r s a l and e x i s t e n t i a l q u a n t i f i e r s . 

To overcome these d i f f i c u l t i e s f o r the more i n f r e q u e n t 
T12 131 

data base u s e r , Boyce and Chamberlin ' have introduced 

a n a t u r a l block S t r u c t u r e d E n g l i s h Query Language (SEQUEL) 

f o r e x p r e s s i n g q u e r i e s on a r e l a t i o n a l data base without 

r e q u i r i n g the mathematical s o p h i s t i c a t i o n of the p r e d i c a t e 

c a l c u l u s (bound v a r i a b l e s , q u a n t i f i e r s , e t c . ) . 

I t i s suggested t h a t f u r t h e r work could be c a r r i e d out 

on the development of a t r a n s l a t o r t o convert SEQUEL 

statements i n t o s i m i l a r t a b l e s as t h a t produced f o r the 

implemented DSL ALPHA. T h i s w i l l i n v o l v e the r e s p e c i f i c a t i o n 

of the syntax of SEQUEL. 
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A P P E N D I X A 

SOME TERMINOLOGY ASSOCIATED WITH THE RELATIONAL MODEL OF DATA 

(EMPLOY* , NAME, AGE, SALARY, ANNL_INCRE) 

1 Brown 30 1800 0.2 
2 Smith 21 1500 0.15 
3 Jackson 33 1600 0.15 
4 Johnson 29 1700 0.15 
5 Wright 38 2200 0.25 

F i g . A . l . PAYROLL R e l a t i o n 

R e f e r r i n g t o F i g u r e A . l the f o l l o w i n g can be de f i n e d : 

( i ) An object i s a u n i t of information. Objects may be 

represented i n a computer by c h a r a c t e r s t r i n g s , i n t e g e r s 

or r e a l numbers, e.g., Brown, 2200, 0.2 . 

( i i ) A domain or set c o n s i s t s of o b j e c t s grouped i n t o 

any meaningful f a s h i o n , e.g., the s e t of names, the s e t 

of ages. Each d i s t i n c t use of a domain i n d e f i n i n g a 

r e l a t i o n i s c a l l e d an attribute of t h a t r e l a t i o n . 

A s i m p l e domain i s a s e t a l l of whose o b j e c t s are 

i n t e g e r s , or a s e t a l l of whose o b j e c t s are c h a r a c t e r 

s t r i n g s . A compound domain i s the expanded c a r t e s i a n 

product of a f i n i t e number (say k, k>l) of simple domains; 

k being the degree of the compound domain. 

Two simple domains are union-compatible i f both are 

domains of i n t e g e r s , r e a l numbers or c h a r a c t e r s t r i n g s . 

* For d e f i n i t i o n , see Appendix B. 
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Two compound domains A and B are union-compatible i f they 

are of the same degree (say n) and f o r every j 

(j = 1, 2, ..., n) the j t h simple domain of A i s union-

compatible with the j t h simple domain of B. 

A relationship i s defined as an a s s o c i a t i o n between 

one or s e v e r a l , not n e c e s s a r i l y d i s t i n c t , domains, 

e.g., 'has a s a l a r y o f i s a r e l a t i o n s h i p . 

( i i i ) A tuple i s an ordered s e t w i t h an o b j e c t from each 

a t t r i b u t e such t h a t a r e l a t i o n s h i p e x i s t s between the 

o b j e c t s , e.g., (1, Brown, 30, 1800, 0.2). 

( i v ) A relation, when d e c l a r e d , i s the s e t of a l l t u p l e s 

(elements) of a given r e l a t i o n s h i p , e.g., the data base 

t a b l e PAYROLL. 

An unnormalized r e l a t i o n i s one whose a t t r i b u t e s have 

r e l a t i o n s as elements. A normalized r e l a t i o n i s one whose 

a t t r i b u t e s are simple, i . e . , no a t t r i b u t e i s i t s e l f a 

r e l a t i o n . A r e l a t i o n d e f i n e d on simple a t t r i b u t e s only i s 

s a i d to be simple normal. 

Two r e l a t i o n s R and S are union-compatible i f the 

a t t r i b u t e s of R and S are i d e n t i c a l . 

(v) The degree of a r e l a t i o n i s the number of a t t r i b u t e s 

i n the r e l a t i o n , e.g., the PAYROLL r e l a t i o n has a degree 

of 5. 

R e l a t i o n s of degree 1 are c a l l e d u n a r y , degree 2 

binary, degree 3 ternary and degree n n-ary. 

( v i ) The cardinality of a r e l a t i o n i s the number of t u p l e s 

i n the r e l a t i o n , e.g., the c a r d i n a l i t y of PAYROLL r e l a t i o n 

i s 5. 
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( v i i ) A candidate key of a r e l a t i o n i s the minimum 

combination of a t t r i b u t e s needed t o uniquely i d e n t i f y a 

tu p l e of the r e l a t i o n . 

( v i i i ) The primary key of a r e l a t i o n i s one chosen key of 

the candidate keys of the r e l a t i o n . 
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A P P E N D I X B 

RELATIONAL ALGEBRA AND RELATIONAL CALCULUS 

B.1 R e l a t i o n a l Algebra 

Of the t r a d i t i o n a l s e t operations employed i n the 

r e l a t i o n a l a l g e b r a , the c a r t e s i a n product y i e l d s an 

expanded product w h i l e the operations (union, i n t e r s e c t i o n , 

d i f f e r e n c e ) are a p p l i c a b l e only to p a i r s of union-

compatible normal r e l a t i o n s . 

Expanded C a r t e s i a n Product 

Consider two r e l a t i o n s A and B. For every aeA, beB 

where a = ( a , , a n , ..., a ) and b = (b., b.,, ..., b ) , the 

concatenation of a and b d e f i n e d by 

~ ~ v«^# "2' a
r a» iJ\' u2' ••*' n ' 

i s the s e t of (m+n)-tuples. 

The expanded c a r t e s i a n product of r e l a t i o n A (degree m) 

and r e l a t i o n B (degree n) d e f i n e d by 

A ® B = { ( a n b ) : aeA A beB} , 

y i e l d s the r e l a t i o n of degree m+n. 
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Union 

The union of two r e l a t i o n s A and B defined by 

A u B = {x : xeA v xeB} , 

i s the s e t of t u p l e s which belong t o a t l e a s t one of the 

r e l a t i o n s . 

I n t e r s e c t i o n 

The i n t e r s e c t i o n of two r e l a t i o n s A and B d e f i n e d 

by 

A n B = {x : XeA A xeB} , 

i s the s e t of a l l t u p l e s t h a t are common to the two 

r e l a t i o n s . 

D i f f e r e n c e 

The d i f f e r e n c e of two r e l a t i o n s A and B d e f i n e d 

by 

A - B-= {x r xeA A x^B} , 

i s the s e t of those t u p l e s of A which do not belong 

to B. 
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P r o j e c t i o n 

A projection i n v o l v e s generating a new r e l a t i o n from 
a given r e l a t i o n by s u b s e t t i n g and r e o r d e r i n g a t t r i b u t e s . 

Suppose r i s a t u p l e of the n-ary r e l a t i o n R. For 

j = 1, 2, n the n o t a t i o n r [ j ] designates the j t h 

component of r . For other v a l u e s of j , r [ j ] i s undefined. 

The n o t a t i o n can be extended t o a l i s t A = ( j ^ , i^* •••# j ^ ) 

of i n t e g e r s (not n e c e s s a r i l y d i s t i n c t ) from the s e t 

1, 2, n as f o l l o w s : 

r [ A ] = ( r C j ^ , r [ j 2 ] , ... f r [ j k ] ) 

When the l i s t A i s empty, r [ A J = r . L e t R be a r e l a t i o n of 

degree n, and A a l i s t of i n t e g e r s (not n e c e s s a r i l y 

d i s t i n c t ) from the s e t 1, 2, n. Then the p r o j e c t i o n 

of R on A i s defined by 

R[A] = { r [ A ] : r e R } . 

R ( D l f D 2, D 3) R[3, 2] ( D l f D 2) 

a 6 s s 6 
d 4 t t 4 
c 2 s s 2 
f 3 u u 3 
h 4 t 

F i g . B . l R e l a t i o n R and One of i t s P r o j e c t i o n s 

P r o j e c t i o n provides an a l g e b r a i c counterpart to the 

e x i s t e n t i a l q u a n t i f i e r . 

* The n o t a t i o n n A ( R ) i s o f t e n used to denote the p r o j e c t i o n 
of R on A where n i s a s e l e c t i o n operator. 
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J o i n 

A join i n v o l v e s generating a new r e l a t i o n from two 

given r e l a t i o n s by concatenating a subset of the t u p l e s 

from the f i r s t r e l a t i o n to a subset of the t u p l e s from the 

second r e l a t i o n . 

L e t 0 denote any of the r e l a t i o n s = , *, <, < f > and 

The 0 - j o i n of r e l a t i o n S on a t t r i b u t e A w i t h r e l a t i o n T on 

a t t r i b u t e B i s d e f i n e d by 

SUA G B]T = { ( s " t ) : seS A teT A ( S [ A ] 0 t [ B ] j } , 

p r o v i d i n g every element of SEA] i s 0-comparable w i t h every 

element of T [ B ] ( s[A] i s 0-comparable w i t h t [ B ] i f f o r 

every seS and teT, s [ A ] 0 t [ B ] i s e i t h e r t r u e or f a l s e , 

i . e . , not undefined ) . 

