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Meeting with DEC on 2-12-75 

On 12 February, 1975 I rr et with representatives of the Digital 
Equipment Corporation# DEC# to discuss the pop 11 system we envision 
using for NALCCN. 1 

Present at the meeting * e r e  Fritz Aumann and John Welsh of DECcomm in 
Maynard Mass, (617)897-5111, Janes Graves, Branch Manager Data 
Communications in the Washington area (301 )459-7900 and sam Lotthouse 
local DEC sales rep for nSRDC. 2 

I presented our plans for NALCON and asked them for information on 
host interfaces for Unlvac, Burroughs, IBM and CDC equipment, I 
expressed interest in a cheaner CDC interface then we neard of 
before. They said there was a European made Univac interface, on 
which they will get me information, 3 

I requested information on whether the DQ interface cOijld be used for 
the VDH interface to the IMP rather then Bryans, They wm checv; and 
oet back to me, in the very near future DEC will be announcing the 
DV11 Synchronous Multiplexor, This will allow 8 or 16 lines with a 
total 16 line throughput of 38,400 characters per second. This has 
NPF input and output, There is a oossibility that one ot these could 
be confiqured eor 50«b transmission (normally up to 9600 bps per 
line) by combining lines and still have sufficient capability for our 
synchronous requirements, 4 

The highlights of the DVn are 5 

6- or 16-iire synchronous multiplexor for use with PDP-11 family 
computers 5a 

NPR Lata Transfers on transmission and recent ion 5b 

Total 16-lire throughput of 38,400 characters per second 5C 

Control table scheme provides considerable programming 
flexibility, particularly for special character a nd protocol 
handling 5a 

Open ended, flexible design na.rdware not committed to any specific 
protocol 5e 

128-character first-in, first-out receiver buffer 5f 

Program selectable block checks (LRC-fl, CRC-16, CRC/CCITT) 5g 

Modem control 5h 

One or two synch characters for each line 5i 

l 



M e e t i n g  w i t n  D E C  o n  2 - 1 2 - 7 5  
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A s  a  m a t t e r  o f  p a s s i n g  D E C  w i l l  b e  a n n o u n c i n g  t h e  1 1 / 7 0  t o d a y  
( 2 - 1 3 - 7 5 )  w h i c h  i s  a  3 2  b i t  m e m b e r  o f  t h e  1 1  f a m i l y ,  T h i s  i s  
i n t e n d e d  a s  a  h i g h  b a n d w i d t h  s y s t e m  w n e r e  f a s t  d i s K  a c c e s s  a n d  
t h r o u g h p u t  a r e  r e q u i r e d ,  6  
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C J 3 1 8 5 5 )  1 3 - F E B - 7 5  0 9 : 5 3 ; : : :  T i t l e :  A u t n o r ( S ) :  I ,  L a r r y  A v r u n i n / I L A ;  
D i s t r i b u t i o n :  / N E T I M P (  [  A C T I O N  j  )  J P 5 (  t  A C T I O N  ]  )  E H C C  [  I N F O - O N L Y  ]  
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J M B  1 3 - F E B - 7 S  1 9  S  5 8  3 1  8 5 7  
N S W  D r o f f i s e s  t o  A F S D C  ( r e - - 2 5 2 9 9 , )  

I  n e e d  s o m e  s u p p o r t i n g  i n f o  b e f o r e  I  m a k e  t h e  s i t u a t i o n  w o r s e ;  t h a n k s  
f o r  w a r p i n S  w e .  



NSW promises to AFSDC (re--25298,) 
JMB 13-FEB-7S 19:59 31857 

I have teen giving Betty Finney's people training in NLS this wee* 
(another seession planned tomorrow-Friday), and they tried to corner 
me too for directions on how to structure their NLS files for 
AFmanual purposes? evidently the people being trained in NLS are 
going to pe inputting documents too C? this is rather confusing as to 
who is going to do what)--in NLS. I felt just as flustered as EKM, 
especially when they told me about the army (as it seemed) of mtST 
typists blindly typing away, I talked with Finney and Rob mortenson 
about the pros ana cons of file structure methods relative to their 
manual's format ACCORDING TO THE FACILITIES OF NLS AT PRESENT. They 
expressed expectations that their NSw money would in the near future 
supply them custom designs to bypass the trade-offs in various file 
structure methods now existing, I guess I didn't quite realize the 
magnitude Of potential danqer In their following various directions 
either I or their expectations gave them, except to also gulp at the 
25,000,000 characters, 1 
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A visit in March 

Jim, I win be visiting the west Coast in March and would like to 
take the opportunity to visit vou and discuss details of the transfer 
of NLS/lenex tc the PDP/10 (which is oeing called our Network 
Management Facility) which we are setting UP °n our in-house network, 
jess (Hill) and I tried to phone you yesterday but you were out, I am 
contacting you at this time because I haye to include my itinerary in 
the trip justification which needs to be submitted now, Thus if you 
could tell me if it will be convenient t° meet March 27th/28th# then 
we can give you further details of the subject matter later, we will 
try phoninc you again later today. Thanks* Keith McCloghrie# 
Network Project Group# member of Network Management Facility 
Wording Group# National security Agency, 3 
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Section 1 INTRODUCTION 

1,1 INVESTIGATION AND CONCLUSIONS 

1.1.1 Purpose 

The investigation ana results Presented in this rePOrt were 
accomplished tc provide a system of subsets of the JOVIAL standard 
Computer Proaramming Lanquege (J73). This report presents the 
approach and rationale of subset selection, the application types and 
hardware each subset is intended for, and the syntax equations and 
semantics of each subset in order to enable Air Force installations 
to select the subset that pest utilizes the resources of the 
procuring application and to estaoiisn the language specifications 
upon which acquisition of compilers for a subset can pe based, 

1.1.2 Approach 

The investigation to develop a hierarchical system of subsets for 
JOVIAL (J73j mas conducted as a benefit/cost trade-off analysis. 

To establish the benefit value of JOVIAL (J73) features (i.e., 
landuaqe structures, computational structures, and the ways of 
reallzinq them), a relative utility value was identified for several 
hundred features within more than fifteen areas of application for 
JOVIAL, For example, the utility of havinq strings of logical values 
and of performing logical operations on those strings was rated 
(high, medium, low, very low) with respect to other features for use 
in realizing avionics, command and control, and data management 
systems, This utility of features was judged based upon (i) a survey 
of studies of the use of JOVIAL (J3) for programming in an 
aoplicatlon area, of comparative analysis among different programming 
languages for an application area or problem, and of tne hign-levei 
language programming requirements for an application area; (2) the 
substantiation developed in considering JOVIAL (Ji) for 
standardization by the American National Standards Institute; and (3) 
the deliberations held in defining and specifying JOVIAL CJ73). 

From this initial analysis certain features were judged to nave high 
utility in all areas: others to nave low or very low utility in all 
areas. For example, procedures and "item:declarations had overall 
high utility while "allocationjincrement and tight tables had overall 
low utility, Features havlng overall high utility were relegated to 
basic (core) sueset inclusion without further consideration of cost. 
Their constituent features were frequently not resolved at this 
stage, e.g., the types of variables declarable by an 
"itemtdeclaration, Features having overall low and very low utility 
were releqated to exclusion from all subsets provided that an 
alternative means of realizing the computational structure a feature 
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B J C  H - F E B - 7 5  0 7 1 1 9  3 1 8 5 9  

1 4  F E B  7 5  

s u p p o r t e d  w a s  a v a i l a b l e  a m o n g  f e a t u r e s  n o t  e x c l u d e d  a n d / o r  t h e  
f e a t u r e  w a s  p r i m a r i l y  a  c o n v e n i e n c e  t o  t h e  p r o g r a m m e r  r a t h e r  t h a n  
h i g h l y  s u p p o r t i v e  i n  r e a l i z i n g  a  m o r e  e f f i c i e n t  o b j e c t  p r o g r a m ,  F o r  
e x a m p l e ,  o v e r l a y i n g  a t  a n  a b s o l u t e  a d d r e s s  h a d  n o  a l t e r n a t i v e  f o r  
r e a c h i n g  m a c h i n e  r e g i s t e r s ,  a n d  " n u m e r i c i v a l u e ; f o r m u l a  s u p p o r t s  
o b j e c t  p r o g r a m  e f f i c i e n c y .  T h e r e  r e m a i n e d  f e a t u r e s  o f  v a r i e d  u t i l i t y  
t o  b e  f u r t h e r  a n a l y z e d ,  

T h e  f e a t u r e s  n o t  e x c l u d e d  o r  r e l e g a t e d  t o  t h e  b a s e  s u b s e t  w e r e  t h e n  
o r g a n i z e d  b y  h i g h  a n d  m e d i u m  u t i l i t y  f o r  a n y  a p p l i c a t i o n  a r e a  i n t o  a  
c o m p o s i t e  t h a t  w o u l d  s u Q g e s t  h i e r a r c h i c a l  s u b d i v i s i o n  a l o n g  
a p p l i c a t i o n  b o u n d a r i e s ,  i , e , ,  g r o u p i n g  h l e r a r c n i c a l  s u b s e t s  b y  
a p o l i c a t l o n  u t i l i t y .  M a n y  c o n f l i c t s  e x i s t e d  w h e n  c o n s i d e r i n g  o n l y  
a p p l i c a t i o n  u t i l i t y .  

A d d i t i o n a l  r e l a t i v e  b e n e f i t  a n d  c o s t  f a c t o r s  w e r e  j u d g e d  t o r  m a n y  
f e a t u r e s ,  T h e y  i n c l u d e d  c o m p i l e r  d e v e l o p m e n t  c o m p l e x i t y ,  c o m p u t e r  
s t o r a g e  r e q u i r e m e n t  f 0 r  C o m p i l a t i o n s  p r o c e s s i n g  t i m e  r e q u i r e m e n t  f 0 r  
c o m p i l a t i o n ,  d i f f i c u l t y  o f  l e a r n i n q  a n d  s u c c e s s f u l  u s e  p y  p r o g r a m m e r s  
a s  c o s t s ;  a n d ,  o b j e c t  p r o g r a m  t i m e  a n d  m e m o r y  s o a c e  e f f i c i e n c y  
s u p p o r t e d  a n d  p r o g r a m m e r  p r o d u c t i v i t y  i m p r o v e m e n t  a s  b e n e f i t s ,  u s i n g  
t h e s e  a d d i t i o n a l  f a c t o r s ,  t h e  b a s e  s u b s e t  w a s  f u r t n e r  e x p a n d e d ,  F ° r  
e x a m p l e ,  " e n v i r o n m e n t a l { s p e c i f i e r  a n d  " e x t e r n a l j d e c l a r a t i o n  w e r e  
a d d e d  t o  t h e  b a s e  s u b s e t  a s  t h e i r  o v e r a l l  b e n e f i t  w a s  j u d g e d  t o  b e  
v e r y  h i g h  w i t h  r e s o e c t  t o  c o s t ;  m u l t i p l e  " v a r i a b l e s  a s  t h e  l e f t  s i d e  
o f  a n  " a s s i g n m e n t ! s t a t e m e n t  w a s  a d d e d  a s  o b j e c t  p r o g r a m  e f f i c i e n c y  i s  
e a s i l y  i m p r o v e d  a t  p r a c t i c a l l y  n o  c o s t *  a n d ,  " v a l u e : f o r m u l a  a n d  
" v a l u e i t e r m i n a t o r  w e r e  a d d e d  a s  t h e y  i m p r o v e  o b j e c t  p r o g r a m  
e f f i c i e n c y  i n  a  u n i q u e  w a y  a t  r e l a t i v e l y  l o w  c o s t .  

T h e  f o l l o w i n g  m a j o r  f e a t u r e s  r e m a i n e d  i n  c o n f l i c t  t o  r e a l i z e  a  
h i e r a r c h y  o f  s u b s e t s ?  

o r d i n a r y  t a b l e s  

s p e c i f i e d  t a b l e s  

p o i n t e r s  

f o r m a t t i n g  

" c o n c a t e n a t i o n  

f i x e d  v a l u e s  

f l o a t i n g  v a l u e s  

a t t r i b u t e  g u i d a n c e  

2 
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a l t e r n a t e  e n t r a n c e  

" n a m e d : i o o p : c o n t r o l  

" i n d e x : r a n g e  

" s t a t u s  

r e c u r s i o n / r e e n t r a n c y  

d i r e c t  c o d e  

p a r a r r e t r i z e d  d e f i n e  

r O u n a  a t t r i b u t e  f o r  i t e m s  

T h e  a n a l y s i s  n e w  c o n s i d e r e d  d i r e c t  t r ® b e - o f f s  b e t w e e n  f e a t u r e s  a n d  
c O s t ' b e n e f i t  i n f l u e n c e  O f  f e a t u r e s  i n c l u d e d  i n  t h e  b a s e  s u b s e t  o n  
f e a t u r e s  n o t  y e t  i n c l u d e d .  p O r  e x a m p l e *  p o i n t e r s  w e r e  i n c l u d e d  i n  
t h e  b a s e  s u b s e t  a s  t h e i r  i n c r e m e n t a l  c o s t  w a s  l o w  w h e n  i m p l i c i t  
p o i n t e r s  f o r  p a r a m e t e r  h a n d l l n q  w e r e  a l r e a d y  i n c l u d e d  a n d  t h e i r  
b e n e f i t  i n  o b j e c t  p r o g r a m  e f f i c i e n c y  w a s  h i g h ,  s p e c i f i e d  t a b l e  w a s  
i n c l u d e d  a s  i t s  c o s t  w a s  l o w e r  t h a n  a n  o r d i n a r y  t a b l e *  i t  c o v e r e d  s l l  
t h e  c a p a b i l i t y  a n d  e f f i c i e n c y  o f  a  p a c k e d  s i m p l e  i t e m  ( O r d i n a r y  t a b l e  
d o e s  n o t ) ,  a n d  i t  c o v e r e d  a l l  t h e  c a p a b i l i t y  o f  a  s u b o r d i n a t e  o v e r l a y  
(required to obtain similar caoability for an ordinary table), on 

•
t h e  o t h e r  h a n d ,  d i r e c t  c o o e  w a s  e x c l u d e d  f r o m  a l l  s u b s e t s  a s  
• e x t e r n a l : d e c l a r a t i o n  o f  a  p r o c e d u r e  ( W r i t t e n  f o r  a n d  c o m p i l e d  b y  a n  
a s s e m b l e r )  c a n  p r o v i d e  t h e  s a m e  c a p a b i l i t y *  p r a c t i c a l l y  a s  
e f f i c i e n t l y *  a n d  a t  s u b s t a n t i a l l y  l e s s  c o s t .  

F r o *  t h i s  a n a l y s i s ,  t h e r e  e v 0 l v e d  t h r e e  s u b s e t s  f o r m i n g  a  
h i e r a r c h i c a l  s y s t e m  i n  w h i c h  e a c h  s u b s e t  w a s  J u d g e d  t o  b e  s u i t a b l e  
f o r  c e r t a i n  a p p l i c a t i o n  a r e a s ,  A t  t h e  s a m e  t i m e ,  e a c h  s u b s e t  t o o k  o n  
a  d o m i n a n t  c h a r a c t e r i s t i c .  T h e  b a s e  s u b s e t  w a s  m o s t  s u i t a b l e  f o r  
p r o g r a m m i n g  i n  a  v e r y  e x p l i c i t  m a n n e r  t h e r e b y  p r o v i d i n g  g r e a t e r  
c o n t r o l  o y e r  t h e  e f f i c i e n c y  o f  t h e  r e s u l t a n t  o b j e c t  p r o g r a m .  T h e  
m i d d l e  l e v e l  s u b s e t  w a s  m o s t  s u i t a b l e  f o r  p r o g r a m m i n g  i n  a  r a t h e r  
o e n e r a l  f a s h i o n  w h e r e  t h e  e f f i c i e n c y  o f  t h e  o b j e c t  p r ° 9 r a m  c o u l d  
y i e l d  i n  f a v o r  o f  i n c r e a s e d  p r o d u c t i v i t y  b y  p o s s i b l y  l e s s  s k i l l e d  
p r o g r a m m e r s ,  c f  c o u r s e *  t h e  m i d d l e  l e v e l  s t i l l  p e r m i t t e d  t h e  m o r e  
e x p l i c i t  p r o g r a m m i n g  s i n c e  i t  c o n t a i n e d  t h e  b a s e  l e v e l  a s  a  s u b s e t .  
T h e  h i g h e s t  l e v e l  s u b s e t  w a s  i n t r o d u c e d  t o  p e r m i t  t h e  p r o g r a m m i n g  o f  
f i x e d  t y p e  v a l u e s ,  

M a i n t a i n i n g  t h e s e  c h a r a c t e r i s t i c s  a s  9 u i d e i i n e s ,  t h e  s u b s e t s  w e r e  
d e f i n e d  m o r e  c o m p l e t e l y ,  p o r  e x a m p l e ,  c o n c a t e n a t i o n  o f  
" c h a r a c t e r : f o r m u l a s  b y  t h e  " c o n c a t e n a t e  o p e r a t o r  w a s  r e l e g a t e d  t o  t h e  
m i d d l e  l e v e i  a s  a  p r o g r a m m e r  c o u l d  b e  e x p e c t e d  t o  e f f i c i e n t l y  r e a l i z e  
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the same effect in the base subset using the 
~byte:string!functlon:call, "bvte!functional:variable* and sometimes 
the "size:functionjcall which was introduced at this point. 
Following the same characteristics* features providing for programmer 
convenience were restricted in the base level and those with 
favorable cost/benefit factors were relegated to the middle level, 
e.g., factoring of "item:names, 

In the final analysis, the three subsets were adjusted for 
consistency within each subset and to provide, still considering 
overall cost/benefit, that whatever computational capability could be 
realized in the full language could also be realized in every subset 
even though requiring a more arduous effort on the part of the 
programmer. For example, "index:ranae was introduced in the middle 
level for use in formatting and was extended for use as the left side 
of all "assignment:statements. The semantics of retrieving and 
storing in a specified table was more precisely defined to permit a 
system implementation to bangle an unpacked item of any size as 
efficiently as would be possible if it were unpacked in an ordinary 
table. The semantics of explicitly pointed-to procedure data space 
was restricted to make recurslon/reentrancy efficient at all subset 
levels, 

1,1.3 Rationale of Subset Selection 

Many computer systems and installations that perform computer program 
production cannot efficiently support the full standard computer 
Programming Language JOVIAL (J73), There has been a proliferation of 
subsets for previous versions of the JOVIAL programming Language, 
therebv hurting software transferability, 

A system 0f subsets 0f JOVIAL (J73) has bee n  devel 0ped t 0  e nabie the 
use of a standard subset compiler by computer systems and programming 
installations that cannot efficiently support full JOVIAL (J73), The 
system of subsets is upward compatible within its own hierarchy and 
with full JOVIAL (j73) in order to retain a deqree Of mter-system 
compatibility (i,e f» pr°oram transferability) and T° reduce the cost 
of retraining programmers when transferred between facilities (i.e.* 
programmer transferability). 

The efficiency with which a computer system or programming 
installation can support JOVIAL (J73) or even one of its subsets 
involves various factors, Factors that can be influenced b y  the 
language itself are: 

a, the size and complexity of the compiler reciuired by the 
language, 

4 
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b, the programmers' difficulty in learning and successfully using 
the language* and 

c, the computer hardware features and capacity vised in execution 
of programs declared in the language. 

The size apd Complexity of the Compiler impacts the utilization of 
the computer system resources on which compilation is performed. It 
also Impacts the cost of obtaining a compiler. The compilers' size 
and complexity as well as the languages' size and complexity may 
Impact the efficiency of programs compiled such that program 
production and operation subseouently impact the computer system 
resources they utilize. The proarammers' difficulty in learning ana 
successfully using the language impacts programmer productivity and 
computer system resources utilized for proaram production 
(recompilation, debugging, and proqram integration). The computer 
hardware features and capacity used in execution of programs impacts 
the effectiveness of utilizing computer system resources in program 
operation, 

JOVIAL CJ73) has been subsetted by eliminating features and syntactic 
forms that would be used infreauently in various application areas 
(e,g,* avionics* logistics* command and control) or for which 
alternative language structures could realize the same effect. By 
reducing the size and complexity of the language to be compiled* 
compilation is more efficient. By reducing the size of the language 
to be learned and used successfully* programming* debugging and 
program integration are more efficient, On the other hand, features 
without an easy alternative needed by an application area, syntactic 
forms that permit the programmer to be concise, and features allowing 
more effective use of a computer systems capacity and power were 
retained. Finally, features and syntactic forms were combined in a 
subset tor more than one application area in order to proviae an 
upward compatible hierarchy of subsets while retaining a reasonable 
number of subsets, 

An upward compatible hierarchy in a system of subsets and the full 
language must have for any two subsets any subset and/or the full 
language one as a proper subset 0* the ot^er, A proper subset 
contains only syntactic structures and semantics that are present in 
the subset or full language of which It is a Pr°per subset. 

Three subsets were developed £fOm standard JoVIAL (J73)i JoVlAL, 
Level I (J73/I)f JOVIAL, Level II cJ73/II51 and* JOVIAL, Level HI 
(J73/III), Figure 1-1 depicts the hierarchical arrangement of the 
subsets and full JOVIAL, Level I CJ73/I) is the base or core subset. 
Level 11 CJ73/I1) expands on Level I, and Level ill CJ73/III) expands 
on Level II. While each subset is intended for certain application 
areas* it does rot follow that a hlgher level subset would pe ie$s 
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efficient for certain computer systems and prooramming installations 
performing in a specific application area. Certain features not 
included in the intended subset may be appropriate more frequently 
than for the application area in general. Less precise utilization 
of the power and capacity of a specific ccmputer system may be 
efficient. The cost of more power and capacity may be more than 
offset by savin9s from increased programmer productivity and 
decreased program production activity that are realized by less 
precise programming of the computer system. This may hold tor Level 
II as compared to Levei i and full JOVIAL as compared to tne subsets 
where certain of the added features are realized during computer 
execution of a program in a more general fashion than are 
specifically applied alternatives in lower Levels that have the same 
effect, 

1,1,4 Features Excluded from An Subsets 

The features of standard JOVIAL (J73) excluded from all subsets 
follow: 

"chaihscomparison 

"concatenation in "bit.: formulas 

"bit:form 

"character»form 

"exradsfunctionjcall 

"significand:functionicall 

"fraction:part:function:call 

"integer:part:tunction:cal1 

"signed:function:call 

"type:function:call 

"number:of:words:perjentry{function:call 

"alternate:entrance:function:call 

"instruct!on:slze:functlon:can 

both sides of an "assignment:statement havino multiple "variables 
and/or "formulas 
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multiple "loop{controls in a "loop: statement 

"exit j staten-ent 

"zap;statement 

"remquo:procedure • call:statement 

"direct:statement 

list directed formatting 

pacKed simple items 

tight taples 

"allocationsincrement 

"subordinate{overlays 

dynamic allocation of procedure instructions 

tables with variable bounds 

procedure us e  before declaration 

DEF and REF within a single program 

"indexjrange in conjunction with "numberiofsentriesjfunctionscall 

"actual:inputjparameter f 0rms STOP, RETURN, TEST, and EXIT 

use of other type values in a character type context 

"characteriformula used as a "formattlist 

rearrangement by "index value of "statements contained within a 
"switch:statement 

multiple "names declared by a "specifled:table:item:declaration 

"constant:formulas containing the operators &.» and 
"floating: and "fixed:constant operands and all 
"lntrinsic. * f u nction:calls e xcept "shlft: f un ction: call. 

In addition, the "copy{directive and all the "directives for code 
optimization are system dependent in the subsets. The efficiency of 
having a library capability and/or code optimization capability 
varies among installations and computer systems, Therefore, the 

7 



J O V I A L  J 7 3 / L E V E L  I  
R j C  1 4 - F E B - 7 5  0 7 : 1 9  3 1 8 5 9  

1 4  F E B  7 5  

c h o i c e  h a s  b e e n  m a d e  s y s t e m  d e p e n d e n t .  M o s t  O f  t h e s e  f e a t u r e s  w e r e  
e x c l u d e d  b e c a u s e  t h e i r  u s a g e  i n  a l l  a p p l i c a t i o n  a r e a s  c o n s i d e r e d  w a s  
j u d g e d  t o  b e  i n f r e q u e n t ,  a n d ,  i n  g e n e r a l ,  a l t e r n a t i v e  J O V I A L  
s t r u c t u r e s  c a n  p r o v i d e  t h e  s a m e  e f f e c t  o r  n e a r l y  t h e  s a m e  e f f e c t  w i t h  
a n  a c c e p t a b l e  l o s s  i n  o b j e c t  p r o g r a m  e f f i c i e n c y ,  i n c r e a s e  i n  m a c h i n e  
d e p e n d e n c y ,  a n d / o r  d e c r e a s e  i n  d a t a / p r o c e d u r e  i n d e p e n d e n c e ,  s o m e  o f  
t h e  f e a t u r e s  w e r e  e x c l u d e d  b e c a u s e  t h e y  o n l y  p r o v i d e  p r o a r a m m e r  
c o n v e n i e n c e  w h i c h  i f  a b s e n t  w o u l d  n o t  i m p a i r  u n a c c e p t a b l y  p r o g r a m m e r  
p r o d u c t i v i t y  a n d  c o m p u t e r  s V s t e m  u t i l i z a t i o n  f o r  p r o g r a m  p r o d u c t i o n .  

1 . 1 . 5  A p p l i c a t i o n  A r e a s  S u p p o r t e d  b y  S u b s e t s  

T h e  s y s t e m  o f  s u b s e t s  h a s  b e e n  d e v e l o p e d  t o  s u p p o r t  a  n u m b e r  o f  
a p o l i c a t i o n  a r e a s ,  L e ' v e i ,  I  ( J 7 3 / I )  s u p p o r t s  t h e  p r o d u c t i o n  o f  
a v i o n i c s  s y s t e m s ,  e x e c u t i v e s  a n d  o p e r a t i n g  s y s t e m s ,  c o m m u n i c a t i o n  
s y s t e m s ,  a n d  o t h e r  r e a l - t i m e  c o n t r o l  s y s t e m s .  L e v e l  n  ( J 7 3 / U )  
s u p p o r t s  t h e  p r o d u c t i o n  o f  l o g i s t i c s  s y s t e m s ,  d a t a  m a n a g e m e n t  
s y s t e m s ,  m a n a g e m e n t  i n f o r m a t i o n  s y s t e m s ,  s i m u l a t i o n  a n d  p l a n n i n g  
s y s t e m s ,  p r o g r a m  p r o d u c t i o n  a n d  u t i l i t y  s y s t e m s ,  a n d  o f f - l i n e  s u p p o r t  
s y s t e m s  f o r  r e a l - t i m e  o n - l i n e  c o n t r o l  s y s t e m s .  L e v e l  i n  ( j 7 3 / m )  
s u p p o r t s  t h e  p r o d u c t i o n  o f  c o m m a n d  a n d  c o n t r o l  s y s t e m s  a n d  l a r g e  
s c a l e  t a c t i c a l  d a t a  s y s t e m s ,  

T h e  e f f e c t  o f  c e r t a i n  f e a t u r e s  O f  s t a n d a r d  J o V i A L  ( J 7 3 )  t h a t  a r e  
i n t r o d u c e d  i n  i - e ^ e l  I I  o r  L e v e l  I I I  c a n n o t  b e  e a s i l y  r e a l i z e d  b y  
a l t e r n a t i v e  J O V I A L  s t r u c t u r e s ,  T h e y  a r e  " d e f i n e j d e f i n i t i o n  a n g  
" d e f i n e : i n v o c a t i o n  w i t h  " p a r a m e t e r s  a n d  t h e  r o u n d  a t t r i b u t e  i n  a n  
" i t e m i d e c l a r a t i o n  i n t r o d u c e d  i n  L e v e l  I I ;  a n d #  f i x e d  t y p e  q u a n t i t i e s  
( " v a r i a b l e s ,  " c o n s t a n t s ,  a n d  i n t e r m e d i a t e  r e s u l t s ) ,  
" e y a l u a t i o n s c o n t r o i ,  a n d  " a t t r i b u t e s a s s o c i a t i o n  i n t r o d u c e d  i n  L e v e l  
I I I ,  T h e y  h a v e  b e e n  j u d g e d  t o  h a v e  a n  i n * r e q u e n t  p 0 t e n t i a i  u s a g e  
a m o n g  m a n y  i n s t a l l a t i o n s  p r o d u c i n g  s y s t e m s  i n  a n  a p p l i c a t i o n  a r e a  
s u p p o r t e d  b y  a  L e v e l  l o w e r  i n  t h e  s u b s e t  h i e r a r c h y .  S o m e  
i n s t a l l a t i o n s  m a y  h a v e  a  m o r e  f r e q u e n t  p o t e n t i a l  u s a g e  f o r  s o m e  o r  
a l l  o f  t h e s e  f e a t u r e s  n o t  i n c l u d e d  i n  t n e  L e v e l  i n t e n d e d  t o  s u p p o r t  
t h e i r  a p p l i c a t i o n  a r e a ,  i n  s u c h  a  c a s e ,  a  L e v e l  h i g h e r  i n  t h e  
h i e r a r c h y  w i l l  b e  m o r e  e f f i c i e n t  f o r  t h e  i n s t a l l a t i o n ,  

F o r m a t t i n g ,  i n t r o d u c e d  i n  L e v e l  I I ,  i s  s i m i l a r  t o  t h e  s i t u a t i o n  j u s t  
d e s c r i b e d  a l t h o u g h  i t s  e f f e c t  c a n  b e  r e a l i z e d  b y  t h e  s t r u c t u r e s  o t  
L e v e l  i  a n d  i f  m o r e  f r e q u e n t l y  u s e d  c a n  b e  p r ° v i d e d  b y  l i b r a r y  
p r o c e d u r e s .  O t h e r w i s e ,  t h e  f e a t u r e s  i n t r o d u c e d  i n  L e v e l  I I  ( o n l y  t h e  
f e a t u r e s  m e n t i o n e d  a b o v e  a r e  i n t r o d u c e d  i n  L e v e l  I I I )  a r e  
c o n v e n i e n c e s  e n h a n c i n g  p r o g r a m m e r  p r o d u c t i v i t y ,  p r i n c i p a l l y ,  t h e s e  
f e a t u r e s  a r e  " a l t e r n a t e : e n t r a n c e : d e c l a r a t i o n ,  " s t a t u s ' d e c l a r a t i o n ,  
" o r d i n a r y : t a b l e ' d e c l a r a t i o n ,  " e x c h a n g e ' s t a t e m e n t ,  
" i n d e x a d l v a r i a b l e ' r a n g e ,  m u l t i p l e  n a m e s  d e c l a r e d  b y  a  s i n g l e  
" i t e m ' d e c l a r a t i o n  a n d  " c o n c a t e n a t i o n  i n  " c h a r a c t e r : f o r m u l a s .  T h e i r  
e f f e c t  c a n  b e  r e a l i z e d  b y  a l t e r n a t i v e  J O V I A L  s t r u c t u r e s  i n c i u d e d  i n  
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L e v e l  x .  T h e i r  f r e q u e n c y  o f  u s a g e  i n  p r o d u c i n g  s y s t e m s  i n  t h e  
a p p l i c a t i o n  a r e a s  s u p p o r t e d  b y  L e v e l  I  w a s  j u d g e d  g e n e r a l l y  t o  a l l o w  
o v e r a l l  e f f i c i e n c y  b y  p r o g r a m m e r s  r e a l i z i n g  t h e i r  e f f e c t  u s i n g  
a l t e r n a t i v e  s t r u c t u r e s ,  

1 , 1 . 6  C o m p u t e r  S y s t e m s  E f f e c t i v e  f o r  S u b s e t s  

T h e  s y s t e m  o f  s u b s e t s  h a s  b e e n  d e v e l o p e d  t o  p r o v i d e  a n  e f f e c t i v e  
J O V I A L  l a n g u a g e  a m o n g  c o m p u t e r  s y s t e m s  ( h a r d w a r e )  t h a t  d i f f e r  i n  
p o w e r  a n d  c a o a c i t y ,  

F r o m  t h e  s t a n d p o i n t  o f  e f f i c i e n c y  i n  c o m p i l i n g ,  s y s t e m s  h a v i n g  s m a l l  
s t o r a g e  c a P a c i t y  C 3 2 K  b y t e s  o r  l e s s )  s l o w  e x e c u t i o n  s p e e d  a n d  l o n g  
a c c e s s i n g  d e l a y s  a r e  b e s t  s e r v e d  b y  L e v e l  I ,  j t  c o n t a i n s  t h e  f e w e s t  
J O V I A L  s t r u c t u r e s  a n d  e x c l u d e s  a  n u m b e r  o f  s t r u c t u r e s  i n c l u d e d  i n  
L e v e l  x i  a n d  L e v e l  m  w h i c h  r e q u i r e  c o n s i d e r a b l e  s t o r a g e  c a p a c i t y ,  
c o n s i d e r a b l e  e x e c u t i o n  t i m e  i n  c o m p i l a t i o n ,  a n d / o r  a c c e s s a b i i i t y  t o  
i n f o r m a t i o n  t h a t  w i l l  b e  m a i n t a i n e d  i n  s e c o n d a r y  s t o r a g e  b y  m o s t  
c o m p i l e r s .  S y s t e m s  h a v i n g  l e s s  t h a n  1 2 8 K  b y t e s  b u t  m o r e  t n a n  3 2 K  
b y t e s  a r e  b e t t e r  s e r v e d  b y  e i t h e r  L e v e l s  I ,  I I  o r  H i  t h a n  b y  t h e  
f u l l  l a n q u a g e ,  s t a n d a r d  J O V I A L  C j 7 3 ) ,  E v e n  w i t h  i n c r e a s e d  e x e c u t i o n  
s p e e d s  a n d  s h o r t e r  a c c e s s a b i i i t y  d e l a y s ,  t h e  s t o r a g e  c a p a c i t y  o f  a  
c o m p u t e r  s y s t e m  w i n  d o m i n a t e  i n  d e t e r m i n i n g  t h e  L e v e l  t h a t  b e s t  
s e r v e s  t o  p e r f o r m  c o m p i l a t i o n ,  

F r o m  t h e  s t a n d p o i n t  o f  s y s t e m  e x e c u t i o n  o f  J o V I A L  p r o g r a m m e d  s y s t e m s ,  

•
L e v e l  I  i s  m o s t  e f f e c t i v e  f o r  t h o s e  c o m p u t e r  s y s t e m s  w h o s e  h a r d w a r e  
r e s o u r c e s  a r e  t o  b e  m o s t  e f f i c i e n t l y  u t i l i z e d  o n l y  f o r  s y s t e m  
e x e c u t i o n  w h i l e  L e v e l  I I  i s  m o s t  e f f e c t i v e  w h e r e  u t i l i z a t i o n  o f  
h a r d w a r e  r e s o u r c e s  i s  e x p e n d a b l e  i n  o r d e r  t o  e n a b l e  m o r e  e f f i c i e n t  
p r o g r a m m e r  p r o u c t i v i t y .  C o m p u t e r  s y s t e m s  w h o s e  p o w e r  a n d  c a p a c i t y  
a r e  l i m i t e d  f c r  t h e  m i s s i o n  t h e y  a r e  d e d i c a t e d  t o  a r e  o e t t e r  s e r v e d  
b y  L e v e l  j .  L a r g e  s c a l e  c o m p u t e r  s y s t e m s  u s e d  f o r  b a t c h  p r o c e s s i n g  
a n d  f o r  m a n y  p u r p o s e s  a r e  b e t t e r  s e r v e d  b y  L e v e l  i i .  L a r g e  s c a l e  
c o m p u t e r  s y s t e m s  u s e d  f o r  a  d e d i c a t e d  m i s s i o n  t h a t  r e q u i r e s  a  v e r y  
c o m p l e x  a n d  l a r g e  s o f t w a r e  s y s t e m  i s  b e t t e r  s e r v e d  b y  L e v e l  I I  o r  
L e v e l  i i i  t o  o b t a i n  i n c r e a s e d  p r o g r a m m e r  p r o d u c t i v i t y .  
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J , 2 LANGUAGE DEFINITION (SUBSETS) 

1.2.1 The Descriptive Metalanguage 

The descriptive metaianguaqe used to specify JOVIAL subsets Is the 
same as for the full JOVIAL language (J73), The classification 
schema and names of classes of JOVIAL structures in the suosets is 
also identical to those of JOVIAL (J73), The explanation of the 
descriptive metalanguage and the means by which the subset languages 
are specified within this report can be found in STANDARD COMPUTER 
PROGRAMMING LANGUAGE JOVIAL (J73) dated 1973 January 1 in Section 
1.4* ^ he Descriptive Metalanguage"? section 1.5/ "JOVIAL CHARACTERS' 
"Examples"? Section 1,6/ "Notaf.ional Symbols' System-Dependent 
Values"; Section 1,7/ "One-Dimensional Nature of a Program"? and/ 
Section 1.8' "SYntax a nd semantics -- Illegal/ Undefined/ 
UnQrammatical", 

1.2.2 Correlation with JQVIAL (J73) 

The language definition of each JOVIAL subset J73/I, J73/II, ana 
J73/in parallels the language definition of JOVIAL CJ73), in tact, 
their definition frequently requires that paraqraphs of STANDARD 
COMPUTER PROGRAMMING LANGUAGE JOVIAL (J73) dated 1973 Janury 1 be 
taken as the subset ia nguaqe specification authority for semantics 
that are unchanged between the full language J73 and a subset and for 
interpreting the effect of a specific semantic chanqe to the full 
language, 

The syntax equations appearing in boxes in the language 
specifications of the subsets are each explicitly a syntax equation 
of that subset. The text of the Ianguaqe specifications of the 
subsets are of two types distinguished by paragraphs each headed by a 
reference identifier enclosed in square brackets (e.g., [J73:3,3,l]) 
and paragraphs not headed by a reference identifier# Paragraphs 
headed by a reference identifier are changes in the semantics of j73 
to apply them as the semantics of the subset, The part of the 
identifier following the colon (e.g., 3,3,1) indicates the paragraph 
of the j73 specification that is changed, The re may be more than one 
paragraph identifier separated by commas, in a paragraph headed by a 
reference Identifier, sentences having the forms 

,,, does not apply in Level ... 

cannot be realized in Level ... 

indicate JOVIAL or computing structures unavailable in a subset ana 
the referenced paragraph(s) of J73 must b e  interpreted in light of 
this fact. The reference may be to a section or even a chapter of 
j73 in which case the interpretation must be made for the entire 
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section or chapter, otherwise, a paragraph headed by a reference 
Identifier discusses JOVIAL and/or computing structures, in this 
case, the referenced paragraph of j73 is completely replaced py the 
paragraph in the subset specification. 