(X, Y, Z) T (P f Q) 

a 2 1 5 s 
b 3 4 t 
a 5 4 
c 3 2 

S[Z = P]T (X, Y, 2, P, Q) 

b 3 5 5 s 
a 5 4 4 t 

F i g . B.2 R e l a t i o n s S, T and One of the J o i n s 

The most commonly used j o i n i s the j o i n on =, which i s 

known as the equi-join. I n the case of the e q u i - j o i n , two of 

the a t t r i b u t e s of the r e s u l t i n g r e l a t i o n are i d e n t i c a l i n 

content. I f one of the redundant a t t r i b u t e s i s removed by 

p r o j e c t i o n , the r e s u l t i s the n a t u r a l j o i n of the given 

r e l a t i o n s . 
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D i v i s i o n 

I f R i s a b i n a r y r e l a t i o n then the image set of x 

under R i s d e f i n e d by 

g R ( x ) = {y : (x,y)eR} . 

Consider a r e l a t i o n S of degree m d i v i d e d by a r e l a t i o n T 

of degree n. L e t A and B be two a t t r i b u t e - i d e n t i f y i n g l i s t s 

(without r e p e t i t i o n s ) f o r S and T r e s p e c t i v e l y , and l e t 

A denote the a t t r i b u t e - i d e n t i f y i n g l i s t t h a t i s 

complementary to A and i n ascending order. For example, 

i f the degree m of R were 5 and A = (2,5) , then A = (1,3,4). 

P r o v i d i n g S[A] and T[B] are union-compatible, the d i v i s i o n 

of S on A by T on B d e f i n e d by 

S[A * BJT = { s [ A ] : s e S A T[B] C g g ( s [ A ] ) } , 

i s the s e t of v a l u e s s [ A ] i n S such t h a t a l l t u p l e s i n T [ B ] 

are contained i n the image s e t g g ( s [ A ] ) . When S i s empty, 

S d i v i d e d by T i s empty, even i f T i c a l s o empty. 

(x, Y, Z) T (P, Q) 
1 14 X X 2 
2 14 y y 1 
3 14 z y 2 
4 12 X z 3 
5 12 y 

S[Z v P]T = <fr 

S[Y,Z][Z i - PUT = {14} 

F i g . B.3 D i v i s i o n of S by T 

D i v i s i o n provides an a l g e b r a i c counterpart to the 

u n i v e r s a l q u a n t i f i e r . 
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R e s t r i c t i o n 

A restriction i n v o l v e s s e l e c t i n g some subset of the 

t u p l e s from a given r e l a t i o n to form a new r e l a t i o n of the 

same or lower c a r d i n a l i t y . 

Suppose R i s a r e l a t i o n , and A and B are two a t t r i b u t e -

i d e n t i f y i n g l i s t s f o r R. L e t 0 denote any of the 

r e l a t i o n s =, x, <, <, > and s. The 0 - r e s t r i c t i o n of R on 

a t t r i b u t e s A and B i s de f i n e d by 

R[A 0 B l = { r : reR A (r[AD 0 r [ B ] ) } 

p r o v i d i n g every element of R[A] i s 0-comparable with every 

element of R [ B ] , 

R (A, B, C) 

p 2 3 
r 6 5 
q 1 4 
q 3 3 
r 7 4 

R[B > C] (A, B, C) 

r 6 5 
r 7 4 

F i g . B.4 R e l a t i o n R. and One of i t s R e s t r i c t i o n s 
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B.2 R e l a t i o n a l C a l c u l u s 

Symbols/ Terms and Formulae 

The symbols of the r e l a t i o n a l c a l c u l u s are given i n 

Table B.5 . 

I n d i v i d u a l Constants a, 0, ... 

A t t r i b u t e I d e n t i f i e r s a, b, ... 

Tuple V a r i a b l e s r ^ , ... 

Range P r e d i c a t e s (monadic) P^, P 2 , ... 

J o i n P r e d i c a t e s (dyadic) = , *, 

L o g i c a l Symbols 3, V f A, V, -

Brack e t s [ ] ( ) > 

Table B.5 Symbols of the R e l a t i o n a l C a l c u l u s 

An a r b i t r a r i l y s p e c i f i e d one-to-one correspondence 

Pj Rj ( j = 1, 2 , ..., N) i s e s t a b l i s h e d between the 

range p r e d i c a t e s and the N simple normal r e l a t i o n s i n the 

d a t a base, where P.. i n d i c a t e s membership of t u p l e s i n 

r e l a t i o n R ̂. 

An e x p r e s s i o n of the form r ^ [ b ] where r ^ i s a t u p l e 

v a r i a b l e and b an a t t r i b u t e i d e n t i f i e r i s c a l l e d an indexed 

tuple variable. 

The terms of the r e l a t i o n a l c a l c u l u s are of two t y p e s , 

namely range terms and j o i n terms. A range term i s a 

monadic p r e d i c a t e followed by a t u p l e v a r i a b l e , e.g., the 

range term P^r i n d i c a t e s t h a t t u p l e v a r i a b l e r has r e l a t i o n 

R. as i t s range. J 
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A join term i s e i t h e r a monadic term (e.g., r ^ [ a ] = a) 

or a dyadic j o i n term (e.g., r ^ a ] < r 2 [ b ] ) . The ge n e r a l 

form of a j o i n term i s 

X 0 n or X 0 a 

where X, y are indexed t u p l e v a r i a b l e s 

a i s a constant 

0 i s one of the j o i n p r e d i c a t e symbols. 

The we11-formed formulae (WFF) of the r e l a t i o n a l 

c a l c u l u s are de f i n e d as f o l l o w s : 

( i ) A range term or j o i n term i s a WFF. 

( i i ) I f r i s a WFF so i s ~ " r . 

( i i i ) I f r i and r 2 are WFFs so are Tj V r 2 and T\ A r 2 . 

( i v ) I f r i s a WFF i n which r i s a f r e e v a r i a b l e 

(e.g., r [ a ] = 3) then 3 r ( r ) and V r ( r ) are WFFs wi t h r as 

a bound v a r i a b l e (e.g., 3 r ( r [ a ] = 3) ) . 

(v) No other formulae are WFFs. 

A range WFF i s a q u a n t i f i e r - f r e & WFF, a l l of whose 

terms are range terms,, e.g., P^r^ A P g i ^ . A range WFF 

over ii i s a range WFF whose only f r e e v a r i a b l e i s r 

(e.g., P ^ A " ^ r ) . 

A proper range WFF over r i s a range WFF (e.g., P 4 r , 

P^r A P^r) s u b j e c t to the f o l l o w i n g c o n s t r a i n t s : 

( i ) The symbol does not appear u n l e s s i t immediately 

f o l l o w s the symbol A . 

( i i ) Whenever the same r ^ occurs i n two or more range terms, 

the range p r e d i c a t e s ( i . e . , P's) i n those terms must be 

a s s o c i a t e d with r e l a t i o n s which are union-compatible. 

* A f r e e v a r i a b l e i s one which i s not q u a n t i f i e d . 
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Alpha E x p r e s s i o n 

An alpha e x p r e s s i o n which d e f i n e s the response r e l a t i o n 

i n the r e l a t i o n a l c a l c u l u s i s of the form 

t : w 

where t i s a t a r g e t l i s t and w a q u a l i f i c a t i o n e x p r e s s i o n . 

The t a r g e t l i s t c o n t a i n s k d i s t i n c t terms 

t ^ , t 2 , . t ^ each c o n s i s t i n g of a complete t u p l e v a r i a b l e 

(e.g., r ^ ) or more commonly an indexed t u p l e v a r i a b l e 

(e.g., r ^ [ a ] ) . The q u a l i f i c a t i o n e x p r e s s i o n i s e i t h e r a 

s i n g l e w component or a l o g i c a l combination of s e v e r a l 

w components, w^ 9 w 2 9 w^ ... , over a common s e t of f r e e 

v a r i a b l e s where 9 denotes any of the connectives v, A and A " 1 . 

Each w component has the g e n e r a l form 

W
 = U n A U_ A ... A U A V 1 A p 

where p i s the number of f r e e v a r i a b l e s (p>l) 

U's are c o n j u n c t i o n s of proper range WFFs (U^ through 

U ) over p d i s t i n c t t u p l e v a r i a b l e s P 
V i s e i t h e r n u l l ( i . e . , does not appear) o r i t i s 

a WFF s u b j e c t to the f o l l o w i n g : 

( i ) every q u a n t i f i e r ( 3 or V ) i n V i s range- ~" 

coupled, e.g., V P 2 r 2 

( i i ) every f r e e v a r i a b l e belongs to the s e t whose 

ranges are s p e c i f i e d by U^, U 2, ... f U 

( i i i ) V i s devoid of range terms, i . e . , there are 

no terms of the form p^ r^« 

The w component i s a range-separable WFF i f i t i s a 

conjunction of the form, A U 2 A ... A Up A V, 
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s a t i s f y i n g the above n o t a t i o n . One consequence of these 

requirements i s t h a t a range-separable WFF has a t l e a s t 

one f r e e v a r i a b l e , e.g., P 4 r
1
 A ^ P 5 r 2 ^ r i ' - b - ' = r2^cD • 

The i n i t i a l step of Codd's r e d u c t i o n algorithm 

r e q u i r e s t h a t V i n the a-expression be i n prenex normal form 

form, i . e . , operators ( u s u a l l y ) do not occur to the 

l e f t of q u a n t i f i e r s . I n t h i s a-expression V has the form 

V " Qp +1 °P +2 Q
P + q ( 6 1 V 6 2 V V V 

where q i s the number of q u a n t i f i e d v a r i a b l e s (q>0) 

Q's are range-coupled q u a n t i f i e r s 

each 6^ i s a conjunction of j o i n terms over the v a r i a b l e s 

rl» r 2 ' rp+q' e , g * ' 
( r ^ a ] = r 2 [ b ] ) A ( r - ^ a ] < 5) 

i f q=o then V " e 1 v e v „ , v e K i 

The p a r t of V f o l l o w i n g the Q's i s c a l l e d the matrix. 