Paragraphs not headed by a reference identifier are paraphrases of 
the cor responding'secticn of J 7 3 ,  jn general, they provide the 
complete semantics of a subset. However, J 7 3  is the authority, and 
it must be referenced for a more expansive interpretation or possible 
specification of a detail not elaborated in the subset. Also, J73 
provides any examples. 

To support the reference between the specifications of JQVIAL (J7 3) 
ang the specifications Of the subsets# both the syntax eouations and 
text for each subset language are especially organized. 

The complete syntactic description of each sub set is given in the 
appendix of this report, The metalinguistic equations are in 
alphabetical order and numbered in the same manner as tor JOVIAL 
(J73), The numbering h as peen maintained sugn that the same 
metaiin9ulstic term is identified by an identical n umber in a n 
subsets as well as JOVIAL (J73), A S  a result, gaps in the sequence 
of numbers indicate metalinguistic terms, structures of the lanquage, 
that do not exist for that subset. Metalinguistic terms that exist 
for both the full language Cj73) and a subset but which differ in 
their definition can only be detected by side-to-side comparison of 
the syntax eouations, 

Section 2 of this report presents the la nguage specification for 
J O V I A L ,  Level I  ( J 7 3 / I ) ;  section 3  presents the language 
specification for J O Y L A L ,  Level I I  C J 7 3 / I I 5 ;  and, s ection 4  presents 
the language specification for J O V I A L , Level M  (J7 3 / M ) .  Within 
the section for a subset (e.o,# Section 2  for J 7 3 / I ) ,  the highest 
levei sub-section in <3 corresponds to the overan chapter organization 
of the J O V I A L  ( J 7 3 )  language snecification. For example, sections 
2 , 5 ,  3  §  5 , and 4 , 5  each correspond to Chanter 5, "statements. At the 
next level, correlation is still maintained, por example, Sections 
2,5,7, 3.5,7, and 4,5,7 each correspond to J73'S Section 5,7, 
"ConditionalsStatement. Thus, by dropping the leading number of the 
supset section identifier you have the section Identifier of the 
corresponding semantics in J73, e.g., 2 , 5 , 7 ,  "Conditional{Statement, 
To reference from J 7 3  to a subset, prefix the J 7 3  chapter or section 
identifier with the section number of the subset, e tg t, section 4^18, 
"functionicall is specified for J 7 3 / N  in Section 3 , 4 . 1 8  of this 
report. Similarly, the "Index-Glossary" of STANDARD COMPUTER 
P R O G R A M M I N G  L A N G U A G E  JOVIAL ( J 7 3 )  m«y be used with respect t 0  the 
subsets. For example, "compooi:directive has an index 11,2 which 
becomes 2 . 1 1 , 2  for J 7 3 / I ,  3 , 1 1 , 2  for J 7 3 /II, ad 4 , 1 1 , 2  for J 7 3 /III. 
The index for syntax equations can be used directly sinee the same 
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m e t a l i n g u i s t i c  t e r m  i s  i d e n t i f i e d  m  a l l  s u b s e t s  b y  t h e  n u m b e r  u s e d  
i n  t h e  f u l l  l a n g u a g e  j ? 3 ,  

W i t h i n  t h e  l o w e s t  l e v e l  s e c t i o n i n g  o f  t h e  s u b s e t s '  s p e c i f i c a t i o n s ,  
t h e  t e x t  f l 0 w s  i n  p a r a l l e l  w i t h  t h e  J 7 3  s e c t i o n  b u t  w i t h o u t  a  
s p e c i f i c  c o u n t e r p a r t  f o r  t h e  p a r a g r a p h  n u m b e r s  o f  j 7 3 .  T h i s  f l o w  i s  
s o m e t i m e s  i n t e r r u p t e d  b y  a  p a r a g r a p h  h e a d e d  w i t h  a  r e f e r e n c e  
i d e n t i f i e r  a s  p r e v i o u s l y  e x p l a i n e d ,  H o w e v e r ,  t h e  r e f e r e n c e  i s  a l w a y s  
t o  a  J 7 3  p a r a g r a p h ( S )  i n  t h e  s e c t i o n  t h a t  i s  t h e  c o u n t e r p a r t  o f  t h e  
i n v o i c i n g  s e c t i o n  o f  t h e  s u b s e t  s p e c i f i c a t i o n .  

I n  t o t a l '  b o t h  t h e  J 7 3  s p e c i f i c a t i o n  a n d  a  p a r t i c u l a r  s u b s e t s '  
s p e c i f i c a t i o n  g i v e n  i n  t h i s  r e p o r t  m u s t  b e  t a * e n  i n c l u s i v e l y  f o r  a  
r i g o r o u s  d e f i n i t i o n  o f  t h e  s u b s e t  l a n g u a g e .  F o r  o t h e r  p u r p o s e s ?  t h e  
p r e s e n t a t i o n  o f  t h e  s u b s e t  u s i n g  o n l y  t h i s  r e p o r t  s h o u l d  b e  
s u f f i c i e n t ,  
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Chapter 2 

CXXX) 

2,1 Introduction 

Level i (J3/1) has been developed to support tpe production ct 
avionics systems, executives and operating systems, 
communication systems ana other real-time control systems. 
Because Level i is the most restrictive subset, some 
installations supporting these application areas may use more 
effectively a subset higher in the hierarchy. 

Level i has been developed to support the realization of 
programs for computer systems whose power and capacity are 
limited for their dedicated mission. Level I is inappropriate 
for computer systems whose power and capacity are more 
effectively utilized by supporting less efficient programs to 
realize increased programmer productivity. 

Considering computer systems for hosting the compiler, Level I 
compilation can be accomplished on systems with smaller main 
memory capacity, slower execution speed and longer accessing 
delays than can compilation of the other levels. Storage 
capacity is the most dominant aspect of a computer system in 
considering the subsets compilable on it. Only Level I has a 
potential to be compiled on a 32K byte or less main memory 
storage. Level I can be effectively complied on computer 
systems with larger than 32K byte main memory. The upper limit 
of main memory size that can be effectively utilized is 
predominantly a function of the program production facilities 
and optimization to be included in or supported by the compiler 
rather than the nature of the language. 

In general, Level I provides the same efficiency in executing a 
program as can be realized in any other level of the full 
JOVIAL (j3) with the exception of rounding on assignment fixed 
type quantities ("variables, "constants, and intermediate 
results)* "evaluationscontrol* and "attributesassociation, 
However# it yields less efficiency in programmer PrOductivity 
for applications in which the features excluded from Level I 
would be used extensively. 

The principal features of Level II CJ73/II) that are excluded 
from Level i follow: 

-define:definition and "define:invocation with "parameters 

round attribute in an "item:declaration 
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fo r r r a t - d i r e c t e o  formatt ing 

" a l t e r n a t e s  e n t r a n c e : d e c l a r a t i o n  

" s t a t u s ! d e c l a r a t i o n  

" o r d i n a r y i t a b l e { d e c l a r a t i o n  

" e x c h a n g e { s t a t e m e n t  

" i n d e x e d ! v a r i a t l e : r a n o e  

m u l t i p l e  n a m e s  d e c l a r e d  b y  a  s i n g l e  " I t e m i d e c l a r a t i o n  

" c o n c a t e n a t i o n  i n  " c h a r a c t e r : f o r m u l a s  

T h e  p r i n c i p a l  f e a t u r e s  o f  L e v e l  m  ( j 7 3 / n i )  t h a t  a r e  e x c l u d e d  
f r o m  L e v e l  I  f o l l o w ;  

f i x e d  t y p e  q u a n t i t i e s  ( " v a r i a b l e s ,  " c o n s t a n t s ,  a n d  
i n t e r m e d i a t e  r e s u l t s )  

" e v a l u a t i o n { c o n t r o l  

" a t t r l b u t e j a s s o c l a t i o n  

T h e  r e m a i n i n g  p r i n c i p a l  f e a t u r e s  o f  f u l l  J O V I A L  ( J 7 3 )  t h a t  a r e  
e x c l u d e d  f r o m  L e v e l  I  a r e  l i s t e d  i n  s e c t i o n  1 , 1 , 4 #  F e a t u r e s  
E x c l u d e d  f r o m  a l l  S u b s e t s #  
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2 . 2  E L E M E N T S  

2 . 2 , 1  I n t r o d u c t i o n  

A  * p r o g r a m : d e c l a r a t i o n  w r i t t e n  I n  J O V I A L  c o n s i s t s ,  
b a s i c a l l y *  o t  " s t a t e m e n t s  a n d  " d e c l a r a t i o n s ,  T h e  
" s t a t e m e n t s  s p e c i f y  t h e  c o m p u t a t i o n s  t o  b e  p e r f o r m e d  w i t h  
a r b i t r a r i l y  n a m e d  d a t a ,  " D a t a s d e c l a r a t i o n s  n a m e  a n d  
d e s c r i b e  t h e  d a t a  o n  w h i c h  t h e  p r o g r a m  i s  t 0  o p e r a t e ,  
i n c l u d i n g  i n p u t s ,  i n t e r m e d i a t e  r e s u l t s ,  a n d  f i n a l  r e s u l t s .  
" P r o c e s s i n Q s d e c i a r a t i o n s  s p e c i f y  c o m p u t a t i o n s  p e r f o r m e d  w h e n  
t h e  " p r o c e s s i n g { d e c l a r a t i o n  i s  s p e c i f i c a l l y  i n v o i c e d  b y  
- n a m e ,  i n  a d d i t i o n  t o  - s t a t e m e n t s  a n d  " d e c l a r a t i o n s ,  t h e r e  
a r e  " d i r e c t i v e s  w h i c h  d e s i g n a t e  e x t e r n a l l y  d e f i n e d  " n a m e s ,  
c o n t r o l  s e l e c t i v e  c o m p i l a t i o n  o f  " s t a t e m e n t s  a n d  
" d e c l a r a t i o n s ,  a n d  p r o v i d e  i n f o r m a t i o n  t h e  c o m p i l e r  r e e d s  i n  
o r d e r  t o  o p t i m i z e  t h e  O b j e c t  c o d e .  T h e  " s t a t e m e n t s ,  
" d e c l a r a t i o n s ,  a n d  " d i r e c t i v e s  a r e  c o m p o s e d  o f  " s y m b o l s ,  
w h i c h  a r e  t h e  w o r d s  o f  t h e  J O V I A L  l a n g u a g e .  T h e s e  " s y m b o l s  
a r e  i n  t u r n  c o m p o s e d  o f  t h e  " s i g n s  t h a t  c o n s t i t u t e  t h e  
J O V I A L  a l o h a b e t ,  

2 . 2 . 2  S p a c e s  a n d  S P A C E S  

I t  i s  i m p o r t a n t  t o  d i s t i n g u i s h  b e t w e e n  a  " s p a c e ,  a n  e l e m e n t  o f  
J O V I A L ,  a n d  a  s p a c e ,  a n  e l e m e n t  o f  o u r  d e s c r i p t i v e  l a n g u a g e ,  
J O V I A L  i s  w r i t t e n  u s i n g  " s y m b o l s ,  c o m p o s e d  o f  " s i g n s ,  " s y m b o l s  
d o  n o t  c o n t a i n  " s p a c e s ,  e x c e p t  i n  " c o m m e n t s  a n d  
• c h a r a c t e r : c o n s t a n t s ,  i n  g e n e r a l ,  " s y m b o l s  a r e  s e p a r a t e d  b y  
- s p a c e s ,  o n l y  i n  d e f i n i n g  a n d  e x p l a i n i n g  " s i g n s  a n d  " s y m b o l s  
a r e  a n y  s p a c e s  i n c l u d e d  i n  t h e  m e t a l a n g u a g e  f o r m u l a s  n o t  m e a n t  
t o  b e  i n c l u d e d  i n  t h e  d e f i n i t i o n ,  

2 . 2 . 3  " S i g n s ,  E l e m e n t s  o f  t h e  J Q V I A L  A l p h a b e t  

( e q u )  

i n  t h e  b o x  a b o v e ,  t h e  m e t a l i n g u i s t i c  t e r m  a s s o c i a t e d  w i t h  
e a c h  " m a r k  d e f i n e s  t h e  t e r ^  a s  t h e  " m a r k  t o  t n e  l e f t ,  

2 . 2 . 4  " S y m b o l s ,  T h e  W o r d s  o f  J Q V I A L  

( e o u  3  

T h e  " s y m b o l s  o r  W o r d s  o f  t h e  J O V I A L  l a n g u a g e  a r e  c o m p o s e d  o f  
s t r i n g s  o f  " s i g n s ,  i n  s o m e  c a s e s  a  s i n g l e  " s i g n ,  

2 . 2 . 5  " P r i m i t i v e ,  " I d e o g r a m ,  " D i r e c t i v e : K e y ,  " C o m m e n t  
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tj73i2«5,i) "Primitives may be considered the key words of 
the JCVIAL 73, Level I language. They are generally used to 
give the primary meaning of a "statement or "declaration* 
although some are used for secondary purposes. 

All "primitives of the full JoVlAL language are "primitives 
in Level I. Tnis maintains upwar<j compatibility of 
"program:declaration across the levels (including full) of 
the jcVial language, "ideograms are generally used as 
"arithmetic;operators, as "relational:operators, and for 
purposes such as gr 0upinQ* separating, and terminating. 
"Directive;keys are used to state the primary meanings of 
"directives, "comments can be used to annotate a 
"program;declaration. 

"Spaces are permitted within a "comment# but a 
"qu©tation;marK ana a "semicolon are not permitted within a 
"comment. 

The "system;depende nt:characters that can be included in 
"comments (and other structures) are simply those 
"characters, other than JOVIAL "signs, that tne particular 
system and compiler can read and write, "Primitives, 
"ideograms, and "directive;keys do not contain spaces, 

2,2,6 "Abbreviation, "Name 

"Abbreviations are specjfjc "letters nay i ng specific 
meanings in specific contexts, usually "data;declarations, 

[J73;2 .6,3J A "name must not be the same as any "primitive, 
Since all "primitives °f tne full JOVIAL language are 
"Primitives in Level I, a "name in Level I cannot be the 
same as any "primitive in Level II, Level III °r the full 
JOVIAL language. This Is necessary for upward compatibility 
of "programideclarations, Notice that a "name must Include 
at least two "signs. The use of the -dollar«slgn Is 
system-de pendent. That Is# It provides a means whereby a 
"name can be designated to have some special meaning in 
relation to tpe system in which the compiler is embedded, 
Such special meanings are outside the scope of this manual, 
however, and -names containing "dollar:signs are considered 
the same as other "names herein, "Names do not contain 
"spaces. An embedded "space would change a "name into two 
"names or other "symbols. 

f egu) 
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2 , 2 . 7  " N u m b e r #  " C o n s t a n t ,  " S t a t u s  

( e q u )  

A  " n u m b e r  I s  a  s t r i n g  o f  " n u m e r a l s ,  w i t h o u t  " s p a c e s ,  

[ J 7  3 : 2 , 7 , 3  3  A  " c h a r a c t e r s c 0 n s t a n t  i s  a  " s y m b o l ,  B e t w e e n  
t h e  - p r i m e s ,  t h e  s t r i n g  o f  " c h a r a c t e r s  m a y  i n c l u d e  " s p a c e s ,  
b u t  t h e s e  " s p a c e s  a r e  s i g n i f i c a n t .  T h e y  r e p r e s e n t  p a r t  o f  
t h e  v a l u e  r e p r e s e n t e d  b y  t h e  " c h a r a c t e r { c o n s t a n t ,  i n  a  
" s t a t u s . ' c o n s t a n t  a n d  a  " q u a i i f i e d * s t « t u s : c o n s t a n t #  " s p a c e  i s  
n o p  p e r m i t t e d  b e t w e e n  V  a n d  t h e  " r i g h t i p a r e n t h e s i s •  

2 , 2 , 8  " c o n s t a n t s  a n d  v a l u e s  

( e q u )  

" C h a r a c t e r { c o n s t a n t s  a r e  t h e  d i r e c t  m e a n s  o f  r e p r e s e n t i n g  
c h a r a c t e r  v a l u e s  t o  b e  m a n i p u l a t e d  b y  a  p r o g r a m ,  
( " C h a r a c t e r { v a r i a b l e s  a n d  " c h a r a c t e r ' f o r m u l a s  a r e  i n d i r e c t  
m e a n s . )  T h e  " c h a r a c t e r s  a c c e p t a b l e  a s  c h a r a c t e r  V a l u e s  a r e  
w h a t e v e r  t h e  s Y s t e m  w i l l  a c c e p t  f r o m  a m o n S  t h 0 s e  g i v e n  i n  
t h e  b o d y  o f  F i g u r e  2 - 1 ,  A t  l e a s t  t h e  5 9  J O V I A L  " s i g n s  m u s t  
b e  a c c e p t e d .  

A l l  0 t  t h e  c h a r a c t e r  v a l u e s  i n d i c a t e d  i n  t h e  b 0 d y  0 f  F i g u r e  
2 - 1  c a n  b e  r e p r e s e n t e d  i n  " c h a r a c t e r { c o n s t a n t s  ( e x c e p t  f o r  
s y s t e m - d e p e n d e n t  l i m i t a t i o n s ) .  A n y  " s p a c e s  w i t h i n  t h e  
d e l i m i t i n g  " p r i m e s  r e p r e s e n t  c h a r a c t e r s  o f  v a l u e  " s p a c e " ,  
i n  o r d e r  t o  r e p r e s e n t  a  s i n g l e  o c c u r r e n c e  O f  " p r i m e #  t w o  o f  
t h e m  a r e  u s e d  i n  s u c c e s s i o n .  I f  a  s u c c e s s i o n  o f  t h e s e  
" p r i m e s  a r e  d e s i r e d  a s  p a r t  o f  t h e  v a l u e  r e p r e s e n t e d  b y  a  
" c h a r a c t e r { c o n s t a n t ,  t h e  e n t i r e  s t r i n g  i s  d o u b l e d ,  i n  
s u m m a r y {  

_ 2 n  " p r i m e s  a r e  u s e d  t o  r e p r e s e n t  _ n  " p r i m e s .  

T h e  s y s t e m  m a y  i m p o s e  a  l i m i t  o n  t h e  n u m b e r  o f  c h a r a c t e r s  i n  
s t r i n g s  r e p r e s e n t a b i e  p y  " c h a r a c t e r { c o n s t a n t s #  
" c h a r a c t e r  I  v a r i a b l e s  o r  " c h a r a c t e r  !  f o r m u l a s ,  T h e  s i z e  o f  a  
- c h a r a c t e r j c o p S t a n t  i s  t h e  n u m b e r  0 f  c h a r a c t e r s  r e p r e s e n t e d  
i n  t h e  v a l u e  - -  n o t  n e c e s s a r i l y  t h e  n u m b e r  o f  " c h a r a c t e r s  
b e t w e e n  t h e  " p r i m e s  b e c a u s e  o f  t h e  d u p l i c a t i o n  r u l e  f o r  
c o n t a i n e d  " p r i m e s ,  

" F a t t e r h { c o n s t a n t s  d i r e c t l y  r e p r e s e n t  v a l u e s  c o n s i s t i n g  o f  
s t r i n g s  O f  b i t s .  T h e  " n u m e r a l  t o  t h e  l e f t  o f  t h e  - B  i n  t n e  
" p a t t e r n { c o n s t a n t  i s  t h e  " o r d e r "  o f  t h e  " c o n s t a n t  a n d  
c o n t r o l s  t h e  p o s s i b l e  " p a t t e r n j d i g i t s  a n d  a f f e c t s  t h e i r  
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meanings, The right column contains the possible orders. 
The "pattern:digits are displayed in the center in braces, 
The permissible "pattern:digits are only those on the line 
with or above the selected order. The meaning of each 
•pattern:digit is given in the column on the left, but these 
are also affected by the order, if tne order is _n, then 
the „n rightmost bits of each pattern represent the rreanings 
of the corresponding "pattern:digits. NO "spaces are 
permitted anywhere within this structure, 

The meaning of a "pattern:constant is the string of Pits 
resulting from the concatenation of the strings Of bits (as 
modified by the order) represented by each "pattern:digit, 
The size of the *pattern:constant is the number of bits in 
the string, 

"Numeric:constants represent numeric values, 
"Numerlciconstants are described in terms of their modes of 
representation: as integer values* and floating values. The 
compHer may represent "constants in modes otner than those 
indicated by the "prooram:declarationj as long as the 
0veraii effect of the "program:declaration is not 
compromised. 

An integer value is a numeric value represented as a whole 
number, A "number used as an "integer:constant represents 
an unsigned integer vaiue. The size of an "integer:constant 
is the number of bits needed to represent the value: from 
the leading one bit to the units position, inclusive (value 
zero has size 1), NO "spaces are permitted in an 
"integer:constant, The system may impose a limit on sizes 
of integer vaiues. 

Floating values C-v) are represented by three parts* tne 
significant^ (_s), the radix C-r), and the exrad (_e). The 
value ©f a "floating:constant is given as: 

v = s x 10(e) 

[J7312,9,14) Inquiry into the vaiues 0f significants ana 
exrads cannot be realized in Level i, 

[J73 s 2,8 «16] A "fioating:constant must not contain any 
"spaces, in the syntactic equation for a 
"floatingjconstant* the "number (or "numbers) and the 
"decimaljpoint (if present) give the value of the external 
significand. The "scale (with or without its "plus:slgn or 
"minus'sign) following e gives an exrad (exponent of the 
radix) to be used as a oover of ten multiplier, It the 
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exrad Is zero, it and the E can be omitted, To be a 
*floatingsconstant, the "symbol must contain a 
"decimal{point, or a -scale as exrad, or ooth, 

The "scale following M gives the minimum number of magnitude 
bits in the slgnlficand of the internal representation, if 
the "scale following M is greater than the maximum number of 
magnitude bits in any of the system-dependent modes of 
representing floating values? the "floatino*constant is in 
error, Otherwise? the compiler chooses the mode with the 
smallest numoer of magnitude bits in the slgnificand at 
least as large as the "scale following M, If there is a 
choice of exrad size also, the compiler chooses one that can 
encompass the value of the *floatingsconstant, If the M and 
its following "scale are omitted, the compiler chooses its 
normal mode of floating representation or one that can 
contain the value, 

CJ73:2,8,l8, 2,8,19, 2.8,20, 2,8,211 A "fixed:constant does 
not aPPlY in Level I, A fixed value cannot pe realized in 
Level I, 

"Status:constants and "qualified "status:constants represent 
constant integer values, How they become associated with 
these vaiues and how they may be used are exPiained 
elsewhere, 

2,2,9 Computer Representation of "CONSTANTS and "VARIABLES 

The structure discussed in this section is the system 
structure? the structure presented to the programmer by the 
combination of a particular computer and a particular JOylAL 
compiler that produces object code for that computer, 

A "byte" is a group of bits often used to represent one 
character ol data, The number of bits in a byte is system 
dependent, Aith0ugh JOVIAL permlts s0me leeway in positioning 
bytes, there are usually preferred positions, referred to as 
"byte boundary," 

A "word" is a system-dePendent grouping of bits convenient for 
describing data allocation. Entries and tables are allocated 
in terms of words. Data are overlaid in terms of words. The 
maximum sizes of numeric values may, but need not, be related 
to words, Word boundaries usually correspond to some of the 
byte boundaries, 

[J73J2»9,5] The "basic addressable unlt" is the grOyp of bits 
corresponding to each machine locatlon, In many machlnes? the 

7 
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b a s i c  a d d r e s s a b l e  u n i t  i s  t h e  w o r d ,  i n  o t h e r s ,  I t  i s  t h e  b y t e .  
I f  i t  i s  t h e  w o r d ,  e a c h  v a l u e  o f  t h e  l o c a t i o n  c o u n t e r  r e f e r s  t o  
a  u n i q u e  w o r d ,  i f  t h e  b a s i c  a d d r e s s a b l e  u n i t  i s  t h e  b y t e ,  e a c h  
l o c a t i o n  v a l u e  r e f e r s  t o  a  u n i q u e  b y t e ,  A d d r e s s e s  m a y  b e  
r e s t r i c t e d  t o  c e r t a i n  l o c a t i o n s  f o r  e a c h  t y p e  o f  v a l u e .  F o r  
i n s t a n c e ,  d o u b l e - p r e c i s i o n  f l o a t i n q  v a l u e s  m a y  b e  r e s t r i c t e d  t o  
s t a r t i n q  o n l y  m  b y t e s  w i t h  l o c a t i o n s  d i v i s i b l e  b y  8 ,  f o r  
b y t e s #  o r  2 #  f o r  w o r d s ,  

C J 7 3 1 2 # 9 . 6 3  I n t e g e r  v a l u e s  a r e  r e p r e s e n t e d  i n  b i n a r y  a s  
s t r i n g s  e f  b i t s ,  T h e  n u m b e r  o f  b i t s  u s e d  t o  r e p r e s e n t  t h e  
m a g n i t u d e  o f  a  v a l u e  i s  k n o w n  a s  i t s  s i z e ,  F o r  s i g n e d  v a l u e s #  
t h e  s i g n  b i t  i s  a n  a d d i t i o n a l  b i t .  T h e  m a x i m u m  p e r m i s s i b l e  
s i z e  o f  a n  i n t e g e r  v a l u e  i s  s y s t e m  d e p e n d e n t .  T h e  m a x i m u m  s i z e  
o f  a  s i g n e d  i n t e g e r  i s  o n e  l e s s  t h a n  t h i s  s y s t e m - d e p e n d e n t  s i z e  
a n d  t h e  p l a c e s  w h e r e  u n s i g n e d  v a l u e s  o f  m a x i m u m  s i z e  m a y  b e  
u s e d  a r e  r e s t r i c t e d ?  i , e f ,  t h e y  m u s t  n o t  b e  u s e d  i n  c o n j u n c t i o n  
w i t h  a n y  " a r i t h m e t i c j o p e r a t o r s #  n o r  w i t h  t h e  f o u r  n o n s y m m e t r i c  
" r e l a t i o n a l t o p e r a t o r s  ( „ < #  _ > #  - < = #  _ > = ) #  a n d  w h e n  u s e d  w i t h  
t h e  S y m m e t r i c  " r e l a t i o n a l  . ' o p e r a t o r s  ( . s  a n d  « . < > )  t p e  o t h e r  
o p e r a n d  m u s t  n o t  b e  s i g n e d ,  

[ J 7 3 i 2 , 9 , 7 ]  T h e  c o m p i l e r  d e t e r m i n e s  t h e  s i z e s  o f  " c o n s t a n t s ,  
T h e  p r o g r a m m e r  u s u a l l y  s u P P l l e s  t h e  s i z e s  o f  7 v a r i a b l e s .  T h e  
s i z e  d o e s  n o t  i n c l u d e  t h e  s i g n  b i t  f o r  s i g n e d ' d a t a ,  F o r  
u n p a c k e d  d a t a  n o t  p o s i t i o n e d  b y  t h e  p r o g r a m m e r #  t h e r e  m a y  b e  
m o r e  b i t s  i n  t h e  s p a c e  a l l o c a t e d  f o r  a n  i t e m  t h a n  a r e  s p e c i f i e d  
b y  t h e  p r o g r a m m e r ,  W h e t h e r  o r  h o w  t h e s e  e x t r a  b i t s  a r e  u s e d  i s  
s y s t e m  d e p e n d e n t #  b u t  i n  a n y  c a s e  t h e y  a r e  k n o w n  a s  " f i l l e r  
b i t s " .  T h e  s i g n  b i t #  i f  t h e r e  i s  o n e #  a n d  a n y  f i l l e r  b i t s  a r e  
t o  t h e  l e f t  o f  t h e  m a g n i t u d e  b i t s .  I t  d e p e n d s  o n  t h e  s y s t e m  
w h e t h e r  t h e  s i g n  p i t  i s  t o  t h e  l e f t  o r  r i g h t  o f  t h e  f i l l e r  
b i t s ,  F p r  u n p a c k e d  0 r  m e d i u m  p a c k e d  a a t a  p q s i t i 0 n e d  f c y  t h e  
p r o g r a m m e r  ( d l e c l a r e d  b y  a  " s p e c i f i e o j t a b i e : d e c i a r a t i o n )  t h e r e  
m a y  b e  m c r e ' b i t s  i n  t h e  s p a c e  a c c e s s a o i e  f o r  t h e  i t e m  t h a n  a r e  
s p e c i f i e d  b y  t h e  p r o g r a m m e r ,  w h e t h e r  o r  h o w  t h e s e  e x t r a  b i t s  
a r e  u s e d  i n  h a n d l i n g  t h e  i t e m  i s  s y s t e m - d e p e n d e n t ,  i f  t h e r e  i s  
a  s i g n  b i t ,  t h e  p r o g r a m m m e r  c o n s i d e r s  i t  t o  b e  i n  t h e  b i t  
p o s i t i o n  d e c l a r e d  b y  " b i t m u m b e r  f o l l o w e d  c o n t i g u o u s l y  b y  t h e  
m a g n i t u d e  b i t s ,  w h e t h e r  t h e  s i g n  b i t  o c c u p i e s  t h i s  p o s i t i o n  o r  
t h e  p o s i t i o n  O f  t h e  l e f t m o s t  e x t r a  b i t  ° n  i t s  l e f t #  i f  t h e r e  i s  
o n e #  i s  s y s t e m - d e p e n d e n t .  

T h e  m e a n i n g s  o f  b i t  v a l u e s  - 0  a n d  i s  n o t  s t i p u l a t e d #  b u t  i n  
m o s t  i m p l e m e n t a t i o n s  - . 0  s t a n d s  f o r  . 0  a n d  „ 1  f o r  - 1  i n  p o s i t i v e  
v a l u e s .  F o r  n e g a t i v e  v a l u e s #  t h e r e  i s  c o n s i d e r a b l e  v a r i a t i o n .  

F l o a t i n g  v a l u e s  a r e  r e p r e s e n t e d  b y  t w o  n u m b e r s #  o o t h  s i g n e d .  
T h e  s i g n i f l c e n d  c o n t a i n s  t h e  s i g n i f i c a n t  d i g i t s  o f  t h e  v ^ i u e  
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a n d  t h e  e x r a d  i s  t h e  e x p o n e n t  o f  t h e  u n d e r s t o o d  r a d i x ,  A  
s y s t e m  h a s  o n e  o r  m o r e  m o d e s  i n  w h i c h  a d d i t i o n a l  m o d e s  h a v e  
m o r e  b i t s  m  t h e  s i g n i f i c a n t * ,  t h e  e x r a d ,  o r  b o t h ,  T h e  
p r o g r a m m e r  c a n  u s u a l l y  c h o o s e  a m o n g  t h e  m o d e s ,  i n  t h e  a b s e n c e  
o f  a n  i n d i c a t i o n  O f  s u c h  c h o i c e ,  t h e  c o m p i l e r  w i l l  u s e  a  
s t a n d a r d  m o o e ,  n o r m a l l y  s i n g l e  p r e c i s i o n .  T h e  r a d i x  i s  a n  
i m p l i c i t  c o n s t a n t  h a v i n g  a  s y s t e m - d e p e n d e n t  v a l u e .  

C h a r a c t e r  v a l u e s  a r e  r e p r e s e n t e d  b y  s t r i n g s  o f  b y t e s ,  e a c h  o y t e  
c o n s i s t i n g  o f  a  s t r i n g  o f  b i t s .  T h e  n u m b e r  o f  b i t s  i n  a  b y t e  
i s  s V s t e m  d e p e n d e n t .  T h e  n u m b e r  o f  b y t e s  u s e d  t o  r e p r e s e n t  a  
c n a r a c t e r  v a l u e  i s  u n d e r  c o n t r o l  o f  t h e  p r o g r a m m e r ,  b u t  t h e r e  
i s  a  s y s t e m - d e p e n d e n t  m a x i m u m ,  

A  c h a r a c t e r  i t e m  t h a t  f i t s  i n  o n e  w o r d  i s  a l w a y s  s t o r e d  I n  o n e  
w o r d ,  b y  t h e  c o m p i l e r ,  B y  u s e  o f  a  
- s p e c i f i e d , t a b l e • d e c l a r a t i o n ,  t h e  p r o g r a m m e r  m a y  o v e r r i d e  t h i s  
r u l e ,  A  c h a r a c t e r  i t e m  n o t  d e n s e l y  p a c k e d  a l w a y s  s t a r t s  a t  a  
b y t e  b o u n d a r y ,  i f  i t  c r o s s e s  a  w o r d  b o u n d a r y ,  a  c h a r a c t e r  i t e m  
a l w a y s  s t a r t s  a t  a  b y t e  b o u n d a r y .  T h e  p r o g r a m m e r  m u s t  n o t  
a t t e m p t  t o  o v e r r i d e  t h i s  r u l e .  

A n  e n t r y  v a r i a b l e  w h O g e  r e l e v e n t  " " t a h l e : d e c l a r a t i o r >  d o e s  n o t  
d e s c r i b e  i t  a s  b e i n g  o f  s o m e  o t h e r  t y p e  i s  a  b i t  v a r i a b l e .  I t .  
i s  m e r e l y  t h e  s t r i n g  o f  b i t s ,  o f  a  s i z e  c o r r e s p o n d i n g  t o  t h e  
n u m b e r  o f  w o r d s  i n  a n  e n t r y ,  r e p r e s e n t i n g  t h e  e n t r y ,  

2 , 2 , 1 0  " S p a c e s ,  " C o m m e n t s  

I t  i s  a l w a y s  p e r m i t t e d  t o  p l a c e  o n e  o r  m o r e  " s p a c e s  b e t w e e n  
" s y m b o l s .  A t  l e a s t  o n e  - s p a c e  i s  r e q u i r e d  b e t w e e n  " s y m b o l s  
w h e n  a  s i n g l e  u n i n t e n d e d  " s y m b o l  w o u l o  r e s u l t  w h e r e  t w o  
- s y m b o l s  w e r e  i n t e n d e d ,  " c o m m e n t s  c a n  o f t e n  r e p l a c e  r e q u i r e d  
" s p a c e s ,  

A  " c o m m e n t  m u s t  n o t  o c c u r  w i t h i n  a  " d e f i n i t i o n  n o r  w i t h i n  a n y  
" c o n s t a n t ,  

A  " c o m m e n t  m u s t  n o t  b e  u s e d  w h e r e  t h e  n e x t  s t r u c t u r e  r e q u i r e d  
o r  p e r m i t t e a  b y  t h e  s y n t a x  i s  a  " d e f i n i t i o n ,  T h a t  i s ,  a  
" c o m m e n t  m u s t  n o t  f o l l o w  t h e  " d e f i n e i n a m e  o r  a  
" r i g h t { p a r e n t h e s i s  i n  a  " d e f i n e { d e c l a r a t i o n  a n d  a  
" l e f t { p a r e n t h e s i s  o r  a  " c o m m a  i n  a  " d e f i n i t i o n i i n v o c a t i o n ,  

9 
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C h a p t e r  3  

2 . 3  - V A R I A B L E S  

2 , 3 , '  C o n c e p t  o f  " " V a r i a b l e s  

A  J O V I A L  " P r o g r a m i d e c l a r a t l o n  c o n s i s t s  o f  a  s t r i n g  o f  
* s t a t e T e n t s  a n d  - d e c l a r a t i o n s  t h a t  s p e c i f y  r u i e s  f o r  
p e r f o r m i n g  c o m p u t a t i o n s  w i t h  s e t s  o f  d a t a .  T h e  b a s i c  
e l e m e n t s  o f  d a t a  a r e  i t e m s .  T h e  v a l u e  o f  i t e m s  a n d  o t h e r  
d a t a  c a n  o e  c h a n c e d  i n  v a r i o u s  w a y s ,  A  d a t a  e l e m e n t  w h o s e  
v a l u e  c a n  b e  c b a n q e d  b y  a n  - a s s I g n m e n t : s t a t e m e n t  i s  k n o w n  a s  
a  v a r i a b l e ,  

( e q u )  

- v a r i a b l e  i s  t h e  d e s i a n a t i o n ,  w i t h i n  a  
- p r o g r a m : d e c l a r a t i o n ,  o f  a  v a r i a b l e  t o  o e  m a n i p u l a t e d  w i t h i n  
t h e  c o m p u t e r .  T h e  t w o  s y n t a x  e q u a t i o n s  a b o v e  i n d i c a t e ,  
f i r s t ,  t h e  t y p e  o f  d a t a  i n v o l v e d ,  a n a  s e c o n d ,  t h e  
g r a m m a t i c a l  f o r m  o f  t h e  " v a r i a b l e .  

2 . 3 . 2  " N a m e d : V a r i a b l e  

( e q u )  

A " n a m e d * v a r i a b l e  i s  a  r e f e r e n c e  t o  a  v a r i a b l e  b y  m e a n s  o f  a  
" n a m e  a s s o c i a t e d  w i t h  t h e  v a r i a b l e  t h f o u q n  a  
" d a t a : d e c l a r a t i o n ,  A  * s i m p l e : v a r i a b l e  i s  a  r e f e r e n c e  t o  a  
variable not declared as a constituent of a table, A 
" t a b l e : v a r i a b l e  i s  a  r e f e r e n c e  t o  a  v a r i a b l e  d e c l a r e d  t o  b e  
o a r t  o f  a  t a b l e ,  A  t a b l e  c o n s i s t s  o f  a  c o l l e c t i o n  o f  
e n t r i e s  a n d  t h e r e  i s  a n  o c c u r r e n c e  0 f  e a c h  t a b 1 e  i t e m  i n  
e a c h  e n t r y ,  A n  " e n t r y { v a r i a b l e  i s  a  r e f e r e n c e  t o  t h e  e n t i r e  
e n t r y  a s  a  s i n g l e  v a r i a b l e .  A n  " i n d e x e d : v a r i a b l e  ( a  
" t a b l e : v a r i a c l e  o r  " e n t r y i v a r i a b l e )  i n c l u d e s  a n  " i n d e x  t o  
s e l e c t  t h e  P a r t i c u l a r  o c c u r r e n c e  o f  t h e  v a r i a b l e  b e i n g  
r e f e r e n c e d ,  

A n  " i n d e x  i s  c o r r e l a t e d  w i t h  t h e  " d i m e n s i o n *  l i s t  i n  t h e  
" t a b l e : d e c l a r a t i o n  b e a r i n g  t h e  " t a o l e s n a m e  o r  c o n t a i n i n g  t h e  
" i t e m  : d e c l a r a t i o n  b e a r i n g  t h e  " i t . e m * n a m e .  T h e  
" d i m e n s i o n :  l i s t  p r e s c r i b e s  t h e  n u m b e r  o f  d i m e n s i o n s  a n d  t h e  
e x t e n t  i n  e a c h  o f  t h e s e  d i m e n s i o n s  b y  i t s  " l o w e r * b o u n d  a n a  
" u p p e r J b O u n d ,  E a c h  " i n d e x ; c o m p o n e n t  e v a l u a t e d  t o  a n  i n t e g e r  
v a l u e  s e l e c t s  w i t h i n  t h e  e x t e n t  i n  t h e  c o r r e s p o n d i n g  
p o s i t i o n  o f  t h e  " d i m e n s i o n : l i s t ,  

2 . 3 . 3  " F u n c t i o n a l  *  V a r i a b l e  

1 
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( e q u )  

t J 7 3 | 3  •  3 » 1  ]  " F o r m a t : v a r i a b l e  d o e s  n o t  a p p l y  i n  L e v e l  I ,  

T h e  " f j n c t i o n a l j v a r i a b l e  b e g i n n i n g  w i t h  B Y T F  i s  a  
" c h a r a c t e r : v a r i a b l e  w h o s e  s i z e  i s  d e t e r m i n e d  b y  e v a l u a t i o n  
o f  t h e  s e c o n d  " n u m e r i c ' f o r m u l a .  T h e  " c h a r a c t e r : v a r i a f c l e  i s  
d e t e r m i n e d  o y  s e l e c t i n g  t h e  n u m b e r  o f  b y t e s  r e p r e s e n t e d  b y  
t h e  s e c o n d  " n u m e r i c t f o r m u l a  f r o m  t h e  
" n a m e d ^ c h a r a c t e r { v a r i a b l e  b e g i n n i n g  w i t h  t h e  o y t e  s p e c i f i e d  
D y  e v a l u a t i o n  o f  t h e  f i r s t  " n u m e r i c ! f o r m u l a .  B y t e s  a r e  
n u m b e r e d  f r o m  t h e  l e f t  s t a r t i n g  w i t h  z e r o ,  i f  t h e  s e c o n a  
" n u m e r i c • f o r m u l a  i s  o m i t t e d *  o n l y  t h e  l e f t m o s t  b y t e  i s  
s e l e c t e d .  

T h e  " f u n c t i o n a l j v a r i a b l e  b e g i n n i n g  w i t h  B I T  i s  a  
" b i t :  v a r  l a d e  w h o s e  s i z e  i s  d e t e r m i n e d  b y  e v a l u a t i o n  o f  t h e  
s e c o n d  " n u m e r i c ; f o r m u l a ,  T h e  " b i t : v a r i a b i e  i s  d e t e r m i n e d  b y  
s e l e c t i n g  t h e  n u m b e r  o f  b i t s  r e o r e s e n t e d  b y  t h e  s e c o n d  
" n u m e r  i c :  f o r m u l a  f r o m  t h e  " n a m e d : v a r i a b l e  b e g i n n i n g  w i t h  t h e  
b i t  s p e c i f i e d  b y  e v a l u a t i o n  o f  t h e  f i r s t  " n u m e r i c : f o r m u l a .  
B i t s  a r e  n u m b e r e d  f r o m  t h e  l e f t  s t a r t i n g  w i t h  z e r o  
( b e g i n n i n g  w i t h  t h e  s i g n  b i t  i n  s i g n e d  v a r i a b l e s ) .  I f  t h e  
s e c o n d  " n u m e r i c : f o r m u l a  i s  o m i t t e d ,  o n i v  t h e  l e f t m o s t  b i t  i s  
s e l e c t e d .  

2 . 3 . 4  " B i t J v a r i a b l e ,  " C h a r a c t e r : V a r i a b l e  

[ J 7 3 : 3 , 4 j  " F o r m a t ' v a r i a b l e  d o e s  n o t  a p p l y  i n  L e v e l  I ,  

A  " h i t ! v a r i a b l e  d e n o t e s  a  s t r i n a  o f  b i t s  w i t h o u t  
c o n s i d e r a t i o n  o f  * n V  n u m e r i c  o r  o t h e r  m e a n l n 9  a s s o c i a t e d  
w i t h  t h o s e  b i t s .  A l m o s t  a l l  " n a m e d : v a r i a b l e s  c a r r y  a n  
i m p l i c a t i o n  o f  s o m e  d a t a  t y p e  o t h e r  t h a n  " b i t " .  H o w e v e r ;  a n  
" e n t r y « v a r i a b l e ,  i t  t h e  " t a b l e : n e m e  i s  n o t  d e c l a r e d  s o  a s  t o  
i m p l y  s o m e  s p e c i f i c  d a t a  t y p e ,  d e n o t e s  o n l y  t h e  s t r i n g  o f  
b i t s  c o n 5 t l t u t l n S  t h e  e n t r y .  

T h e  * r a m e d : c h a r a c t e r { v a r i a b l e  i s  a  " n a m e d : v a r t a b l e  u s i n g  a  
" n a ^ e  d e c l a r e d  t o  d e n o t e  a  v a r i a b l e  ( a n  i t e m  o r  a n  e n t r y )  o f  
c h a r a c t e r  t y p e ,  

2 . 3 . 5  . \ u m e r  i c :  V a r i a b l e  

C J 7 3 • 3 , 5 ]  A n y  " n u m e r i c i v a r i a b l e  c a n  o e  u s e d  a s  a  
" p o i n t e r  I  v a r i a b l e „  T h e  d e t a i l s  o f  t h e  u s e  o f  
" p o i n t e r : v a r i a c l e s  a r e  g i v e n  i n  j 7 3 ,  C h a p t e r  7  i n  
c o n l u n c t i o n  w i t h  t h e  d i s c u s s i o n  o f  c o n t r o l l e d  a l l o c a t i o n .  
A l l  " n a m e s  t h a t  c a n  o e  u s e d  a s  " n a m e d : v a r i a b l e s  a r e  d e c l a r e d  

2 
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as explained! lr J73, Chapter 7, some "entrytvariables may 
use *r ;ame s  not associated with any data type. All other 
"named 1 variables use "names that are associated with 
"itemsdescriptions, These "itemidescrlptions aive the data 
type among other things (see j73, Section 7,16 for details), 
one data type is "Character" as mentioned above in j73, 
Section 3,4,2, Another data type is "floating", 
•Floating!variables use "names declared to be of floating 
type, The other descriptive terms in "item:descriptions 
denote "Signed" and "unsigned", Slgn ed and unsigned data 
are Of integer value an<j tne "named:varladle denoting an 
item s° described is an "integersvariable. 
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Chapter 4 

2,4 "FORMuLAS 

2.4.1 Concept of "Formulas 

"Formulas are the means for specifying the new values for 
"variables, "Formulas also generally supply values for any 
purpOse--such as comparisons and other selections of courses 
of action, since "constants and "variables denote values 
thev are also "formulas, 

C  E Q U )  

Any "numeric: formula can be used as a "pointeriformula# 

2.4.2 "Constantjpormuia 

(eau) 

A "ccrstantsformyla is a "formula whose value can be 
determined at compile time, once and for all. The values of 
all the elements must be known at compile time, A 
"constant:formula may be used anywhere that the syntax calls 
for a constant or number except as part of another "symbol, 

[J7 3!4 • 2 3 "Constant * formulas are restricted to having only 
"integer {constant operands and only "shift!funct.ion:call 
among the "lntrinsic!function;cails, 

2.4.3 "Conditiooal*F0rmula 

(egu) 

A "conditional;formula is any "formula following the three 
"primitives „IF, _AH1L£, or the -directive :key «jTPACK, 
After the "concittonaliformula has been evaluated, the 
rightmost bit of the result is examined without further 
conversion, if that rightmost bit is _0 the 
-conditionaliformula represents the logical predicate 
"false", if the rightmost bit is .1 the 
"conditional ,* formula represents the logical predicate 
"true", 

2.4.4 "CharacteriFormula 

"Charactericonstant and "characterjvariable are explained 
elsewhere, A "characterJfunctionicall is the invocation of 

1 
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a certain Kind of "procedure:declaration naving a cnaracter 
type irrpiicit output parameter, 

CJ7 3i4.4I "Character I term ddes not apply in Level I. 

(equ] 

One of the "intrinsic j function : cans , the 
•bytejstring:function:call is a "character:functionscall„ 
Any •character:formula represents a value having a size 
measured in bytes. The "byte:string:function:call derives 
from the "character:formula another "character : formula, 
whose size is the value of the second "numeric: form.yia, Ihe 
derivec "cnaracter:formula is extracted from the 
"character 5 formula given as the f irst 
"actual!inputJparameter beginning with the byte specified by 
the first "numericiformula. Bytes are numbered starting 
from the left with zero. If the second "numericsformula is 
omitted* one byte is derived, 

[J 7 314,4,1» 4.4.3, 4.4.4* 4,4,5* 4.4,6] Concatenation (tne 
"ampersand] does not apply in Level I, 

[J73:4,4,h] "eitsformuia mav not be used in the context of 
a "character:formula in Level I, 

2,4,5 "NumericjF0rmu la 

(equ) 

"Nurrericjconstapf and "n^er icjvariab^ are expialned 
elsewhere, A "numeric:functions call is the invocation ot a 
certain Kind of "procedure:declaration having a numeric type 
implicit output parameter, several Of the 
"intrinsic:functionjcalls are "numeric:formulas (see Section 
2.4,19) • 

A "bit:formula in a context requiring a "numeric:formula Is 
treated as an unsigned integer value. The string of bits 
comprising the value of the "bit,formula is considered as 
the magnitude of a non-neaative integer value* If its size 
is too great for the use to which it is being put* leading 
bits are truncated. If its size is unKnown at compile time 
it is given a system-dependent default size unless its 
maximum possible size is Known to oe less than the default 
size? then, the maximum possible size is taken. If default 
size, the pits are right -justified and any extra leading 
bits are zeros. 

2 
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T h e  o n l y  c o n t e x t s  r e q u i r i n g  a n y  " f o r m u l a  t o  b e  t r e a t e d  a s  a  
" n u m e r i c : f o r m u l a  a r e :  

a .  A s  a n  o p e r a n d  t o  p a r t i c i p a t e  i n  a r i t h m e t i c .  

b .  A s  a n  " i n d e x : c o m p o n e n t .  

c .  A s  a  " p o i n t e r : f o r m u l a ,  

I J 7 3 : 4 . 5 , 1 *  4 , 5 , 2 ]  F o r m a t t i n g  a n d  " n u m i e r i c :  f o r m a t  d o  n o t  
a D p l y  i n  L e v e l  I .  

[ J 7 3 : 4 , 5 , 2 ]  A t t r i b u t e  g u i d a n c e  d o e s  n o t  a p p l y  i n  L e v e l  1 ,  

2 . 4 , 6  A r i t h m e t i c  

" A r i t h m e t i c { O p e r a t o r s  S p e c i f y  a r i t h m e t i c  c a l c u l a t i o n  i n  
d e t e r m i n i n g  n u m e r i c  v a l u e s .  T h e  m e a n i n g s  o f  t h e  
" a r i t h m e t i c  j  o p e r a t o r s  a r e ;  

— +  A d d ,  

S u b t r a c t ,  ( o r  n e g a t e )  

- *  M u l t i p l y ,  

- /  D i v i d e ,  

- \  D e t e r m i n e  t h e  r e s i d u e  ( m o d u l o ) .  

R a i s e  t o  t h e  p o w e r  o f  ( e x p o n e n t i a t i o n ) .  

T h e  " n r i n y s : s i g n  a s  a  u h a r y  O p e r a t o r  m e a n s  t o  n e g a t e  t h e  
f o l l o w i n g  " n u m e r l c 5 f o r m u l a .  T h e  " p l u s : s i g n  c a n  b e  u s e d  a s  a  
u n a r y  o p e r a t o r *  b u t  i t  h a s  n o  e f f e c t .  T n e  r e s u l t  o f  
d i v i s i o n  b y  a  z e r o  v a l u e  i s  u n d e f i n e d .  T h e  r e s u l t  o f  
e x p o n e n t i a t i o n  o f  a  n e g a t i v e  b a s e  b y  a  n o n - i n t e g e r  e x p o n e n t  
i s  u n d e f i n e d .  

D e t e r m i n a t i o n  o f  a  r e s i d u e  ( m o d u l o )  i s  d e f i n e d  a s  f o l l o w s :  

x \ y  =  x  -  y  *  t r u n c  ( x / y )  

w h e r e  t r u n c  ( V )  i s  a n  I n t e g e r  w h o s e  s i g n  i s  t h e  s a m e  a s  v  
a n d  w h o s e  v a l u e  I s  t h e  l a r o e s t  i n t e g e r  l e s s  t h a n  o r  e q u a l  
t o  t h e  a b s o l u t e  v a l u e  o f  v ,  

F o r  y  =  0 *  x N y  i s  u n d e f i n e d ,  

3 
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2 . 4 . 7  D e f a u l t  S c a l i n g  

T h e  t y p p  C i n t e Q e r  o r  f l o a t i n g )  o f  a  v a l u e  d e n o t e d  b y  a  
" n u m e r i c s  f o r m u l a  d e p e n d  o n  t h e  a t t r i b u t e s  o f  i t s  c o n s t i t u e n t  
" n u m e r i c s  f o r m u l a s  a n d  t h e  a r i t h m e t i c  i n v o l v e d ,  T h e  
l e f t - t o - r i « h t  r u l e  a n d  t n e  p r e c e d e n c e  r u l e s  d e t e r m i n e  t h e  
o r d e r  i n  w h i c h  t h e  v a l u e s  o f  t w o  o p e r a n d s  a r e  c o m b i n e d - - t o  
f o r m  a  s i n g l e  V a l u e  t o  p e  a n  o p e r a n d  i n  a n o t n e r  
c o m b i n e t i o n - - a r  f o r  a s s i g n m e n t  o r  o t h e r  u s e s ,  i f  o n e  o f  t h e  
t w o  o p e r a n d s  i s  f l o a t i n g ,  t h e  o o e r a t i o n  i s  c a r r i e d  o u t  i n  
f l o a t i n g  f o r m  a n d  t n e  r e s u l t  i s  f l o a t i n g  t y p e .  
E x p o n e n t i a t i o n  i s  c a r r i e d  o u t  i n  f l o a t i n g  f o r m  a n d  t h e  
r e s u l t  i s  f l o a t i n g  t y p e  u n l e s s  t h e  b a s e  i s  a n  i n t e a e r  a n d  
t h e  e x p o n e n t  i s  a  p o s i t i v e  " i n t e g e r : c o n s t a n t ,  

[ J 7 3 J 4 . 7 ,  4 , 7 , 3 ,  4 , 7 . 4 ,  4 , 7 , 5 ,  4 , 7 , 7 ,  4 , 7 . 8 ,  4 , 7 , 9 .  4 , 7 , 1 0 ,  
4 , 7 . 1 1 ,  4 . 7 , 1 2 ,  4 . 7 . 1 3 ,  4 , 7 , 1 5 ,  4 , 7 . 1 6 ,  4 . 7 , 1 7 )  F i x e d  t y p e  
o p e r a n d s  a n d  " n u m e r i c : f o r m u l a s  d o  n o t  a p p l y  i n  L e v e l  I ,  

2 . 4 . 8  u n i f o r m  R u l e s  O f  C a l c u l a t i o n  

" F o r m u l a s  u s e d  i n  i n d e x i n g  a n d  p o i n t i n g  a r e  t n e  s a m e  a s  t h e  
r u l e s  f o r  a l l  " f o r m u l a s ,  W h e n  t h e  v a l u e  i s  f i n a l l y  u s e d  a s  
i f  i t  w e r e  b e i n g  a s s i g n - d  t o  a n  " i n t e a e r s v a r i a o l e  o f  t h e  
s y s t e m - d e p e n d e n t  s i z e  u s e d  f o r  a d d r e s s e s .  C e r t a i n  
a r i t h m e t i c  o p e r a t i o n s  a r e  c a r r i e d  o u t  b y  e x p l i c i t  d i r e c t i o n  
f r o m  t h e  p r o g r a m m e r - - o p e r a t i o n s  I n v o l v e d  w i t h  s u c h  
a c t i v i t i e s  a s  c a l c u l a t i o n  o f  a d d r e s s e s  a n d  t h e  i n c r e m e n t i n g  
a n a  t e s t i n g  o f  " c o n t r o l { V a r i a b l e s ,  A l l  i n t r i n s i c  n u m e r i c  
q u a n t i t i e s  h a v e  s v s t e m - d e p e n a e n t  s i z e s .  A l l  c a l c u l a t i o n s  
c a r r i e d  o u t  d v  i m p l i c i t  d i r e c t i o n s  c o m p l y  w i t n  t h e  d e f a u l t  
s c a l i n g  r u l e s  t o r  e x p l i c i t  c a l c u l a t i o n s  u n l e s s  
s y s t e m - d e p e n d e n t  d o c u m e n t a t i o n  m a y  m a x e  s p e c i f i c  e x c e p t i o n s ,  

2 . 4 . 9  A t t r i o u t e  G u i d a n c e  

t J 7 3 j 4 , 9 )  A t t r i b u t e  g u i d a n c e  d o e s  n o t  a p p l y  i n  L e v e l  I ,  

2 . 4 . 1 0  s c a l i n g  u n d e r  " E v a i u a t i o n s C o n t r o l  

C J 7 3 I 4 . 1 0 ]  " E v a l u a t i o n j c o n t r o i  d o e s  n o t  a p p l y  i n  L e v e l  I ,  

2 . 4 . 1 1  c a l c u l a t i n g #  R o U n d i n c #  P a c K i n g #  S t o r i n g #  R e t r i e v i n g  

W h e n  s t o r i n g  a  v a l u e #  i t e m s  a d j a c e n t  t °  t n e  s t o r e d  i t e m ,  i n  
a d j a c e n t  w o r g s  o r  i n  a d j a c e n t  b i t s  i n  t n e  s a m e  w o p d  a r «  
p r o t e c t e d  [ a s s u m i n g  t h e  " p a c k i n g : s p e c i f i c a t i o n  d o e s  n o t  d e n y  
s u c h  c a r e ) ,  w h e n  r e t r i e v i n g  a  v a l u e #  b i t s  i n  a d j a c e n t  
i t e m s #  i n  a d j a c e n t  w o r d s  o r  i n  a d j a c e n t  b i t s  i n  t h e  s a m e  
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w o r d  e r e  n o t  r e t r i e v e d .  A l l  t r i e  b i t s  s t o r e d  f o r  a  v a l u e  a n d  
o n l v  t n o s e  b i t s  a r e  r e t r i e v e d  f o r  t r i e  v a l u e ,  

C J 7 3 * 4 , 1 1 ,  4 , 1 1 . 1 ,  4 , 1 1 , 2 ,  4 , 1 1 , 3 ]  P o u n d i n g ,  s c a l i n g  o f  
f i x e d  t y p e  o p e r a n d S  a n d  " d e s c r i p t i o n : a t t r i b u t e s  d o  n o t  3 p p l y  
i n  L e v e l  I ,  

2 * 4 , 1 2  * 0 i t *  F o r m u 1 3  

( e q u )  

A  " b i t : f o r m u l a  i s  t h e  r e p r e s e n t a t i o n  o f  a  s t r i n g  o f  b i t s >  
w i t h o u t  r e g a r d  t o  a n y  m e a n i n g  i t  m i g h t  h a v e  a s  a  n u m e r i c  
v a l u e  o r  a s  a  s t r i n g  o f  b y t e s ,  A  " n u m e r i c :  f o r m u l a  o r  a  
" c h a r a c t e r : f o r m u l a  i n  a  c o n t e x t  r e q u i r i n g  a  " o l t J f o r m u l a  i s  
t r e a t e d  o s  a  b i t  s t r i n g  w i t h o u t  r e g a r d  t o  t h e i r  n u m e r i c  o r  
c h a r a c t e r  m e a n i n g ,  o n  c o m p u t e r s  h a v i n g  t n e  a t t r i b u t e  t h a t  
t h e  n u m b e r  o f  b y t e s  o e r  w o r d  d o e s  n o t  f i l l  t h e  w o r d ,  t h e  
u n u s e d  b i t s  a r e  d r o p p e d  w h e n  u s i n g  a  " c n a r a c t e r : f o r m u l a  a s  a  
" b i t  j  f o r m u l a ,  

" P a t t e r n : c o n s t a n t  a n d  " e ^ t r y * v a r i a b l e  a r e  e x p l a i n e d  
e l s e w h e r e .  T w o  o f  t h e  " i n t r i n s i c : f u n c t i o n i c a l l s  a r e  
• o i t : f o r m u l a s ,  T h e y  a r e  t h e  " s h i f t : f u n c t i o n : c a i 1  a n d  t h e  
" b i t  *  s t r i n g  *  f u n c t i o n *  c a n ,  

[ J 7 3 * 4 , 1 2 , l i  " B i t l f o r m  d o e s  n o t  a p p l y  i n  L e v e l  I ,  

( e q u )  

A n y  " f o r m u l a  r e p r e s e n t s  a  v a l u e  c o n s i s t i n g  o f  a  s t r i n g  o f  
e i t s .  T h e  " o i t : s t r i n g * f u n c t i o n * c a l l  d e r i v e s  f r o m  t h e  v a l u e  
o f  t h e  " f o r m u l a  a  " b l t s f O r m u l a  w i t h  t h e  n u m b e r  o f  p i t s  g i v e n  
b v  t n e  s e c o n d  " n u m e r i c : f o r m u l a ,  T h e  b i t  s t r i n g  i s  
e x t r a c t e d  f r o m  t h e  v a l u e  o f  t h e  " f o r m u l a  b e g i n n i n g  w i t h  t h e  
b i t  s p e c i f i e d  o y  t h e  f i r s t  " n u m o r i c J £ o r m u l a ,  8 i t s  a r e  
n u m b e r e d  s t a r t i n g  f r o m  t h e  l e f t  w i t h  z e r o .  B i t  z e r o  o f  a  
c h a r a c t e r  f o r m u l a  i s  t h e  l e f t m o s t  b i t  o f  t n e  i e f t m o s t  b y t e .  
B i t  z e r o  o f  s i g n e d  v a l u e s  I s  t h e  s i g n  p i t  a n d  t h e  l e f t m o s t  
m a g n i t u d e  b i t  l s  b i t  o n e .  B i t  z e r o  o f  a n  u n s i g n e d  v a l u e  i s  
t h e  l e f t m o s t  m a g n i t u d e  f e l t .  F l o a t i n g  v a l u e s  a r e  
s y s t e m - d e p e n d e n t  f o r  t h e  p a r t  o f  t n e  f l o a t i n g  f o r m  t h a t  
o c c u p i e s  t h e  l e f t m o s t  b i t .  I f  t n e  s e c o n d  " n u m e r i c : f o r m u l a  
i s  o m i t t e d ,  a  " b i t s f o r m u l a  o f  1  b i t  l s  d e r i v e d ,  

t J 7  3 1 4  , 1 2 , 2 ]  C o n c a t e n a t i o n  d e e s  n o t  a p p l y  i n  L e v e l  I .  

T h e  " s n l t u f u n c t i o n j c a l l  s h i f t s  t h e  * b l t * f Q j f m u l a  l e f t  i f  t h e  
" n u m e r i c : f o r m u l a ' s  v a l u e  i s  p o s i t i v e  a n d  r i g h t  i f  i t  i s  
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n e g a t i v e ,  v a c a t e d  b i t ,  p o s i t i o n s  a r e  t i l l e d  w i t h  z e r o s .  T h e  
r e s u l t a n t  " b i t  J  f  e r m u l a  h a s  t h e  s a m e  n u m b e r  o f  b i t s  a s  t h e  
o r i g i n a l  " o i t : f o r m u l a ,  

C J 7  3 J 4 . 1 2 . 5 ]  T h e  " s  i d n e d :  t u n c  t  i 0 n » c a i  1  d o « s  n o t  a p p l y  i n  
L e v e l  I ,  

2 . 4 . 1 3  ' C o m p a r i s o n s  a n d  " C h a i n  : C o m p a r i s  o n  

( e g u )  

A  " c o m p a r i s o n  y i e l d s  a  " o i t t f o r m u i a  o n e  b i t  I n  s i z e ,  A  
" c o m p a r i s o n  c o n s i s t s  o f  a  l e f t  o p e r a n d ,  a  
" r e i . a t i o n a i : o p e r a t o r ,  a n d  a  r i g h t  o p e r a n d ,  i t  n a s  t h e  v a i u e  
_ 1  i f  t h e  l e f t  o p e r a n d  s t a n d s  i n  t h e  r e l a t i o n s h i p  s t a t e d  b y  
t h e  " r e l a t i o n a l t o p e r a t o r  w i t h  r e s p e c t  t o  t h e  r i g h t  o p e r a n d ,  
O t h e r w i s e ,  t h e  " c o m p a r i s o n  n a s  t h e  v a i u e  z e r o .  

I f  b o t h  o p e r a n d s  a r e  " n u m e r i c : f o r m u l a s ,  t h e  t r u t h  o r  f a l s i t y  
o f  t h e  " c o m p a r i s o n  i s  o b t a i n e d  b y  s u b t r a c t i o n  a c c o r d i n g  t o  
t h e  r u l e s  o f  a r i t h m e t i c  b e t w e e n  " n u m e r i c J f ° r m u l a s ,  

I f  o n e  o p e r a n d  i s  a  " b i t t f o r m u l a t  t h e  o t h e r  o p e r a n d  b e c o m e s  
a  " b i t :  f o r m u l a .  T h e  t r u t h  o r  f a l s i t y  i s  o b t a i n e d  b y  
s u b t r a c t i o n  c o n s i d e r i n g  e a c h  t o  b e  a n  u n s i g n e d  i n t e g e r .  I f  
o n e  " p i t ' f o r m . u l a  i s  s h o r t e r  t h a n  t h e  o t h e r ,  t n e  s h o r t e r  i s  
p a d d e d  o n  t n e  l e f t  w i t h  z e r o  b i t s ,  I f  o n e  o p e r a n d  i s  a  
" n u m e r i c ' f o r m u l a  a n d  t h e  o t h e r  i s  a  " c h a r a c t e r 1  f o r m u l a ,  t h e y  
b o t h  b e c o m e  " p i t : f o r m u l a s ,  I f  b o t h  o p e r a n d s  a r e  
• c h a r a c t e r : f o r m U i a s ,  t h e  t r u t h  o r  f a i s l t y  i s  d e t e r m i n e d  b y  
c o n s i d e r i n g  e a c h  o p e r a n d  t o  b e  a n  u n s i g n e d  i n t e g e r .  I f  o n e  
• c h a r a c t e r : f o r m u l a  i s  s h o r t e r ,  i t  i s  p a d d e d  o n  t h e  
, 8 s i f r i g h t , B = 0 j  w i t h  s p a c e  c h a r a c t e r s  t o  e q u a l i z e  t h e  s i z e s ,  

C J 7 3 : 4 , l 3 . 4 ,  4 . 1 3 . 6 ,  4 , 1 3 , 6 ,  4 , 1 3 . 7 ,  4 , 1 3 , 8 ]  
" C h a i n  c o m p a r i s o n  d o e s  n o t  a P P l v  i n  L e v e l  I .  

2 . 4 . 1 4  O p e r a t i o n s  o n  - 8 1 t : F o r m u l a s  

( e a u )  

" 8 j t :  f o r m u l a s  r e p r e s e n t  s t r i n g s  o f  b i t s ,  e a c h  o f  v a l u e  z e r o  
o r  . 1 ,  - M O T  a p p l i e d  t o  a  " b i t : f o r m u l a  p r o d u c e s  a  d e r i v e d  
" o i t : f o r m u l a  i n  w h i c h  e a c h  - l  i n  t h e  v a l u e  o f  t h e  s t a t e d  
" b i t : f o r m u l a  i s  r e p l a c e d  w i t h  z e r o  a n d  e a c h  z e r o  i s  r e p l a c e d  
w i t h  . 1 ,  T h e  d e r i v e d  " b i t i f o r m u l a  i s  t h e  s a m e  s i z e  a s  t h e  
s t a t e d  " b i t : f o r m u l a .  

[ J 7  3 : 4 , 1 4 , 2 ]  C o n c a t e n a t i o n  d o e s  n o t  a p p l y  i n  L e v e l  I ,  

6 
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T h e  " l o g i c a l  s o p e r a t o r s  h a v e  t h e i r  u s u a l  m e a n i n g ,  E Q V  m e a n i n g  
" e q u i v a l e n c e ' '  a n d  X O R  m e a n i n g  " e x c l u s i v e  o r " .  T h e  " f o r m u l a  
v a l u e  w i t h  s n o r t e r  b i t  s t r i n g  s i z e  i s  p a d d e d  w i t n  z e r o s  o n  
t h e  l e f t  t o  r r a t c n  t h e  l o n g e r  b e f o r e  P e r f o r m i n g  t h e  
o p e r a t i o n .  T h e  s i z e  o f  t h e  r e s u l t a n t  b i t  s t r i n g  i s  t h e  s a m e  
a s  t h e  l o n g e r .  A n y  " f o r m u l a  a s  a n  o p e r a n d  o f  a  
" l o a l c a i : o p e r a t o r  i s  t r e a t e d  a s  a  b i t  s t r i n g  w i t h o u t  
c o n v e r s i o n ,  

t J 7 3 : 4 . l 4 , 3 3  I h e  m a x i m u m  s i z e  b i t  s t r i n d  t o  w h i c n  
" l o o i c a l 5  o p e r a t o r s  c a n  b e  a p p l i e d  i s  s Y s t e m » d e p e n d e n t ,  

2 , 4 . 1 5  P r e c e d e n c e  o f  O p e r a t i o n s  

T h e  o r d e r  o f  " f o r m u l a  e v a l u a t i o n  i s  d e t e r m i n e d  b y  o p e r a t o r  
p r e c e d e n c e  a n d  g r o u o i n g  " p a r e n t h e s i s .  I n  e v a l u a t i n g  a n y  
" f o r m u l a ,  o p e r a t i o n s  a r e  u s u a l l y  p e r f o r m e d  f r o m  l e f t  t o  
r i g h t  « l t h  t h e  a o o v e  i n  m i n d  e x c e p t  w h e r e  i t  i s  n e c e s s a r y  t o  
d e t e r m i n e  a  v a l u e  b e f o r e  a  v a l u e  c a n  b e  s e t  o r  o o t a i n e d .  
T h e s e  e x c e p t i o n s  a r e s  

a ,  T n e  " f o r m u l a  o n  t h e  r i g h t  s i d e  o f  a n  
" a s s i g n m e n t I  s t a t e m e n t  m u s t  b e  e v a l u a t e d  b e f o r e  e v a l u a t i n g  
a n y  " i n d e x s c o m p o n e n t s  o f  t h e  " v a r i a b l e  o e i n g  a s s i g n e d  a n d  
t h e n  a n y  " p o i n t e r s f o r m u l a  n e e d e d  t o  l o c a t e  t h e  " v a r i a b l e ,  

b ,  " I n d e x s c o m o o n e n t s  m u s t  b e  e v a l u a t e d  b e f o r e  t h e  
" i n d e x e d j v a r i a b l e  i s  e v a l u a t e d ,  

c ,  T n e  " p o i n t e r i f o r m u l a  m u s t  b e  e v a l u a t e d  b e f o r e  a  
P o i n t e d  t o  " v a r l a o l e  i s  l 0 c a t . e d ,  N o t e  t h a t  a  
" p o i n t e r  5  f o r m u l a  m a y  b e  a  p o i n t e d  t o  
" s i m D l e S i n t e g e r ' v a r i e b l e ,  

I f  a  o i g a r Y  o p e r a t o r  i m m e d i a t e l y  p r e c e d e s  a  u n a r Y  o p e r a t o r ,  
t h e  o n a r Y  o p e r a t i o n  t a < e s  e f f e c t  f i r s t ,  

[ J7 3 j 4 , 1 5 , i ]  A n  " a s s i g n m e n t s s t a t e m e n t  h a v i n g  a  l i s t  o f  
" f o r m u l a s  t o  t h e  r i g h t  o f  t h e  " a s s i g n m e n t : o p e r a t o r  d o e s  n o t  
a p p l y  i n  L e v e y  i ,  - E x c h a n g e j s t a t e m e n t  d 0 e s  r o t  a p p l y  i n  
L e v e l  I ,  

[ v J 7 3 j 4 . l b . 2 3  T n e  D a s i c  p r e c e d e n c e  o f  e a c h  o p e r a t o r  i s  g i v e n  
i n  t h e  l i s t  b e l o w ,  

0  -  ( a s s i g n m e n t )  

1  E Q V  X Q P  
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1 . 0  i n e e x i n a  »  ( p o i n t i n g )  

[ J 7 3 s 4 . J 5 , 3 ,  4 , 1 5 , 4 ]  " C h a i n \ c o m p a r i s o n  d o e s  n o t  a p p l y  i n  
L e v e l  x ,  

[ J 7 3 I 4 . 1 5 . 6 ]  F i g u r e  2 - 1  s u m m a r i z e s  a l l  C o n v e r s i 0 n s  0 f  d a t a  
f r o m  o n e  t y p e  t o  a n o t h e r  p o s s l o l e  i n  j C v i A L  7 3 ,  L e v e l  I ,  
F ° r m u l - * s  ° r  v a r i a b l e s  r e p r e s e n t e d  b y  X Y Z *  a n d  o f  t h e  f i v e  
p o s s i b l e  t y p e s  a s  i n d i c a t e d  a t  t r i e  t o p  o f  t h e  f i g u r e *  a r e  
c o n v e r t e d  a s  i n d i c a t e d  i n  t h e  b o d y  o f  t h e  f i g u r e  u n d e r  t h e  
i n f l u e n c e  o f  t h e  o p e r a t i o n s  a n a  t h e  t y p e s  O f  t h e  o t h e r  
o p e r a n d  t A B C )  a s  s h o w n  a t  t h e  l e f t ,  T O  d e t e r m i n e  t n e  
c o n v e r s i o n  a p p l y i n g  t o  b o t h  o p e r a n d s  o f  a  g i v e n  o p e r a t i o n ,  
f i r s t  c o n s i d e r  o n e  a n d  t h e n  t h e  o t h e r  a s  X Y Z ,  w h e n e v e r  a n  
o p e r a n d  o f  b i t  t y p e  i s  c o n v e r t e d  t o  i n t e g e r  ( " I n t " )  i t  i s  t o  
u n s i g n e d  i n t e g e r .  I n  s o m e  c a s e s *  a  s e r i e s  o f  c o n v e r s i o n s  
C a t  l e a s t  c o n c e p t u a l l y )  i s  r e q u i r e d .  T h e s e  a r e  I n d i c a t e d  b y  
r e f e r e n c e s  t o  t h e  f o l l o w i n g  n o t e s :  

N o t e  1 ,  E n  a r i t h m e t i c  o p e r a t i o n s  w i t h  f l o a t i n g  a n a  
c h a r a c t e r  0 p e r a n d s ,  t h e  c h a r a c t e r  s t r i n g  L e c 0 m e s  a  b l t  

s t r i n g ,  t h e n  a n  u n s i g n e d  i n t e g e r ,  t h e n  t h e  i n t e q e r  i s  
f l o a t e d ,  

N o t e  2 ,  i n  a r i t h m e t i c  O p e r a t i o n s  w i t h  f l o a t i n g  a n d  b i t  
o p e r a n d s ,  t h e  h i t  s t r i n g  b e c o m e s  a n  u n s i g n e d  i n t e g e r ,  
w h i c h  i s  t h e n  f l o a t e d .  

N o t e  3 .  I n  a r i t h m e t i c  O p e r a t i o n s  a  c h a r a c t e r  s t r i n g  

b e c o m e s  a  b i t  s t r i n g ,  t h e n  a n  u n s i q n e d  i n t e g e r »  

N o t e  4 ,  i n  a r i t h m e t i c  o p e r a t i o n s  a  h i t  s t r i n g  b e c o m e s  a n  
u n s i g n e d  i n t e q e r .  

N o t e  5 ,  I n  c o m p a r i n g  t w o  c h a r a c t e r  s t r i n g s ,  t h e  s h o r t e r  

8 
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i s  p a d d e d  o n  t h e  r i g h t  n t h  b l a n k s .  T h e n  o o t h  a r e  
c o n v e r t e d  t o  b i t  s t r i n g s  a n d  t h e n  t o  u n s i g n e d  i n t e g e r s  
f o r  t h e  c o m p a r i s o n .  

M o t e  b ,  i n  c o m p a r i n g  n u m e r i c  w i t h  b i t *  c h a r a c t e r  w i t h  
b i t ,  o r  n u m e r i c  w i t h  c h a r a c t e r ,  t n e  C h a r a c t e r  i s  
c o n v e r t e d  t c  b i t  t y p e .  T h e n  b o t h  a r e  c o n v e r t e d  t o  
u n s i g n e d  i n t e o e r  f o r  c o m p a r i s o n .  