There should be no negation symbols preceding any j o i n 

term i n the matrix. Wherever a j o i n term using r e l a t i o n 0 

i s immediately preceded by the symbol i s e l i m i n a t e d 

by r e p l a c i n g 0 by i t s complement (the complements of 

=, *, <, ^, > and s are -, s, >, < and < r e s p e c t i v e l y ) , 

e.g., " " ( r ^ a ] = 25) i s e q u i v a l e n t t o ( r ^ a ] ^ 2 5 ) . 

An a l p h a b e t i c change i s s y s t e m a t i c a l l y a p p l i e d ( i f 

n e c e s s a r y ) t o the v a r i a b l e s i n the a-expression so t h a t the 

f r e e v a r i a b l e s r ^ , r 2 , r p and the bound v a r i a b l e s 

r ., r r _ are numbered i n the order of t h e i r p+i. p+<i p+q 

* _ , 3 P 1 r 3 ( r 2 [ b ] = 6) i s e q u i v a l e n t t o V P ^ " * ( r 2 [ b ] = 6) 
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* 
f i r s t occurrence i n the q u a l i f i c a t i o n e x p r e s s i o n . 

The f o l l o w i n g p o i n t s should be noted: 

( i ) Tuple v a r i a b l e s appearing i n the t a r g e t l i s t t are 

never q u a n t i f i e d . 

( i i ) Tuple v a r i a b l e s appearing i n w and not i n t must 

be q u a n t i f i e d . 
An example of an a-expression i s 

( r 1 [ a ] , r ^ c ] ) : P . ^ A V P ^ K r ^ a ] = r2_Cb]) A ( r 2 [ c ] > 5)) 

where t = ( r ^ [ a ] , r ^ [ c ] ) i s the t a r g e t l i s t 

w = P1r1 A V P 2 r 2 ( ( r - ^ a ] = r 2 C b ] ) A ( r 2 [ c ] > 5)) i s 

the q u a l i f i c a t i o n e x p r e s s i o n . 

I n the q u a l i f i c a t i o n e x p r e s s i o n , 

u i - V i 
Q 2 = V P 2 r 2 
9 1 = ( r l C a : i = r 2 [ b ] ) A ( r 2 C c ] > 5 ) 

* The f i r s t occurrence of a bound v a r i a b l e i s w i t h 
i t s q u a n t i f i e r . 

123 



A P P E N D I X 

LEXEME VALUES FOR SOURCE LANGUAGE SYMBOLS 

GET 1 + ( i n f i x ) 122 
DELETE 2 - ( i n f i x ) 222 
DROP 3 / * 123 

223 
HOLD 4 < 124 
RELEASE 5 > 224 
UPDATE 105 324 
DOWN 
UP 

106 
206 

< = 
> = 

424 
524 
624 

PUT 7 & 125 
NEW 8 1 126 
READ 
L I S T 

9 
109 

• • 127 
ALL 110 9 128 
SOME 210 m 129 
STOP 11 ( 131 
RANGE 116 ) 132 
AVERAGE 117 $( 133 
COUNT 
MAX 

217 
n 1 J l / $) 134 

MIN 
TOTAL 

417 
517 <STRING-rr NSTANT> 

IAVERAGE 
ICOUNT 

118 
218 

<INTEGER-CONSTANT> 
<REAL-CONSTANT> 

IMAX 318 <IDENTIFIER> 
IMIN 
ITOTAL 

418 
518 <WORKSPACE--NAME> 

AND 119 < DATA-BASE--RELATION-NAME > 

OR 120 < LOCAL-RE LATION-NAME > 

TOP 121 <VARIABLE) 
BOTTOM 221 + (prefix) 
FIXED31 130 
FIXED 230 
FLOAT16 330 
FLOAT 430 
CHAR 530 
CHARVAR 630 
KEY 44 

35 
136 
236 
37 
38 
39 
40 
41 
43 
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A P P E N D I X D 

FLOYD PRODUCTION LANGUAGE STATEMENTS 

The f o l l o w i n g a b b r e v i a t i o n s have been used: 

EOS END-OF-STATEMENT 

WSNAME < WORKSPACE-NAME> 

DBRNAME < DATA-BASE-RELATION-NAME> 

IDENT <IDENTIFIER> 

1ELTSTK FIRST-ELEMENT-ON-STACK 

INT <INTEGER-CONSTANT> 

VAR <VARIABLE> 

F-IDENT <FUNCTION-IDENTIFIER> 

LRNAME < LOCAL-RELATION-NAME> 

I-F-IDENT <I-FUNCTION-IDENTIFIER> 

B-F-IDENT <BOOL-FUNCTION-IDENTIFIER> 

REL-OP <RELATIONAT.--OPERATOR> 

STR < STRING-CONSTANT> 

REAL < REAL-CONSTANT> 

ATYPE <ATTR-TYPE> 

REL RELEASE 

UD UPDATE 

The names f o r the production l a b e l s used i n the 

Flo y d Production Language statements are not meant t o 

convey any meaning as these statements have been 

optimized and t h e r e f o r e the l a b e l names have l o s t t h e i r 

s i g n i f i c a n c e . 
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<START> J ANY 1 ANY R63 • | <S(SSION>H 

<SESSION>H ! RANGE 1 ANY RT « | <KANGF>H 

DROP 1 ANY R7 • | T11371 

NEW 1 ANY R7 • | Tl 1461 

STOP 1 ANY EXI T 

EOS ANY 1 -> <START> 

RfAD/LlST 1 ANY RT Tl162) FAIL_3I1» 

<POST-RANGE>H ! ANY 1 ANY R63 * 1 <P0ST-RANGE+1>H 

<POST-RANGE*l>H : GET ANY RS • 1 <GET >H 

HOLD ! ANY R8 • 1 <HOLD>H 

DELETE 1 ANY R8 • 1 TI122I 

RANGE ANY R60 • 1 <RANGE>H 

S7CP 1 ANY EXIT 

EOS 1 ANY l - > <POST-RANGE>H FAIL_1I2» 

<RANGE>H : WSNAHE ANY R2 l - > * 1 T I 1 8 I 

DBRNANE ANY . R2 l - > * | Tl 181 

I DENT I ANY R3 l - > • | u i e i F A I L . I I 3 1 

T l 181 I IDENT ANY R* l - > <QUANTIFIER>H F A l L _ l l 4 t 

<QUANT|FIER>H i ANY SCME/ ALL R5 1 (1> T I 2 1 I 

ANY ANY TI211 

TI211 : ANY EOS R62 <STATEHENT>T FA|-._1I5I 

<STATEMENT>T s RANGE ANY R6 < POST—RANGE>H 

GET ANY R18 2-> <POST-GET>M 

HOLD ANY R18 <REL/UD/COMP>H 

DELETE ANY Rl 2-> <POST-GET>H 

1ELTSTK 1 ANY Rl <POST-GET>H 

DROP ANY RL l - > <POST-GET>H 

NEW ANY Rl l - > <POST-GET>H 

PUT ANY Rl l - > <POST-GET>H 

<GET>H : IDENT 1 ANY l - > • <QUCTA>H 

WSNAME 1 ANY l - > * | <0UOTA>H FAIL_H6» 
<QUOTA>H : 1 I NT R9 ** 1 T I 4 0 I 

( VAR RIO ** T I 4 0 I 

<GT-LISr>H : 1 1 ANY • | <GT-LIST>H 

F-I DENT ANY R13 • | Tf 411 

LRNAHE • R l l •* f l 571 

LKNAnE ANT K 11 l - > <GTELEHENT-COM>T FAIL_1I7» 
<GTELE MENT-COM>T : ANY 1 ff 1 (11 * | <GT-ELEHENT>H 

ANY 1 ANY <GTLI ST-END>T 
I I 4 0 I t » 1 ANY 3-> » <GT-L1ST>H F A I l . l l S I 
T««ll 1 ( t ANY • | T I 4 2 I F A I L _ l ( 9 1 
TI4ZI 1 LRNAME 1 • R l l »• T I 4 4 I FAU_K10> 

ANY 1 ANY TC44) 
TI4*) I IDENT 1 1 R12 5-> 1 (1) <GTL IST-ENI»T F A I L . l l 10) 
T U 5 I 1 ( 1 ANY * TI46) F A I L . l l l l l 
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T|4h) 1 L HNAMF 1 i R17 l-> (1) a | <ANAME-SFOl>H FAIL.11121 

<ANAME-SF01>H I 1 DENT 1 

( 1 

ANY 

ANY 

R h 
• 1 

T ( 5 11 
<ALISTI>H F A I L _ l ( I 3 ) 

<ALIST1>H i IDENT I t R l * l - > 1 11) • | <ALISTI>H 
1 DENT ) Rl« l - > 1 11) T I M ) FAIL.M 13) 

TI5 1 I 1 ANY 1 r R15 l - > 1 11) • T(S?) FAIL_l(l«l 

TIS2) : IOENT 1 R16 3-> 1 (11 <CTL1ST-END>T FAIL_1II2> 

<GTLI SI-SEQ>T : ANY t 1 11) * <GTLIST-CONTD>H 

<G TLIST-ENO>T t I 
ANY 

ANY 

ANY 

Tl 56) 
<COLQM>H 

T156) : ANY 1 l - > 1 ( 1 ) <GTLIST-END>T F A I L _ l ( l 5 l 

T I 5 7 I : IDENT ANY R12 3-> <GTLIST-SEO>T FAIL_1(16) 

<GTLIST-CONTO>H : I—F- IDENT ANY R13 * T I 4 5 I 

LRNAME • R l l ** T I 5 7 ) 

LRNAME ANY R LI l - > <GTELEHEN T-COM>T FA1L_1I7I 

<GT-ELEMENT>H LRNAME • R l l ** T(63) 

LRNAME ANY R l l l - > V<GTELEHENT-CQM>T FAIL_1I7) 

T I 6 3 I : IDENT ANY R12 3-> <GTELEPEKT-COH>T FAI L _ 1 I 1 6 I 

<C0L0N1>H I ANY t 1 11) • <0UAL-EXP>H 

<GET-ORDER>H : ANY 

ANY 

UP/DOWN 
ANY 

*• TI85) 

T(21) 

«JUAL-EXP>H : I-F-IDENT 

B-F-IDENT 

ANY 

ANY 

R19 

R20 

• 
* 

T I 8 7 ) 

T I 8 1 I 

<QUAL>H : SI ANY * <QUAL>H 

<QUAL*1>H : 1 1 1 * <CUAL*l>H 
TI 7 1 I > 1 ANY l - > » TI72) F A I L _ I I 1 7 ) 
T I 7 2 I S LRNAME ANY RZ1 * T I 7 3 I F A I L _ l I I H 1 

T I 7 3 I i • 1 I DENT R22 ** 1 T I 7 4 I FAIL_1(19I 

T ( 7 * l S REL-OP 1 ANY • 1 <TERM-RHS>H FAIL_1(20I 

<TERH-RHS>H : LRNAME 1 ANY R21 * 1 T I 7 9 I 

STR 1 1 R23 5-> I i n 1 <C/I>T 

•/- 1 ANY R56 * 1 T I 7 8 I 

T I 7 8 I : INT/REAL 1 ANY R57 5-> 1 I D 1 <C/I>T F A I L _ l ( 2 1 ) 

T I 7 9 I : • 1 IDENT • 1 T I 8 0 I FAIL_1(191 

T I 8 0 I t ANY 1 1 RZ* 7-> i i n 1 < t / l > T F A I L _ l ( 2 2 l 

T I B l l i ( 1 I NT/REAL ** 1 TI82) F A I L _ l ( 2 3 l 

T ( 8 2 l I r 1 LRNAME R21 «* 1 T(83) FA1L_1IZ3) 

r i 8 3 1 : . 1 IDENT • I TIS4I FAIL_1(23) 

T I 8 * I 1 ANY 1 1 R33 7-> l i n 1 <GE T—ORDER>H FA!L_1I23) 

T185) : LRNAME 1 • • 1 T I86) FAIL.H24) 

TI86I I ANY 1 1OENT R3* 3-> l i n 1 <GET-flRDER>H F A I l _ l ( 2 4 l 

T(87> 1 ( 1 ANY R35 • 1 TI8B) F A I L . l l l l 1 

T ( 8 8 l 1 LRNAME 1 t R21 l - > l ( i i * 1 <ANAME-SEQ2>H FAIL . 1 I 1 2 I 

<ANAME-SE02>H 5 IOENT 

( 

1 ANY 
1 ANY 

R32 
• 

1 T(93) 
1 <ALIST2>H F A I L . l ( 1 3 1 
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<ALIST2>H 1 i n t r a | t R32 l - > 1 11) » 1 <«LIST7>H 

1 RENT 1 1 R32 l - > 1 I I I T I 9 3 I F A l l I I 131 
Tm> > ANY | t R25 l - > ( 1 1 • | TI94) F A 1L_l114 I 

T I 9 4 I ! IflENT I ) R26 1 111 • | T I 9 5 I r * t L _ l 1121 

TI95) J ANY ANY TI211 I 
<E/I>T 5 ANY | t 1 111 • | 1(711 

<OUALEXP-END>T : I 1 ANY Ti1061 
ANY | 1 R2S 1 I I I • | <OUAL*l>H 

<ANO/OR>T : AND I ANY R30 l - > <ANO/CRM>T 

<AN0/0R*1>T : ANY 1 AND R29 ** 1 <0UAL>H 

OR 1 ANY R30 l - > <ANC/OR*3>T 

<AND/0R+3>T : ANY 1 OR R29 ** 1 <0UAL>H 

SI 1 ANY TI107 I 

OELETE I ANY T I 2 1 I 
ANY I ANY <GET-CRDER>H 

T(106» s ANY 1 l - > 1 11) <QUALEXP-END>T FA I L _ U 1 5 I 

TI1 0 7 I : ANY S) l - > 1 11) <AND/0R*9>T FAI L . 1 I 2 7 I 

<AN0/0R»9>T : SI ANY TI 1071 
ANY ANY <ANC/OR>T 

<HOLD>H .: I DENT ANY l - > 4 | <HT-LtST>H 

MSNAHE I ANY l - > • | <HT-LIST>H FAIL.1I28) 
<HT-HST>H : 1 ANY * | <HT-LIST>H 

LRNAME • RL1 ** 1 T(1151 

LRNAME ANY RU l - > <HTLIST-END>T FA I L _ 1 I 7 I 
T I 1 1 5 I 5 I DENT ANY R36 3-> <HTELEHENT—COM>T FAIL. 11161 
<HTELEMENT-COM>T : ANY t 1 11) * • | TI 1211 

ANY ANY <HTLIST-END>T 

<HTHST-ENO>T ! 1 ANY T11201 

ANY ANY <COLON2>H 

TI120 I : ANY ) •• l - > 1 111 <HTLIST-FND>T FAIL_1(15) 
TI1211 : LRNAME 1 • RU *• T I L I S ) F A I L . H 7 I 

TI122) : LRNAME 1 ANY l - > <C0L0N2>H FAIL.1I29) 

<CGL0N2>H I ANY • 1 111 • <OUAL-EXP>H 

ANY 1 ANY TI21) 

T(12SI : WSNAME 1 ANY L-> <PUT>H FAIL_1I30I 
<PUT>H 1 ANY 1 DENT R37 I 111 <D0T1>H 

ANY 1 WSNAHE R37 1 11) <D0T1>H F A I L . K 3 1 I 
<D0T1>H : ANY [ • 1 111 * <ANAHE-SEQ3>H 

ANY 1 ANY <PUT-ORDER>H 
<ANAME-SEQ3>H : I DENT 1 ANY R38 l - > <PUT-OR0ER>H 

1 1 ANY l - > • <(\NAHE-LI5T3>H F A I L . I I 3 2 I 
<ANAME-L15T 3>H 1 1 DENT 1 t R3B l - > 1 111 <ANAME-LIST3>H 

1 DENT 1 1 R3B l - > 1 1 1 ) <PUT-ORDER>H FAIL.M32I 
<PUI-OR0fcR>H I ANY 1 UP/DOWN • TI136) 

ANY 1 ANY TI21 ) 
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TM36I 1 ANY 1 1 CENT P39 

TI137I 1 I DENT I ANY R31 

ANY I ANY 

<00T2>H : ANY I • 
ANY I ANY 

<ANAME-SE04>H : IDENT ANY R38 

( 1 ANY 

T I U 3 I : 1 DENT 1 ANY R38 

<ANAME-LIST*>H : ANY f 

ANY I 1 

TI146I : IDENT I ANY R31 

Tl 1*71 : ANY 1 

<AFIELO>H I ANY I 

ANY ANY 

TU50) : I DENT t R40 

<AFIELD*3>K ; KEY t R51 
TC1521 : ATYPE ANY R*l 

<AFIEL0»5>H 1 ANY I • 
ANY j ) 

TI155) : I NT/REAL ) R « 

<REL/UO/COHP>H : ANY ANY R63 

<REL/UD/C0MP*1>H : REL/UO ANY R7 

EOS 1 ANY 

STOP ANY 

HSNAHE ANY R7 

READ/LIST 1 ANY R7 

TI162I : ANY 1 I 
<!DENT-L1ST>H : VAR 1 ANY R44 

WSNAHE 1 ANY R44 

I DENT i ANY R4* 

<!DENT-LIST»3>H i ANY I l 
ANY 1 ) 

TI168) : • 1 IDENT R46 

T U 6 9 I I ANY 1 m R43 
<ARITH-EXP>H : */- 1 ANY RS6 

<ARITH-EXP+1>H : . I 1 ANY 

INT/REAL 1 ANY R4T 

VAR 1 ANY R48 

WSNAME 1 ANY 
Tl1751 : • 1 I CENT R46 

<Ex?>T : PREFIXC-) 1 ANY R49 

<EXPM>T I *Jt 1 ANY R50 

<EXP*2>T 1 ANY 1 •// 

• /- 1 ANY R50 

<EXP»OT 1 ANY 1 •/-

l - > I ( i i I <Pin-or!i)tR>H r A i L_ 11331 

l- > I I <f!OT2>M F A I L _ I ( 3 4 I 

I I <Gf)T2>M 

I ( I I * I <ANAHE-SE04>H 

I I T I 2 1 I 

l - > I I T I 2 1 I 

l - > I • | 71 1431 FAIL_1I32) 

l - > I I <ANAVE-LI ST't>H F A I L _ l ( 3 2 l " 