N o t e  7 ,  A  c h a r a c t e r  s t r i n g  u s e d  f o r  p o i n t i n g  o r  i n d e x i n g  
i s  c o n v e r t e d  f i r s t  t o  a  b i t  s t r i n g  a n d  t h e n  t o  a n  
u n s i g n e d  i n t e g e r ,  

( e q u )  

2 . 4 . 1 6  S h o r t - C i r c u i t  ^ v a l u a t i o n  

T h e  o r d e r  o f  e v a l u a t i n g  " s t a t e m e n t s  a n d  " f o r m u l a s  I n  a  
" p r o g r a m s d e c l a r a t i o n  i s  f o r  e f f e c t  o n l y .  A s  l o n g  a s  t h e  
c o - i b U t a t i g n a i  r e s e t s  a r e  t n e  s a m e ,  t h e  C o m p i l e d  p r o g r a m  m a y  
e x e c u t e  c o m p u t a t i o n s  i n  a  d i f f e r e n t  o r d e r  o r  c o m p u t a t i o n s  
m a y  b e  o m i t t e d .  T h e  o m i s s i o n  a n d  r e a r r a n g e m e n t  o f  
c o m p u t a t i o n s  a r e  a s o e c t s  o f  o o t l m i z a t i o n .  F o r m u l a s  
c o n t a i n i n g  o n l y  o n e  b i t  o p e r a n d s  w i l l  b e  c o m p u t e d  o n l y  u n t i l  
t h e  r e s u l t  i s  k n o w n ,  

2 . 4 . 1 7  " F o r m  

[ J 7  3 1 4  1 1 7 ]  " F o r m  d o e s  n o t  a p p l y  i n  L e v e l  I ,  

2 . 4 . 1 8  " F u n c t i o n j C a i l  

( e q u )  

" I n f r i n s i C i f u n c t i o n ; c a n s  a r e  d i s c u s s e d  i n  t h e  n e x t  s e c t i o n ,  
O t h e r  " f u n c t l o h J c a l l s  a r e  v e r y  s i m i l a r  t o  
" p r o c e d u r e J c a l l i s t a t e m e n t s »  T h e  " p r o c e d u r e i n a m e  m u s t  b e  o n e  
w h o s e  " d e c l a r a t i o n  a s s o c i a t e s  a n  " i t e m t d e s c r l o t i o n  w i t h  t h e  
" n a m e .  T h i s  a s s o c i a t i o n  o f  a n  " i t e m ; d e s c r i p t i o n  m a k e s  t h e  
p r o c e d u r e  a  f u n c t i o r *  d e s c r i b e s  t h e  i m p l i c i t  o u t p u t  
o a r a m e t e r  f o r  t h e  f u n c t i o n ,  a n d  e s t a b l i s h e s  t n e  " f o r m u l a  
t y p e  a n d  s i z e  f o r  t n e  " f u n c t i o n J c a l l ,  T n e  m a t c h i n g  a n d  
a s s i g n m e n t  o f  " a c t u a 1 1 i n p u t  I  p a r a m e t e r s  w i t h  
• f o r m u l a ! i n p u t { p a r a m e t e r s  i s  t h e  s a m e  a s  w i t h  t h e  
" p r o c e d u r e : c a l l : s t a t e m e n t .  T h e  u s e  o f  
" a c t u a l * i n p u t i p a r a m e t e r s  i n  a  " f u n c t i o n x c a l l  i s  t h e  s a m e  a s  
t h e i r  u s e  i n  a  " p r o c e d u r e s c a l 1 ! s t a t e m e n t j  e x c e p t ,  i t  e x i t  
f r p w  a  p r o c e d u r e  i s  e f f e c t e d  b y  a  " g o • t o :  s t a t e m e n t  
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referencing a *f or^a! : input parameter or en outer scope 
"statement:name, the function value is not returned, 

[J73S4.13, 4.18.3] "Alternate:entrance:name and alternate 
entrance do not apply in Level I, 

If the procedure corresponding t.o the "Droceaure:name is 
declared to be pointed to# the "function:call must include 
the "pointer provide a location for the data space of the 
procedure during this invocation, 

2,4,19 "IntrinslcjFunctioniCall 

cegu) 

"Byte»str«ng»fUnctionscan is a "cparactersformula, 
*Bit!Stringt£unction»c*ll is a "bit:formula, 
"Shift:function»caii is a "bit:formula, Their details were 
given previously. 

tJ7314 «19] "Formatjfunction:call and "sinned:tunction»call 
do not apply in Level I. 

tJ73i4,19,1, 4.19,2] "Alternate*entrance:function:call does 
not aPPly in Level I» 

[J73:4 ,19,4] "Allocation:increment does not apply in Level 
I, 
CJ73»4,i9.6# 4,19,7 # 4,19.9] "Index:range d0es not aoply in 
Level I, 

Cequ) 

The "location:function 1 can is an unseed "integer:for^uia 
of. default siz,e. Its value is possioiy the sum of three 
elements: 

a. The value of the "pointer 1 formula or 
-p0inter•variaoie Pointing lo the structure (procedure 
instruction space, table, data block] containing the 
named entity or the compiler-assigned location of the 
structure, 

h. The relative position at the named entity in its 
structure--item in entry, table in data block, "statement 
in procedure, etc. 

c. Relative positioning due to the "index If present. 

10 
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C J73- 4,19,91 a table cannot be allocatea space bv 
submanlfolos in Level I, 

(*qu) 

CJ73|4,19,11] Tne -absolutesfUnctionicaii js a 
•numerics formula of the same size and type as Its 
-parameter, except that if the -parameter Is not floating 
the function is unsigned. The value of the function is the 
aosolute value of its "parameter. 

[J73i4,19,123 "40rds!Per;entry:function:cail does not apply 
in Level I, 

[J73:4 . 1$. 13J "Exrad:functionscall d 0es not apply in Level 
1. 

CJ73s4 . 1^, 14j -signiflcandsfunctionicall does not apply in 
Level i, 

(equ) 

Ihe "s ian t f.unctlonicall is a signed "integer»formula one pit 
(besides the sign bit) in size. The value of the 
•sign5^Unction can Is zero i* its -parameter is zero# +1 if 
its -parameter Is greater than zero, and -1 if its 
-parameter is less than zero, 

(equ) 

The -Sizetiunctionscan 1s an unsigned "integer j formula of 
default size. The value ot the function is tne number of 
units (bits, bytes, or words) in the -formula, "data:block, 
or "table, 

tJ7 3 14 • 19,16 3 "Fixed 5 formulas do not apply in Level I, 

(J73J4•i9t17# 4,19.183 "Type:fynctionscall does not apply 
in Level I. 

(J73J4 .19,19] "Fractionspar15funetionJcall does not apply 
in Level I, 

(J73s4 , i9,20] "Integeripart5functionicall does not apply in 
Level I, 

[J73»4,19,21] "Instruct ions size:function *cal1 does not 
apply in Level I, 

1 1  
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( e q u )  

T h e  " d a t a  I s i z e { f u h c t i o h j c a l l  I s  a n  u n s i g n e d  " i n t e g e r : f o r m u l a  
o f  d e f a u l t  s i z e .  I t s  v a l u e  i s  t h e  n u m b e r  O f ' w o r d s  i n  t h e  
o o i n t e d - t o  d a t a  s o a c e  o f  t n e  c i t e d  p r o c e d u r e ,  i f  t h e  
" p r o c e d u r e J h e a d i n g  c o n t a i n s  a  " d a t a S a l l o c a t i o n : s p e c i f i e r .  

7 . 4 , 2 0  u s e  a n d  Q u a l i f i c a t i o n  o f  " s t a t u s { C o n s t a n t s  

E a c h  - s t a t u s s c o n s t a n t  i s  g i v e n  a  c o n s t a n t  i n t e g e r  v a l u e  b y  
^ e a n s  o f  i t s  p o s i t i o n  i n  a  " s t a t u s  I  l i s t  ( s e e  s e c t i o n  
2 , 7 , 1 7 ) ,  w h e r e v e r  t n e  " s t a t u s i c o n s t a n t  i s  s u b s e q u e n t l y  u s e d  
( e x c e p t  i n  a n o t h e r  " s t a t u s  5 1 i s t )  i t  r e p r e s e n t s  t h a t  c o n s t a n t  
i n t e g e r  v a i u e ,  i f  a  " s t a t u s { C o n s t a n t  a p p e a r s  i n  m o r e  t n a n  
o n e  " s t a t u s : l i s t »  i t s  m e a n i n g  i s  r e s o l v e d  b y  c o n t e x t ,  

A  " s t a t u s ' c o n s t a n t  m a y  b e  u s e d  t o  r e p r e s e n t  i t s  v a l u e  a s  t h e  
p r e s e t t i n g  " c o n s t a n t  o f ,  o r  i n  t h e  " c o n s t a n t : 1 i s t  o f ,  a n  
" i t e m : d e c l a r a t i o n  ( o r  " o r d i n a r y : t a b l e { h e a d i n g  o r  
" s p e c i f l e d : t a b l e { h e a d i n g )  c o n t a i n i n g  a n  " i t e m ; d e s c r i p t i o n  
t h a t  c o n t a i n s  o r  c i t e s  t h e  " s t a t u s { l i s t  i n  w h i c h  t h e  
* s t a t u s t c o n s t a n t  i s  o i v e n  i t s  v a l i j e .  

A  " s t a t u s { c o n s t a n t  m a y  b e  u s e d  a s  t h e  e n t i r e  
" n u m e r i c  J  f o r m u l a  p r o v i d i n g  t h e  v a l u e  t o  b e  a s s i g n e d  t o  a n  
" i n t e g e r { v a r i a b l e  b y  m e a n s  o f  a  " s i m p l e { a s s i g n m e n t : s t a t e m e n t  
i f  t h e  " l t a m { d « s c r i p t i O h  f o r  t h a t  " i n t e q e r ' v a r l a n l e  c o n t a i n s  
o r  c i t e s  t h e  " s t a t u s ' H i t  i n  w h i c h  t h e  " s t a t u s • c o n s t a n t  I s  
g i v e n  i t s  v a l u e ,  A  " s t a t u s : c o n s t a n t  m a y  b e  u s e d  a s  t h e  
e n t i r e  " a c t u a l : i n p u t  *  p a r a m e t e r  c o r r e s p o n d i n g  t o  a  
" f o r m a l  J i n D u t { P a r a m e t e r  w h o s e  " i t e m { d e s c r i p t i o n  c o n t a i n s  o r  
c i t e s  t h e  " s t a t u s { . i l s t  i n  w h i c h  t h e  " s t a t u s  { C o n s t a n t  i s  
g i v e n  i t s  v a l u e ,  A  " s t a t u s { c o n s t a n t  m a y  o e  u s e d  i n  t h e  
f o l l o w i n g  c o n t e x t s  

C « q u )  

i n  t h e  a b o v e  c o n t e x t ,  t h e  " i t e m t d e s c r i p t i o n  a s s o c i a t e d  w i t h  
t h e  " v a r i a b l e  o r  t h e  i m p l i e d  o u t p u t  p a r a m e t e r  o f  t h e  
"functionicall must contain or cite t^e "statusmst ir. 
w h i c h  t h e  " s t a t u s : c 0 n s t a n t  i s  g i v e n  i t s  v a i u e ,  

j n  o t h e r  c o n t e x t s  a  " q u a l i f i e d : s t a t u s { c o n s t a n t  m u s t  b e  u s e d .  
I t  m a y  b e  u s e d  i n  t h e  c o n t e x t s  d e s c r i b e d  a b o v e .  A  
" q u a i i f i e d : s t a t u s ! C o n s t a n t  m a y  b e  C o n s i d e r e d  t o  c o n s i s t  o f  
t w o  p a r t s  • •  t h e  " n a m e  p r e c e d i n g  t h e  " s t a t u s #  a n d  t h e  
" s t a t u s ' c o n s t a n t  t h a t  r e m a i n s  w h e n  t h a t  " n a m e  a n d  i t s  
f o l l o w i n g  " c o l o n  a r e  d e l e t e d ,  T h e  m e a n i n g  o f  t h e  
" q u a l i f i e d ! s t a t u s t c o n s t a n t  i s  t h e  s a m e  a s  t h e  m e a n i n g  o f  i t s  
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c o r r e s p o n d i n g  " s t a t u s t c o n s t a n t  d e r i v e d  f r o m  t o e  " s t a t u s . l i s t  
a s s o c i a t e d  w i t h  i t s  c o r r e s p o n d i n g  " n a m e .  
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C h a p t e r  5  

2 . 5  s t a t e m e n t s  

2 , 5 , 1  C o n c e n t  o f  ' S t a t e m e n t s  

" S t a t e m e n t s  a r e  t h e  o p e r a t i o n a l  u n i t s  o f  J O V I A L ,  T n e y  
s p e c i f y  s e i f - c o n t a i n e d  r u i e s  o f  c o m p u t a t i o n ,  s p e c i f y i n g  
m a n i p u l a t i o n s  o f  d a t a ,  a n d / o r  c o n d i t i o n a l  o r  u n c o n d i t i o n a l  
s e q u e n c i n g  o f  e x e c u t i o n .  

( e q u )  

A  " c o n t r o l l e d j s t a t e m e n t  i s  a  r e q u i r e d  p a r t  o f  a  
" c o n d i t i o n a l ; s t a t e m e n t  o r  " l o o p ; s t a t e m e n t ,  

( e q u )  

A n y  " s t a t e m e n t  m a y  b e  u s e d  w h e r e  a  " c o n t r o l l e d : s t a t e m e n t  i s  
s p e c i f i e d - - e x c e p t  f o r  t h e  p a r t i c u l a r  f o r m s  p r o h i b i t e d  i n  t h e  
d e s c r i p t i o n  o f  t h e  " c o n q l t i o n a l : s t a t e m e n t  *  

T h e  K i n d s  o f  " s i m p l e : s t a t e m e n t s  a r e  l i s t e d  b e l o w .  

( e q u )  

2 , 5 , 2  " N u l l : S t a t e m e n t  

A  " n u l l s s t a t e m e n t  i s  u s e d  w h e r e  n o  s i g n i f i c a n t  " s t a t e m e n t  i s  
d e s i r e d ,  

( e q u )  

2 , 5 , 3  " C o m P o U n d ; S t a t e m e n t  

T h e  " c o m p o u n d ; s t a t e m e n t  p r o v i d e s  f o r  t r e a t i n g  a  g r o u p  o f  
" s t a t e m e n t s  a n d / o r  " d e c l a r a t i o n s  a s  a  s i n g l e  " s t a t e m e n t .  

( e q u )  

2 , 5 . 4  " N a m e d ; S t a t e m e n t  

A n y  " s t a t e m e n t  c a n  b e  n a m e d ,  A  " s t a t e m e n t : n a m e  i s  d e f i n e d  
B y  a t t a c h i n g  i t  t o  a d y  " s t a t e m e n t ,  S i n c e  a  " n a m e d s s t a t e m e n t  
i s  a j s o  a  " s t a t e m e n t #  a n o t h e r  ( a s  m a n y  a s  d e s i r e d )  
" s t a t e m e n t : n a m e  c a n  b e  a t t a c h e d ,  A  " s t a t e m e n t : n a m e  a l s o  m a y  
b e  a t t a c h e d  t o  t h e  f i r s t  B E G I N  i n  a  " s w i t c h ; s t a t e m e n t ,  

[ J 7 3 •  5  •  4 * 4 ]  " E x i t : s t a t e m e n t  d 0 e s  n o t  a p p l y  i n  L e v e l  I ,  
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( e q u )  

2 , 5 , 5  " A s s i g n m e n t  ?  S t a t e m e n t s  #  " E x c h a n g e  , •  S t a t e m e n t  

( t q u )  

A  " s i m p l e j a s s i g n m e n t s s t a t e m e n t  s p e c i f i e s  t h a t  t h e  " f o r m u l a  
t o  t h e  r i g h t ,  o f  t h e  " e q u a l s :  s i g n  b e  e v a l u a t e d  a n d  b e c o m e  t h e  
n e w  v a l u e  o f  t h e  " v a r i a b l e  t o  t h e  l e f t  o f  t h e  " e g u a l s j s i g n .  
T h e  " f o r m u l a  i s  e v a l u a t e d #  t h e n  a n y  " i n d e x  o r  
" p o i n t e r ! f o r m u l a  a s s o c i a t e d  w i t h  t h e  " v a r i a b l e  o n  t h e  l e f t  
i s  e v a l u a t e d #  a n d  t h e  v a l u e  o f  t h e  " f o r m u l a  i s  a s s i g h e d  t o  
t h e  " v a r i a b l e ,  

I n  t h e  f o r m s ?  

B I T  - . ( " f o r m u l a - #  " n u m e r i c  ?  f o r m u l a  - »  
i c i f o r m u i a  - )  

B Y T E  

t h e  l e f t m o s t  " f o r m u l a  i s  e v a l u a t e d  f i r s t ,  t h e n  t h e  s e c o n d  
a n d  t h e n  t h e  t h i r d ,  

I f  t h e  f o r m  o n  t h e  l e f t  i s :  

- B I T  - ( " n a m e d : v a r i a b l e . ,  " n u m e r i c : f o r m u l a  
" n u m e r i c : f o r m u l a  _ )  

- B Y T E  

a n y  " i n d e x  a n a  " p o i n t e r : f o r m u l a  t h e  " n a m e d : v a r i a b l e  b e a r s  
a r e  e v a l u a t e d  f i r s t #  t h e n  t h e  s e c o n d  a n d  t h i r d  ( i f  a n y )  
f o r m u l a s »  

A s s i g n m e n t  o f  a n y  t y p e  " f o r m u l a  t o  a n y  t y p e  " v a r i a b l e  i s  
p e r m i t t e d ,  c o n v e r s i o n s  a r e  p e r f o r m e d  a s  n e e d e d  w h e n  t h e  
o p e r a n d s  a r e  o f  d i f f e r e n t  n u m e r i c  t y p e s .  I f  t h e  t y p e s  s e e m  
i n c o m p a t i b l e #  t h e  " f o r m u l a  o n  t h e  r i g h t  b e c o m e s  a  
- b i t ? f o r m u l a  a n d  r e p l a c e s  t h e  b i t s  o f  t h e  " v a r i a b l e  o n  t h e  
l e f t .  I f  t h e r e  a r e  t o o  m a n y  b i t s #  l e a d i n g  b i t s  a r e  
t r u n c a t e d :  i f  t h e r e  a r ®  t o o  f e w  b i t s #  l e a d i n g  z e r o s  a r e  
s u p p l i e d  b e f o r e  a s s i g n m e n t .  N o t e  t h a t  t h i s  a p p l i e s  w h e n  
a s s i g n i n g  a  " c h a r a c t e r : f o r m u l a  t o  a n y  " v a r i a b l e  n o t  a  
" c h a r a c t e r : v a r i a b l e  o r  a  n o n - c h a r a c t e r  t o  a  
- c h a r a c t e r i v a r i a b i e ,  W h e n  o n  a  c o m p u t e r  w h e r e  f i n e r  b i t s  
a r e  r e q u i r e d  t o  f i l l  o u t  a  c h a r a c t e r  w o r d #  t h e s e  b i t s  a r e  
d r o p p e d  o r  i n s e r t e d ,  r e s p e c t i v e l y ,  i n  t h e  c o n v e r s i o n .  
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in assigning a "charactersformula to a  "character{variable, 
if the "formula is too long# excess bytes on the right are 
truncated; if too short* blank characters are added at the 
right to match the size of the "variable. 

tJ73:5,5»4* 5,5,5] "Indexed:variable:ran9 e  do es not apply 
in Level I, "Format!variabie and "formatsfunction:call do 
not apply in Level I, 

[J73:5,5,5] Only a si noie formula (not a li s t  of formulas) 
can be the value for assignment in L^vei i. The 
"assignment;statement differs from the 
•simple{assignment{statement in that more than one -variable 
receives the value of the "formula on the right. The 
formula on the right is evaluated first, then any "index or 
"pointersform uia for the leftmost " variable is e valu a t e^ a n d  
the leftmost "variable is assigned, Next, any "index or 
"pointersformula for the second "variable on the left is 
evaluated and the formula is assigned to this "variable. 
This process continues until all "variables have been 
assigned, 

The handling of BIT or BYTE, conversions* and type 
considerations are the same as for a 
"simp let a ssignment!statement, These considerations apply 
independently to each assignment, 

Cd73!5,5.6, 5,5,7, 5,5,8, 5,5,9] "Indexed;varlab 1e:ra nge 
does not apply in Level I, Assignment from multiple 
•formulas does not apply in Level I, 

[J73:5,5,10] The "exchangeistatement does not apply in 
Level I, 

2.5.6 "z aP{Statement 

td73J5»6J The "zap•statement does not apply in Level I, 

2.5.7 "ConditionaljStatement 

The "conditionalsstatement provides for the conditional 
operation of a  "statement or "statements based on the value 
of a "conditional!formula, 

(equ) 

The "controlled:statement is any one "statement. 

The value of the "conditional:formula is the rightmost bit 

3 



R J C  1  4 » F £ B * 7 5  0 7  ; 4 5  3 1 8 6 3  
J O V I A L  J 7 3 / L E V E L  I  H  F E B  7 5  

o f  t h e  e v a l u a t e d  - f o r m u l a , ,  i f  t h e  v a i u e  i s  1 ,  t h e  f i r s t  
- c o n t r o l l e c j s t a t e m e n t  i s  e x e c u t e d  a n d  p r o g r a m  f l o w  i s  
c o n t i n u e d  w i t h  t h e  - s t a t e m e n t  I m m e d i a t e l y  f o l l o w i n g  t h e  
- c o n d i t i o n a n s t a t e m e n t ,  i f  t h e  v a l u e  i s  0 ,  t h e  f i r s t  
" c o n t r o l l e d { s t a t e m e n t  I s  s h i p p e d  a n d  p r o g r a m  f l o w  I s  
t r a n s f e r r e d  t o  e i t h e r  t h e  s e c o n d  " c o n t r o l l e d : s t a t e m e n t #  I f  
p r e s e n t #  o r  t h e  " s t a t e m e n t  i m m e d i a t e l y  f o l l o w i n g  t h e  
" c o n d i t i o n a l i s t a t e m e n t f  E x c e p t i o n s  o C C u r  w i t h i n  n e s t e d  
" c o n d i t i o n a l : s t a t e m e n t s .  I f  a  " c o n t r o l l e d : s t a t e m e n t  
p r e c e d e d  b y  E L S E  i m m e d i a t e l y  f o l l o w s  a  
" c o n d i t i o n a l s s t a t e m e n t #  t h e n  i t  i s  t h e  " c o n t r o l l e d ? s t a t e m e n t  
o f  a n  o u t e r  " c o n d i t i o n a l ? s t a t e m e n t  a n d  p r o g r a m  f l o w  i s  
t r a n s f e r r e d  t o  t h e  " s t a t e m e n t  i m m e d i a t e l y  f o l l o w i n g  t h e  
l a t e r  ( o u t e r m o s t )  " c o n t r o l l e d ? s t a t e m e n t ,  T h i s  a p p l i e s  f o r  
a n y  n u m b e r  o f  n e s t e d  " c o n d i t i o n a l . ' s t a t e m e n t s .  s ° m e  n e s t i n g s  
o f  " c o n t r o l l e d : s t a t e m e n t s  a r e  n o t  p e r m i t t e d .  A n  e m b e d d e d  
"condi t iona l : s ta tement  omi t t ing  the  ELSE 
" C o n t r o l l e d ? s t a t e m e n t  i s  n o t  p e r m i t t e d  a s  t h e  f i r s t  
• c o n t r o l l e a : s t a t e m e n t  o f  a  " c o n d i t i o n a l : s t a t e m e n t  e n d i n g  
w i t h  E L S E  " c o n t r o l l e d : s t a t e m e n t ;  e x c e p t  w i t h i n  a  
" c o m p o u n d { S t a t e m e n t ,  

2 . 5 , 8  * L o o P : S t a t e m e n t  

T h e  " 1 o o p : s t a t e m e n t  p r ° v i d e s  f o r  t h e  i t e r a t i o n  o f  a  
" c o n t r o l l e d { s t a t e m e n t .  

( e g u )  

T h e  " c o n t r o l l e d : s t a t e m e n t  i s  a n y  " s t a t e m e n t ,  

T h e  " c o n t r o l ? v a r i a b l e  i s  a s s i g n e d  v a l u e s  f o r  s u c c e s s i v e  
e x e c u t i o n s  o f  t h e  " l o o p ? s t a t e m e n t ,  T h e  " l o o p ? s t a t e m e n t  
c o n s i s t s #  t h e n #  0 f  a  m e a n s  o f  s p e c i f y i n g  a n d  C o n t r o l l i n g  
" c o n t r o l ? v a r i a b l e s  a n d  a  " c o n t r o l l e d ? s t a t e m e n t  t h a t  i s  t o  b e  
i t e r a t i v e i y  o p e r a t e d ,  

( e q u )  

T h e  " w h i l e : c l a u s e  f o r m  o f  t h e  " l o o p : s t a t e m e n t  h a s  n o  
" c o n t r o l : v a r i a b l e :  t h e  " c o n t r o l l e d : s t a t e m e n t  i s  e x e c u t e d  
r e p e t i t i v e l y  u n t i l  t h e  " C o n d i t i o n a l :  f o r m a l 3  i s  f a j . s e  ( t h e  
r i g h t m o s t  b i t  i s  z e r o ) ,  

( e q u )  

C J 7 3 : 5 • 8 . 4 ]  A  " f o r { C l a u s e  h a s  o n l y  a  s i n g l e  " l o o p { c o n t r o l  
i n  L e v e l  i ,  i , e , #  p a r a l l e l  c o n t r o l  i s  n o t  P r o v i d e d ,  T h e  
" c o n t r o l ? c l a u s e  a s s o c i a t e d  w i t h  t h e  " c o n t r o l { v a r i a b l e  
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provides the successive values to be assigned to the 
"control'variable for successive executions of the 
"controlled; statement. The "control:variable Is given a 
successor value for each execution of the 
"controlled{statement. Execution of the "loop5statement is 
terminated when the "controlledjstatement causes a 
non-return lump out of the "loop:statement or when there is 
no successor value available. 

The *initi«l:Phrase, it present, must c 0me first in the 
"control:clause and serves to provide an initial value for 
the "controi; variabie. There may De either a 
"replacementjphrase to specify the next value for the 
"control! v«*riacle or an "increment sphrase to specify the 
amount by which the "control:variable is to be modified on 
each iteration, A "terminatorSphrase may contain the test 
by which the end of the iteration process is determined, 

(equ) 

"Formulas in a "control:clause are normally reevaluated 
during each cycle. The effects of omitting various parts of 
the "controlsciause are detailed i n  the following tabie, 

(table) 

The prese nce 0t a "terminatorjphrase causes testmP after 
the "controisvariabie gets its new value elf it does qet a 
new one) and before the "controlled:statement is executeo, 
The termination mentioned in the table applies to 
utilization of the "control:elapses. If the "primitive Is 
WHILE ahd the "conditional I formula is 0 (false)* the 
"loop:statement is terminated, 

tj73:5,8,8* 5,8,9) A "forsclause has only a single 
"loopscontrol in Level I« 

[J73*5,9,3* 5.9,4* 5,9,5* 5,9,63 Multiple "loopScontrols in a 
"loop«statement * a parallel "loop:statement * do not apply in 
Level I, 

2,5.11 "procedure tcall * statement 

(equ) 

A *prccedure:calljstatement is used to invoke a procedure 
that is not a function, 
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C J 7 3 s 5  , 1 1 , 1 ]  " R e w q u o j p r o c e d u r e j c a l l : s t a t e m e n t  d o e s  n o t  
a p p l y  i n  L e v e l  I ,  

C J 7 3  : 5  .  l l  . 2 3  ' A c t u a l : i n p u t { p a r a m e t e r s  m u s t  m a t c h  t h e  
' f o r m a l ! i n p u t { p a r a m e t e r s  a s s o c i a t e d  w i t h  t h e  n a m e d  p r o c e d u r e  
i n  n u m b e r #  K i n d ,  a n d  p o s i t i o n  i n  t h e  l i s t *  a n d  
' a c t u a l { o u t p u t { p a r a m e t e r s  m u s t  m a t c h  t h e  
" f o r m a l { o u t p u t ! p a r a m e t e r s  i n  n u m b e r  a n d  p o s i t i o n  i n  t h e  
l i s t ,  T h e  m a t c h i n g  a s  t o  K i n d  i s  t h a t  i f  t h e  
" f o r m a l { i n p u t { p a r a m e t e r  i s  a  ' s t a t e m e n t s n a m e ,  t h e  
c o r r e s p o n d i n g  " a c t u a l { i n p u t { p a r a m e t e r  m u s t  p e  a  
• s t a t e m e n t { n a m t ,  I f  t h e  • f o r m a l { i n p u t { p a r a m e t e r  i s  a n  
" i t e m s n a m e ,  t h e  c o r r e s p o n d i n g  " a c t u a l s i n p u t { p a r a m e t e r  m u s t  
b e  a  " f o r m u l a .  I f  t h e  " f o r m a l s i n p u t { p a r a m e t e r  i s  a  
" t a b i e ; n a m e  o r  a  " d a t a s b i o c i c s p a m e ,  t h e  c o r r e s p o n d i n g  
" a c t u a l s i n p u t { p a r a m e t e r  m u s t  b e  a  " d a t a i b i o c f c t n a m e #  a  
" t a b l e s n a m e  ( w i t h  o r  w i t h o u t  a n  " i n d e x ) #  a  " n a m e d i v a r i a b l e #  
a  " c o n s t a n t  o r  f o l l o w e d  b y  a  ' p o i n t e r  :  f o r m u l a ,  i t  t h e  
" f o r m a l { i n p u t { P a r a m e t e r  i s  a  " p r o c e d u r e s n a m e #  t h e  
" a c t u a l : i n p u t { p a r a m e t e r  m u s t  b e  t h e  " n a m e  o f  a  p r o c e d u r e  
w i t h  t h e  s a m e  n u m b e r #  K i n d #  a n d  p o s i t i o n  o f  
" f o r m a l { i n p u t { p a r a m e t e r s  a n d  " f o r m a l { o u t p u t { p a r a m e t e r s  a s  
t h e  " f o r m a l { i n p u t { p a r a m e t e r  p r o c e d u r e s #  

I n  a  p r o c e d u r e  m a k i n g  a  c a l l  o n  a  p r o c e d u r e  w h i c h  i s  o n e  0 f  
i t s  " f o r m a l { i n p u t { p a r a m e t e r s »  t h e  c o n v e r s i o n s  b e t w e e n  
" a c t u a l ! i n p u t t p a r a m e t e r s  a n d  " f o r m a l i i n p u t { p a r a m e t e r s  a r e  
m a d e  i n  a c c o r d a n c e  w i t h  t h e  d e s c r i p t i o n s  o f  t h e  
* f o r m a l { l n p u t ! p a r a m e t e r s  o f  t h e  p r o c e d u r e  u s e d  a s  a  
* f o r m a l ! i n p u t { p a r a m e t e r .  N O  c o g n i z a n c e  i s  t a l c e n  o f  t h e  
d e s c r i p t i o n s  o f  t h e  " f o r m a l ! i n p u t { p a r a m e t e r s  o f  t h e  
p r o c e d u r e  w h i c h  i s  o i v e n  a s  a n  " a c t u a i s i n p u t ! p a r a m e t e r .  

T h e  o r d e r  o f  e v a l u a t i o n  o f  p a r a m e t e r  d a t a  i s  l e f t  t o  r i g h t .  
T h e  v a l u e s  o f  " a c t u a l ! i n p u t ! p a r a m e t e r s  a r e  a s s i g n e d  t o  
* f o r m a l » i n P u t { P a r a m e t e r i v a r i a b l e s  f r o m  l e f t  t o  r i g h t  a s  i f  
b y  a n  " a s s i g n m e n t i s t a t e m e n t t  u p o n  e x i t ,  
" f o r m a l s O u t p u t ! p a r a m e t e r s  a r e  a s s i g n e d  t °  
* a c t u a l ! Q u t p u t ! p a r a m e t e r s  f r o m  l e f t  t o  r i g h t  a s  i f  b y  a n  
" a s s i g n m e n t { s t a t e m e n t  #  

I f  t h e  " f o r m a l | I n p u t { p a r a m e t e r  i s  a  " t a b l e s n a m e  o r  
" d a t a I b l O c K i n a m e #  a  " t a b l e ! n a m e  o r  " v a r i a b l e  a s  a n  
" a c t u a l ' i n p u t { p a r a m e t e r  m e a n s  t h e  l o c a t i o n  ( o f  t h e  v a r i a b l e  
o r  t a b l e ) ,  i f  t h e  " f o r m a l ! i n p u t { p a r a m e t e r  i s  a  " v a r i a b l e #  a  
* t a b l e ! n a m e  a s  a n  " a c t u a l • i n p u t ! p a r a m e t e r  m e a n s  t h e  v a l u e  o f  
t h e  f i r s t  " e n t r y : v a r i a b l e ,  a n d  a p Y  o t h e r  " v a r i a b l e  a s  a n  
" a c t u a l ! i n p u t : p a r a m e t e r  j u s t  m e a n s  i t s  v a l u e .  
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If the procedure exits by means of a *gojt°tstatement 
referencing a "formaliinput{parameter that is a 
"statement:name, the "actualjoutputiparameters are not set. 
The "go{to{statement is treated as if it referenced the 
corresponding "actualsinpyt{parameter "statement:name; all 
i ntervenes scopes will be deactivated. 

A " go:tosstatement referencing an outer "statementtname 
deactivates all procedures called from the scope of that 
outer *staterrentinam e# and procedures called by th 0se 
procedures, etc. It bypasses the setting of 
"actual{output{parameters of the procedure in which the 
•go:to:statement is executed and all other procedures 
deactivated, 

[J73J5.11. U #  5,11,14, 5,11,15, 5,11.16] Th.e 
- p rocedure:cail{statement form including @  -pointer :  formula 
is used when the procedure being called has pointed-tc data 
space (see Section 3,8), 

[•J7 3  I 5  •  11117 # 5 , 11.18# 5 .H#19] 
"Remguojprocedureicalltstatement does not apply in Level I, 

2,5,12 "Gosto{Statement# "StopiStatement# "Returnjstatement# 
"Exit{statement 

(J7315.12] "Exit:statement does not apply in Level I, 

(equ) 

[J73J5,12,1] The "go{to 5 s t a tement effects a transfer of 
control to the "statement bearing the referenced 
"statement J narp«, 

T h e "stopjstatement is the logical termination of execution 
of a program. Depending on the System# -STOP may c au s e  a 
f fachi ne h ajt 0r a notm al retur n  to the executive, 

The "return{statement is permitted only within a 
"proced ure{body, Its effect is to terminate exec ution of 
the procedure, set the "actual{outputjpara meters from t h e  
"formaljoutput{parameters, and return control to the 
"statement following the call in whatever proqram invoked 
the procedure. The call might have been in any scope such 
as another procedure, the main program, or even the s y s t e m  
executive, 

tj73J5.12,4] jf a *pr°cedure{name is not referenced# the 
"statement means to ret urn from the most local proced ure. 

7 
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CJ73|5,12,5] within nested procedures, the referenced "name 
in a "returnjstatement means to return from the procedure 
having the referenced "name, (If nested procedures use the 
sane "name, it means return from the most local Procedure, 
within whicn the "statement appears, having the referenced 
name), If return is stage to an outer procedure from within 
an inner procedure, the "actualjoutputjparameters are not 
set for the inner Procedure, 

Return to a procedure that is not active is undefined, 
"Active" means the procedure has been called but an explicit 
or implicit return from the procedure has not yet been 
executed. Such a return could only be attempted from a 
procedure declared with an external definition within 
another procedure, 

CJ73:5,12,7, 5,12,8, 5,12,9, 5,12,10] "Exitsstatement does 

not aPPiy in Level I, 

2,5,13 "SwitchsStatement 

A "switch•statement provides a multipath branch to other 
-statements contained within it, 

(equ) 

CJ73i5.l3.X3 Each "statement between -BEGIN and -END m the 
above form is associated with an inteqer. in the absence of 
explicit bracketed "numbers ahead of or between 'statements, 
the first "statement is associated with zero, and successive 
"statements (including "null:statements) are associated with 
successive integers, (A "compound:statementt 
"switch:statementf "loop:statement, or 
"conditional:statement counts as a single "statement.) Each 
bracketed "number, where present, interrupts the succession 
of associated integers and states a positive or negative 
integer value to be associated with the next "statement. 
The succession then resumes following the stated value, 
There must be no repetition in values--each "statement must 
be associated with a unique integer value, 

in executing the "switch:statement, the "numeric: formula 
following -SWITCH is evaluated as an inteqer (truncated if 
necessary). Then the "statement enclosed in the BEGIN END 
brackets and corresponding (as described above) with tne 
values ot the "formula is executed, if the "numeric:formula 
does not yield a value corresponding to a "statement in the 
list (including "null:statements), the result is undefined, 
values skipped due to explicit "numbers in the list do not 
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correspond to "statements, A "statement in the list can be 
executed, it it bears a "statementiname, by execution of a 
*QoiteIstattment somewhere that references that "name, 

After execution of «nV "statement in the list, if it d0es 
not permanently transfer execution elsewhere, the next 
"statement in the list is executed, unless they are 
separated by a "comma or a gap in the sequence of integer 
values, in which case the execution sequence is transferred 
to the "statement following the END. 

[J73i5.13.93 The 'exittstatement does not apply in Level I. 

2,5,14 "Direct{Statement 

[J73i5,143 "Direct:statement goes not aPPly i" Level I, 
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Chapter 6 

2 , 6  FORMATTING 

CJ73s6J Formatting does not apply in Level x 
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Chapter 7 

2,7 -DECLARATIONS 

2.7.1 Introduction 

In this section# it will be seen how "'napes are associated with 
structures in JOVIAL apd new definitions are provided f0r those 
structures via the various -declarations, 

2.7.2 Undefined and Predefined "Names 

Not all -names depend uP°n "declarations for their definition, 
-Names can be defined by their appearance in a 
"programsdeclaration and "names can be Predefined. 