1 1 1 ) • I T ( l * 3 l 

I 111 I Tl 211 F A I L . K 3 2 I 

l - > I I Tl1471 FAIL_1(3SI 

I I TI150) F A I L _ l ( 3 6 l 

I •* I T (150l 

I I T(21l 

l - > I ( I I • I <AFIELD»3>H FA I L _ 1 I 3 7 I 

l - > I ( I I * I T I 152I 

l - > I I *<AF1E10*5>H FAIL_1(37I 

I 111 * I T U 5 5 I 

1- > I 111 I <AFIELD>H F A I L _ l l 3 7 i 

2- > I ( I I I <AF I ELD>H FA I L _ 1 I 3 7 I 

I * I <REL/UD/CCMP*1>H 

I I TI209I 

l - > I I <REL/U0/COMP>H 

I I EXIT 

I * I T I 1 6 8 I 

I I T ( 1 62l FAIL_2(38> 

1 ( 1 1 * I <IDENT-L1ST>H FA1L.2I39I 

l - > I I <IDENT-LIST*3>H 

l - > I I <IOENT-LIST*3>H 

l - > I I <IDENT-LI ST*3>H FAIL_2(40) 

I (I.) • I <IDENT-LIST>H 

I ( 1 ) I T I 2 1 0 I FAIL_2l*OI 

l - > I ( I I I TI169I F A I L . 2 I 4 1 I 

I ** I <RIGHT-PART>H FAIL_2(42) 

I * I <AR ITH—EXP*1>H 

I » I <ARITM-EXP>H 

l - > I I <EXP>T 

l - > I I <EXP>T 

l - > I * I T I 175I FA1L_2(43I 

l - > I ( I I I <EXP>T FAIL_2(«1) 

l - > I I <EXP+l>T 

l - > I I <EXP*2>T 

I » • I <ARITH-EXP»l>H 

l - > I I <EXP»*>T 

I •* I <AR]TH-EXP»1>H 
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<fXP*h>T I 

TI1831 I 

<FIX_1>T I 

<FIX_1»5>T : 

<FAIL_1>T : 

<FIX_2>T I 

<FAIL_2>T : 

<F1X_3> 

<FAIL_3>T : 

<FAIL_4>T : 

<FAJL_5>7 

TC209I s 

TI210 I : 

TI211 I : 

<NUMBER>H : 

TI213I t 

<POST-CET>H : 

<P0ST-GET»1>H 

<RIGHT-PART>H 

ANY 

RANGE 

DROP 

NEW 

PUT 

ANY 

RANGE 

ANY 

ANY 

ANY 

HOLD 

lFLTSfK 

ANY 

ANY 

ANY 

IELTSTK 

ANY 

ANY 

ANY 

RANGE 

GET 

HOLD 

DELETE 

ANY 

MOLD 

1ELTSTK 

ANY 

ANY 

REL-OP 

• /-

INT/REAL 

ANY 

PUT 

WSNAME 

cCi 5 

ANY 

STR 

ANY 

ANY 

ANY 

) 

ANY 

ANY 

ANY 

ANY 

ANY 

ANY 

ANY 

EOS 

ANY 

ANY 

ANY 

ANY 

EOS 

ANY 

ANY 

ANY 

EOS 

ANY 

ANY 

ANY 

ANY 

ANY 

ANY 

ANT 

ANY 

EOS 

EOS 

ANY 

ANY 

ANY 

ANY 

ANY 

ANY 

ANY 

ANY 

ANY 

ANY 

R50 l - > 

R5B 

R59 

R59 

458 

l - > 

l - > 

l - > 

l - > 

l - > 

i - > 

l - > 

l - > 

l - > 

l - > 

Rl 3-> 

R6L l - > 

R56 

R57 5-> 

R63 

R7 

R7 

i - > 

R*7 l - > 

111 

H I 

( I I 

( t l 

T(1H3I 

1(2101 

<FXP>T 

<POST-RANGE>M 

<FIX_l»5>T 

<FIX_1»5>T 

<FIX_1»5>T 

<FIX_1>T 

<POST-PANGE>H 

<POST-GET>H 

<FIX_l>T 

<FAIL_1>T 

<R EL/UD/COMP>H 

<POST-GET>H 

<FIX_2>T 

<FIX_2>T. 

<FAIL_2>T 

<POST-GET>H 

<FIX_3>T 

<FIX_3>T 

<FAIL_3>T 

<POST-RANGE>H 

<POST-RANGE>H 

<POST-RANGE>H 

<POST-RANGE>H 

<POST-GET>H 

<«EL/ u'O/ CCHPsn 

<PC1ST-GET>H 

<POST-GET>H 

<STATEHENT>T 

<NUPBER>H 

T(213) 

<GET-ORDER>H 

<P0ST-GET*1>H 

T(125I . 

T( 1681 

<P05T-GtT>H 

<SESSI0N>H 

<EXP»6>T 

<ARITH-EXP>H 

FA|L_2(15I 

FAIL _ 2 ( 5 I 

F A I L _ 2 I 5 I 

FAIL_1(25I 

F A I L _ l ( 2 6 1 

13 0 



A P P E N D I X E 

IMPLEMENTATION OF THE TRANSLATOR 

The t r a n s l a t o r has been implemented on the Northumbrian 

U n i v e r s i t i e s ' M u l t i p l e Access Computer (NUMAC) IBM 360/67, 

owned j o i n t l y by the U n i v e r s i t i e s of Durham and 

Newcastle-upon-Tyne, and Newcastle-upon-Tyne P o l y t e c h n i c . 

NUMAC provides both i n t e r a c t i v e and batch p r o c e s s i n g 

f a c i l i t i e s and has 1024K bytes of main memory. 

The t r a n s l a t o r i s invoked i n t e r m i n a l mode by the 

MTS command 

£SOURCE CLN6:ALPHA 

and i n batch mode by the command 

ESOURCE CLN6:B.ALPHA . 

T r \ V» —»4- t̂V% TM/^ *3g-\ 4- Vi ^ n r \ ^ *i n r » 4- T» T-s T /-\ »-» I »-r«*-\ v% /-\ T» 4- o ' V»T r 4- V» 

t r a n s l a t o r are d i r e c t e d t o * s i n k * . 

* MTS, the Michigan Terminal System, i s the major o p e r a t i n g 
system i n use i n NUMAC. 
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A P P E N D I X F 

EXAMPLES OF TABLES PRODUCED 

BY THE TRANSLATOR 
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RANGE MATERIAL H 

GET W (M.P*I 

SYMBOL TABLE 

1. MATERIAL 39 0 
2. M 40 0 
3. » 37 0 
*. Pf 37 0 

WORKSPACE TABLE 

21 . W 

COCINC TABLES 

RA_TAB 
RNAME LRNAME QUANT MCOMP 

1 2 0 0 

ST.TA8 1 

UN.TAB 21 

Q.TA6 0 

GT.TAB 
FUNCT ALIST ALISTPTR LRNAME ANAME 
0 0 . 0 2 * 

FN_HT_TAB 

OT_TAB 

DTOV_TAB 

UP.TAB 

OR.TAB 
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RANGF MATERIAL H 

GET W in.PI, H.PNAMF, H.COHI : (H.COH < IOOI 

SYMBOL TABLE 

1. HATFRIAL 
2. N 
3. U 
4. P i 
5. PNAKE 
6. OOH 

WORKSPACE TABLE 

21 . W 

CONSTANT TABLE 

FB31 
1. 

CODING TABLES 

RA_TAB 
RNAME 

1 

ST.TAB 

WN.TAB 

Q_TA8 

100 

LRNAME 
2 

1 

21 

0 

39 
40 
37 
37 
37 
37 

QUANT 
0 

HCOHP 
1 

GT_TAB 
FUNCT 
0 
0 
0 

ALIST ALISTPTR LRNAME ANAME 
0 0 2 4 
0 0 2 5 
0 0 2 6 

FN_MT_TAB 
FUNCT ALIST ALISTPTR RNAME LRNAME ANAME RELOP 
0 0 0 1 2 6 124 

DT.TAB 

WCOMP TCOMP CONTYPE CONLEN CONPTR 
1 1 1 0 1 

DT0V_Ti.6 

MP_TAB 

OR_TAB 
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RANGE MATERIAL M 
GET M (6> IH.P#, M.PNAMEt M.OCHI : (M.OOH <100l UP M.P« DOWN M.HEIGHT 

SVKDOL TABLE 
1. MATERIAL 
2. M 
3. M 
4. Pf 
5. PNAME 
6. OOH 
7. WEIGHT 

WORKSPACE TABLE 

21 . W 

CONSTANT TABLE 

FB31 
1. 

CODING TABLES 

RA.TAB 
RNAME 

1 

ST_TAB 

100 

LRNAME 
2 

QUANT 
0 

WCOHP 
1 

0 
0 
0 
0 
0 
0 
0 

UN.TAB 21 

Q_TAB 6 

GT.TAB 
FUNCT ALIST ALISTPTR LRNAME ANAME 
. 0 0 0 2 <t 
0 0 0 2 5 
0 0 0 2 6 

FN_MT_TAB 
FUNCT ALIST ALISTPTR RNAME LRNAME ANAME RELOP WCOMP TCOMP CONTVPE CONLEN CONPTR 

0 0 0 1 2 6 12* 1 1 1 0 1 

OT_TAB 

DTOV TAf! 

HP..TAB 

OR_TAB 
ORDER LRNAME ANAME 
206 2 * 
106 2 1 
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RANGE FACTORY F 

RANGE ORDER 0 SOME 

GET W IF.SNAME. F.ADDRESS) : IF.S* • O.S») C 10.Pi • S) 

SYMBOL TABLE 

1. FACTORY 
2. F 
3. ORDER 
4. 0 
5. H 
6. SNAME 
7. ADDRESS 
8. SI 
9. P I 

HORKSPACE TABLE 

2 1 . H 

CONSTANT TABLE 

FB31 
1. 