A "statementsname is defined by its appearance at the beginning 
of a "statement, in a "procedure:declaration# a 
-formal 5 inputJoarameter can be a "statementiname, 

"Names maV be predefined for a "programSdeclaration, A 
reference to such a "name causes the compiler to seek its 
definition from a source external to the -program:declaration, 
"itemsnames# "tablesnames# other "nrogram.'names# 
-proceduresnames# "definejnames, in fact, "names of any kind of 
JOVIAL entity can be predefined by means of a compool, a 
library, or both. The distinction between a comp0ol and a 
library is arbitrary and beyond the scope of this language 
manual, 

If a "program?declaratlon written in JOVIAL makes reference to 
a "name defined in the c0fnP001 0r library and if this referehce 
is compatible with the compool or library definition, then the 
reference is taKen to be a reference to the compool or 
library-defined "name, Any such referenced "hame must be 
listed (either explicitly or by construction) in a 
-compool:directive at the beginning of the 
"program?declaration. If# however# the -program?declaration 
Droperly defines such a "name explicitly# then, if there is a 
conflict# this definition takes precedence and the compool or 
library deflation is disregarded, "proper" definition has 
reference to the necessity of placing -data?declarations aheao 
of any references to them, when a local -procedure?declaration 
is intended to override a compool or library 
-procedure?deciaration, proper definition may require the local 
"declaration to precede any reference to the procedure or 
function, 

2.7.3 Scope of Definition of "Names 
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The concept of scope determines tne Dortlon of the 
"proorarrsdeclarations in which the declared "name is active. 
The scope of a "name is defined as that seqment of coae ever 
which a "name has meaning, in JOVIAL there exists a hierarchy 
of scones, Starting with the broadest, the scopes are named 
compool, external, main and procedure, 

[J73i7.3,2] "Names declared in compools and libraries are of 
compool scop e, (Local "nam es in library procedures remain 
local, of course,) They are available to all 
"Program:declarations compiled under the influence of the 
compool or library* References in these "programtdeclarations 
to such "names are ta*en to be references to the associated 
structures provided the "names have been properly identified in 
tne "compoolidirective and are not masked by "declarations of 
identically spelled "names within the "programideclaration, 
All "compoolsdirectives begin the "programjdeclaration and 
serve to establish a compool scope outside the 
"programjdeciaration in which the "names indicated in the 
"directive are assumed declared. This provides for overriding 
any "name declared in a compool at any level of source program 
scope; a "declaration is in effect for tpe local scope at which 
the "decjaration occurs as wen a s  any inner scopes not 
containing a declaration for the same "name, "Tabietnam.es, 
"Itemtnames # "data:block»names, "statement I names/ 
"procedurefnames/ "statusilistjnames and "definetnames may all 
be declared in a compool. 

External scope covers those entities (items/ tables/ data 
blocks/ procedures/ "statementsna^es) whlcn while declared in a 
program are flagged in the "declaration as being common to more 
tha n  one program by the prese nce 0f one 0f the "primitives -OFF 
or -REF, 

Within a "programtdeclaration/ sco pe s  are defined by the 
"programjdeciaration itself and also by all 
"pr 0cedurejdeclarations withi n  the "progra,sdeclaration. Data 
declared in the "programideciarations but not within any 
"procedurejdeclaration is of main scope. Data declared within 
a "procedurejdeclaration is of procedure scope. 

Notice that the definition Of procedure scope allocs unlimited 
nested levels. 

The above scope nomenclature is absolute, The re is often a 
need fo r  relative scope terminology, The relative terms local/ 
outer/ and Inner allow scope to be discussed in relation to any 
particular point in a "programtdeclaration or system. Local 
scope refers to "names declared in the same scope as the 
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reference point, Outer scope refers to "names declared in a 
more extensive scope than the scope of the reference point, 
inner scope refers to "names declared within a more restricted 
scope within the scope of the reference point, 

"Names may hot be multiply declared in the same scope. 

"Names can be repeated in different scopes, A "name comprises 
both a spelling and a scope; "names with the same spelling but 
different scope are distlnguishaple and not the same "name at 
all, 

The scope of a "name local to a "rrocedure{declaration is the 
"proceduresdeclaration in which it is defined and all contained 
"procedure;Oec^arations that d0 not have their o*n definitions 
of the "name, A main scope "name is defined wherever in the 
-programsdeclaration inner "procedure;declarations do not have 
local definitions of the same "name, 

CJ73:7,3,10] "Names explicitly defined within a 
•proceduresdeclaration are local to that particular 
"proceduresdeclaration. This includes an 
"formalsinput{parameters and "formalsoutput{parameters, 
Conflicting local definitions within a Particular 
*procedure{deciaration are not allowed, A "procedyre{name is 
of outer scope to the "procedure;declaration that it names, 

"Names of local scope are not available in outer scopes. 
"Names of outer sc0pe» h0wever» are available in local or inner 
scopes provided the "names have not been redefined locally, 

Resolution of a "name of outer scoDe us®d in a nested body of 
code begins from the current or local scope and works Outward 
accepting the first "declaration 6ncoUntered, 

CJ73{7,3,133 "Program{names, "proceduresnames, "define{names, 
*status { nst jnarres, "datasblock{names, "lteminames, and 
"tabj^napes, but n0t necessariiv "statement{names that are t0 
be defined by "declaration must be declared before they are 
used in their respective scopes, 

2.7,4 "Declarations 

"Declarations are the principal means of naming ana defining 
the various parts of a program, 

(equ) 

"Processingsdeciarations declare programs and procedures and 
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a r e  t h e  s u b j e c t  o f  S e c t i o n  2 , 8 .  " E x t e r n a l - d e c l a r a t i o n s  c u t  
a c r o s s  " d a t a j d e c i a r a t i o n s #  t h e  " n a m e { d e c o r a t i o n ,  a n d  
" p r o c e s s i n g : d e c l a r a t i o n s  a n d  a r e  d i s c u s s e d  s e p a r a t e l y  i n  
s e c t i o n  2 . 9 .  

2 . 7 . 5  " N u l l i D e c l a r a t i o n  

T h e  " n u l l { d e c l a r a t i o n  i s  a  m e a n s  f o r  s a t i s f y i n g  a  l a n g u a g e  
r e q u i r e m e n t  f o r  t h e  a p p e a r a n c e  o f  a  " d e c l a r a t i o n  e v e n  w h e n  n o  
s i g n i f i c a n t  " d e c l a r a t i o n  i s  d e s i r e d ,  

C e a u )  

2 . 7 . 6  " D a t a { D e c l a r a t i o n s  

" D a t a : d e c l a r a t i o n s  s e r v e  t o  d e c l a r e  a n d  d e s c r i b e  t h e  d a t a  o n  
w h i c h  a  p r o g r a m  i s  t o  o p e r a t e ,  T h e  " n a m e s  g i v e n  t o  t h e  d a t a  
f o l l o w  t h e  " p r i m i t i v e s  t h a t  b e g i n  t h e  " d e c l a r a t i o n s ,  

( e q u )  

2 . 7 . 7  F i x e d  a n d  C o n t r o l l e d  A l l o c a t i o n  

T h e  d a t a  s t r u c t u r e s  a b o u t  t o  b e  d e s c r i b e d  i n  t h e  v a r i o u s  
" d a t a j d e c l a r a t i o n s  a r e  m a t e r i a l i z e d  i n  d a t a  s p a c e .  S p a c e  m u s t  
b e  p r o v i d e d  t o  t h e  p r o o r a m  a n d  t h e  d a t a  s t r u c t u r e  m u s t  b e  
a s s o c i a t e d  w i t h  t h a t  s p a c e .  

T h e r e  a r e  t w o  b a s i c  w a y s  o f  a s s o c i a t i n g  a  d a t a  s t r u c t u r e  t o  
s p a c e ,  T h e  a s s o c i a t i o n  c a n  o e  m a d e  b y  t h e  s V s t e m #  k n o w n  a s  
f i x e d  a l l o c a t i o n ?  o r *  t h e  a s s o c i a t i o n  c a n  b e  m a d e  
d y n a m i c a l l y  b y  t h e  p r o g r a m  d u r i n g  t h e  o p e r a t i o n  o f  t h e  
o b j e c t  p r o g r a m ,  k n o w n  a s  c o n t r o l l e d  a l l o c a t i o n .  

F i x e d  a l l o c a t i o n  i s  a c h i e v e d  b y  d e c l a r l n g  t h e  s t r u c t u r e  
( e i t h e r  i n  t h e  c o m p o o l  o r  t h e  p r o g r a m )  w i t h o u t  i n d i c a t i n g  
t h a t  C o n t r o l l e d  a l l 0 c a t l 0 n  i s  t 0  b e  a p p l i e d  t 0  t h e  
s t r u c t u r e ,  

D a t a  s t r u c t u r e s  a r e  i d e n t i f i e d  a s  c o n t r o l l e d  a l l o c a t i o n  
s t r u c t u r e s  p y  t h e  I n c l u s i o n  o f  a n  " a l l o c a t i o n : s p e c i f i e r  
w i t h i n  t h e  " d a t a i d e c l a r a t i o n ,  p o i n t e r s  a r e  t h e r e b y  
e s t a b l i s h e d  w h i c h  l o c a t e  t h e  d a t a  s t r u c t u r e ,  

C o n t r o l l i n g  t h e  l o c a t i ° n  ° f  d a t a  s t r u c t u r e s  w i t h i n  d y n a m i c  
s p a c e  i s  a c c o m p l i s h e d  b y  a s s i g n i n g  v a l u e s  t o  p o i n t e r s ,  E a c h  
r e f e r e n c e  t o  a  v a r i a b l e  d e c l a r e d  t o  h a v e  c o n t r o l l e d  
a l l o c a t i o n  m u s t  e m p l o y #  e i t h e r  e x p l i c i t l y  o r  i m p l i c i t l y #  a n  
a s s o c i a t e d  p o i n t e r .  T h e  v a l u e  o f  t h e  p o i n t e r  w i l l  b e  u s e d  

6 
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i n  t h e  c a l c u l a t i o n  o f  t h e  e f f e c t i v e  a d d r e s s  o f  t h e  
s t r u c t u r e .  

D y n a m i c  a s s o c i a t i o n  i s  i n d e p e n d e n t  o f  w h e n  s p a c e  i s  
o b t a i n e d ,  T h e  a s s o c i a t i o n  o f  s t r u c t u r e  t o  s P a c e  a c t u a l l y  
o c c u r s  w h e n  t h e  v a l u e  o f  t h e  p o i n t e r  t o  t h e  s p a c e  i s  
a p p r o p r l a t e l y  e s t a b l i s h e d .  S p a c e  c a n  b e  r e c e i v e d  f r o s t  t h e  
s y s t e r r  o r  f r o m  s o m e  l a r g e  e l o c K  i n  t h e  p r o g r a m ' s  o w n  
e n v i r o n m e n t ,  b u t  a t t a c h i n o  a  s t r u c t u r a l  d e f i n i t i o n  ( t a b l e ,  
i t e m ,  d a t a  b l o c K )  t o  t h e  s p a c e  i s  p e r f o r m e d  d u r i n g  t n e  
p r o g r a m ' s  e x e c u t i o n  o y  s e t t i n g  t h e  v a l u e  o f  t h e  p o i n t e r  t o  
t h e  s t r u c t u r e  t o  b e  e q u a l  t o  s o m e  a d d r e s s  i n  t h e  s p a c e ,  

2 , 7 , 8  P o i n t e r s  a n d  T h e i r  A s s o c i a t i o n  w i t h  S t r u c t u r e s  

C o n t r o l l e d  a l l o c a t i o n  s t r u c t u r e s  a r e  a l s o  c a l l e d  p o i n t e d - t o  
s t r u c t u r e s .  T h i s  n a m e  e x p r e s s e s  t h e  r e q u i r e m e n t  t h a t  t h e r e  b e  
a  p o i n t e r  t h a t  l o c a t e s  t h e s e  s t r u c t u r e s  a s  s p a c e  i s  d y n a m i c a l l y  
a l l o c a t e d  t h e m ,  T n e  p o i n t e r  i s  e x p r e s s e d  a s  a  
" p o i n t e r  j  f o r m u l a ,  

( e q u )  

• P o i n t e r i f o r m u l a s  d e s c r i b e  t h e  a d d r e s s  o f  p o i n t e d - t o  
s t r u c t u r e s ,  T h e  " p o i n t e r : f o r m u l a  m a y  c o n t a i n  
" p o i n t e r s v a r i a b l e s  a s  v e l i  a s  o t h e r  " n u m e r i c J v a r i a b l e s  a n d  
• c o n s t a n t s ,  T h e  r e s u l t  o f  t h e  e v a l u a t i o n  o f  t h e  " f o r m u l a  
( t r u n c a t e d  t o  a n  i n t e g e r )  i s  t h e  p o i n t e r  v a l u e  u s e d  i n  
r e f e r e n c i n g  t h e  s t r u c t u r e ,  

I f  t h e  • p o i n t e r ! f o r m u l a  i s  n o t  a  " c o n s t a n t ,  i t  i s  e v a l u a t e d  a t  
e a c h  r e f e r e n c e  t o  t h e  p o i n t e d - t o  s t r u c t u r e .  I f  t h e  
" P o i n t e r : f o r m u l a  i s  a n y t h i n g  ^ o r e  t h a n  a  " C o n s t a n t  o r  a  " n « m e f  
i t  m u s t  f e e  e n c l o s e d  i n  " p a r e n t h e s e s ,  

A  " p o i n t e r  8 v a r i a b l e  i s  a  S p e c i a l  c a s e  o f  t h e  m o r e  g e n e r a l  
" p o i n t e r { f o r m u l a ,  

A  " p o i n t e r s v a r i a b l e  i s  a  s t o r a g e  e l e m e n t  w h i c h  c o n t a i n s  a n  
a d d r e s s  o f  s o m e  p r o g r a m  e l e m e n t ,  i t s  • d e c l a r a t i o n  a n d  u s a g e  i s  
a s  a n  u n s i g n e d  i n t e g e r  i t e m ,  

( e q u )  

T h e  a s s o c i a t i o n s  o f  p o i n t e r  a n d  c o n t r o l l e d  a l l o c a t i o n  d a t a  
s t r u c t u r e s  c a n  b e  f o r m e d  e i t h e r  i n  t h e  " d e c l a r a t i o n  o f  t h e  
s t r u c t u r e  o r  b y  e x p l i c i t  s c r i p t i n g  a t  p o i n t  o f  r e f e r e n c e .  

A n  a s s o c i a t i o n  e s t a b l i s h e d  i n  a  " d a t a ' •  d e c l a r a t i o n  i s  i n  e f f e c t  
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unless an override (explicit association at reference) is 
encountered. At every reference, the established 
"pointer?formula is supplied automatically, The programmer 
need only script the "variable, 

If no Pointer is established in the "declaration of a 
oolnted-to structure, then one must be supplied with each 
reference to the structure. Such explicit scripting of a 
pointer also serves to override a declared pointer tor the 
current reference, 

2.7.9 "AllccationjSpecifier 

The "allccationsspecifier is an optional part of "simplejitem:, 
"tables, ana "datasblocksdeclarations, its appearance marks 
the data structure as a controlled allocation entity, 

(edu) 

in Level I, the "pointersformula must be a "simple:itemsname in 
an "allocation{specifier, 

The "ideogram is required to mar* the data structure as 
pointed to and signify that it will receive dynamic allocation, 
The "pointer J formula provides the location of the structure and 
associates the data structure and the pointer such that the 
pointer is employed automatically with each reference to the 
data structure unless an explicit override occurs at some 
subsequent point. Absence of the "pointer!formula indicates 
that a pointer must be associated explicitly at subsequent 
points of reference. All "variables in a "pointersformula must 
be declared prior to being referenced within a 
"datasdeciaration, 

Wherever an implicitly polnted-to structure is referenced 
without an explicit "pointer;formula, the meanings of all the 
"names in its associated "pointer:formula are those in effect 
at the "declaration of the structure, if there is an explicit 
"pointersformula associated with the structure "name at the 
point of reference, the c urrent scopes Of all the "names 
explicitly stated are in effect, 

2.7.10 Data Permanence 

Data that is allocated in a fixed manner (as opposed to 
controlled allocation data) may be considered to be either 
orivate or environmental to a given scope. Data that is 
private to a scope is available only while that scope is 

8 
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active, Data that is environmental to a scope is protected 
even while that scope is not active. 

Data environmental to a scope is of greater permanence than 
data private to the scope. It is private to some outer scope 
and is protected while that outer scope is active, 

Data that is environmental to the main scope is said to oe 
"reserved" or "in reserve," All data declared in a 
•program:declaration automatically becomes reserved unless its 
permanence is restricted by being made private to some inner 
scope by the occurrence of an "environmental8specifier, Data 
that is to be initialized or preset must be in reserve. 
Reserved data are allocated wnen a program is loaded and remain 
until the program is unloaded even though the program is not 
active (executing). Data of compool scope that is not pointed 
to is environmental to ail programs and in reserve. External 
data is environmental to ail referencing programs as well as 
the program in which it is declared and is in reserve. 

Private data exists and must be protected only when a procedure 
or proaram is active, Private data comes into existence when a 
scope is activated and disappears when the scope is left, 
Reentrance to the scope again activates the private data space: 
however* values left in the private data at the previous exit 
cannot be assumed valid, 

Data generated by the compiler incidental to the processsin9 ot 
forms other than "data:declarations become part of the unnamed 
data space of the procedure and is private to the procedure 
scope, This may include things such as temporary proceaure 
space, register save areas, return address, perhaps some 

parameter space, and other linkage convention space, 

CJ73:7,10,4] Alternate entrance does not apply in Level I, 

2,7,11 "Environmentauspecif ier 

The "environmental{Specifier is an optional part Of 
"datajdeclarations, It norir,ally makes the data private to some 
scope, without restrictions# the data being declared would 
become environmental to the program and in reserve. 

Cequ) 

If IN is given# the data is made private to the local scope. 

The entire environment of a procedure can be made private by so 
stipulating in the "proceduretdeclaratlon, An 
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" e n v i r o n m e n t a l i s p e c i f i e r  i n  a  " d a t a i d e e l a r a t i o n  a f f e c t s  o n l y  
t h e  a s s o c i a t e d  d a t a  s t r u c t u r e #  I f  a  p r o c e d u r e ' s  d a t a  s p a c e  i s  
m a d e  p r i v a t e #  p a r t i c u l a r  d a t a  c a n  n e v e r t h e l e s s  b e  p l a c e d  i n  
r e s e r v e  f e y  a n  " e n v i r o n m e n t a l  I  s p e c i  f  i e r  t h a t  i n c o r p o r a t e s  
. R E S E R V E ,  

A  b r a n c h  t o  a n  e x t e r n a l  " s t a t e m e n t s n a m e  d o e s  n o t  a c t i v a t e  a  
s c o p e ,  i h e  s c o p e  m u s t  a l r e a d y  b e  a c t i v e  t h r o u g h  o t h e r  a c t i o n ,  
A  b r a n c h  t o  a n  e x t e r n a l  " s t a t e m e n t  m a m e  i s  c o n s i d e r e d  a n  e x i t  
f r o m  t h e  p r o g r a m  a n d  a l l  p r i v a t e  d a t a  i s  d e a c t i v a t e d .  
S i m i l a r l y  a  b r a n c h  t o  a n  o u t e r  s c o o e  " s t a t e m e n t i n a ? n e  

d e a c t i v a t e s  a l l  d a t a  p r i v a t e  t o  s c o p e s  i n n e r  w i t h  r e s p e c t  t o  
t h e  t a r g e t  s c o p e ,  

T h e  " e n v i r o n m e n t a l s s p e c i f i e r  a n d  t h e  " a l l o c a t i o n j s p e c i f i e r  m u s t  
n o t  a p p e a r  i n  t h e  s a m e  " d e c l a r a t o r , .  C o n t r o l l e d  d a t a  a r e  
n e i t h e r  p r i v a t e  n o r  r e s e r v e d .  T h e  p e r m a n e n c e  o f  C o n t r o l l e d  
d a t a  d e p e n d s  o n  b o t h  t h e  P e r m a n e n c e  o f  t h e i r  p o i n t e r s  a n d  t h e  
e x e c u t i o n  o f  r e l e v a n t  " s t a t e m e n t s ,  

2 , 7 , 1 2  " P a c k i n g ! S p e c i f i e r  

C « J 7 3 S 7 , 1 2 J  T h e  " p a c k i n g : s p e c i f i e r  p r o v i d e s  i n f o r m a t i o n  u s e d  i n  
t h e  g e n e r a t i o n  o f  c o d e  t o  a c c e s s  i t e m s  o r  e n t r i e s  i n  t n e  m o s t  
e f f i c i e n t  m a n n e r .  

[ 4 7 3  8  7  ,  1  2  ,  1  )  - N  i n d i c a t e s  n o  p a c j c i n S f  i . e . #  i t e m s  d o  n o t  s h a r e  
w o r d s ,  

[  J 7  3 ! 7 , 1 2 , 2  3  _ D  m e a n s  d e n s e  p a c k i n g  s u c h  t h a t  i t e m s  a r e  
i m m e d i a t e l y  a o 1 a c e n t  t o  e a e h  o t h e r  n o t  o v e r l a p p i n g .  O n l y  
c h a r a c t e r  i t e m s  o r  i t e m s  w h o s e  s i z e  i s  l o n g e r  t h a n  a  w o r d  m a y  
c r o s s  w o r d  b o u n d a r i e s ,  A  b y t e  o f  a  c h a r a c t e r  i t e m  m u s t  n o t  
c r o s s  a  w o r d  b o u n d a r y ,  

[  J 7  3 1 7 , 1 2  , 3 )  „ M  s p e c i f i e s  m e d i u m  p a c k i n g #  i » e , #  i t e m s  o c c u p y  
W i t h o u t  s p a r i n g  m a c p i n e  d e P e n d e n t  f i e l d 5 5  ° f  a  w o r d ,  

[ j 7 3 : 7  , 1 2 , 4 ]  " P a c k i n g s  s p e c i f i e r  i n  a  " s i m p l e s l t e m j d e c l a r a t l o n  
d o e s  n o t  a p p l y  i n  L e v e l  I .  i n  a n  
" o r d i n a r y i t a b i e s i t e m s d e c i a r a t i o n *  t h e  p o s i t i o n  o f  t h e  i t e m  i n  
a n  e n t r y  i s  a f f e c t e d ,  i n  t h e  h e a d i n g  o f  a n  
" o r d i n a r y s t a b l e s d e c l a r a t i o n ,  t h e  " o a c f c l n g i s p e c i f i e r  s e r v e s  a s  
d e f a u l t  f o r  " i t e m ! d e c l a r a t i o n s  t h a t  d o  n o t  c o n t a i n  t h e i r  o w n  
p a c k i n g  s p e c i f i c a t i o n ,  

[ 4 7 3 1 7 , 1 2 . 5 3  F 0 r  s p e c i f i e d  t a b l e s ,  t h e  " p a c k l n g : s p e c i f i e r  

C e g u )  

10  
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i n f o r m s  t h e  c o m p i l e r  ° f  a n y  a c c e s s i n g  c o n v e n i e n c e  p r o v i d e d  i n  
t h e  s p e c i f i e d  p a c k i n g ,  N o r m a l l y #  t h e  " p a c k i n g ; s p e c i f i e r  s h o u l d  
t e e  a t  l e a s t  a s  d e n s e  a s  t h e  a c t u a l  p a c k i n g  o f  t h e  i t e m ,  i f  i t  
i s  n o t #  c o d e  m a y  r e s u l t  t h a t  c a n  e r r o n e o u s l y  d i s t u r b  
s u r r o u n d i n g  i t e m s #  T h e  s p e c i f i e d  p a c k i n g  m u s t  a g r e e  w i t h  t h e  
m e a n i n g  o f  t h e  s y s t e m  d e p e n d e n t  " p a c k i n g * s p e c i f i e r ,  

2 , 7 , 1 3  " C o n s t a n t J L i s t  

A  " c o n s t a n t : l i s t  p r o v i d e s  i n i t i a l  v a i u e s  f o r  t h e  i t e m s  a n d  
e n t r i e s  o *  t a b l e s ,  T h e  t a b l e  m u s t  b e  d e c l a r e d  l n  r e s e r v e ,  

C J 7 3 1 , 7 , i 3 3  T h e  e x t e n t s  o f  a  t a b l e  c a n  o n l y  b e  g i v e n  i n  t e r m s  
o f  " c o n s t a n t s  i n  L e v e l  I ,  

t e q u )  

" C o n s t a n t t l i s t s  c o n s i s t  o f  s i g n e d  o r  u n s i g n e d  " c o n s t a n t s  
s e p a r a t e d  b y  " c o m m a s  o r  i n d i c e s .  S u c c e s s i v e  " c o m m a s  i n d i c a t e  
n u l l  o r  u n d e f i n e d  v a l u e s ,  T h e r e  m a y  b e  i n d i c e s  ( e n c l o s e d  i n  
b r a c k e t s )  a m o n g  t h e  e l e m e n t s  o f  t h e  l i s t  - -  b u t  h o t  w i t h i n  a n y  
o f  t h e  " p a r e n t h e s e s  i n  t h e  l i s t ,  P a r t s  o f  t h e  l i s t  m a y  b e  
e n c l o s e d  i n  " p a r e n t h e s e s  p r e c e d e d  b y  a  " c o u n t  i n d i c a t i n g  t h a t  
n u m b e r  o f  r e p e t i t i o n s  o f  t h e  c o n t e n t s  o f  t h e  " p a r e n t h e s e s #  
s e o a r a t e d  b y  " c o m m a s ,  A  " c o n s t a n t s l i s t s e l e m e n t  f o l l o w i n g  a n  
" i n d e x  t r u s t  n o t  b e  v a c u o u s ,  

A  f u l l y  e x p a n d e d  " c o n s t a n t : l i s t  m a y  b e  t h 0 u 9 h t  0 t  a s  c o n s i s t i n g  
o f  " c o n s t a n t s  a n d  n u l l s  s e p a r a t e d  b y  " c o m m a s  a n d  " i n d i c e s .  I f  
t h e  " c o n s t a n t » l i s t  d o e s  n o t  b e g i n  w i t h  a n  " i n d e x ,  
i n i t i a l i z a t i o n  w i l l  p r o c e e d  f r o m  t h e  f i r s t  e l e m e n t  o f  t h e  f i r s t  
r o w  o f  t h e  f i r s t  p l a n e ,  e t c ,  " i n d i c e s  a r e  u s e d  t o  c n a n g e  t h e  
l o c a t i o n  f r o m  w h i c h  i n i t i a l i z a t i o n  p r o c e e d s .  A l l  c o m p o n e n t s  o f  
t h e  " i n d e x  m u s t  b e  " c o n s t a n t s  a n d  m u s t  b e  c o m p a t i b l e  w i t h  t h e  
d i m e n s i o n a l i t y  o f  t h e  t a b l e ,  

T h e  O p d e r  o f  v a l u e s  i n  a  " c o n s t a n t t l i s t  i s  e l e m e n t s  o f  a  r o w #  
r o w s  o f  a  P l a n e #  P l a n e s  o f  a  v o l u m e #  e t c .  A n  " i n d e x  w i t h i n  t h e  
" c o n s t a n t s l i s t  r e s e t s  t h e  l o c a t i o n  a t  w h i c h  v a i u e s  o f  t h e  
" c o n s t a n t s l i s t  a r e  t o  b e  a p p l i e d  t o  t h e  t a b l e .  T h e  r e s e t  
l o c a t i o n  c a n  b e  a n  i n c r e a s e  o r  d e c r e a s e  f r o m  t h e  c u r r e n t  
l o c a t i o n ,  W h e n e v e r  m u l t i p l e  i n i t i a l i z a t i o n  o f  t h e  s a m e  b i t s  i s  
a t t e m p t e d  t h e  r e s u l t  i s  u n d e f i n e d .  

I f  t h e  b i t s  o f  s o m e  i t e m s  p r e s e t  l n  a  s p e c i f i c  e n t r y  o v e r l a p #  
t h e i r  i n i t i a l  v a l u e s  a r e  U n d e f i n e d ,  I f  t w o  " c o n s t a n t : l i s t s  
e a c h  s p e c i f y  v a l u e s  f o r  t h e  s a m e  b i t s  i n  a  w o r d ,  t h e  i n i t i a l  
v a l u e s  o f  t h o s e  b i t s  a r e  u n d e f i n e d .  T h e  i n i t i a l  v a l u e s  o f  a n y  
b i t s  n o t  s p e c i f i e d  w i t h i n  a  w o r d  a n d  w o r d s  o r  e n t r i e s  
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c o m p l e t e l y  s k i p p e d  o v e r  i n  p r e s e t t i n g  a r e  u n d e f i n e d ,  w o r d s  
p a r t i a l l y  p r e s e t  b y  t w o  o r  m o r e  o v e r l a i d  i t e m s  n o t  i n  t h e  s a m e  
t a b l e *  e v e n  t h o u g h  n o t  i n t e r f e r i n g  i n  t e r m s  o f  b i t s  w i t h i n  t h e  
w o r d *  a r e  u n d e f i n e d ,  

2 . 7 . 1 4  D a t a  S t r u c t u r e s  

T h e  s i m p l e s t  d a t a  " s t r u c t u r e "  i s  t h e  b i t  s t r i n g :  a l l  o t h e r  
s t r u c t u r e s  a r e  b a s e d  o n  c e r t a i n  c o m b i n a t i o n s  o f  a n d  
i n t e r p r e t a t i o n s  o f  b i t  s t r i n g s ,  T h e  b a s i c  J O V I A L  d a t a  
s t r u c t u r e  i s  t h e  i t e m .  A n  i t e m  i s  a  b i t  s t r i n g  o f  s p e c i f i e d  
l e n g t h *  w i t h  a  s p e c i f i e d  i n t e r p r e t a t i o n ,  

[ J 7 3 J 7 . 1 4 . 1 3  T h e  ' i n t r i n s i c ;  f u n c t i o n s  I N T  a n d  F R A C  d o  n o t  
a p p l y  i n  L e v e l  I ,  

T h e  l a r g e r  J O V I A L  d a t a  s t r u c t u r e s  a r e  c r e a t e d  f r o m  i t e m s .  T h e y  
a r e  t h e  e n t r y #  t a b l e *  a n d  d a t a  b l o c k .  A n  e n t r y  c o n s i s t s  o f  o n e  
o r  m o r e  ( P o s s i b l y  o v e r l a i d )  i t e m s ,  E a c h  i t e m  ( k n o w n  a s  a  
t a b l e  i t e m )  i s  s e p a r a t e l y  n a m e d  a n d  s e p a r a t e l y  a c c e s s e d ;  t h e  
e n t r y  m a y  a l s o  b e  a c c e s s e d  a s  a  u n i t .  E n t r i e s  a r e  n o t  d e c l a r e d  
a s  s e p a r a t e  e n t i t i e s *  b u t  a r e  a s s o c i a t e d  w i t h  t a b l e s ,  A  t a b l e  
i s  a  ( m u l t i p l y - )  i n d e x e d  l i s t  o r  a r r a y  o f  e n t r i e s #  a l l  h a v i n g  
t h e  s a m e  s t r u c t u r e .  E a c h  t a b l e  i s  s e p a r a t e l y  d e c l a r e d  a n d  
n a m e d ;  t h e  " d e c l a r a t i o n  a l s o  n a m e s  t h e  i t e m s  i n  t h e  e n t r y  a n d  
m a y  s p e c i f y  t h e i r  l o c a t i o n ,  p o s s i b l y  o v e r l a i d *  w i t h i n  t h e  
e n t r y ,  A  t a b l e  i s  r e f e r e n c e d  b y  i t s  " n a m e ;  n o r m a l l y  a  t a b l e  
e n t r y  i s  r e f e r e n c e d  b y  t h e  " t a b l e j n a m e  a n d  t h e  " i n d e x  o f  t h e  
e n t r y ;  a r  i t e m  w i t h i n  a n  e n t r y  i s  r e f e r e n c e d  b y  t h e  " i t e m  s n a ^ e  
a n d  t h e  " i n o e x  o f  t h e  e n t r y ,  

A  s i m p l e  i t e m  i s  s i m p l y  a n  i t e m  t h a t  i s  n o t  p a r t  o f  a n  e n t r y .  

A  d a t a  b l o c k  c o n s i s t s  o f  o n e  o r  m o r e  ( p o s s i b l y  o v e r l a i d )  d a t a  
s t r u c t u r e s *  s i m p l e  i t e m s ,  t a b l e s *  o r  o t h e r  d a t a  b l o c k s .  T h e  
d a t a  b l o c k  c a n n o t  b e  i n d e x e d  a n d  h a v e  i t s  o w n  " n a m e .  D a t a  
b l o c k s  m a y  b e  a c c e s s e d  a s  a  w h o l e ,  T h e y  e r e  p e r m i t t e d  i n  o n l y  
a  v e r y  f e w  o p e r a t i o n s ;  t h e i r  p r i m a r y  u s e  i s  f o r  c o n t r o l l i n g  
d a t a  a l l o c a t i o n ,  

2 . 7 . 1 5  " I t e m j D e c l a r a t i o n s  

" I t e m i d e c l a r a t i o n s  n a m e  a n d  d e s c r i b e  b o t n  s i m p l e  i t e m s  a n d  
t a p l ®  i t e m s ,  

( e q u )  

2 . 7 . 1 6  " i t e m  j D e s c r i p t j _ o n  
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[ J 7 3 : 7 * 3  T h e  " i t e m j d e s c r i p t i o n  i s  u s e d  m  a n  
" i t e ^ S d e c l a r a t i o n  t o  d i v e  t h e  t y p e  a n c j  s i z e  o f  d e c l a r e d  i t e m s .  
I t  m a y  a l s o  b e  u s e d  i n  t h e  h e a d i n g  o f  " t a b l e  1  d e c l a r a t i o n s  f o r  
s i m i l a r  p u r p o s e s ,  

C e o u )  

C J 7 3 1 7 , 1 6 . 1 3  " A b b r e v i a t i o n s  i n  t h e  " i t e m s d e s c r i p t i o n  g i v e  t h e  
b a s i c  t y p e  o f  t h e  i t e m  C o r  i t e m s )  a s  f o l l o w s :  

„ C  c h a r a c t e r  

- F  f l o a t i n g  

- S  s i g n e d  

- U  u n s i g n e d  

F o r  c h a r a c t e r  i t e m s  t h e  " s l z e i s p e c l f i e r  t e l l s  h o w  m a n y  b y t e s  i n  
t h e  i t e m ,  i f  t h e  " n u m b e r  I s  o m i t t e d *  t h e  d e f a u l t  s i z e  i s  o n e  
b y t e ,  

C J 7 3 l 7 . i 6 . 3 i  F o r  f l o a t i n g  i t e m s  t h e  " s i g n i f i c a n t ! s p e c i f i e r *  i f  
p r e s e n t *  g i v e s  a  m i n i m u m  s i z e  o f  t h e  s i g n i f i c a n d  i n  
b i t s - - e x c l u d i n g  t h e  s i g n ,  T h e  " e x r a d 5 s p e c i f i e r »  i f  p r e s e n t *  
g i v e s  a  m i n i m u m  s i z e  b a s e d  o n  a  r a d i x  o f  2 *  o f  e x r a d  i n  
b i t s - « e x c l u a i n g  t h e  s i g n ,  I f  b o t h  " n u m b e r s  a r e  o m i t t e d *  t h e  
d e f a u l t  i s  t h e  s y s t e m - d e p e n d e n t  s i n g l e  P r e c i s i o n ,  I f  t h e  
s y s t e m  c a n  P r o v i d e  a l t e r n a t i v e  f o r m s  f o r  f l o a t i n g  v a i u e s ,  i t  
c h o o s e s  o n e  t o  a c c o m m o d a t e  t h e  s t a t e d  s i z e s  o f  t h e  s i g n i f i c a n d  
a n d  e x r a d ,  i f  i t  c a n n o t  d p  t h i s ,  t h e  - d e c l a r a t i o n  i s  i n  e r r o r ,  

[ J 7 3 : 7  . 1 6  , 4 ]  S i g n e d  a n d  u n s i g n e d  i t e m s  a r e  i n t e g e r .  T h e  
" s i z e s s p e c i f i e r *  i f  p r e s e n t ,  g i v e s  t h e  s i z e  o f  t h e  i t e m  i n  
b i t s - - e x c l u d i n g  t h e  s i g n  f o r  s i g n e d  i t e m s ,  i f  t h i s  " n u m b e r  i s  
o m i t t e d ,  t h e  s i z e  i s  s y s t e m - d e p # n < J e n t - - t h e  s i z e  n o r m a l l y  u s e d  
b y  t h e  c o m p i l e r  f o r  a d d r e s s e s  f a t  l e a s t  t o r  u n s i g n e d  i t e m s ) ,  

i n t e g e r  i t e m s  ( e i t h e r  s i g h e d  o r  u n s i g n e d )  m a y  h a v e  
" s t a t u s i c o n s t a n t s  a s s o c i a t e d  w i t h  s o m e  o t  t h e i r  p o s s i b l e  v a l u e s  
b y  i n c l u d i n g  a  " s t a t u s : l i s t s n a m e  i n  t h e  " i t e m : d e s c r i p t t o n *  T h e  
v a l u e s  g i v e n  t o  e a c h  " s t a t u s ! c o n s t a n t  m u s t  t e e  c o m p a t i b l e  w i t h  
t h e  o t h e r  s p e c i f i c a t i o n s  i n  t h e  " i t e m : d e s c r i p t i o n ,  

2 , 7 , 1 7  " S t a t u s { L i s t  a n d  - S t a t u s ; L l s t { D e c l a r a t i o n  

A  " s t a t u s J l i s t  l i s t s  " s t a t u s { C o n s t a n t s  e a c h  h a y i n g  a  u n i q u e  
v a l u e ,  T h e  " s t a t u s : l i s t  c a n  b e  d e c l a r e d  i n  a  
* s t a t u s { l i s t { d e c i a r a t i o n  f o r  s u b s e q u e n t  r e f e r e n c e  b y  " n a r r e  i n  
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• i t e m j d e s c r i p t i o n s  o c c u r r i n g  w i t h i n  t h e  s c o p e  o f  t h e  
" s t a t u s : l i s t s  d e c l a r a t i o n ,  

( e q u )  

w i t h i n  a  " s t a t u s s l i s t ,  e a c h  " n u m b e r  ( a n d  t h e  s i g n  i f  p r e s e n t !  
p r o v i d e s  a  v a l u e  t o  b e  t h e  m e a n i n g  o f  t h e  f i r s t  
" s t a t u s s c o n s t a n t  f o l l o w i n g  i t .  S e q u e n t i a l  " s t a t u s ' C o n s t a n t s  
t h e n  t a k e  o n  s e q u e n t i a l  v a l u e s ,  u n l e s s  a  n e w  " n u m b e r  ( a n d  
o p t i o n a l  s i g n )  s e t s  a  n e w  v a l u e  f o r  t h e  n e x t  " s t a t u s : c o n s t a n t s ,  
T h e r e  m a y  b e  g a p s  i n  t h e  s e q u e n c e  o f  v a l u e s ,  b u t  t h e  s e q u e n c e  
m u s t  b e  a b s o l u t e l y  i n c r e a s i n g .  T h e  " n u m b e r  i m m e d i a t e l y  
f o l l o w i n g  t h e  " n a m e  m a y  b e  o m i t t e d  - -  g i v i n g  a  s t a r t i n g  v a l u e  
o f  z e r o ,  

T h e  " s t a t u s s l i s t  d e c l a r a t i o n  a s s o c i a t e s  a  " s t a t u s ' l i s t : n a m e  
w i t h  t h e  " s t a t u s  :  l i s t ,  T h e  " s t a t u s : l i s t j n a m e  c a n  p e  r e f e r e n c e d  
w i t h i n  t h e  " i t e m  *  d e c l a r a t i o n  t h e r e b y  a s s o c i a t i n g  t h e  
" s t a t u s  c o n s t a n t s  w i t h  t h e  i t e m ,  T h i s  a l l o w s  s e v e r a l  i t e m s  t o  
b e  d e f i n e d  i n  t e r m s  o f  t h e  s a m e  " s t a t u s : l i s t ,  

A  p a r t i c u l a r  " s t a t u s : c o n s t a n t  m a y  b e  i n  m o r e  t h a n  o n e  l i s t  w i t h  
m o r e  t h a n  o n e  v a l u e ,  b u t  i t  m u s t  n o t  r e o c c u r  i n  a  g i v e n  
• s t a t u s  j l i s t ,  

2 , 7 , 1 8  " S i m p l e { i t e m : D e c i a r a t i o n s  

" S i m P l e J i t e m i d e c l a r a t i o n s  n a m e  a n d  d e s c r i b e  t h o s e  i t e m s  n o t  
a s s o c i a t e d  w i t h  t a b l e s ,  

( e q u )  

[ J 7 3 ! 7 i i 8 « l 3  E a c h  " s i m p l e : i t e m : d e c l a r a t i o n  n a m e s  o n e  i t e m .  
S p a c e  i s  n o r m a l l y  a l l o c a t e d  t o  e a c h  i t e m  i n d e p e n d e n t l y  a s  
r e s e r v e d  d a t a  u n l e s s  m o d i f i e d  b y  t h e  u s e  o f  
" i n d e p e n d e n t : o v e r l a y s  d e c l a r a t i o n s ,  " e n v i r o n m e n t a l : s p e c i f i e r ,  o r  
" a l l o c a t i o n i s p e c i f i e r ,  

U s e  0 f  a n  " e n v i r o n m e n t a l s s p e c i f i e r  p r o v i d e s  t h a t  s t o r a g e  f 0 r  
t h e  i t e m  s h a l l  b e  e n v i r o n m e n t a l  o r  p r i v a t e .  U s ®  o f  a n  
" a l l o c a t i o n i s p e c i f i e r  c a u s e s  c o n t r o l l e d  a l l o c a t i o n  f o r  t h e  
" n a m e d : v a r i a b l e s ,  i f  a  " s i m p l e : i t e m : n a m e  f o l l o w s  t h e  i t  i s  
t a k e n  a s  t h e  i m p l i c i t  p o i n t e r  t o  t h e  i t e m  d e c l a r e d ,  i f  t h e r e  
i s  n o  i m p l i c i t  p o i n t e r ,  e v e r y  r e f e r e n c e  t o  e a c h  i t e m ,  r e q u i r e s  
a n  e x p l i c i t  " p o i n t e r : f o r m u l a ,  

r j 7 3 : 7 , l 8 , 3 ]  o n l y  o n e  i t e m  i s  d e c l a r e d  b y  a  
" s i m p l e i i t e m i d e c l a r e t i o n  i n  L e v e l  I ,  
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C J 7 3 : 7 , 1 8 , 4 ]  T h e  - i t e m . - d e s c r i p t i o n  d i v e s  t h e  t y p e  a n a  s i z e  o t 
t h e  i t e m  d e c l a r e d  i n  t h i s  - d e c l a r a t i o n .  