CODING TABLES 
RA_TAB 

RNAME 
1 
3 

ST.TAB 

LRNAME 
2 
4 

QUANT 
0 
2 

39 
40 
39 
40 
37 
37 
37 
37 
37 

HCOMP 
1 
1 

MN_TAB 

Q.TAB 

21 

0 

GT_TAB 
FUNCT 
0 
0 

ALIST 
0 
0 

ALISTPTR LRNAME ANAHE 
6 
7 

PN_MT_TAB 
FUNCT ALIST ALISTPTR RNAME LRNAME ANAME RELOP HCOMP TCOMP CONTYPE CONLEN CCNPTR 
0 0 0 3 4 9 324 1 1 1 0 1 

DT.TAB 
LRNAME1 ANAME1 LRNAME2 ANAME2 RELOP WCC"" TCOMP 

2 8 4 8 324 1 1 

DT0V.TA8 

WP_TAB 

OR.TAB 
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RANCH FACTORY F 

KANCT FACTORY E SOME 

GET U (F.S«) I (E.SNAME • • IRONWOHKS'I C (F.ADDRESS • E.ADDRESS) 

SYMBOL TABLE 

1. FACTORY 
2. F 
3. E 
4. W 
5. S« 
6. SNAME 
7. ADDRESS 

WORKSPACE TABLE 

2 1 . H 
CONSTANT TABLE 
CHARS 

1. IRONWORKS 
COCING TABLES 

RA_TAB 
RNAME 

1 
1 

ST_TAB 

WN_TAB 

O.TAB 

LRNAME 
2 
3 

I 

21 

0 

QUANT 
0 
2 

39 
40 
40 
37 
37 
37 
37 

WCOMP 
I 
1 

Cl.TAB 
FUNCT 
0 

ALIST 
0 

ALISTPTR LRNAME ANA HE 
5 

FN_MT_TAB 
FUNCT ALIST ALISTPTR RNAME LRNAME ANAME RELOP WCGMP TCOMP CONTYPE COKLEN CCNPTR 

324 

DT.TAB 
•.O^A^CI AfiAHEl 

2 l" 

DTOV.TAB 

HP_TAB 

OR.TAB 

LRMAME? 
3 

ANAME2 
7 

REI.OP 
324 

WCOMP 
1 

TCOHP 
1 
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RANGE FACTORY F 

RANGF ORDER 0 ALL 

GET H IF.S») : (F.S* — O.S*) I 10.P« — 3 1 

SYMBOL TABLE 

1. FACTORY 
2. F 
3. CROER 
4. 0 
5. U 
6. S I 
7. PI 

HURKSPACE TABLE 

2 1 . U 

CONSTANT TABLE 

FB31 

39 
40 
39 
40 
37 
37 
37 

0 
0 
0 
I 
0 
0 
0 

COOING TABLES 

RA_TAB 
RNAHE 

1 
3 

ST_TAB 

WN.TAB 

O.TAB 

LRNAHE 
2 
4 

1 

21 

0 

QUANT 
0 
1 

HCONP 
1 
I 

6T.TAB 
FUNCT 
0 

ALIST 
0 

ALISTPTR LRNAHE ANANE 
6 

FN_MT_TAB 
FUNCT ALIST ALISTPTR RNAHE LRNAHE ANAHE RELOP 
0 0 0 3 4 7 624 

HCOHP TCOHP CONTYPE CONLEN CONPTR 
1 2 1 0 1 

DT.TAB 
LRNAHE1 ANAHE1 LRNAHE 2 

2 6 4 

OTOV_TAB 

HP.TAB 

OR_TAB 

ANAME2 
6 

RELOP 
624 

WCOHP 
1 

TCOMP 
1 
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RANGE FACTORY F 

RANGF TASK T ALL 

RANGE OROEK 0 SCME 

GET M IF.SNAHEI : I F . S I = O.SKI C 10.J* • T.Jdl 

SYMBOL TABLE 

1 . FACTORY 
2 . F 
3. TASK 
4 . T 
5. ORDER 
6 . 0 
7 . U 
8. SNAME 
9 . SI 

1 0 . J» 

3 9 
4 0 
3 9 
4 0 
3 9 
4 0 
3 7 
3 7 
3 7 
3 7 

W O R K S P A C E T A B L E 

2 1 . W 

C O D I N G T A B L E S 

RA_TAB 
R N A M E 

1 
3 
5 

L R N A M E 
2 
4 
6 

QUANT 
0 
1 
2 

WCOMP 
1 
1 
1 

S T _ T A B 

UN TAB 2 1 

3_TAB 

G T . T A B 
FUNCT 

0 
A L I S T 

0 
A L I S T P T R 

0 . 
LRNANE 

2 
ANAME 

8 

F K _ H T _ T A B 

J T . T A B 
LRIfAMEl A N A M E 1 L K N A K E C A N A M E 2 R E L O P WCunp ICOMP 

2 9 6 9 3 2 4 I I 
6 1 0 4 1 0 3 2 4 1 1 . 

D T O V _ T A B 

W P . T A B 

OR . T A B 
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RANGE TASK T 

RANGE FACTORY F 

RANGE ORDER 0 SOME 

GET W ( T . J * . T.JNAHE, F.ADDRESS) : I T . J * = O.JII t 10.SI - F . S f l 

SYMBOL TABLE 

1. TASK 39 0 
2. T 40 0 
3. FACTORY 39 0 
4. F 40 0 
5. ORDER 39 0 
6. 0 40 2 
7. W 37 0 
B. J l 37 0 
9. JNAME 37 0 

10. ADDRESS 37 0 
11. S I 37 0 

WORKSPACE TABLE 

2 1 . U 

CODING TABLES 

RA_TAB 
RNAME LRNAME QUANT WCOMP 

1 2 0 1 . 
3 4 0 1 
5 6 2 1 

ST_TAB 1 

WN.TAB 21 

Q_TAB 0 

GT_TAB 
FUNCT 
0 
0 
0 

ALIST 
0 
0 
0 

ALISTPTR 
0 
0 
0 

LRNAME 
2 
2 
4 

ANAME 
8 
9 

10 

FN_MT_TAB 

0T_TAB 
LRNAME1 

2 
6 

ANAME1 
8 

11 

LRNAME2 
6 
4-

ANAME2 
a 

-. n 

RELOP 
324 
324 

UCOMP 
1 
1 

TCOHP 
1 
1 

DTOV.TAB 

HP_TAB 

OR.TAB 
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RANGF GPOER 0 

RANGE FACTORY F SOME 
GET Ml ( O . J t l : 10. S* • F.SH1 C. I F . SNAHE • ' PA INTWORKS* I 

SYMBOL TABLE 

1. ORDER 
2. 0 
3. FACTORY 
4 . F 
5. Wl 
6. J* 
7. S* 
8. SNAHE 

WORKSPACE TABLE 

2 1 . Wl 

CONSTANT TABLE 
CHARS 

1. PAINTWORKS 
CODING TABLES 

RA_TAB 
RNAHE 

1 
3 

ST.TAB 

WN.TAB 

0_TAB 

LRNAHE 
2 
4 

21 

0 

QUANT 
0 
2 

39 
40 
39 
40 
37 
37 
37 
37 

WCOHP 
1 
1 

GT_TAB 
FUNCT 
0 

ALIST 
0 

ALISTPTR LRNAME ANAHE 
6 

FN_MT_TAB 
FUNCT ALIST ALISTPTR RNAHE LRNAHE ANAHE RELOP WCOHP TCOHP CONTYPE CONLEN CCNPTR 
0 0 0 3 4 8 324 1 1 5 10 1 

OT_VAB 
LRNAHEl ANA u=l LRNAHE2 

DTOV_TAB 

WP_TAB 

OR.TAB 

ANAHE2 
7 

RELOP 
324 

WCOHP 
1 

TCOHP 
I 
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RANGE FACTORY F 

RANGE Wl X ALL 

RANGE ORDER 0 SOME 

GET W2 IF.SNAME. F.ADDRESS) : I F . S I - O.SII C 10 . J l • X.JI) 

SYMBOL TABLE 

1 . FACTORY 39 0 
2. F 40 0 
3. X 40 1 
4. O R D E R 39 0 
5. 0 40 2 
6. W2 37 0 
7 . SNAME 37 0 
8 . ADDRESS 37 0 
9 . Sf 37 0 

1 0 . J* 37 0 

WORKSPACE TABLE 

2 1 . Wl 
22. W2 

CODING TABLES 
RA_TAB 

RNAME LRNAME QUANT WCOHP 
1 2 0 1 

21 3 1 1 
4 5 2 1 

ST^TAB 1 

WN.TAB 2 2 

0_TAB 

GT_TA8 
FUNCT 
0 
0 

ALIST 
0 
0 

ALISTPTR 
0 
0 

LRNAME 
2 
2 

A N A M E 
7 
8 

FN_MT_TAB 

DT^TAB 
LRNAME1 

2 
.5 

ANAMFL 
9 

10 

LRNAME2 
5 
3 

•ANAME2 
9 
10 

RELOP 
324 
324 

WCOMP 
1 
1 

TCOMP 
1 
1 

DTOV_TAB 

HP_TAB 

OR_TAB 
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RANGE ORDER 0 

GF.T U 10.SHI : 10.J» * 251 OR (O.JI • 471 C (O.PI - 71 

SYMBOL TABLE 

1. OROER 
2. 0 
3. U 
4. Sf 
5. J f 
6. PI 

WORKSPACE TABLE 

2 1 . U 

CONSTANT TABLE 

39 
40 
37 
37 
37 
37 

FB31 
I . 
2. 
3. 