[ J 7 3 i 7 . i 8 a 5 r  7 . 1 8 . 6 ,  7 . 1 8 , 7 ]  " S i m p l e * i t e m i d e c l a r a t i o n s  c a n n o t  
c o n t a i n  a  " p a c k i n g : s p e c i f i e r  o r  p o s i t i o n i n g  i n f o r m a t i o n  i n  
L e v e l  I ,  N o  p a c k i n g  i s  e m p l o y e d  f o r  s i m p l e  i t e m s ,  

C J 7 3 t 7 . l 8 . 8 3  A  s i n g l e  " c o n s t a n t  m a y  b e  i n c l u d e d  i n  t h e  
" d e c l a r a t i o n  o f  s i m p l e  i t e m s  t h a t  a r e  i n  r e s e r v e ,  i f  t h e  s i z e  
o f  t h e  " c o n s t a n t  i s  l a r g e r  t h a n  t h e  s t a t e d  s i z e  o f  t h e  i t e m ,  
t h e  " c o n s t a n t  i s  t r u n c a t e d  a s  f o r  a s s i g n m e n t  t o  t h e  i t e m *  

2 , 7 , 1 9  " o r d i n a r y :  a n d  " S p e c i f i e d t T a b l e s i t e m s D e d a r a t i o n s  

" O r d i n a r y : t a b l e , i t e m : d e c l a r a t i o n s  a n d  
" s o e e l f i e d t t a b l e : i t e m : d e c l a r a t i o n s  n a m e  a n d  d e s c r i b e  a n  i t e m  
C o r  i t e m s ]  o f  o r d i n a r y  a n d  s p e c i f i e d  t a b l e s ,  f n e  " d e c l a r a t i o n s  
o f  t h e  i t e m s  o c c u r  w i t h i n  t h e  b o d i e s  o f  t h e  c o r r e s p o n d i n g  
• t a b l e { d e c l a r a t i o n s ,  

( e g u )  

T h e s e  d e c l a r a t i o n s  n a m e  a n  i t e m  o f  t h e  t a b l e  c o r r e s p o n d i n g  t o  
t h e  c o n t a i n i n g  " t a b l e j d e c i a r a t i o n .  

I f  c o n t r o l l e d  a l l o c a t i o n  o r  u n u s u a l  p e r m a n e n c e  i s  d e s i r e d  i t  
m u s t  b e  a c c o m p l i s h e d  w i t h i n  t h e  " t a b l e : d e c l a r a t i o n  o r ,  i f  t h e  
t a b l e  i s  c o n t a i n e d  i n  a  d a t a  b l o c k  w i t h i n  t h e  
" d a t a i b l o c k ; d e c l a r a t i o n ,  

T h e  " i t e m : d e s c r i p t i o n  s e r v e s  t h e  s a m e  p u r p o s e  a s  i n  t h e  
" s i m p l e : i t e m : d e c l a r a t i o n !  I t  g i v e s  t h e  t y p e ,  s i z e  a n d  c e r t a i n  
o t h e r  i n f o r m a t i o n  a b o u t  t h e  d e c l a r e d  i t e m s ,  

I n  t h e  " c r d i n a r y s t a b l e i i t e m i d e c l a r a t i o n *  t h e  " p a c k i n g : s p e c i f i e r  
d i r e c t s  t h e  c o m p i l e r  a s  t o  h o w  i t  s h o u l d  P a e *  t h e  i t e m  i n  a h  
e n t r y ?  e i t h e r  n 0  p a c k i n g ,  s o m e  d e g r e e  0 f  m e d i u m  p a c k i n g ,  0 r  
d e n s e  p a c k i n g ,  i f  t h e  - p a c k i n g : s p e c i f i e r  i s  n o t  i n c l u d e d ,  t h e  
- o r d i n a r y : t a b l e : h e a d i n g  p r o v i d e s  t h e  - p a c k i n g : s p e c i f i e r  t o  b e  
u s e d ,  i n  a  - s p e c i f i e a : t a b i e : i t e m : d e c l a r a t l o n »  t h e  
" p a c k i n g : s p e c i f i e r  t e l l s  t h e  c o m p i l e r  h o w  i t  m u s t  a c c e s s  t h i s  
i t e m ,  T h e  d e f a u l t  v a l u e  i s  _ D ,  d e n s e  p a c k i n g ,  

T h e  " b i t : n u m b e r  g i v e s  t h e  p o s i t i o n  o f  t h e  f i r s t  h i t  o f  t h e  i t e m  
i n  a  w o r d  o f  a n  e n t r y ,  N u m o e r i n g  o f  b i t s  s t a r t s  w i t h  z e r o  o n  
t h e  l e f t  a n d  c o u n t s  t o  t h e  r i g h t .  T h e  " w O r d : n u m b e r  t e l l s  t h e  
w o r d  o f  t h e  e n t r y  ( s t a r t i n g  w i t h  z e r o )  i n  w h i c h  t h e  i t e m  
r e s i d e s  o r  b e g i n s ,  
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CJ73:7.19»5] Tight structured tables do not apply in Level I, 

[J73i7,19f63 initial values fay be provided for items by means 
of the "constant J1ist. There must be no attempt to preset 
(i.e.# no "constant:list5 items that are not in reserve. If 
the size of any "constant exceeds the size stated in the 
"item:description/ the "constant is truncated as for assignment 
to the item, "Formal parameter:tables must not be preset, 

2.7.20 "Tab 1e: Declara^ions 

[j73 t 7 ,20) Tables are collections of entries and tne entries 
are themselves collections (possibly empty) of items. Tables 
have size and dimensionality; tney are structured. They may be 
statically allocated at compile time or they may be dynamically 
allocated at run time, The "tablerdeciaration provides the 
means to describe these various traits Of a taole, 

(equ) 

2.7.21 "Allocatlonsincrement 

tJ73:7,21) "Allocation:increment does not apply in Level I. 

2.7.22 "Dimension:List 

xhe "dimension: list of a "table.'declaratlon provides the 
dimensionality of the table and the extent (size or number of 
entries) of the table in each dimension, 

(equ) 

[j7317 ,22 , 1 ] The bounds are enclosed in "bracxets, Absence of 
a "lowerjooUnd (and a "colon) before an "upper-bound means the 
*l0wersb0und has the implied value zer0. Each "lowerjb0und 
pesent and each "upperjbound must be a "number. 

The "lower:bound (or the implied 2ero) and the "uPPersoound in 
each Position dives the range of values for an "index|Cp»Ponent 
in the corresponding position, in subsequent references to 
"variables Of this table» the corresponding component of the 
"index must be within this "range; an out-of-range 
"indexJccmponent is undefined. 

The extent of the table in a particular dimension is 
"upperSbcund + 1 - "lower'bound, The extent of the entire 
table is the product of the extent of each dimension, 

CJ73s7.22.53 "Ail0cati0n'increment d0es not aonly ln Level I, 
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2 . 7 . 2 3  H a r m o n y  o f  " A l l o c a t i o n s  i n c r e m e n t ,  " D i m e n s i o n i L i s t ,  a n d  
" A  1 l o c a t i o n s  s p e c i f i e r  

t J 7 3  s  7  , 2 3 1  T h i s  s e c t i o n  d o e s  n o t .  a p p l y  b e c a u s e  
" a l l o c a t i o n s i n c r e m e n t  d o e s  n o t  a p p l y  i n  L e v e l  I ,  

2 . 7 . 2 4  " S t r u c t u r e s S p e c i f i e r  

[  J 7  3 ! 7 , 2 4 ]  " l a b i e . d e c l a r a t i o n s  e m p l o y  t h e  " s t r u c t u r e • s p e c i f i e r  
t o  d e t e r m i n e  t h e  b a s i c  s t r u c t u r e  o f  t h e  t a b l e .  T h e  b a s i c  
s t r u c t u r e  o f  a  t a b l e  r e f e r s  t o  t h e  a r r a n g e m e n t  o f  t a b l e  e n t r i e s  
i n  t h e  w o r d s  o f  a  c o m p u t e r .  T a b l e s  m a y  h a v e  a  s e r i a l  o r  
p a r a l l e l  s t r u c t u r e ,  

C e q u )  

[ J 7 3 s 7 , 2 4 , l ]  A  „ P  i n d i c a t e s  p a r a ^ e i  s t r u c t u r e .  I n  i t s  
a b s e n c e ,  t h e  t a b l e  s t r u c t u r e  i s  s e r i a l ,  

F © r  s e r i a l  a r > d  p a r a l l e l  t a b l e s  t h e r e  a r e  o n e  o r  m o r e  c o m p u t e r  
w o r d s  f o r  e a c h  e n t r y ,  i n  a  s e r i a l  t a b l e #  a l l  t h e  w o r d s  f o r  a n  
e n t r y  a r e  a l l o c a t e d  c o n t i g u o u s l y  i n  s t o r a g e  o r  m e m o r y ,  i n  a  
p a r a l l e l  t a b l e ,  t h e  f i r s t  w o r d s  o f  a l l  t h e  e n t r i e s  a r e  s t o r e d  
c o n t i g u o u s l y ,  f o l l o w e d  b y  t h e  s e c o n d  w o r d s  o f  a l l  t h e  e n t r i e s ,  
e t c ,  

r j 7 3 8 2 4 , 2 ]  " A l l o c a t i o n ! i n c r e m e n t  d o e s  n o t  a p p l y  i n  L e v e l  i ,  

[ j 7 3 : 7 , 2 4 , 3 ,  7 , 2 4 , 4 ]  a  t i g h t  s t r u c t u r e  t a b l e  d o e s  n o t  a p p l y  i n  
L e v e l  I ,  

C J 7 3 8 7 . 2 4 . 6 ]  F 0 r  a n y  t a b l e ,  a  p a r a l l e l  s t r u c t u r e  a p p l i e s  t 0  
a l l  e n t r i e s  o f  t h e  t a b l e ,  

[ J 7  3  8  7  ,  2 4  ,  7 ]  A  t i g h t  s t r u c t u r e  t a b l e  d o e s  n o t  a p p l y  i n  L e v e l  
I ,  

2 . 7 . 2 5  " O r d i n a r y  8  T a b l e  8  D e c l a r a t i o n  

( e q u )  

A "  o r d i n a r y  t a b l e  i s  o n e  f o r  w h i c h  t h e  c o m p i l e r  d e t e r m i n e s  t h e  
s i z e  a n d  c o m p o s i t i o n  o f  a n  e n t r y  b a s e d  u p o n  t h e  i n f o r m a t i o n  i n  
i t s  " d e c l a r a t i o n ,  

2 . 7 . 2 6  • o r d i n a r y l T a b l e j H e a d i n g  

T h e  " o r d i n a r y } t a b l e j h e a d i n g  C o n t a i n s  i n f o r m a t i o n  n e c e s s a r y  t o  
d e s c r i b e  a n d  n a m e  a n  o r d i n a r y  t a b l e ,  

1 7  
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(equ) 

If the table i s  to be independently, dynamically allocated, the 
"allocaticnispecifier must be present, if the permanence of 
the table is to be restricted to private, the 
•environrr«ntai J s p e cifier must be present, if neltner an 
"aliocationsspecifier nor an "environmental:specifler is 
present, the table has fixed allocation and is in reserve, If 
the table Is to be collected within a data block, there must be 
no "allocation specifier or "environmental{specifier in the 
"ordinaryJtaplejdeclaration, The desired effect m ust be 
achieved at the data block level via the 
"data:blccx:declaration, 

tJ73J26,33 "Allocation:increment does not apply in Level I. 

The "dimension:list gives the number of dimensions of the table 
as well as the size of the table in each dimension. 

The "structure5speclfier marks the table as bei^g 0f serial or 
parallel structure. Serial is the default structure; parallel 
is obtained by scripting P , 

[J73:7,26,6] The "packing:specifier allows the table to be 
designated for dense, medium, or no packing. This occurrence 
of the "packing:specifier serves as a default value for 
"itemjdeclarations of this table that do not contain their own. 
The overall default backing specification is "no packing". 

An "itemjdescription can be olven to apply to the "tablejname. 
Its effect is the same as if it w ere the description of a 
single item contained in the table, If the "item:description 
occurs the ~ordinary:table:declaration omits the 
"ordinaryJtableibody# and the *table:name may be used as a 
"table:variable, if this "item:descrlot ion is missing# such a 
reference means a  reference to an "entry:variable of type 
"bit", 

A " constant I l i st may be used to give initial Values to some or 
all of the entries of a table in reserve. This "constant;list 
is i ndepe nde nt 0f the 0ccurre nce 0f an "ite^;descrlpti o n  l n  the 
-ordinary:tablejheadino, The programmer must avoid conflicts 
with "constant:lists in the "ordinary:table:oody, 

2,7,27 "Drdin ary:TabiejB 0dy 

The "ordinary:table:bOdy follows the "ordinary:table:heabina if 
that heading did not include an "ltemjdescription, The 
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• o r d i n a r V .  t a b l e  { b o d y  l i s t s  t h o s e  " i t e m s d e c l a r a t i o n s  w h i c h  m a k e  
u p  a n  e n t r y  o f  t h e  t a b l e ,  

( e q u )  

T h e  " o r d i n a r y { t a b l e i b o d y  m a y  c o n s i s t  o f  o n l y  a  
" n u l l  5  d e c l a r a t i o n ,  T h e  " n u l l : d e c l a r a t i o n  i n d i c a t e s  t h a t  n o  
n a m e d  i t e m s  e x i s t ,  f o r  t h e  t a b l e .  A n  e n t r y  s i z e  o f  o n e  w o r d  i s  
a s s i g n e d  t h e  t a b l e .  T h e  " o r d i n a r y ! t a b l e : U e m i d e c l a r a t i o n  w a s  
d i s c u s s e d  i n  s e c t i o n  2 , 7 , l g ,  

C J 7 3 S 7 . 2 7 . 4 J  " S u b o r d i n a t e j o v e r l a y ; d e c l a r a t i o n  d o e s  n o t  a p p l y  
i n  L e v e l  I ,  

2 . 7 . 2 8  " S u b o r d i n a t e ? o v e r l a y ' D e c l a r a t i o n  

C J 7 3 ? 7 , 2 8 ]  " s u b o r d i n a t e ? o v e r  l a y ? d e c l a r a t i o n  d o e s  n o t  a p p l y  i n  
L e v e l  I ,  

2 . 7 . 2 9  " S p e c i f i e d s T a b l e t o e c l a r a t i o n  

A  * s p t e l f i e d | t a b i e » d e c i a r a t i o n  c o n s i s t s  o f  a  
• s p e c i f i t d | t a b i e i h e a d i n 9  u s u a l l y  f o l l o w e d  b y  a  
" s p e c i f l e d { t a b l e | b 0 d y ,  

C e q u )  

t J 7 3 ; 7 , 2 9 , l ]  A  s p e c i f i e d  t a b ; e  i s  o n e  f o r  w h i c h  t h e  e n t r y  i s  
c o m p l e t e l y  d e s c r i b e d  b y  t h e  u s e r .  E n t r y  s p e c i f i c a t i o n  i s  
p e r f o r m e d  b y  t h e  c o n t e n t s  o f  b o t h  t h e  " s p e c i f l e d ; t a b l e s h e a d i n g  
a n d  t h e  " s p e c i f i e d  ;  t a b l e s b o d y .  

2 . 7 . 3 0  " s p e c i f i e d : T a b l e i H e a d i n g  

T h e  " s p e c i f i e d ? t a b l e ? h e a d i n g  c o n t a i n s  i n f o r m a t i o n  n e c e s s a r y  t o  
n a ^ e  a  s p e c i f i e d  t a b l e  a n d  d e s c r i b e  i t s  e n t r y  m a * e u p ,  

C e q u )  

E v e r y  t a b l e  m u s t  b e  n a j » e d t  T h e  " n a m ®  b e c o m e s  a  " t a b i e { n a m e ,  

T h e  " e n v i r o n m e n t a l ? s p e c i f i e r #  " a l l o c a t i o n ? s p e c i f i « r .  
" d i m e n s i o n ? l i s t ,  " s t r u c t u r e ? s p e c i f i e r ,  a n d  " c o n s t a n t j l i s t  a l l  
f u n c t i o n  i n  t h e  s a m e  w a y  a s  i n  t h e  " o r d i n a r y : t a b i e { h e a d i n g ,  

C j 7 3  :  3 0  , 2 ]  " A l l o c a t i o n ? i n c r e m e n t  d o e s  n o t  a p p l y  i n  L e v e i  i ,  

[ j 7 3 : 7 , 3 0 , 3 ]  T h e  s i z e  o f  a n  e n t r y  o f  a  s p e c i f i e d  t a b l e  i s  
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d e s c r i b e d  b y  a  " n u m b e r ,  T h i s  " n u m b e r #  t h e  " w o r d s :  p e r  ' •  e n t r y  #  
t e l l s  h o w  m a n y  c o m p u t e r  w o r d s  a r e  o c c u p i e d  b y  e a c h  e n t r y ,  

C  « J  7  3  •  7  , 3 0 , 4 ]  T i g h t  s t r u c t u r e d  t a b l e s  d o  n o t  a p p l y  i n  L e v e l  I ,  

A n  i t e m  o f  t h e  s a m e  " n a m e  a s  t h e  t a b l e  c a n  b e  d e c l a r e d  w i t h i n  
t h e  " s p e c i f  l e d : t a b l e  s h e a d i n g  b y  " i t e m : d e s c r i p t i o n ,  o p t i o n a l  
" p a c i c i n Q :  s p e c i f  i e r ,  a n d  l o c a t i o n  i n f o r m a t i o n .  T h e  v a r i o u s  
c o m p o n e n t s  d e c l a r i n g  t h e  i t e m  f u n c t i o n  i n  t h e  s a m e  w a y  a s  i n  
t h e  " s p e c i f  l a d  j t a b l e : i t e m : d e c l a r a t i o n ,  i f  a n  i t e m  i s  d e c l a r e d  
b y  t h e  " s p e c i f i e d : t a b l e ? h e a d i n g  t h e n  t h e  " t a b l e : d e c l a r a t i o n  i s  
j u d g e d  c o m p l e t e  a n d  t h e r e  c a n  b e  n o  a c c o m p a n y i n g  
" s p e c i f l e d : t a b l e : b o a y .  I f  t h e  i t e m  i s  d e c l a r e d ,  t h e n  t h e  
" t a b l e s n a m e  c a n  b e  u s e d  a s  a  " t a b l e : v a r i a b l e j  o t h e r w i s e ,  s u c h  a  
r e f e r e n c e  m e a n s  a  r e f e r e n c e  t o  a n  " e n t r y : v a r i a b l e ,  

2 , 7 , 3 1  " s p e c i f i e d : T a b l e : B O d y  

T h e  " s p e c i f i e d : t a b l e : b o d y  f o l l o w s  " s o e c i f l e d : t a b l e : h e a d i n g s  
t h a t  d o  r o t  d e c l a r e  i t e m s ,  I t  d e c l a r e s  t h o s e  i t e m s  w h i c h  m a k e  
u p  a n  e n t r y  o f  t h e  n a m e d  s p e c i f i e d  t a b l e ,  

( e a u )  

T h e  " s p e c i f i e d j t a c i e : b o d y  c a n  c o n s i s t  o f  a  s i n g l e  
" n u l l d e c l a r a t i o n ,  a  s i n g l e  " s p e c i f i e d : t a b i e : l t e m : d e c l a r a t i o n ,  
o r  s e v e r a l  s u c h  c o l l e c t e d  a s  a  c o m p o u n d  " d e c l a r a t i o n .  
R e g a r d l e s s  o f  p o s i t i o n i n g  i n f o r m a t i o n  i n  t h e  
" s p e c i f l e d : t a c i e s b o d y ,  t h e  e n t r y  s i z e  i s  t a k e n  f r o m  t h e  
d e c l a r e d  s i z e  i n  t h e  " s p e c i £ i e d : t a b l e : h e a d i n g .  

[ J 7 3 i 7 . 3 1 . l 3  * S u b o r d i n a t e : o v e r i a y : d e c l a r a t i o n  d o e s  n o t  a p p l y  i n  
L e v e l  I .  

( e q u )  

t J 7 3 J 7 . 3 1 . 3 3  T p e  " i t e m : d e s c r i P t i o n  a ^ v e s  t p e  t y p e ,  s i z e  a n d  
p r e c i s i o n  o f  t h e  i t e m ,  T h e  " p a c k i n g : s p e c i f i e r  t e l l s  h o w  t h e  
i t e m  l s  t o  b e  a c c e s s e d  a n d  d e f a u l t s  t o  d e n s e .  T h e  " b i t J h u m b e r  
a n d  " w o r d J n u m o e r  l o c a t e  t h e  i t e m  w i t h i n  a m  e n t r y  o f  t h e  t a b l e ,  
T h e  " c o n s t a n t : l i s t  c a n  p r o v i d e  i n i t i a l  v a l u e s  f o r  t h e  i t e m  i f  
t h e  t a b i e  i s  l n  r e s e r v e ,  

T h e  p o s i t i o n i n g  i n f o r m a t i o n  f o r  a n  i t e m  c a n  b e  i n c o m p a t i b l e  
w i t h  t h e  e n t r y  s i z e  a s  s p e c i f i e d  i n  t h e  
" s p e c i f i e d f t a b i e i h e a d l n Q ,  T o  w h a t  e x t e n t  t h i s  c a n  h a v e  a n y  
m e a n i n g  i s  s y s t e m ,  d e p e n d e n t ,  

2 , 7 , 3 2  " D a t a j B i 0 c k : D e c i a r a t i o n  

2 0  
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A  d a t a  b l o c *  i s  a  c o n v e n i e n t  s t r u c t u r e  f o r  g r o u p i n g  a n d  
a l l o c a t i n g  s i m p l e  i t e m s ,  t a b l e s  a n d  o t h e r  d a t a  b l o c k s ,  

( e q u )  

T h e  * e n V i r o n i r . e n t a i s s p e c i f i e r  a n d  " a l l o c a t i o n ! s p e c i f i e r  f u n c t i o n  
t h e  s a m e  a s  i n  o t h e r  " d a t a { d e c l a r a t i o n s .  I f  n e i t h e r  i s  
p r e s e n t ,  t h e  d a t a  b l o c k  i s  e n v i r o n m e n t a l  t o  t h e  p r o g r a m  a n d  i n  
r e s e r v e .  T h e  " e n v i r o n m e n t a l s s p e c i f i e r  c a n  m a k e  t h e  d a t a  b l o c k  
l e s s  p e r m a n e n t  b y  d e c l a r i n g  i t  t o  b e  p r i v a t e  t o  t h e  p r o c e d u r e .  
T h e  " a l l o c a t i o n ! s p e c  i f i e r  c a n  p r o v i d e  c o n t r o l l e d  a v o c a t i o n  f o r  
t h e  d a t a  b l o c k ,  

C J 7 3 ! 7 , 3 2 , 2 ]  C o n t r o l l e d  a l l o c a t i o n  a n d  r e s t r i c t e d  p e r m a n e n c e  
m u s t  b e  m a d e  c o l l e c t i v e l y  f o r  t h e  d a t a  b l o c k  a s  a  w h o l e .  

T h e  i t e m s #  t a b l e s  a n d  d a t a  b l o c k s  d e c l a r e d  w i t h i n  t h i s  
" d a t a i b l c c k i d e c l a r a t i o n  m a k e  u p  t h e  a s s o c i a t e d  d a t a  b l o c k ,  
u n l e s s  o t h e r w i s e  d i r e c t e d  b y  a n  
" i n d e p e n d e n t ! o v e r i a y t d e c i a r a t i o n #  t h e  c o m p i l e r  a l l o c a t e s  s p a c e  
i n  a  m a n n e r  i t  c o n s i d e r s  c o n v e n i e n t  a n d  e f f i c i e n t .  I n  a l l  
c a s e s ,  a l l o c a t i o n  o f  a l l  e l e m e n t s  i s  f i x e d  a n d  c o n t i g u o u s .  
R e f e r e n c e  t o  a n  e l e m e n t  w i t h i n  a  c o n t r o l l e d  a l l o c a t i o n  d a t a  
b l o c k  c a u s e s  i t s  r e l a t i v e  p o s i t i o n  w i t h i n  t h e  d a t a  b l o c k  t o  b e  
a d d e d  t o  t h e  v a l u e  o f  t h e  d a t a  b l o c k  p o i n t e r  e f f e c t i v e  a t  t h e  
p o i n t  o f  r e f e r e n c e ,  

" I n d e p e n d e n t t o v e r l a y s d e c i a r a t i o n s  w i t h i n  t h e  
" d a t a l b l o c k ! d e c l a r a t i o n  a r r a n g e  t h e  n a m e d  d a t a  s t r u c t u r e s  o f  
t h e  d a t a  b i o c k ,  A n  " o v e r l y j d e c l a r a t i o n  w i t h i n  a  
" d a t a i b l o c k i d e c l a r a t i o n  i s  r e s t r i c t e d  t o  a r r a n g i n g  e l e m e n t s  
d e c l a r e d  w i t h i n  t h e  d a t a  b l o c k ,  

2 , 7 , 3 3  " I n d e p e n Q e n t ! O v e r l a y { D e c l a r a t i o n  

T h e  " i n d e p e n d e n t i o y e r  l a y ! d e c l a r a t i o n  i s  u s e d  t o  s p e c i f y  t h e  
r e l a t i v e  a l l o c a t i o n  o f  d a t a  w i t h i n  a  d a t a  b l o c k  o r  i n  f i x e d  
a l l o c a t i o n  s t o r a g e  o r  t o  s p e c i f y  t h e  a l l o c a t i o n  o f  d a t a  t o  
" a b s o l u t e  l o c a t I o n $ , «  j h e  m e a n i n g  o f  a h  " a b s o l u t e  l o c a t i o n "  i s  
s y s t e m  d e p e n d e n t ,  

( e q u )  

T h e  m a t e r i a l i z a t i o n  i n  s t o r a g e  o f  d a t a  s t r u c t u r e s  r e f e r e n c e d  b y  
t h e  " i n d e p e n d e n t j o v e r l a y i ^ e c i a r a t i o n  g i v e  r i s e  t o  o v e r l a y  
s t r u c t u r e s  k n o w n  b y  s i m i l a r  w o r d s  i n  E n g l i s h ,  T h u s ,  w e  h a v e  
o v e r l a y  e l e m e n t  f o r  " i n J e p e n d e n t i o v e r i a y s e i e m e n t ,  o v e r l a y  
s t r i n g  f o r  " i n d e p e n d e n t i o v e r l a y { s t r i n g ,  a n d  o v e r l a y  e x p r e s s i o n  
f o r  " i n d e p e n d e n t ! o v e r l a y { e x p r e s s i o n ,  
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An overlay element has a length treasured in words. An overlay 
element that is referenced as a "datalblock:nam®, "tableiname, 
or "simpie:ltem:name has the length of the associated data 
structure, A "spacer defines an overlay structure that is pure 
length treasured as the number of words equal to the value of 
the "spacer, There is no data structure associated with a 
-spacer. An overlay element designated as an 
"independent{overlay{expression in "parentheses has the same 
length as the associated overlay expression. 

The overlay element specified following a "comma is allocated 
storage space immediately following that allocated the overlay 
element specified preceding the same "comma. For overlay 
elements specified by "spacers# space is left in the allocation 
process equal to the length exoressed by the "spacer, An 
overlay string has lengtn equal to the sum of tne lengths of 
the overlay elements. 

The overlay structures specified by two or more 
"indepencent:overlaysstrings connected with "colons are 
allocated storage space so that they begin with the same word. 
Thus# the length of an overlay expression is the length of the 
longest overlay string it contains, 

A compoci datum mentioned in an 
•independentjoverlay!declaration fixes the locations of all 
data mentioned in the same "in<Jependentiqverlay:declaration# 
The optional "number or "patterniconstant in "brackets fixes 
(by whatever meaning the system ascribes to such a "number) the 
location of the first overlay element# and tnerefore of all 
overlay elements# of the "independent5overlaySeXpression, If 
any datum mentioned in an "independentioverlay:declaration is 
aiso mentloned ln an eariier "in<jenenoenti0veriay?deciaration, 
the previously allocated location fixes the location of all 
overlay elements of tne current 
"independentjoverlay{expression, it is the responsibility of 
the programmer to avoid contradictions due to the presence of 
the same datum in different "overlayideclarations, 

The entire set of structures related by an 
"independent;Overlay:statement, in effect# form a data block, 
None of the related data structures can be declared to be 
pointed-to, 

All the structures °f ah effective data block must be at the 
same level of permanenee? i.e.# they must all be in reserve or 
all at the privacy level of a single procedure 0r program# If 
the effective data block is to be private to some scope# at 
least one of the overlay elements must be declared to be 
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private to toe selected scope. None may be declared to be 
pointed to. None may have a contradictory 
"environmental«specifier, 

Each "independentsoverlaysdeclaration must occur within a 
"programtdeclaration Or "proceduresdeclaration such that all 
the data elements it mentions are local or outer, but never of 
an inner or disjoint scope, An 
•independenttoverlayMeclaration occurring in a 
•datalblocKldeelaration is restricted to arranging data 
elements declared therein, 

2,7,34 "DefinejDeciarati0n 

The "define:declaration provides the means to manipulate the 
source program at compile time, 

(equ) 

Any reference to the "defme:name beyond the terminating 
semicolon, within the scope of the "deflnejdeciaration, is 
known as a "definition?invocation and the "definition is 
substituted"for the "definemarne, 

A "comment is not permitted between the "deflnesname and the 
"definition, 

A sihgle *auotation:mari< is not permitted within a "definition? 
each "guctationsmarK desired in the "definition should be 
scripted as tw0 adjacent *captation*mar^s, which upon 
•definitionsinvocation, will be substituted as one 
•quotationimarlc. 

The use c£ a singie "exclamation:p0int within a *de£inition is 
restricted to the identification of a "formal!define?parameter, 
However, in a way similar to that for •quotation:marks, each 
desired "exciamationspolnt that does not identify a 
•formal 5 define{Parameter should be scripted as t#o. At 
invocation, strings of "exciafflation!Points are haived as they 
are copied, 

"Define!names have scope* The rules are, as much as possible, 
the same as for all other declared "names* "Definesnames are 
not permitted in a "procedureideclaration between the 
•primitive -PFOC and the first terminating "semicolon, The 
•namesdeclaration is provided to allow an inner scope 
"statement»name to duplicate the spelling of an outer scope 
•definelname and still be treated as a "declaration of a new 
local "statementtname. 
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A  " d e f i n e : i n v o c a t i o n  w i l l  n o t  b e  r e c o g n i z e d  w h e r e  t h e  " n a m e s  
b e i n g  d e c l a r e d  a r e  g i v e n  i n  a  * d a t a : d e c l a r a t i o n ,  

A  " d e f i n i t i o n : i n v o c a t i o n  c a u s e s  t h e  " d e f i n i t i o n  t o  b e  
s u b s t i t u t e d  f o r  t h e  " d e f i n i t i o n : i n v o c a t i o n  i n  t h e  s o u r c e  c o d e  
o f  t h e  * p r o g r a m : d e c l a r a t i o n ,  

C e a u )  

C J 7 3 S 7 . 3 4 . l l l  " D e f i n i t i o n  m e a n s  t h e  s a m e  h e r e  a s  i t  d o e s  i n  a  
" d e f i n e : d e c l a r a t i o n ,  T h e  b r a c k e t i n g  " q u o t a t i o n : m a r k s  a r e  
o p t i o n a l  u n l e s s  t h e  " d e f i n i t i o n  c o n t a i n s  o n e  o r  m o r e  " c o m m a s  o r  
" r i g h t  i p a r e n t h e s e s  o r  t h e  r e p r e s e n t a t i o n  o f  a  " q U o t a t i o n : m a r k :  
t h e n ,  t h e y  a r e  m a n d a t o r y .  I f  t h e  b r a c k e t i n g  " q U o t a t i o n : m a r k s  
a r e  o m i t t e d ,  t h e  " d e f i n i t i o n  c o n s i s t s  o f  t h o s e  c h a r a c t e r s  
b e g i n n i n g  w i t h  t h e  f i r s t  n o n - b l a n k  c h a r a c t e r  a n d  e n d i n g  a t ,  b u t  
n o t  i n c l u d i n g ,  t h e  f i r s t  " c o m m a  o r  " r i g h t : p a r e n t h e s i s ,  
E x c l a m a t i o n  p o i n t s  a r e  t r e a t e d  a s  a n y  o t h e r  c h a r a c t e r  i n  
" a c t u a l ; d e f i n e : p a r a m e t e r s .  