CODING TABLES 

RA_TAB 
RNAHE 

1 
1 

ST.TAB 

25 
47 
7 

LRNAME 
2 
2 

QUANT 
0 
0 

W C O M P 
1 

. 2 

HN.TAB 2 1 

Q_TAB 

6T_TAB 
FUNCT 
0 

ALIST 
0 

ALISTPTR 
0 

LRNAME 
2 

ANAME 
4 

FN_MT_TAB 
FUNCT ALIST ALISTPTR RNAME LRNAME ANAME RELOP 

5 324 
5 324 
6 324 

WCOMP 
1 
2 
2 

TCOMP 
1 
1 
1 

CONTYPE 
1 
1 
1 

CONLEN CONPTR 
0 1 
0 2 
0 3 

DT_TAB 

DTOV.TAB 

WP_TAB 
WCOMPI WC0MP2 OPER 

1 2 120 
OR.TAB 
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RANGE FACTORY F 

RANGE CROER 0 ALL 

GET W C U U N T I F . S d l t ( F . 5 K O . S » ) I I C . P » — St 

SVHBOL T A B L E 

1. FACTORY 
2 . * 
3 . CRCER 
4 . 0 
5 . M 
6 . S« 
7 . P» 

NORKSPACE TABLE 

2 1 . U 

CONSTANT TABLE 

FB31 
1 . 5 

CODING T A B L E S 

RA_TAB 
RNAHE LP NAME 

1 2 
3 * 

S T . T A B I 

UN.TAB 21 

O .TAB 0 

39 
4C 
39 
40 
37 
37 
37 

QUANT 
0 
1 

WC ĴMP 
1 
I 

GT_TAB 
FUNCT 
2 1 7 

A L I S T 
0 

A L 1 S T P T R LRNAHE ANANE 
6 

FN_MT_TAB 
FUNCT A L I S T A L I S T P T R RNAHE LRNAHE ANAPE RELOP 

0 0 0 3 4 7 624 
WCOHP TCCHP CONTYPE CONLEN CCNPTR 

1 2 1 0 1 

OT_TAB 
LRNAHE1 

2 

DTOV_TAB 

WP_TAB 

O R . T A B 

LKNAHE2 
4 

ANAHE2 
6 

R E L O F 
6 2 4 

m.uf i r 
1 

TCOHP 
1 
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RANGE TASK T 

GFT W I T . J N A K E I : TOP I * , T . P R I ORITV» 

SYHROl TABLE 

1 . TASK 
2 . I 
3 . W 
<t. JNAKE 

5 . P R I O R I T Y 

WORKSPACE TABLE 

2 1 . W 

CONSTANT TABLE 

FB31 

39 
40 
37 
37 
37 

CODING T A B L E S 

RA_TA8 
RNAHE 

I 

S T _ T A B 

WN.TAB 

0_TAB 

LRNAME 
2 

1 

21 

0 

QUANT 
0 

UCOMP 
0 

G T . T A B 
FUNCT 

0 
A L I S T 

0 
A L I S T P T R LRNAME 

0 2 
A NAME 

4 

FN_MT_TAB 
FUNCT A L I S T A L I S T P T R RNAHE LRNAME ANAME RELOP 
121 0 0 1 2 5 0 

DT_TA8 

WCOMP 
0 

TCOMP CONTYPE CONLEN CCNPTR 
0 1 0 1 

DTOV.TAB 

WP_TAB 

OR_TAB 
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RANGE ORDER 0 

GET W l O . I ' l . O . J # , I T O T A L I G . ( P f , J « l , QUANTITY! I 

SYMBOL TABLE 

1. ORDER 
2 . 0 
3 . W 
4 . P I 
5 . J i 

6 . QUANTITY 

WORKSPACE T A B L E 

2 1 . U 

CODING T A B L E S 

RA_TA8 
RNAHE LRNAHE 

1 2 
S T T A B 1 

QUANT 
0 

39 
40 
37 
37 
37 
37 

WCOHP 
0 

WN_TAB 

Q_TAB 

21 

0 

GT. TAB 
FUNCT 

0 . 
0 

518 
0 

A L I S T 
O 
0 
4. 
5 

A L I S T P T R 
0 
0 
4 
0 

LRNAHE 
2 
2 
2 
0 

ANAHE 
« 
5 
6 
0 

FN_HT_TAB 

DT_TAB 

OTOV.TAB 

WP_TAB 

OR_TAB 
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RANGE ORDER 0 

GET W 1 0 . P « . D . J K . I C Q U N T I C . | P * , J « I , S*> I 

SYMBOL TABLE 

t . ORDER 39 0 
2 . 0 40 0 
3 . U 37 0 
* . P9 37 0 
5 . i t 37 0 
6 . S f 37 0 

WORKSPACE TABLE 

2 1 . H 

COCING T A B L E S 

RA_TAB 
RNANE LRNAHE QUANT WCOHP 

1 2 0 0 

S T TAB 1 

UN.TAB 2 1 . 

0_TAB 0 

G T . T A B 

FUNCT A L I S T A L I S T P T R LRNAME A NAME 
0 0 0 2 4 
0 0 . 0 2 5 

21B 4 4 2 6 
0 5 0 0 0 

FN_HT_TAB 

DT_TAB 

OTOV_TAB 

WP_TAB 

n a T * n . 
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RANGE CODER 0 

GET W i n . P V ) : ICUIJNTIO, P I , J » ) > 3 

SYMBOL TABLE 

1. ORDER 39 0 
2 . 0 40 6 
3 . W 37 0 
4 . P« 37 0 
5 . J « 37 0 

WORKSPACE TABLE 

2 1 . W 

CONSTANT TABLE. 

FB31 
1 . 

CODING TABLES 

R A_TAB 
RNAME LRNAME QUANT MCONP 

1 2 0 0 -

S T _ T A B 1 

WN.TAB 21 

Q_TAB 0 

G T . T A B 

FUNCT A L I S T A L I S T P T R LRNAME ANAHE 
0 0 0 2 4 

FN_KT_TAB 
FUNCT A L I S T A L I S T P T R RNAHE LRNAHE ANAPE RELOP HCOMP TCOHP CONTVPE CONLEN CONPTR 
218 4 0 1 . 2 5 2 2 4 0 0 1 0 1 

D T . T A B 

D T O V . T A B 

HP_TAB 

O R . T A B 
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RANGE TASK T 

MOLD ta I T . J N A M E I I I T . J I • 201 

SYMBOL TABLE 

0 
0 
0 
0 
0 

WORKSPACE TABLE 

2 1 . W 

CONSTANT TABLE 

FB31 
1 . 2 0 

CODING T A B L E S 

LRNAME QUANT WCOMP 
2 0 1 

1 . TASK 39 
2 . T 40 
3 . W 37 
4 . JNAME 37 
5 . J» 37 

R A . T A B 
RNAHE 

1 

ST_TAB 

h'N.TAB 21 

H T . T A B 
LRNAME ANANE 

2 4 

FN_MT_TAB 
FUNCT A L I S T A L I S T P T R RN4ME LRNAME ANAME RELOP WCOMP TCGMP CONTYPE CONLEN CONPTP. 

0 0 0 1 2 5 324 1 1 1 0 1 

DT_TAB 

BTOV_TAB 

H P . T A B 

O R . T A B 

H. JNAME = 'CAM* 

SYMBOL T A B L E 

I . JNAME 37 0 

WORKSPACE TABLE 

2 1 . H 

CONSTANT TABLE 

CHARS 

I . CAM 

CODING T A B L E S 

ST.T.AB 38 

A S S . T A B 
0P1 0P2 OPER I0P1 I 0 P 2 
21 1 129 2 2 
- I I 324 4 5 

UPDATE 

WORKSPACE TABLE 

2 1 . U 

COCING T A B L E S 

S T . T A B 10S 
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RANGE TASK T 

GET W IT 1 1 ( T . J « •> 6 ) 

SYMUOL T A B L E 

1. TASK 
2 . T 
3 . U 
4 . J 0 

wnitKSPACE TABLE 

Z\m W 

CONSTANT TABLE 

F B 3 1 

3<» 
40 
3T 
37 

CODING T A B L E S 

R A . T A B 
RNAME 

1 

S T _ T A B 

WN.TAB 

Q_TAB 

LRNAHE 
2 

1 

21 

0 

QUANT 
0 

MCOHP 
1 

GT_TAB 
FUNCT 

0 
A L I S T 

0 
A L I S T P T R LRNANE 

0 2 
ANAME 

0 

FN_HT_TA8 
FUNCT A L I S T A L I S T P T R RNAKE LRNAME ANAHE RELOP 

0 0 0 1 . 2 4 3 2 4 

DT_TAB 

DTOV_TAB 

WP_TAB 

OR_TAB 

WCOHP TCOMP CONTYPE CONLEN CONPTR 
1 1 1 0 1 

RANGE TASK T 

D E L E T E T : ( T . J * « 6 ) 

SYMBOL T A B L E 

1 . TASK 
2 . T 

3 . J * 

WORKSPACE TABLE 

2 1 . H 

CONSTANT T A B L E 

FB31 
1 . 6 

CODING T A B L E S 

RA_TAB 
RNAME LRNAME 

1 2 

S T _ T A B 2 

L R N . T A B 2 

39 
40 
37 

QUANT 
0 

WCOHP 
1 

FN_MT_TAB 
FUNCT A L I S T A L I S T P T R RNAME LRNAME ANAME RELOP 

0 0 0 1 2 3 3 2 4 

DT_TAB 

DTOV_TAB 

W?_TAB 

WCC1MP TCOMP CONTYPE CPNLEN CCNPTR 
I L 1 0 I 
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H . J f • 7 

SYPBOL TABLE 

I . J » 

WORKSPACE TABLE 

2 1 . w 

CONSTANT TABLE 

F B 3 1 
1 . 

COOING T A B L E S 

37 

ST_TAB 38 

A S S . T A B 
OP1 
21 
-1 

C P 2 
1 
1 

OPER 
129 
3 2 4 

IOP1 
2 
4 

IOP2 
2 
1 

PUT W TASK 

SYMBOL T A B L E 

1 . TASK 

WORKSPACE TABLE 

. 2 1 . U 

COOING T A B L E S 

S T . T A B 7 

WN_TAB 21 . 

RN_TAB I 

AL_TAB 

• R _ T A B 

3 7 
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RANGE 0RI1FR 0 

HOLD W I U . U U A N J I T Y I I lO.ft • 41 C 1 0 . J f • 'j I C IO .DATEUUC • • 1 . 1 . 7 4 " I 

SYFHCL TABLE 

1. ORDLR 39 0 
2 . 0 40 0 
3 . W 37 0 
4 . QUANTITY 37 0 
5 . P» 37 0 
6 . J * 37 0 
7 . DATEOUE 37 0 

WORKSPACE TABLE 

2 1 . W 

CONSTANT TABLE 

FB31 
1 . 4 
2 . 5 

CHARS ' 
1 . 1 . 4 . 7 4 

COOING T A B L E S 

RA_TAB 
RNAHE LRNAHE QUANT WCOHP 

1 2 0 1 

S T . T A B 4 

WN.TAB 21 

H T . T A B 
LRNAHE ANAHE 

2 4 

FN_MT TAB 
FUNCT A L I S T A L I S T P T R RNANE LRNAHE ANAHE R E L O P WCOHP TCOHP CONTYPE CONLEN CQNPTR 

0 0 0 1 2 5 324 1 1 1 0 1 
0 0 0 1 I 6 3 2 4 1 1 1 0 2 
0 0 0 1 2 7 324 1 1 5 6 1 

DT_TAB 

DTOV.TAB 

WP_TAB 

O R . T A B 

W.QUANTITY = W.QUANTITY - 4 0 

SYMBOL TABLE 

1. OUANTITV 37 0 

WORKSPACE TABLE 

2 1 . W 

CONSTANT T A 8 L E 

FB31 

1 . 4 0 

COOING T A B L E S 

S T . T A B 38 

A S S . T A B 
OP I OP 2 OPER I 0 P 1 I 0 P 2 
21 1 129 2 2 
21 1 129 2 2 
- 2 1 2 2 2 4 1 
- I - 3 3 2 4 4 4 

UPDATE 

WORKSPACE TABLE 

2 1 . M 

CODING T A B L E S 

S T . T A B 1 0 * 
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RANGE MATERIAL H 

HOLD W (M.COIU : ( H . P « • 4 ) 

SYPBOL TABLE 

1. MATERIAL 
2 . M 
3 . QOH 

4 . P« 

• •3RKSPACE TABLE 

2 1 . W 

CONSTANT TABLE 

F B 3 1 
1 . 4 

CODING T A B L E S 

R A . T A B 
RNAME LRNAME 

1 2 

S T . T A B 

UN.TAB 

4 

21 

39 
40 
37 
37 

QUANT 
0 

WCONP 
1. 

H T . T A B 
LRNAME 

2 
ANAHE 

3 

FN MT TAB 
FUNCT A L I S T A L I S T P T R RNAKE LRNAME ANAME R E L O P 

0 0 0 . 1 2 4 3 2 4 

D T . T A B 

DTOV.TAB 

WP.TAB 

O R . T A B 

WCOHP ' TCOMP CONTYPE CONLEN CONPTR 
1 1 1 0 1 

U.QOH = H.OOH ' • 4 0 

SYMBOL TABLE 

1 . QOH 

WORKSPACE T A B L E 

2 1 . W 

CONSTANT TABLE 

FB31 

. 1 . 4 0 

CODING T A B L E S 

37 

S T _ T A B 3 8 

0P1 0 P 2 OPER I 0 P 1 I 0 P 2 
21 1 129 2 2 
21 1 129 2 2 
- 2 1 122 4 1 
- 1 - 3 3 2 4 4 4 

UPDATE 

WORKSPACE TABLE 

2 1 . U 

COOING T A B L E S 

S T . T A B 10$ 
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RANGE TASK T 

D E L E T E T 

SYMBOL T A B L E 

1 . TASK 39 0 

2 . T 40 0 

COOING T A B L E S 

HA.TAB 
RNAHE LRNAME QUANT MCOMP 

1 2 0 0 

S T . T A B 2 

LRN_TAB 2 

FN_NT_TAB 

DT_TAB 

OTOV_TAB 

U P . T A B 
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RANGE ORDER 0 

RANGE FACTORY F SOME 

RANGE TASK T SOME 

D E L E T E 0 l IF .SNAME • ' . S T E E L W O R K S ' ) C 1 0 . S » = F . S * I £ 1 0 . J * - T . J O L ( T . J N A H E » ' C A G M 

S 'HBOL T A B L E 

1. ORDER 39 0 
2 . 0 40 0 
3 . FACTORY 39 0 
4 . F 4 0 2 
5 . TASK 39 0 
6 . T 40 2 
T . SNAME 37 0 
8 . S * 3 7 0 
9 . J « 37 0 

1 0 . JNAME 37 e 
CONSTANT TABLE 

CHARS 
1 . STEELWORKS 
2 . CAG 

COOING T A B L E S 

R A . T A B 
RNAME LRNAME QUANT WCOMP 

1 2 0 1 
3 4 2 1 
5 6 7 1 

ST_TAB 2 

L R N . T A B 

FN_MT_TAB 
FUNCT 

0 
0 

A L I S T A L I S T P T R RNAME 
0 0 3 
0 0 5 

LRNAME ANAME 
7 

10 

RELOP 
324 
324 

WCOMP 
1 
1 

TCOMP CONTYPE CONLEN CONPTR 
10 1 

3 2 

OT_TAB 
LRKAME1 

2 
2 

A NAM E l 
8 
9 

LRNAME2 
4 
6 

ANAMT2 
8 
9 

RELOP 
324 
324 

WCOHP 
1 
1 

TCOHP 
1 
1 

DTOV.TAB 
v. 

H P . T A B 
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PUT W TASK 

SYMBOL TABLE 

1. TASK 37 0 

V' IRKSPACE TABLE 

il. U 

CODING TABLES 

S T . T A B 7 

WN.TAB Z l 

RN_TAB 1 

AL_TAB 

O R . T A B 

1.56 



PUr W MA T E R I A L • I P i t PNAME, 0C1HI 

SVKBCL TABLE 

1. MATERIAL 37 0 
2 . P« 37 0 
3 . PNAME 37 0 
<t. 00H 37 0 

WURKSPACE TABLE 

2 1 . M 

COCING T A B L E S 

ST_TAB 7 

WN.TAB 21 

R N T A B 1 

A L . T A B 

O R . T A B 
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PUT M P A H - K I A L . I P » t PNAME i QOHl UP 

SYMBOL TABLE 

1. K A T t B I A L 
2 . P I 
3 . PNAME 

4 . OOH 

WORKSPACE TABLE 

2 1 . M 

COOING T A B L E S 

S T . T A B 

37 
37 
37 
37 

UN_TAB 21 

R N T A B 

AL_TAB 
2 
3 
4 

OR_TAB 
ORDER 

206 
LRNAME 

0 
ANAHE 

2 



DROP TASK 

SYMBOL TABLE 

I . TASK 37 

CODING T A B L E S 

S T _ T A 8 3 

R N . T A B 1 

A L . T A B 
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OR OP C A T F R U L . ( W E I G H T , QOHt 

SYFBOL T A B L E 

1. HATFRIAL 
2 . WEIGHT 
3 . OOH 

CODING T A B L E S 

ST_TAfl 3 

RN_TAB 1 

A L . T A B 
2 
3 

37 0 
37 0 
37 0 
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KEW S U P P L I E K I S * , K E Y , CHAR, 5 H S N A H F , CHAR, 151 I A D O R E S S , CHAR, 201 

SYMBOL TABLE 

1. S U P P L I E R 
2 . S« 
3 . SNAPE 
A. AOOPESS 

WORKSPACE TABLE 

2 1 . M 

CODING T A B L E S 

ST_TAB 8 . 

RN .TAB 1 

37 
37 
37 
37 

A T T . T A 8 
AKAME 

2 
3 

• * 

K T Y P E 
1 
0 
0 

ATVPE 
5 
5 
5 

ALEN 
5 

I S 
20 

PUT W S U P P L I E R 

SYPBOL TABLE 

1. S U P P L I E R 

WORKSPACE TABLE 

2 1 . W 

CODING T A B L E S 

ST_TAB 

WN.TAB 

RN.TAB 

7 

21 

1 

37 

A L . T A B 

O R . T A B 



READ ( I , J t 

SYMBOL TABLE 

1. I 

2 . J 

V A R I A B L E TABLE 

3 1 . I 

3 2 . J 

CODING T A B L E S 

S T _ T A B 
I C . T A B 



L I S T (M, 1, J l 

SYMBOL TABLE 

1. U 37 0 
2 . I 37 0 
3 . J 37 0 

r o O I N G T A B L E S 

S T _ T A B 109 

1 C_TA8 

1 
2 
3 

163 