A  " d e f i n i t i o n : i n v o c a t i o n  m a y  r e f e r  t o  " d e f i n i t i o n s  e x i s t i n g  
e x t e r n a l  t o  t h e  c u r r e n t  p r o g r a m ,  A l l  s u c h  e x t e r n a l  
" d e f  I n e  p a m e s  m u s t  b e  i n t r o d u c e d  t o  t h e  p r o g r a m  b y  t h e  
" c o m p o o l :  d i r e c t i v e ,  A  " d e f i n e t n a m e  i s  n o t  c o n s i d e r e d  t o  o e  a  
" d e f i n i t i o n : i n v o c a t i o n  w h e r e  i t  o c c u r s  a s  p a r t  o f  a n o t h e r  
" s y m b o l  s u c h  a s  a  " c o m m e n t ,  " c h a r a c t e r : c o n s t a n t  o r  " n a m e ,  A  
" d e f i n i t i o n : i n v o c a t i o n  m a y  o c c u r  i n  a n o t h e r  " d e f i n i t i o n  e v e n  
b e f o r e  i t s  o w n  " d e f i n e : d e c l a r a t i o n :  h o w e v e r ,  i t  i s  n o t  
r e c 0 g n i z e d  a s  a  " d e f i n i t i o n : i n v o c a t i o n  e x c e p t  w h e n  t h e  
e n c o m p a s s i n g  " d e f i n i t i o n  i s  i n v o k e d  a n d  t h e  s u b s t i t u t e d  s t r i n g  
o f  " s y m b o l s  i s  e x a m i n e d  a s  s o u r c e  c o d e .  T h e n  t h e  e m b e d d e d  
" d e f i n i t i o n : i n v o c a t i o n  i n v o k e s  i t s  o w n  " d e f i n i t i o n .  C i r c u l a r  
o r  r e c u r s i v e  " d e f i n i t i o n s  a r e  n o t  p e r m i t t e d ,  

W h e n  a  " d e f i n i t i 0 n : i n v o c a t i o n  o c c u r s ,  t h e  a s s o c i a t e d  
" d e f i n i t i o n  i s  s u b s t i t u t e d ,  i f  t h e  " d e f i n i t i o n  c o n t a i n s  
s e q u e n c e s  o f  t w o  o p  m o r e  " q u o t a t i o n : m a r k s  o r  t w o  o r  m o r e  
" e x c l a m a t i o n t p o m t s  i n  j u x t a p o s i t i o n ,  o n e  " m a r k  i s  d e l e t e d  f r o m  
e a c h  p a i r  o f  s u c h  " m a r k s  d u r i n g  s u b s t i t u t i o n ,  A  
" d e f i n i t i o n : i n v o c a t i o n  m u s t  n o t  b e  u s e d  t o  c r e a t e  " s y m p o l s  b y  
j u x t a p o s i n g  t h e  " d e f i n i t i o n  w i t h  t h e  " s y m b o l s  p r e c e d i n g  o r  
f o l l o w i n g  t h e  i n v o k i n g  " d e f i n e : n a m e ,  

w i t h i n  a  l i s t  o f  " f o r m a l » d e f i n e { p a r a m e t e r s ,  a  " l e t t e r  m a y  o c c u r  
o n l y  o n c e ,  A  c o r r e s p o n d e n c e  i s  e s t a b l i s h e d  o e t w e e n  t h e  
" a c t u a l : d e f i n e p a r a m e t e r s  o f  a  " d e f i n i t i o n : i n v o c a t i o n  a n d  t h e s e  
" f o r m a l  I  d e f i n e j p a r a m e t e r s ,  o c c u r r e n c e  o f  t h e  - l e t e r s  a s  
• p a r a m e t e r s  i n  t h e  " d e f i n i t i o n  m u s t  b e  p r e c e d e d  b v  a n  
* e x C l a m a t i o n : P o i n t  t o  i n d i c a t e  w h e r e  t n e  c o r r e s p o n d i n g  
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" a c t u a l s d e f i n e i p a r a m e t e r s  a r e  t o  b e  i n s e r t e d  i n  t h e  
" d e f i n i t i o n ,  

S u b s t i t u t i o n  o f  t h e  " a c t u a l { d e f i n e { p a r a m e t e r  f o r  t h e  
* £ o r m a l S d e f i n e : p a r a r c e t e r  n e i t h e r  r e m o v e s  n o r  a d d s  s i g n i f i c a n t  
" s p a c e s  t h a t  m a y  l e a d  o r  t r a i l  t h e  " f o r m a i { a e £ i n e : p a r a m e t e r  s o  
t h a t  j u x t a p o s i t i o n  o f  o t h e r  " s i g n s  i n  t h e  " d e f i n i t i o n  w i t h  t h e  
s u b s t i t u t e d  * a c t u a l { d e f i n e » p a r a m e t e r  c a n  c r e a t e  " s y m b o l s  f r o m  
t h e  c o m b i n a t i o n ,  

W h e n  a  * d e f i n e • d e c l a r a t i o n  c 0 n t a i n s  a  l i s t  0 f  
" f O r m a U c e f i n e : p a r a m e t e r s ,  i t  i s  i n v o k e d  b y  u s i n g  a  
" d e f i n i t i o n : i n v o c a t i o n  w h i c h  i n c l u d e s  
" a c t u a l s d e f i n e s p a r a m e t e r s •  T h e  " d e f i n i t i o n s  i n  t h e  l i s t  o f  
" a c t u a i i d e f l n e i p a r a m e t e r s  a r e  m a t c h e d  w i t h  t h e  " l e t t e r s  i n  t h e  
" l i s t  o f  " f o r m a i : d e f i h e s p a r a m e t e r s .  T h e r e  m u s t .  n o t  b e  m o r e  
" a c t u a l J d e f i n e 5 p a r a m e t e r s  t h a n  t h e r e  a r e  
" f o r m a l : d e f i n e { p a r a m e t e r s ,  " C o m m a s  m u s t  b e  u s e d  a s  n e e d e d  t o  
i n d i c a t e  m i s s i n g  " a c t u a l  J  d e f i n e { p a r a m e t e r s  w h e r e  t h e  t e m p o r a r y  
" d e f i n i t i o n  o f  t h e  c o r r e s p o n d i n g  " f o r m a l t d e f i n e S p a r a r r i e t e r  i s  t o  
b e  a  n u l l  s t r i n g .  I f  t h e  " d e f i n e : d e c l a r a t i o n  i s  p a r a m e t e r i z e d ,  
a n y  c o r r e s p o n d i n g  " d e f i n i t i o n { i n v o c a t i o n  m u s t  i n c l u d e  t h e  
" p a r e n t h e s e s  t  

2 , 7 , 3 5  * N a m e { U e c i a r a t i o n  

C J 7 3 { 7 , 3 5 J  T h e  " n a m e : d e c l a r a t i o n  i s  a  s c 0 p i n g  m e c h a n l s m ,  I t  
p r o v i d e s  t h e  m e a n s  o f  c l a r i f y i n g  t h e  i n t e n d e d  s c o p e  f o r  
" p r o c e d u r e { n a m e s  a n d  " s t a t e m e n t { n a m e s ,  

C e q u )  

T h e  " n a m e { d e c l a r a t i o n  c a n  o c c u r  i n  a n y  s c o p e ,  i n  t h e  m a i n  
s c o p e ,  i t  o c c u r s  a s  a  p a r t  o f  a n  " e x t e r n a l : d e c l a r a t i o n  t o  
d e s i g n a t e  t h a t  " s t a t e m e n t x n a m e s  e i t h e r  r e f e r e n c e d  o r  d e c l a r e d  
i n  t h e  c u r r e n t  p r o a r a m  a r e  o f  e x t e r n a l  s c o p e ,  

[ J ? 3  :  7 , 3 5  , 2 ]  I n  a n  i n n e r  s c o p e ,  t h e  " n a m e : d e c l a r a t i o n  r e s o l v e s  
a n y  p o s s i b l e  c o n f l i c t s  b e t w e e n  l o c a l  " s t a t e m e n t : n a m e s  a n d  o u t e r  
s c o p e  " d e f i n e { n a m e s ,  S i n c e  t n e  " d e c l a r a t i o n  o f  l o c a l  
- s t a t « r o e n t { n a m e s  a r e  n o t  i n t r o d u c e d  b y  d e f i n i n g  " p r i m i t i v e s  a n d  
" s t a t e m e n t { n a m e s  c a n  b e  r e f e r e n c e d  b e f o r e  t h e y  a r e  d e c l a r e d ,  i t  
i s  n e c e s s a r y  t o  b e  a b l e  t o  m a k e  a  d i s t i n c t i o n  b e t w e e n  t h i s  u s e  
o f  a  " n a m e  a n d  t h e  i n v o c a t i o n  o f  a n  o u t e r - s c o p e  " d e f i n i t i o n  
w i t h  a  s i m i l a r l y  s p e l l e d  " d e f i n e { n a m e ,  t o  a v o i d  s u c h  
c o n f l i c t s ,  " s t a t e m e n t : n a m e s  c a n  b e  l i s t e d  i n  a  
" n a m e ; d e c l a r a t i o n .  
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2 , 8  P R O G R A M S #  P R O C E D U R E S ,  A N D  F U N C T I O N S  

2 . 8 . 1  I n t r o d u c t i o n  

" P r o c e s s i n g t d e c l a r a t i o n s ,  d e c l a r e  p r o g r a m s #  p r o c e d u r e s #  a n d  
f u n c t i o n s  c o n t a i n i n g  b o t h  " d e c l a r a t i o n s  a n d  " s t a t e m e n t s .  

C J 7 3 S 8 . i l  * F 0 r m j d e c l a r a t i o n  d c e s  n o t  a p p l y  i n  L e v e l  I ,  

2 . 8 . 2  " P r o c e s s i n g : D e c l a r a t i o n s  

P r o g r a m s ,  p r o c e d u r e s ,  a n d  f u n c t i o n s  a r e  e s t a b l i s h e d  b y  a  c l a s s  
o f  " d e c l a r a t i o n s  c a l l e d  " p r o c e s s i n g : d e c l a r a t i o n s ,  

( e q u )  

" P r o c e s s i n g i d e c l a r a t i o n s  a r e  a  m a j o r  m e a n s  o f  d e f i n i n g  s c o p e ,  
A  " p r o g r a m : a e c i a r a t i o n  d e f i n e s  m a i n  s c o p e  a n d  
" p r o c e d u r e : d e c i a r a t i o n s  w i t h i n  " p r o g r a m : d e c l a r a t i o n s  d e f i n e  
p r o c e d u r e  s c o P e ,  

[ j 7 3 : 8 , 2 , 2 J  " A l t e r n a t e s e n t r a n e e : d e c l a r a t i o n  d o e s  n o t  a p p l y  i n  
L e v e l  I ,  

2 . 8 . 3  " P r o g r a m  d e c l a r a t i o n  

" P r o g r a m : d e c l a r a t i o n s  d e c l a r e  i n d e p e n d e n t  a n d  d e p e n d e n t  
p r o g r a m s ,  A  d e p e n d e n t  p r o g r a m  i s  g e n e r a l l y  c o m p i l e d  
i n d e p e n d e n t l y  b u t  i n t e n d e d  t o  b e  u t i l i z e d  a s  a  p r o c e d u r e  t o  b e  
e x e c u t e d  w h e n  c a l l e d  b y  a n o t h e r  p r o g r a m ,  

( e q u )  

I *  a n y  n a m ® 5  * r o m  a  C o m P o o i  a r e  r e f e r e n c e d  j _ n  t h e  p r o g r a m #  o n ®  
o r  m o r e  " c o m p o o l s d i r e c t i v e s  m u s t  p r e c e d e  e i t n e r  o f  t h e  
i n t r o d u c t o r y  " p r i m i t i v e s  P R O G R A M  o r  P R O C ,  o t h e r  " d i r e c t i v e s  
m a y  a l s o  a p p e a r  a t  t h i s  p o i n t .  

T h e  a r b i t r a r y  s t r i n g  o f  " c h a r a c t e r s  f o l l o w i n g  t h e  " p r o g r a m : n a m e  
a l l o w s  f o r  t h e  i m p l e m e n t a t i o n - s p e c i f i c  e x p r e s s i o n  o f  a n y  
r e q u i r e d  s y s t e m  p a r a m e t e r  t y p e  i n f o r m a t i o n ,  

2 . 8 . 4  " p r o c e d u r e j Q e c i a r a t l o n  

A  " p r o c e d u r e j d e c i a r a t i o n  i s  a  c l o s e d  b o d y  o f  c o d e ,  A  p r o c e d u r e  
i s  i n v o k e d  b y  " n a m e  i n  e x P l i c i t  " p r o c e d u r e : c a l l : s t a t e m e n t s  a n d  
n e v e r  o p e r a t e s  a s  a  r e s u l t  o f  n o r m a l  s e q u e n t i a l  o p e r a t i o n  o f  
" s t a t e m e n t s ,  i n h e r e n t  i n  t h e  n a t u r e  o f  p r o c e d u r e s  i s  t h e  

2 
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transmittal of •parameters and the automatic return of control 
to the point following the invocation. 

Cequ) 

[J73:8,4„l] The "procedure sheading names a procedure, 
determines the form for proper invocations of tne procedure, 
and controls the allocation of data. The "procedure;oody is 
made UP of tne "statements and •declarations which give rise to 
the instruction set of the procedure and its local environment. 

tJ7 3 t 8,4 ,2] The "procedure;declaration is used to declare both 
orocedures and functions, The declaration of a procedure may 
specify •formal;output{parameters while that of a function must 
not. The "Proceduresheading for a function# however# must 
contain an "itemsdescriotion (with certain other specifications 
optional) which acts as the description of the implicit output 
parameter of the function, This implicit output parameter--the 
only output of a function--is referenced within the 
•procedure{declaration as a simple "variable of the same "name 
as the function, 

2.8.5 "Procedure;Heading 

[j73 s 8 .5] The "procedure sheading names the procedure, 
optionally provides direction for controlling the allocation of 
data of the procedure, lists any "formaijinput'parameters and 
•formalscutPutsparameters# and, in the case of the "declaration 
of a function# describes the implicit output parameter. 

(equ) 

(J73 s 8,5, l ] "instruction:a11ocationSspecifier does not apply 
in Leyel I, 

The occurrence of "parameters in a "procedureSheading is 
optional, TormalloutputSparameters are not allowed in the 
"declaration of a function. A particular "name can appear no 
more than once as s "formaljinput{parameter and no more than 
once as a *f0rfflay:0utput{para^eter. oniv a given 

•simplesitemjname can appear as both in the same 
-procedure sheading, 

[J73S8.5.3] The "item{description £0llowing the parenthesized 
list of "formaisinputtparameters, if anyj acts as if it 
declared a simple item Of the same "name as the function, jhe 
"itemsdescription functions as it does within any 
"itemsdeclaration to glve the type and size of the implicit 
output parameter, Any preset value for the implicit output 
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p a r a m e t e r  f o l l o w s  t h e  " i t e m i d e s c r l p t i o n ,  i f  p r e s e t ,  t h e  
i m p l i c i t  o u t p u t  p a r a m e t e r  m u s t  b e  m  r e s e r v e  a n d  t h e  p r e s e t t i n g  
i s  d o n e  l u s t  o n c e  f o r  e a c h  l o a d i n g  o f  t h e  e n t i r e  l o a d  m o d u l e ,  

[ J 7 3 : 8 , 5 , 4 ]  A n  " a l l o c a t i o n : s p e c i f i e r  j u s t  f o r  t h e  i m p l i c i t  
o u t p u t  P a r a m e t e r  d o e s  n o t  a P P l y  i n  L e v e l  I *  

I f  t h e  " p r o c e d u r e s h e a d i n g  l i s t s  a n y  " p a r a m e t e r s '  a l l  m u s t  b e  
d e c l a r e d  w i t h i n  t h e  " p r ° c e d u r e : b O d y  w h e t h e r  ° r  n o t  t h e y  a r e  
r e f e r e n c e d  ( e x c e p t  f o r  " s t a t e m e n t : n a m e s ) ,  

F o r  " f o r m a l t i n p u t S p a r a m e t e r s  t h a t  a r e  " s i m p l e s i t e m s n a m e s  t h e r e  
o c c u r s '  a t  i n v o c a t i o n  o f  t h e  p r o c e d u r e  o r  f u n c t i o n ,  a  t r a n s f e r  
o f  t h e  v a l u e s  o f  t h e  c o r r e s p o n d i n g  " a c t u a l ! i n p u t { p a r a m e t e r s  t o  
t h e  " f o r m a l : i n p y t : p a r a m e t e r s  a s  i f  b y  a n  " a s s i g n m e n t : s t a t e m e n t ,  
F o r  " t a b i e : n a m e s  a n d  " d a t a ; b i Q C K : : n a r r i e 5  a s  
" f o r m a l : i n p U t : p a r a m e t e r s  t h e  l o c a t i o n  o f  t h e  d a t a  s t r u c t u r e  
a s s o c i a t e d  w i t h  t h e  c o r r e s p o n d i n g  " a c t u a l : i n p u t { p a r a m e t e r  i s  
t r a n s f e r r e d  a n d  n o t  t h e  v a l u e  o r  c o n t e n t s  o f  t h e  s t r u c t u r e ;  
t h e s e  f o r m a l  p a r a m e t e r s  m a y  n o t  b e  o v e r l a y e d ,  p r e s e t ,  p o i n t e d  
t o ,  o r  d e c l a r e d  w i t h  a n  " e n v i r o n m e n t a l : s p e c i f i e r .  

R e f e r e n c e  t o  a  " f o r m a l { i n p u t { p a r a m e t e r  t h a t  i s  a  
" s t a t e m e n t : n a m e  w i t h i n  a  " g o : t o : s t a t e m e n t  c a u s e s  e x i t  f r o m  t h e  
p r o c e d u r e  o r  f u n c t i o n ,  " A c t u a l ; o u t p u t { p a r a m e t e r s  a r e  s e t t  
C o n t r o l  i s  t r a n s f e r r e d  i n  a c c o r d a n c e  w i t h  t h e  
" a c t u a l  J  i n p u t { p a r a m e t e r  c o r r e s p o n d i n g  t o  t h e  r e f e r e n c e d  
" f o r m a i : i n p u t s p a r a m e t e r ,  

A  " p r o c e d u r e { n a m e  w h i c h  i s  a  " f o r m a l : i n p u t { p a r a m e t e r  m u s t  b e  
d e c l a r e d  a s  a  " p r o c e d u r e : n a m e  w i t h i n  t h e  " p r o c e d u r e { b o d y  b y  a  
" d e c l a r a t i o n  c 0 n s i s t i n g  o £  a  " p r o c e d u r e » h e a d l n g  f 0 i l 0 w e d  b y  a  
• p r o c e d u r e { b o d y  c o n t a i n i n g  o n l y  t h e  " d e c l a r a t i o n s  f o r  i t s  
f o r m a l  " p a r a m e t e r s ,  

W h e n  a  " f 0 r m a l : i n p u t { p a r a m e t e r  t h a t  i s  a  " p r 0 c e d u r e j n a m e  i s  
r e f e r e n c e d  i n  a  " p r o c e d u r e { c a l 1 : s t a t e m e n t  o r  " f u n c t i o n : c a l l  
( w i t h i n  t h e  " p r o c e d u r e { b o d y )  i t  i s  a s  i f  a  
• p r o c e d u p e i c a l H s t a t e m e n t  o r  * f u n c t i o n : c a l l  w e r e  e x e c u t e d  
r e f e r e n c i n g  t h e  " p r o c e d u r e j n a m e  p r e s e n t e d  a s  t h e  c o r r e s p o n d i n g  
• a c t u a l ; i n p u t ; p a r a m e t e r ,  

" F o r m a l j 0 u t p u t { p a r a m e t e r s  a r e  l i m i t e d  t 0  " s i m p l e < i t e m ; n a m e s ,  
U p o n  e x i t  f r o m  t h e  p r o c e d u r e  ( f u n c t i o n s  d o  n o t  n a v e  
" f o r m a l : o u t p u t { p a r a m e t e r s )  t h e  v a l u e s  o f  t h e  
" f O r m a l t o u t P u t i p a r a m e t e r s  a r e  t r a n s f e r r e d  t o  t h e  c o r r e s p o n d i n g  
" a c t u a l : o u t p u t { p a r a m e t e r s  a s  i f  b y  a n  " a s s i g n m e n t : s t a t e m e n t ,  

2 . 8 , 6  L o c a t i o n  o f  D a t a  a n d  I n s t r u c t i o n s  
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t J 7 3 : 8 , 6 ]  T h e  " d a t a ,  i  a l l o c a t i o n :  s p e c i f  i ® r  a n d  
" e n v i r o n m e n t a l : s p e c i f i e r  p r o v i d e  t h e  m e a n s  f o r  c o n t r o l l i n g  t h e  
a l l o c a t i o n  o f  d a t e  s p a c e .  

T h e  d a t a  d e c l a r e d  w i t h i n  a  " p r o c e d u r e j d e c l a r a t i o n  a r e  o *  
p r o c e d u r e  s c o p e  a n d  t h e  d e f a u l t  p e r m a n e n c e  i s  e n v i r o n m e n t a l  t o  
t h e  p r o g r a m  a n d  t h e  s p a c e  i s  i n  r e s e r v e ,  T h i s  s p a c e  i s  
e f f i c i e n t  t o  a c c e s s  a n d  p r o v i d e s  f o r  t h e  s a v i n g  o f  v a l u e s  
b e t w e e n  p r o c e d u r e  i n v o c a t i o n s .  T h e  r e m a i n i n g  s p a c e  o f  a  
p r o c e d u r e ,  t h a t  I s  t h e  d a t a  t h a t  i s  n o t  i n  r e s e r v e  o r  I s  n o t  
d e c l a r e d  I n d i v i d u a l l y  a s  p o i n t e d  t o ,  c a n  b e  c o n s i d e r e d  t o  b e  i n  
a n  u n n a m e d  d a t a  b l o c k  a s s o c i a t e d  w i t n  t h e  p r o c e d u r e .  A l s o  
c o n t a i n e d  i n  t h i s  d a t a  b l o c *  i s  t h e  d a t a  g e n e r a t e d  b y  t h e  
c o m p i l e r  t o  s u p p o r t  t h e  p r o c e d u r e ,  s u c h  a s  d y n a m i c  p a r a m e t e r  
l i s t s ,  s a v e  a r e a s  f o r  r e g i s t e r  c o n t e n t s  a n d  r e t u r n  a d d r e s s e s ,  
t e m p o r a r y  c e i l s ,  a n d  u n n a m e d  p o i n t e r s  t o  n a m e  n a r a m e t e r s .  

D a t a  m a y  b e  d e c l a r e d  I n d i v i d u a l l y  i n  t h e  b l o c *  b y  p l a c i n g  a n  
" e n v i r o n m e n t a l : s p e c i f i e r  i n  t h e  d e c l a r a t i o n .  I n  a d d i t i o n ,  a l l  
l o c a l  s c 0 o e  d a t a ,  n o t  o t h e r w i s e  d e c l a r e d  i n  r e s e r v e  0 r  p o i n t e d  
t o ,  m a y  b e  p l a c e d  c o l l e c t i v e l y  i n  t h i s  u n n a m e d  d a t a  b l o c k  b y  
t h e  p r e s e n c e  o f  t h e  I N  " e n v i r o n m e n t a l : s p e c i f i e r  o r  
• a a t a : a l l o c a t i o n : s p e c i f i e r  i n  t h e  c o n t a i n i n g  
" p r o c e d u r e j h e a d i n g .  T h e  e x i s t e n c e  o f  t h e  
" t i a t a s a l i o c a t i o n j s p e c i f i e r  i n d i c a t e s  t h a t  t h i s  d a t a  b l o c k  i s  
p o i n t e d  t o ;  i t s  l o c a t i o n  i s  t h e  v a l u e  o f  t h e  f o r m u l a  p a s s e d  a t  
t h e  P r o c e d u r e  c a n ,  i n  a b s e n c e  o f  a n  o u t e r  c o n t a i n i n g  
p r o c e d u r e  w i t h  a  " d a t a J a l l o c a t i o n : s p e c i f i e r ,  t h e  p r e s e n c e  o f  
t h e  I N  " e n v i r o n m e n t a l : s p e c i f i e r  i n  a  " p r o c e d u r e s h e a d i n g  
i n d i c a t e s  t h a t  t h e  p r o c e d u r e s  u n n a m e d  d a t a  b l o c *  i s  t o  o e  
a l l o c a t e d  m u c h  a s  r e s e r v e  d a t a  e x c e p t  t h a t  t h e  s p a c e  m a y  b e  
o v e r l a i d  w i t h  o t h e r  p r o c e d u r e s  d a t a  s p a c e .  T h i s  o v e r l a y i n g  i s  
p e r m i s s i b l e  o n l y  i n  s o  f a r  a s  n o n e  o f  t h e  p r o c e d u r e s  a r e  
i n v o k e d  b y  a n y  o t h e r  d i r e c t l y  o r  i n d i r e c t l y .  

T h e  u n n a m e d  d a t a  b l o c K  o f  a  p r o c e d u r e  c o n t a i n e d  w i t h i n  a  
p r o c e d u r e  d e c l a r e d  w i t h  a  " d a t a ! a l l o c a t i o n : s p e c i f i e r  i s  
c o n s i d e r e d  P a r t  o f  t h e  o u t e r  p r o c e d u r e s  u n n a m e d  d a t a  b l o c * ,  

D S I Z E  o f  a  p o i n t e d  t o  p r o c e d u r e  i s  t h e  t o t a l  l e n g t h  o f  t h e  
f o l l o w i n g  d a t a  s p a c e :  

#  T h e  n a m e d  d a t a  o f  t h e  p o i n t e d  t o  p r o c e d u r e  w h i c h  i s  
n o t  d e c l a r e d  i n  r e s e r v e  0 r  p o i n t e d  t o .  

*  A n y  i n n e r  s c o p e  n a m e d  d a t a  d e c l a r e d  a s  I n  d a t a ,  

«  A l l  u n n a m e d  d a t a  g e n e r a t e d  b y  t n e  c o m p i l e r  f o r  t h i s  
p r o c e d u r e  a n d  a n y  c o n t a i n e d  p r o c e d u r e .  

5 
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A procedure may not be declared with a 
"data5allocation!specifier if an outer containing procedure has 
been declared with a "datasallocationsspecifier, The example 
on the following page should clarify remaining questions 
regarding data permanence, 

CJ73s8,6,5] An "environmental:specifier affecting only the 
implied output parameter of a function does not aPPly in Level 
X. 

A "-procedure{declaration is made recursive or reentrant by 
declaring its data space to be pointed to and properly managing 
the pointers used at the "procedure:declaration, 

PROGRAM AAF BEGIN 

ITEM AI UJ 

ITEM A2 PA1 Uf 

ITEM A3 IN U 5 

PRQC BP; BEGIN 

ITEM BI UJ 

ITEM B2 BBI UJ 

ITEM B3 IN U| 

END 

PHOC CC INj BEGIN 

ITEM CI RESERVE Uj 

ITEM C2 3C1 Uf 

ITEM C 3 Uf 

END 

PROC DD §f BEGIN 

ITEM D1 RESERVE Uf 

ITEM D2 9D1 Uf 

ITEM D3 Uf 
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ITEM 04 IN U> 

PROC EE j BEGIN 

ITEM El Uj 

ITEM E2 0E1 U) 

ITEM E3 IN U» 

END 

END 

END 

In the above proqram, Alt 81> Cl» Dl# El/ and A3 are in 
reserve, A2, B2/ p2/ and £2 are pointed to and have no 
allocated sPace, CB3 and the compiler generated space for B8) 
may overlay (C3 and CC's generated space) in reserve if 8B and 
CC do not call eacn other, D3/ D4, DD's generated space, E3, 
and EE's generated space are in an unnamed data ploc* whose 
location is passed at the call to DD, DSIZE of DD is the total 
length of the space, 

[J73:8.6,11) "Instructioniallocationsspecifler does not apply 

2,8,7 "*pr0cedure:B0dy 

The "procedurejbody contains the "statements and "declarations 
which determine the procedure and its environment. 

Cequ) 

If the "procedure:body is to contain more than -just a sindie 
"statement or "declaration, then the collected "statements and 
"declarations are delimited by the "primitives -BEGIN and -END, 
All "formal'input'parameters (except "statement'names) and 
"formal J output'parameters must be fully declared in the 
"procedure'body before they are first referenced; as must all 
local data. 

The "procedure!name is l0eal t0 the sc0Pe in which the 
•procedure:declaration occurs, It Is outer to the 
"procedure declaration , 

whereas the -name 0f a function is 0uter t0 its "declaration, 
the "name of the implicit output parameter of the function is 
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local to the "procedure:declaration bearing the same "name, 
inasmuch as functions can be called recursively* there is need 
to distinguish between a "functionscall and a reference to the 
implicit output parameter* For a mtunctionteall» the 
"parentheses that enclose the "actual:inputlpaj»ameters--even 
empty "parentheses in case there are no "parameters--are 
required. The "name of the function (omitting "parentheses and 
•parameters) indicates a reference to the implicit output 
parameter in "statements and in "overlaysdeclarations, 

2.8.8 Alternate Entrances 

(J73{8,8] *Alternate:entrances do not apply in Level I, 

2.8.9 "FormsDeclaration 

[J73»8,9] "Formjdeciaration does not apply m Level I, 

8 
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The quick brown fox jumpec over the lazy dog, l 

The quick brp«n £ox jumped over the lazy d0q, 2 

now is the time for all qood men to come to the aid of their 
party.on® beef sirloin, two idano baked potatoe with sour cream, 
salad with roquarfort dressing,, very drv Beefeaters martini, 3 

Goog morning Amerlcal It is very c°ld in Washington DC ana the 
surrounding suburbs Ci.e. the metropolitan area ) 4 

one turtledoveand a partridge in a pear tree with yellow and pink 
branchesoverlaid with purple and green colored soiderwebs that 
havetightly clustered dew-drops hanging languidly from the pendulous 
strands,the black and gold "princess" teleohone jangled rauchously a 
s Silvia shifted her solid-ivorY cigarette holderto her left hand and 
exhal. ed tentatively as the biue-grey ash drifted toward the salmon 
tinted plush carpet,Her post-maturely grey hair appeared to be 
frosted in the.manner which was popular with teeoage girls in the 
summer of '62, Silvia's lythe body swayed as she rasped into the 
hard black plastic mouthpiece with a tremoulous "Heiio," 5 

this nes peen a terrigjy frustrating gay Valentine's pay is no 
picnic, HOW'S by you? 6 

1 
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orey hair aopearec to be frosted in themanner oOpular with teenage 
girls in the suiter of 62,Silvia's lithe bod y swayed as she rasped 
into the hard fclac* plastic mouthpiece with a tre^oulous > 
"Hello",####* 
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S e r i e s  6 6  

T h e  e v o l u t i o n  o f  H o n e y w e l l ' s  l a r g e  c o m p u t e r  s y s t e m s  w h i c h  p e g i n s  w i t h  

t h e  H 6 3 5  a n d  t h e  H 6 4 5  p r o c e s s o r s  i s  a n  i m p o r t a n t  d e v e l o p m e n t  w h i c h  

h l g h l i g t s  t h e  r o l e  a n d  c o n t i n u e d  u t i l i z a t i o n  o f  H o n e y w e l l  h a r d w a r e  

a n d  s o f t w a r e  b y  c u r r e n t  u s e r s  s u c h  a s  W W M C C S ,  C u r r e n t l y  a l l  W W H C C 5  

s i t e s  a r e  u t i l i z i n g  H 6 0 0 0  s y s t e m s  w i t h  a  w W M C C s  O p e r a t i n g  s y s t e m  t h a t  

i s  b a s i c a l l y  a  G C U S  O p e r a t i n g  S y s t e m ,  T h e  i n a b i l i t y  o t  t h e  G C Q S  

o p e r a t i n g  s y s t e m  t o  b e  r e s p o n s i v e  t o  t h e  f o l l o w i n g  u s e r  p r o b l e m s :  1  

( a )  S e c u r i t y  l a  

( b )  O n » l i n e  i n t e r a c t i v e n e s s  l b  

( c )  R e s  t a r t  a n d  R e c o v e r y  i c  

( d )  C o m m u n i c a t i o n s  a n d  N e t w o r k i n g  I d  

h a s  b e e n  a  c o n t i n u i n g  p r o b l e m  o f  W W M C C S  u s e r s  i n  m e e t i n g  t h e i r  

s p e c i f i e d  r e q u i r e m e n t s ,  A s  a  r e * u l t  u s e r s  n a v e  r e s o r t e d  t o  b u i l d i n g  

t h e i r  o w n  s u b e x e c u t i v e s ,  T h i s  h a s  r e s u l t e d  i n  c o s t l y  d u p l i c a t i v e  

e f f o r t s  « a c n  t r y i n g  t o  a c h i e v e  t h e  s a m e  b a s i c  c a p a b l  l i t i e s ,  I f  

h o w e v e r  t h e s e  s a m e  u s e r s  d e c i d e  t h a t  t h e  c u r r e n t  G C O S  o p e r a t i n g  

s y s t e m  c a n n o t  e v e r  m e e t  t h e i r  r e a u i r e m e n t s  a  c h a n g e  i n  t h e  o p e r a t i n g  

s y s t e m  e n v i r o n m e n t  w i l l  b e  w a r r e n t e d .  

B a s e d  o n  t h i s  c h 0 i c e  W W M C C S  u s e r s  w i l l  f a c e  t h e  f o l l o w i n 9  

a l t e r n a t i v e s  r e g a r d i n g  a  h a r d w a r e  a n d  s o f t w a r e  s y s t e m  u p g r a d e  i f  t h e y  

c h o o s e  t o  r e m a i n  w i t h  H o n e y w e l l  s o f t w a r e :  3  

( 1 )  S e r i e s  6 6  ( G C O S  I V )  3 a  

( b )  S e r i e s  6 9  ( M u l T l C S !  3 b  

C O  v i r t u a l  M h i n e  M o n i t o r  3 c  

( d )  O t h e r  3 d  

1 
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The decision on ^ftich oath to cnoose is most critical ana requires an 

in-depth study, 4 

The following chart traces the evolution of Honeywell's GCOS a nd 

mUlTICS Operating System on HIS hardware, 5 

6 

7 

8 

9 

The top line on this chart repsents the basic GCOS evolution from the 

H600 to the H6000 to the currently contemplated Series 65, The basic 

difference oetween the §00 and 6000 are integrated circuits* speed 

and the extended instruction set. The GCOS operating system on the 

H6000 is basically the same as that on the H600, There are 

diffe ne nces i n  m«ehi ne macros an d  £1S i nstructi o ns, but the basic 

philosophy of C-CqS remains the same, ww^CCS GCqS which also operates 

on the H6000 retains tne sare GCOS ohilcsoDhy as H6000 GCOS, but adds 

a security Package, WWMCCS unique user provisions and the WWMCCS data 

management system wwDMS, 10 

If we evaluate each of the above options the following assessments 

can be made, With regard t° option (a)* Honeywell's current 

philosophy regarding its commercial users is to insure that in any 

upgrade fr°m the H6Q00 to the Series 66* complete upward software 

compatibility will ce maintained, This Insures that those programs 

which Operate under GCqS ill will also execute under GCqS IV, 

2 



Series 66 
HAL 14-FEB-75 13:05 31872 

Therefore i f  WKWCCS chooses to Upgrade to a Series 66 an of Its 

current software developed will not become obsolete, 

TThe architecture gt the Series 66 hardware and software is being 

designed to address currrent user problems with the GCQS hj 

Operating System on toe H60Q0, Most notably, the current design for 

GCOS IV on toe Series 66 offers the following new GCQS features; 

(a) Shared procedures 

(b) Distributed memory management 

(c) Hardware controlled access 

The followina schedule indicates the current schedule for the 

evolution ct GCqS IVj 

il 

Date Series 66 

SHI 

SH 2 

H6o00 Commercial 

G 

H 

H6000 WWMCCS 

WW 6,0 

WW 7.0 

WW 8.0CWWMCCS GCQS) SRiClevel 66 GCOS) 1(6000 GCOS) 

4Cinterna.i release) 

Jan 77 SR5 

First Qu<ater 1977 System Peleas* CSR/5) on Series 66 will be the 

first GCOg release to gegin to taKe advantage of th* series 66 

architecture. At this Point in time the GCOS III on the H6000 and 

the GCOS Iv or the Series 66 will not be compatible. 

12 

i 2a 

12b 

12c 

13 

14 

15 

16  

17 

18 

19 

20 

21 

22 

23 

24 
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It WWMCCS cnooses to upgrade to a level 66 processor at any time 

during this transition IS will no longer be in a position to operate 

WWMCCS software on-site, in addition is will not be able to evaluate 

the level 66 architecture on-site pri°r t° a wwMccs upgrade for 

evaluation purposes, 25 

Basically GCOS IV wiH operate in a static paging environment. As a 

result# a program must be completely loaded into core (although not 

necessarily contiguous) orior to execution, At this Point in time 

there are no plans for a demand paging environment. 26 

A segment description register will de$lgnate access rights for 

DroQrams to individual pages, If a program tries to write into a 

read only area a hardware fault will occur. Program's will pe loaded 

into hardware protected areas xnown as worx spaces, Tpese wor* 

spaces will serve a function smiliar to that of the MULTJCS ring 

concept for achieving security. That is a program executing in worK 

space 1 will net nave access to procedures or data in wopx space 0. 27 

Each of these segments loaded ean be shared by more than one program 

if so desired. This will allow two programs to snare a pure 

procedure °r two programs access to common data, 2g 

As a result of the transition from GCQS III to GCOs IV# Honeywill is 

planning changes to both the FORTRAN and COBOL compilers to generate 

code which can execute on the series 66, There are no current plans 

to perform similiar changes to either the JQVIAL or ALGOL compilers, 29 

A study of fhis architecture n«s been completed py a team of 

government- and contractor personnel under a study contract by JisA 

4 
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ana System Development Corporation (SDC)» This study basically 

examined the Series 66 architecture and its functionality regarding 

security, The study basically recommended tnat the series 66 

architecture can p P0ylde a suitable base to achieve an effective 

level of protection. However the study also observed that the GCqS 

IV software design,, as currently proposed, does not demonstrate that 

it will provide an effective level of protection, 30 

Our involvement with WWMCCS users and other H6q00 GCOS users has 

given, IS a good understanding of the GCQ S operating system, ISIM has 

currently a number of efforts related to improvements of GCQS because 

of Known proDiems in areas of: 31 

(a) On-line interactiveness 31a 

b) Data Management 31b 

(c) Communications 3lc 

(d) Security 31d 

Basically because the underitending of problems in these and other 

a rea s, in any rede s3on Of the GCQS Operating System it would be 

fortunate if we could be in a position to influence any new 

software* once the level 66 software becomes available we will not 

be able to evaluate its effectiveness with regard to hardware 

utilization, 32 

Theref 0re based 0n the results of the JTSA/SDC study a nd the results 

of a recent RADC trip to Honeywell in Phoenix, it is imperative that 

an in de Dth evolution of the series 66 architecture is made. This 

evaluation must relate the caoabilites required of this n«w hardware 

5 
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and software in meeting the user requirements of on-line 

interactiveness' restart and recovery'' distributed communication#f 

and security. This evaluation can be accomplished as a result of 

direct experimentation with programs that can operate in both 

architecture mcdes. An effort fflust be started which can integrate 

the current design goals of the vendor Honeywell with the complex 

command and ccr,tr°i requirements* Such an effort will enaole RADC 

to closely monitor evolutionary development of the Series 66 hardware 

and software, 33 

In regard to option Co) which involves an upgrade to the muLtICS 

Operating Svstem tge analysis can be made, 34 

If we qo bacx to our original chart and look at the evolution of the 

H645 we find the basic difference between the h600Q and the H6180 is 

tne virtual memory and rinq hardware. The basic difference between 

the H618Q and the H6880 will be the addition Of a cache memory and 

the utilization of Metallic Oxide Semiconductor (MOSi memory. Thus 

the upgrade from a H618Q system which will reside at RADC to a level 

68 will not be difficult, 35 

However the basic difference between a H6880 and a H6680 is that the 

H686q win run H6000 GcCs but will not be able to run level 66 Gcos, 

Thus lnder option (b). IS has ana is continuing to evaluate tne 

MULUCS operating System software, 36 

The next option (C) refers to a new technological concept Known as a 

Virtual Machine Monitor. The basic idea of a VMM is to construct a 

software package which can execute on a given hardware processor 

6 
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(series 66 or series 68) and basically extends an unlimited number of 

interfaces to that sa^e processor. The concept allows for more than 

one copy of an operating system to execute simultaneously or two 

different Operating systems executing concurrently. A number of 

unique advantages are immediately available when utilizing such a 

concept: 37 

(1) The use of Vm m  notions as organizing principles for very 

reliable systems, 37a 

(2) The use 0 f  V M M's as s0ftw«re t 0Qls t0 influence pr0gram 

development productctivity, 37b 

(3) The use o* V M M 's tn meeting Air Force real-time operating 

system requirements, 37c 

(4) The utilization of VMM's as a technigue for the development 

of modular operatina systems, 37d 

7 
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Well, here it is- one tentative agenda, slightly delayed, Maybe the 
first thing Tuesday morning, we can discuss it and make any desired 
modifications. Have a qood trip all-see you Tuesday, Frank 1 

AGENDA Tentative Agenda for KW'AC Meeting 2 

Mon; holiday 2a 

Tuei 2b 

A*M, introductory remarks 2bl 

Doug En9®lhart, Jim Nertonr etc, & KwAC'ers, 2bia 

P,M» SRI n«Ws 2b2 

ABC Development 2b2a 

The NSW and NLS: Implications £or the NLS User Community 2b2al 

ARC Applications 2b2b 

Discussion of support that Aoplications can and is 
Planning to provjde, 2b2bl 

Plans for further expansion of the user community 2b2b2 

ARC user services and Applications Development 2&2C 

Discussion of User Services and Applications Development 2b2cl 

Training} review eoursesc?)# explain the design and plan 2b2c2 

user Programs operation ahd training 2b2c3 

xhe amount of service to be provided 2b2c4 

the difference between thainina and user assistance 2b2c5 

jhe Feedback service operation and how much should 
architects intercept, and how direct inquiries to 
Feedback can be coordinated with the architects, 2b2cb 

AFC Marketing 2b2d 

Marketing definition, plans and strategy CRLL) 2n2dl 

Analysis, needs and possibilities 2h2d2 

1 
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Special ARC involvements/ such as MSF (DCS), the DPCS (DVN) 2b2e 

Wed; 2c 

A.M. shew»tell-share session 2cl 

P.M. Continue the session; Possibly begin WorK shop B  on Special 
Problems 2c2 

Thu; 2d 

A.M. Dialogue between DCE and Architects. This should be, in 
part, directed by the events of Wednesday, 2ol 

P.m. Meeting other communities including Bill English ( Xe rox 
pare) and potential/actusl users of NLS 2d2 

F r 1; 2 e 

A.M. Visit to Xerox PARC (if feasible) 2el 

P.M. workshops on Special Problems, Hardware demo's (if 
feasioJe), Continuing dialogue with AHC personnel, training in 
DNLS for those who want it 2e2 

TOPICS To be addressed durino the week 3 

Getting Acquainted 3a 

New Slte sJ Who/Where are they? What a r e  they doing? When/Why 
are they coming on? 3al 

old Sites' Something like tne new sites plus last 6 months in 
review ' 3a2 

Newsletter Revisited? but ° n e  Out as "meeti n9 note s" so we will 
publish at least on e  issue this time around 3a3 

The Applications of nl s  Or Beyond Text Editing 3b 

Talks of specialized us® of NLS by some architects 3bl 

Integrating NLS into local site operations. 3c 

For those sites willing to share experiences, what does 
effective NLS use require in terms of oeople support, 
documentation support/ hardware support (e.o,/ hi-quelity 
printers/ cassettes/,,)/ etc, 3cl 

2 
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T e n t a t i v e  A g e n d a  t o r  KWAC M e e t i n g  

I m p r o v i n g  t h e  E f f e c t i v e n e s s  o f  K W A C  3 d  

G i v e r :  T h e  e f f e c t  o f  K W A C  o n  d e v e l o p m e n t  o f  N L s  i s  n e a r l y  Z E B q ,  
P r o * s  a n d  C o n ' s  a n y o n e ?  3 d l  

F u t u r e  N L $  e x p a n s i o n  &  t o  w h a t  d e g r e e  c a n  K ^ ' A C  a f f e c t  t h i s ?  3 d 2  

p o t e n t i a l  s y s t e m  a d d i t i o n s  d e s i r e d  b y  K W A C  c o l l e c t i v e l y  3 d 3  

E a c h  o f  u s  a r e  p r o b a b l y  d o i n g  t h i n g s  o f  i n t e r e s t  t o  o t h e r s  
( e . g . #  w r i t i n g  u s e r  p r o g r a m s ,  c o o r d i n a t i n g  t h e  p r o d u c t i o n  o f  
d o c u m e n t s ,  e t c . )  C a n  w e  t a k e  a n o t h e r  c r e e k  a t  e s t a b l i s h i n g  a  
b e t t e r  m e c h a n i s m  f o r  i n f o r m a t i o n  e x c h a n g e ?  3 d 4  

T h e r e  i s  a l s o  t h e  o l d  p r o b l e m  o f  e s t a b l i s h i n g  u s e r  i d e n t s  a n c  
n o s s i b i y  g e t t i n g  t h e m  v a l i d a t e d  f o r  o n e  d i r e c t o r y  o r  a n o t h e r *  
A h d  t h e n ,  i  i m a g i n e  o n e  m u s t  r e m o v e  i d e n t s  f r o m  t i m e  t o  t i m e .  
W h y  c a n ' t  t h e  l o c a l  A r c h i t e c t  b e  r e s p o n s i b l e  f o r  t h i s ?  3 d S  

I m p r o v i n g  t h e  E f f e c t i v e n e s s  o f  O f f i c e - i  3 e  

H o w  S R I - A R C  m i g h t  b e t t e r  i m p r o v e  c o m m u n i c a t i o n s  w i t h  t h e  
c o m m u n i t y ,  3 e i  

A t  a n Y  g i v e n  t i m e ,  o n e  m a y  e n c 0 u n t e r  d i f f i c u l t y  i n  d e t e r m i n i n g  
w h a t  I s  a t  O f f i c e » l ,  w h a t  w i l l  b e  a v a i l a b l e  ,  a n d  w h a t  i s  g o i n g  
a w a y .  S u g g e s t i o n s  ?  3 e 2  

D o c u m e n t a t i o n :  s t a t u s ,  n e e c s ,  a n d  p l a n s  3 e 3  

P O L i C y / M A N A G E M E n T / Q P E P A T I O N  O f  Q F F I C E - 1  3 f  

O f f q u o t a  l o g i n  p o l i c y  3 f i  

u s a g e  s t a t i s t i c s  3 f 2  

i m p r o v e d  a c c e s s  t °  ( e . g » ,  y i a  a  c o m m e r c i a l  n e t )  

i s  " t e r m i n a l  l i k e "  a c c e s s  e n o u g h ?  3 f 3 a  

H o w  g o  g e t  e x i s t i n g  i n f o r m a t i o n  i n t o  N L S ?  O u t  O f  N L S  i n t o  
e x i s t i n g  s y s t e m s ?  3 f 3 b  

D E X  o v e r  t h e  N e t  c &  h ° w  1 t  c o m p a r e s  t o  h a y i n g  v e r y  l a r g e  
b u f f e r s  a v a i i a b f e  m  y o u r  *  T I P , A N T S # E L F o r  w h a t e v e r )  3 f 3 c  

D E X  t h r o u g h  T i P S -  P r o b l e m s  a n d  R e m e d i e s  3 f 3 d  

3 
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T e n t a t i v e  A g e n d a  t o r  K W A C  M e e t i n g  

A l t e r n a t i v e  p r i c i n g  s c h e m e s ;  F o r  e x a m p l e ,  p l a n s  f o r  p a y m e n t ,  t o y  
u s a g e  ( i n s t e a d  o f  s l o t s )  3 f 4  

E x p a n s i o n  o f  O f f i c e - 1  f a c i l i t i e s  3 f 5  

F o r  e x a m p l e »  c a n  a  t e l e c o n f e r e n c i n g  p a c k a g e  b e  m a d e  
a v a l l a c l e ,  3 f 5 a  

R e s o l u t l c n  o f  s e v e r e  p r o b l e m s  3 f 6  

A  R P A N E T  F  r  o f c l e m s  a n d  p o t e n t  i s  l s o l  t i t  i o n s  3 f 7  

O f f i c e - 2  3 f  8  

M i s c e l l a n e o u s  3 g  

E q u i p m e n t  d e m o  -  l o c a l  v e n d o r s  a n d  t h e i r  w a r e s .  H a v e  v e n d o r s  
b r i n g  i n  e q u i p m e n t  f o r  t i e m c ,  p a r t i c u l a r l y  p r i n t e r s ,  3 g i  

S p e c i f i c  P r e P l e b 5  3 h  

M y  o w n  i n v o l v e  i n t e g r a t i n g  i n t o  o u r  l o c a l  s i t e  o p e r a t i o n s  
a n q  u M n g  N L S  t o  c o o p e r a t i v e l y  p r o a u c e  d o c u m e n t s  ( w h e r e  t h e  
c o o p e r a t c r s  a r e  g e o g r a p h i c a l l y  d i s p e r s e d  a n d  h a v e  v a r y i n g  
d e g r e e s  c £  e x p e r t i s e  i n  N L S ) ,  I f  y o u  a l l  w i l l  s e n d  m e  
a d d i t i o n a l  t o p i c s ,  j  # 1 1  t r y  a n d  w o r k  u p  s o m e  s e s s i o n s  t o  
d i s c u s s  t h e m  i n ,  3 h i  

4 
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D L S  1 4 - F E B - 7 5  1 8 ; 2 7  3 1 8 7 4  
P r o c u r e m e n t  S n a g s  

E d  a n d  M a c * . . i f  a n y t h i n g  c o m e s  u p  w h i l e  I ' m  g o n e ,  t h i s  I s  t h e  s t o r y  
a s  B e s t  i  s e e  i t .  M a c  t r y  t o  g e t  a  r e s o l u t i o n  o f  t h e  A R P A  5 0 %  t h i n g ,  
s i n c e  i t  a f f e c t s  o t h e r  e f f o r t s  f r o m  M A W  &  T F L ,  



Procurement snaQs 
DL$ 14-FEB-75 IB:27 

I Know you arc overwhelmed with raauests for help, attention, 
handholding, etc: out Knowing your ability to handle a couple of 
hundered orofclems simultaneously, here are a few more for the stack. 

I had a long talk with C01 Kelly ab0ut the new WorkSh0P Utility 
Contract, pe seems nung UP on a number of points. 

The ARPA Order reads ...A contractual work statement consistent 
with,., shi proposal,,.with the following changes: "Provision 
„f 10 ARPA slots for a period ending 30 June 1975," This 
apparently means to him that the government can't sign a 
contract for the full compliment of slots tor a year. He feels 
tnat if they did, and then ARPA didn't come through in FY-76, 
then the gov't would be liable for the S20Q+K,,,ie SRI could 
sue tne gov't or claim partial closing costs, (His hangup on 
ARPA is related to the necessity to avoid a D&F orocedure,,.for 
items ov°r 100K,,,by attaching himself to the ARPA blanket D&F) 
There is also some guidance from P, Oe Lorenso tnat ARPA must 
foot 5 0% of the bin, before tneir D&F applies, 

I don't know what happened to the original idea of the 
"on-call" contract, This was essentially one where services 
to be delivered were spelled out in advance and prices for 
each were negotiated, out where the exact nymper of units of 
service and tneir delivery points could not be oreclsely 
predetermined, indeed where they would expect to fluctuate, 

His reluctance to write a year contract may stem from nis 
feelina that the TYMSHARE effort has to toe a subcontract. I 
tried to Convince hi, that we didn't, care Caithpudn we d0) 
where you got the TENEX service, as long as the statement of 
work was met, I tried to argue that if SRI was "foolish" 
enough to go out on a limo and sign a year contract with 
TYMSHARE, tnen that was tneir business. We also would not want 
to restrict SRI to TYMSHARE as the only suppliers of TENEX CPU 
cycles,..you guys might find a better deal somewhere else, I 
also wondered out loud now toe government could "officially" 
bind TypSHARE as a subcontractor to tne main contract, since 
only a portion of the TYMSHARE services would be delivered 
under the government contract, 

There was a brief mention by Kelly of the possibility of 
contracting on a monthly rate* rather than ay the year. 

This is lust t0 let You know (as best I understand it) what is 
transpiring here, Kelly had information that Floyd would be 
visiting ARPA next week, and felt that Spencer some resolution 
of the problem would come out of that meeting. Meanwhile# I 
vill continue on my end to retell the story to procurement etc, 

1 



Q L S  1 4 * F E B « 7 5  1  8  ;  2 7  3 1 8 7 4  
P r o c u r e m e n t  S n a g s  

C o l  K e l l y  m e n t i o n e d  t h a t  h e  s t i l l  n e e d s  a  b r i e f  s t a t e m e n t  f o r  N S A  
a d d i t i o n  t o  t h e  i n i t i a l  O f f i c e - 1  c o n t r a c t ,  A F 3 Q 6 Q 2 - 7 4 - C - 0 0 7 6 ,  l b  

I  t h i n *  y o u  s h o u l d  a l s o  a s x  f o r  a  n o  c o s t  e x t e n t i o n  t o  t h a t  
c o n t r a c t  C i t  y o u  h a v e n ' t  a l r e a d y ) #  s a y  f 0 r  5  m o n t h s  ( a s  i o n ?  a s  
i t  d o e s n ' t  Q O  o v e r  t h e  F Y  b o u n d r y )  t o  c o v e r  y o u r  t a i l  a n d  m i n e ,  
w e  w i l l  r o t  n e  a b i e  t o  s t a r t  t h e  J O V I A L  m a n n u a l  p u b l i c a t i o n  u p  
a g a i n  t o r  3 - 4  w e e k s .  A f t e r  a l l  t h e  c r a p  I  w e n t  t h r o u g h  h e r e  t o  
g e t  t h e  m o n e y ,  i ' d  h a t e  t o  s e e  i t  n o t  h a p p e n T f U n x  a b o u t  
t h i s  a n y w a y ,  l b l  

M a y b e  y o u  s h o u l d  a l s o  a s *  f o r  a  n o  c o s t  e x t e n t i o n  t o  c o n t r a c t  
A F 3 0 6 0 2 - 7 2 * C - 0 3 1 3 ,  t o  c o v e r  y o u  t h r o u g h  M a r - A p r  t i m e  W h e n  y o u  
m a c h i n e  g o e s  a w a y ,  I  t h i n *  i t  n o w  r u n s  o u t / r a n  o u t  i n  j a n .  T h i s  
a l s o  g i v e s  y ° u  g u y s  ( W a t s o n ? )  a n o t h e r  g r a c e  p e r i o d  f o r  t h e  
d e l i v e r y  o f  t h e  f i n a l  r e p o r t *  l c  

2 
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SMT 16»F£B<»75 22:45 3187b 
unsuccessful attemt to use tab in NLS 

Ron, 

I am trying to us® NLS to enter s°me tabular data on the contract 
status, Wish m e  luck! 

Well* now that I have read what <help> has to say about TABS I am not 
very interested anymore. So I will go back to XED at. I S1A, Besides* 
OFFlCF-i is doing down i n  a little while and I don't want to get 
caught short, 

Ron# I will send this to you via NLS SENOMAIL* but will CC myself vie 
"copy" etc# since I still don't know h 0w to mail thi ngs to myseif at 
isi from NLS, 

See you* stef 

1 



u n s u c c e s s f u l  a t t e s t  t o  u s e  t a b  i n  N L s  
S M T  1 6 - F E B - 7 5  2 2 1 4 5  3 1 b ? 5  

( J 3 1 8 7 5 )  1 6 - F E B - 7 5  2 2 S 4 5 f t i t  T i t l e s  A U t H o r C s ) S  S t a n  M •  T a y l o r / S M T l  
D i s t r i b u t i o n s  / R P U (  C  A C T I O N  1  >  B R L C  t  I N F O - O N L *  !  )  >  S u b - C o l l e c t i o n s  s  
N I C  B F L j  C l e r K :  S M T ;  



' w o v e  i n e s s a g e '  t u t o r i a l  - - - S f f t  

J i f f ,  h e r e  i s  t h a t  t e x t  I  p r o m i s e d  y o u r ,  

S M T  1 7 - F E B - 7 5  1 3 1 1 2  3 1 8 7 6  



SMT 17-FEB-75 13*12 31876 
'move message' tutorial ---smt 

Dave 1 

«..I decided t° give v0u 'the whole thing'* s° what follows if a 
sort ot blo«"by"biow account of what should be done with com.ments 
where 1 would think you need them,,, la 

BASE C: Goto (subsystem) Cs Programs Ccr3 2 

PROG C: Load C• program T/tA] : message 2a 

here you must type out the entire word - message then tcr] 2al 

Comment; 2b 

,,,the system will then give you the following; 2bl 

Loading User Program (NOTE* I have deliberately provided 
indentation to help,,, l hope???) 2fcj,a 

Don't Execute via RUN PROGRAM Command 2bib 

use GOTO SUBSYSTEM command 2blc 

Subsystem MESSAGE Now Available (Attached) 2fcld 

PROG C: Quit OK/C; [cr3 2c 

BASE c; Goto (subsystem) Cl message OK; (or) 3 

again you must type out the entire word -message 3a 

».,the system then will resoond... 3b 

MESS C; (MOW YCU ARE READY OT ENTER COMMAND TO THIS SUBSYSTEM) 4 

MESS c; Move CS message (file) OK/T/T/(A3; FILENAME = 
t,t<esc>ext|1 Ccr3 (to follow) AS STATEMENTNUMBER, OR* 
STATEMENTNAME (or 3 LI (It is usually a good idea to use a letter d 
here) (crl 4a 

...here you have entered the 'move' with keystroke m# the 
system moves to the next C; and you type letter m and the 
system moves to the (A3s .... where you enter just the name of 
the file, i.e., t.txtjl* or something like that -- then hit the 
(cr key] and the system moves to the next [A]: ,,,,,, where you 
enter the statement number below which you want the stuff ---if 
a new file, use 0 , 4ai 

1 



S M I  1 7 - F E B - 7 5  1 3 S 1 2  3 1 8 7 6  
' m o v e  m e s s a g e '  t u t o r i a l  - - - s m t  

( . . I ' l l  l e a v e  Y o u  w i t h  t h e  H E L P  s y s t e m  t o  w 0 r x  o u t  w h a t  a  
S T A T E M E N T N A M E  i s #  Y o u  r e a l l y  d o  n o t  n e e d  i t  n o w ,  4 a i a  

. . . t h e  s y s t e m  n o w  ' m u t t e r s '  t o  i t s e l f #  d o e s  a  f e w  l i n e - f e e d s #  
a n d  i s  d o n e , . , ,  t h e r e  i s  n o  o v e r t  i n d i c a t i o n  t h a t  a n y t h i n g  h a s  
h a p p e n e d ,  i f  y o u  a r e  u n s u r e ,  y o u  c o u l d  q u i t  t h e  ' m e s s  c s '  
s u b s y s t e m ,  t h e n  d o  a  p r i n t  s t a t e m e n t  i ,  4 a 2  

M E S S  C ;  < > s 0 r t  C ;  M e s s a g e  ( P l e x  a t )  A s  ( h e r e  y o u  e n t e r  t h e  s a m e  
a d d r e s s  y o u  u s e d  a b o v e ,  a n d  t h e  m e s s a g e s  w i l l  b e  s o r t e d  a c c o r d i n g  
t o  d a t e , . , . a t  l e a s t  1  t h i n *  t h e y  w i l l , , . N O T E :  t h e  a d d r e s s  m u s t  
i n c l u d e  t h e  s p e c i f i c a t i o n  o f  t n e  ' l e v e l '  - - - f o r  i n s t a n c e  i f  y o u  
f i n d  t h e m  a t  s t a t e m e n t  n u m b e r  1 ,  t h e  a d d r e s s  m u s t  b e  1  , d  [ c r ]  4 b  

M E S S  C »  Q u i t  O K / C :  [ c r ]  4 c  

B A S E  C j  U p d a t e  C j  F i l e  Q K / C j  [ c r ]  5  

. . . t h i s  l a s t  c o m m a n d #  i s  l u s t  i n s u r a n c e  t o  m a x e  s u r e  t h e  f i l e  y o u  
h a v e  b e e n  f i l l i n g  i f  ' f o r  r e a l '  a n d  w o n t  g e t  l o s t  i n  a  s y s t e m  
c r a s h  o r  s o m e  s u c h , . .  5 a  

B A S E  C :  P r i n t  C :  B r a n c h  t a t )  A ;  ( s a m e  a d d r e s s  u s e d  a b o v e ,  i n c l u d i n g  
t h e  < s p > , d  [ c r ]  v :  ( U s e  v i e w s P e c  x m e #  a n d  y o u  w i l l  g e t  a  t r u n c a t e d  
l i s t i n g  o f  t h e  s o r t e d  f i l e )  6  

a n d  . . . . f i n a l l y #  i f  y o u  h a v e  s e v e r a l  s u c h  f i l e s  t o  m o v e #  I  w o u l d  n o t  
d o  t h e  s o r t  c o m m a n d  u n t i l l  a l  h a d  b e e n  m o v e d #  t h e n  f o l l o w  t h e  
s e g u e n c e  t h r o u g h  f r o m  t h e r e  o n  7  

I  h o p e  a l l  t h i s  ' g a r b a g e '  i s  o f  s o m e  h e l p , , ,  S t a n  8  

2 
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JPC 18.FEB-75 13509 31878 

To Anyone in PSQ who works with Form 2's? This is an 
alternative to the present way of putting form 2 information into 
NLS, There are, naturally, many ways of doing this, I believe that 
this new ay may be mere effective, if you find it easier or faster, 
you may wish to use it (or invent yOur own way), 



JPC 18-FEB-75 13509 31878 

The current procedure for inputting the Form 2 data is to set up a 
half-blank file that contains the reporting period for that month. 
The screen is then split and the job-order-number & SSN are copied 
from a separate file, The numers of hours charged against this job 
by this individual is then inserted, All of this involves 3 commands 
per line entry, not counting setting up the original file in the 
first oiace, 1 

I would like to suggest an alternative way by having the previous 
month be copied into a new file cor simply make a new version of it), 
and then suDstitute the new reporting period for the old one over the 
entire file. it Is my contention that most People use basically the 
same job-order-numbers that they needed the month before, in that 
case you only need one command, replace number, to update the hours 
that were charged from those of the previous month to the current 
values for the month you are inputting, if a particular 
job-order-numfcer was not used# simply delete that statement, If a 
new one is added# copy any other entry from that person and then 
replace the job number and the nours, This is the worst case and it 
needs three commands though might even be done with fewer. 2 

To simplify this Process* 1 would advise making a hard-copy of the 
prior month's file so that the Changes from tne form 2 can be made 
onto that. Then, when you get on-line, the order that appears in 
your file will match the one in your hand and help avoid confusion. 
Of course, this is not necessary but the time spent doing this 
off-line may pe worth it by increasing reliability of the data. 3 

It is my guess that this procedure would involve more than 60% iess 
commands than the current way. And when the system is siow (as it 
has been), the time savings for the inputter could be considerable, 
Furthermore, connect time would be drastically reduced and the NLS 
system would be available for other PADC users, 4 

1 
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E ' J K  1 8 - F E B - 7 5  1 4  5 0 5  3 1 8 7 9  
L e x i c o g r a p h y  

I f  y o u  w i s h  y o u  c a n  l o o *  e t  m y  f i l e  ' L E X I C O G R A P H Y ' #  P u t  d o n ' t  t r y  t o  
w r i t e  i n  i t .  



EJK 13-FEB-75 1.4 S 05 31879 
Lexicography 

I air. putting together a listing of common terms bandied about in our 
division, I will be coming to some or all of you to get some help in 
defining these catchy little devils. Ultimately I win put together 
a glossary or dictionary of these terms so that we can have 
agreed-upon definitions. Meanwhile, i have been looking at 
publications like the American National standard Vocabiuiary for 
Information processing, Can anyone define a "Hartley" for me? 
Please don't look it up - I know the definition, 1 

1 
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E J K  1 9 - F E B - 7 5  1  0 5  1  7  3 1 B  8  0 
R e p l y  t o  W w p 2  o n  O u t p u t  p r o c e s s i n g  D i r e c t i v e s  

1 9 - F E B . . 7 5  0 6 1 2 - P S T  P A T T E R S O N :  
D i s t r i e u t i o n :  K E N N E D Y  
R e c e i v e d  a t :  1 9 - F E B - 7 5  0 6 : 1 2 : 4 9  1  

E d ,  I ' m  p u t t i n g  a  p a p e r  t o g e t h e r  a n d  n e e d  s o m e  h e l p  w i t h  t h e  
d i r e c t i v e s  t o  t h e  o u t p u t  s y s t e m s ,  w h a t  d i r e c t i v e s  d o  I  u s e  a n d  
w h e r e  d o  i  p u t  t h e m  t o  d o  t h e  f o l l o w i n g :  p u t  a  t i t l e  o n  t h e  f i r s t  
p a g e  c e n t e r e d *  w h e r e  i t  h a y  t a k e  m o r e  t h a n  o n e  l i n e  ( s i n g l e  
s p a c e d )  a n d  c o u p l e  s p a c e  t h e  t e x t  w i t h  l i n e  n u m b e r s *  A l s °  X  h a v e  
t o  d o  a  s t a f f  s u m m a r y  s h e e t *  I s  t h e  f o r m s  s y s t e m  r e a d y  t o  d o  
t h a t ?  I n  a n y  c a s e  t h a t  n e e d s  t o  b e  s i n g l e  s o a c e d  w i t h  s p a c e s  
b e t w e e n  p a r a d r a o h s #  e x c e p t  t h a t  I  n e e d  a  t w o  l i n e  
s i g n a t u r e  b l o c k ,  s i n g l e  s p a c e d ,  T h a n x - - « b i l l  l a  

R E P L Y  2  

B i l l ,  2 a  

T h e r e  i s  a  l i t t l e  k n o w n  b u t  v e r y  u s e f u l  P r o g r a m  t h a t  s h o u l d  t a k e  
c a r e  o f  m o s t  o f  y o u r  p r o b l e m s  w i t h  r e s p e c t  t o  t h e  r e p o r t  y o u  w a n t  
t o  o r e p a r e ,  2 b  

W i t h  t h e  f i l e  o f  i n t e r e s t  a l r e a d y  l o a d e d ,  t h e  P r o c e d u r e  i s  a s  
f o n o w s :  2 c  

G o to  P r o g r a m s < C F >  2 c l  

L o a d  P r o g r a m  F o r m a t < C R >  2 c 2  

G o t o  F o r n r a t < C R >  2 c 3  

i n s e r t  F c r m a t < C R > < C F >  2 c 4  

A n s w e r  t h e  o u e s t i o n s  t h a t  y o u  a r e  a s k e d ,  I d e n t  i s  y o u r  N L S  i d e n t  
w h i c h  i  t h i n k  i s  w w p ,  T i t l e  i s  t h e  t i t l e  o f  t h e  r e p o r t  j u s t  a s  
y o u  w a n t  i t #  d o n ' t  d o  a n y t h i n g  a b o u t  s p a c i n g ,  t h e  p r o g r a m  s h o u l d  
t a k e  c a r e  o f  i t ,  F o r  J o u r n a l  n u m b e r  t y p e  a  s p a c e  o r  y o u  c a n  m a k e  
U D  y o u r  o w n  N U M B E R  i e t  7 5 - 1  o r  W W p - 1  o r  s o m e t h i n g  ( y o u  m a y  n o t  b e  
a b l e  t o  u s e  m o r e  t h a n  f i v e  c h a r a c t e r s )  W h e n  y o u  a r e  a s k e d  f o r  
f o r m a t  n u m b e r  t h e  a n s w e r  i s  i < c R > .  2 d  

T h i s  p r o c e d u r e  s h u l d  f o r m a t  t h e  r e p o r t  f o r  y o u  a n d  m a n e  y o u  a  
t i t l e  p a q e ,  2 e  

N B ,  T h e  t i t l e  p a g e  w i l l  i n d i c a t e  t h a t  y o u  a r e  W i l l i a m  W ,  
P a t t e r s o n #  R o m e  A i r  D e v e l o p m e n t  C e n t e r ,  G r i f f i s s  A i r  F o r c e  B a s e ,  
N ,  Y ,  1 3 4 4 0 ,  Y o u  w i l l  h a v e  t o  e d i t  i t  t o  g e t  y o u r  o w n  i n f o r m a t i o n  
i n  t h e r e ,  2 f  



E J K  1 9 - F E B - 7 5  1 0 S 1 7  3 1 8 8 0  
R e p l y  t o  W W p 2  o n  O u t p u t  P r o c e s s i n g  D i r e c t i v e s  

A f t e r  y o u  n a v e  t h e  f u e  i n  p r e t t y  g o o d  s h a p e  y o u  m u s t  o u t p u t  t h e  
f i l e  t o  t h e  t e r m i n a l .  T h e  c o m m a n d s  a r e  s i m p l y  o u t p u t  t o  t e r m i n a l  
w h i c h  i  t h i n k  y o u  g e t  b y  t y p i n g  0 T < C R > ,  w h e n  y o u  d o  t h i s  y o u  w i l l  
b e  p r o m p t e d  c y  t h e  s y s t e m  a s k i n g  y o u  q u e s t i o n s .  T h e  a n s w e r s  a r e  y  
N  Y  i n  o r d e r .  T h i s  w i l l  p r i n t  t h e f i l e  w i t h  t h e  p r o c e s s i n g  
d i r e c t i v e  f u n c t i o n a l ,  2 a  

2 h  

I f  y o u  w a n t  a  r e a l  r u n d o w n  o n  o u t p u t  d i r e c t i v e s  y o u  w i l l  h a v e  t o  
o o  t o  t e n e x  a n d  t y p e  d i r < u s e r g u l d e s > .  S e e  i f  t h e  l i s t i n g  i n c l u d e s  
o n e  o n  O u t p u t  P r o c e s s i n g  D i r e c t i v e s *  I f  s o  y o u  c a n  l o a d  i t  i n  N L S  
a n d  p r i n t  i t  o u t *  2 i  

W i t h  r e s p e c t  t o  y o u r  n e e d s  a t  t h i s  t i m e  I t h i n k  t h a t  m o s t  o f  t h e m  
c a n  b e  s o l v e d  w i t h  o n l y  a  c o u p l e  o f  t y p e s  o f  d i r e c t i v e ,  N o t e  t h a t  
a l l  d i r e c t i v e s  a r e  o f  t h e  f o r m  " . D i r e c t i v e ? "  2 3  

2 



E J K  1 9 - F E B - 7 5  1 0  S 1 7  3 1  B 8 0  
R e p l y  t o  W W p 2  o n  O u t p u t  P r o c e s s i n g  D i r e c t i v e s  

-  the  d i r e c t i v e  m a k e s  t h e  s t a t e m e n t  t h e  f i r s t  o n e  o n  a  n e w  
p a g e ,  I  t h i n *  i t  w o r k s  a n y w h e r e  i n  t h e  s t a t e m e n t ,  I  u s u a l l y  
p u t  i t  a t  t h e  b e g i n n i n g  o f  t h e  s t a t e m e n t ,  2 j t  

-  t h e  d i r e c t i v e  m a k e s  t h e  s t a t e m e n t  t h e  l a s t  o n e  o n  t h e  p a c e ,  
I  t p i n k  i t  w o r j < s  a n y w h e r e  i n  t p e  s t a t e m e n t ,  I  u s u a l l y  p u t  i t  
a t  t h e  e n d  o f  t h e  s t a t e m e n t ,  2 j 2  

3 



E J K  1 9 - F E B - 7 5  1 0 * 1 7  
R e p l y  t o  W W P 2  c n  O u t p u t  P r o c e s s i n g  D i r e c t i v e s  

-  p u t s  a  s i n g l e  i j n e  b e t w e e n  s t a t e m e n t s  r e g a r d l e s s  o f  l e v e l .  
C a n  b e  u s e d  f o r  m o r e  t h a n  o n e  l i n e  i e  = 2  o r  = 3 ,  

-  p u t s  a  s i n g l e  l i n e  b e t w e e n  s t a t e m e n t s  a t  d i f f e r e n t  l e v e l s ,  

C a n  b e  u s e d  f o r  m o r e  t h a n  o n e  l i n e  i e  = 2  o r  * 3 ,  ( B i l l ,  1  d o  

n o t  a b s o l u t e l y  g u a r a n t e e  t h e s e  b e c a u s e  t w o  1  p e r s o n a l l y  d o  n o t  

use them, YBS may only work within the plex, and YBS and YBL 

m a y  b e  a d d i t i v e  n u t  I  d o  n o t  t h i n k  s o ,  I  w a n t  t n i s  t o  n o  o u t  

t o  y o u  q u i c k l y  a n d  I ' m  n o t  i n  m y  o f f i c e  w h e r e  i  c a n  l o o k  t h e m  

« P .  1  

-  M a k e s  s u r e  t h a t  o n e  l i n e  i n  a  s t a t e m e n t  d o e s  n o t  a p p e a r  o n  

t h e  t o p  o f  a  p p a g e .  T h i s  i n s u r e s  t h a t  a t  l e a s t  f i v e  l i n e s  w i l l  

a p p e a r ,  

T h e  f o r m s  s y s t e m  p e r  s e  i s  n o t  r e a d y  t o  q o  m u c h  o f  a n y t h i n g  b u t  

t h e s e  w i l l  s o l v e  m o s t  o f  y o u r  p r o b l e m s .  

L e t  m ®  k n o w  h o w  y o u  m a k e  o u t .  

3 1 6 8 0  

2  j  3  

2 j 4  

2 1 5  

2  j  6  

2 1 7  

4 
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E J K  1 9 « F E B * 7 5  1 4 5 2 6  3 1 0 8 1  
M o s t  U s e l e s s  C o m m a n d  C o n t e s t  E n t r y  

I  t h i n k  D V N ' s  e n t r y ,  F o r c e c a s ®  I n v i s i b l e ,  i s  a  v e r y  u s e f u l  c o m m a n d  
e i t h e r  w i t h  o r  w i t h o u t  a  f i l t e r  a n d  s h o u l d  t h e r e f o r e  b e  d i s q u a l i f i e d ,  
A f t e r  a l l #  s o m e  o f  u s  s h y ,  u n a s s u m i n g  t y n e s  a r e  s e c r e t l y  v e r y  p r o u d  
o f  t h e  f a c t  t h a t  a l l  o f  o u r  i n v i s i b l e s  a r e ,  a g g r e s s i v e l y ,  U P P E H C A S E ,  



M o s t  U s e l e s s  c c r r m a n o  C o n t e s t  E n t r y  
E J K  1 9 " F E B -  7  5  1 4 : 2 6  3 1 8 8 1  

M y  c a n d i d a t e s  f o r  t h e  l e a s t  u s e f u l  c o m m a n d s  a r e  M e r g e  p l e x  a n d  M e r g e  
B r a n c h ,  F o r  s e m e  m y s t e r i o u s  r e a s o n  a l l  t h e y  d o  f o r  m e  i s  t e l l  m e  
t h a t  m y  f i r s t  e n t r y  i s  n o n - e x i s t e n t ,  O f  c o u r s e *  s o m e  p u r i s t s  w o u l d  
a s *  w h y  a n y o n e  i n  h i s  r i g h t  m i n d  w o u l d  w a n t  t o  m e r g e  a n y w a y *  b u t  h e r e  
o n  t h e  o t h e r  c o a s t  s o m e  o f  U s  a r e  o l d  f a s h i o n e d ,  1  

1 
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I N F O - O N L Y  ]  )  I  S U b - C o i l e c t i o n s !  F A D C j  C l e r k s  F J K j  
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t e s t  o f  j o u r n a l  w a l l  s y s t e m  

H i  J o h n  t h i s  i s  a  t e s t  c f  t h e  J o u r n a l  s V s t e m - - l e t  m e  K n o w  i f  y o u  g e t  
t h i s  m e s s a g e - - L a r r y  
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