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PREFACE 

Part 1 of the JOVIAL Manual is an introduction for non-programmers 
entitled Computers, Programming Languages and JOVIAL. It was written 
20 December 1960 by c. J. Shaw and is designated TM-555, Part 1. 
This document, Part 2 1 the JOVIAL Grammar and Lexicon, is a complete, 
concise, and rigorous description of JOVIAL (J3), an SDC-designed, 
procedure-oriented programming language, It is intended primarily as 
a specification of the language and is not considered a training 
document. Three SDC publications on JOVIAL (J3) may be considered 
textbooks on the complete language: 

TM-555/003/00 by C, J, Shaw 26 December 1961 
The .JOVIAL Manual, Part 3, The JOVIAL Primer, 216 pages, 

N-18652/000/00 by Sandra Peterson 24 July 1962 
JOVIAL Syllabus, 144 pages, 
This is an internal SDC document and is not 
appropriate for release outside the corporation, 

TM-780/000/00 by Phyllis R. Kennedy 17 September 1962 
A Simplified Approach to JOVIAL (A Training Document), 
387 pages. 

'I'here is also an introduction to JOVIAL in several parts which will 
help to carry the student of JOVIAL a considerable part of the way 
to an understanding of the complete language: 

TM-555/061/00 by M. H. Perstein 8 October 1962 
JOVIAL for the Dilettante, Part 1, 40 pages, 

TM-555/062/00 by M. H. Perstein 5 November 1962 
JOVIAL for the Dilettante, Part 2, 22 pages. 

TM-555/063/00 by ~1. E. Perstein 2 January 1963 
J'.)VIAL for the Dilettante and Beyond, 
2DC Compiler Error Detection Lists, 19 uages. 

When ordering any of these publications, the user should request all 
pertinent modifications. TM-555/063/00, the Error Lists, is a handy 
booklet fo~ all active J3 nrogrammers usin~ SDC coMnilers. Since the 
above uublications have appeared, new error messages have been added 
and changes and clarifications to the lanr:uage have been aunroved by 
co;nizant coruni ttees and implemented by cocniler maintenance prorr:rammers. 
This manual includes all chan~es aup~oved to date. As new cha~ges are 
i~nlecented, modifications to this document will be issued. 
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This version of Part 2 is published in the hope of rendering the 
specification of the language more easily understood. It differs from 
the previous version principally in the following ways: a different 
metalanguage, omission of formal division into numbered forms, inclusion 
of a detailed index, fewer examples, changes of emphasis, and expanded 
references to implementation. The references to implementation are 
included mainly to point out the meanings and u~es of various elements 
of the language. These references also serve to remind the reader that 
it is necessary to consult supplementary documents concerning implementation 
by the compiler in which he is interested. 

The author gratefully acknowledges the help of the following people in 
critically reviewing a draft of this document: s. L. Arnold, C. Baum, 
E. R. Clark, v. L. Cohen, E. Hayes, J. s. Hopkins, C. W. Jackson, Jr., 
P. R. Kennedy, D. K. Oppenheim, and c. J. Shaw. Responsibility, however, 
for the format, contents, and any errors which may come to light rests 
entirely with the author. 
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Chapter 1. Introduction 

1.1 Languase and Metalanguage 

In attempting to define and describe programming languages it has 
been found convenient 9 perhaps necessary 9 to use some other language 
which is richer than the programming language. even richer than the 
programming language and English combined. Such a richer language 
is known as a metalanguage. 

This document describes JOVIAL in terms of a specially devised 
metalanguage. but one which is a simplification rather than an 
elaboration of others that have been used for describing programming 
languages. The author is interested in knowing if he has accurately 
gauged the needs of his readers. A short. one-page questionnair is 
included at the back of the book. Feedback 9 both negative and positive, 
will be appreciated. 

1.2 The Descriptive Metalangua.ge for JOVIAL 

The language of this document consists of JOVIAL symbols plus English 
plus other words and phrases plus numbers plus punctuation plus 
arrangement on the page plus diagrams. Certain elements of JOVIAL 
look just like the punctuation used with English, for instance the 
comma and the period which are parts of this sentence. No attempt is 
made to distinguish these classes formally, but context should provide 
the required distinctions. 

The "other words and phrases" will be distinguished from both 
JOVIAL words and English words by being typed in a special font 
called "script." An example, to be defined later, is ".le;U:CUL." 
All such "other words" will be spelled like English words and will have 
similar, but not identical, meanings. For instance, "le;U:CUL" refers 
to an element of the JOVIAL alphabet while "letter" refers to an 
element of the English alphabet. 

Defining sentences, formulas, and lists will use capital letters 
and numerals, typed in elite, as specific instances of themselves 
in JOVIAL, 1;1.nd "other words and phrases," typed in script, as represen­
tative members of classes of JOVIAL elements. English vords (in elite 
and low"!r case with normal capitalization), such as "followed by" and 

1.2 
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"or," will be used at times to indicate such things as order 
and alternatives. If punctuation is present: 

1. 
2. 

In sentences, it is English and part of the sentence. 
In formulas, it is JOVIAL and part of the expression. 

Punctuation may appear indiscriminantly in elite or script, with 
no meaning attached to the difference. 

Throughout the document there will be lists of alternative defining 
formulas and of examples. Some elements of lists will require more 
than one line. In order to distinguish the elements unequivocally 
they will be numbered at the left as in the previous paragraph. The 
number and its following period is never a part of the formula or 
example. 

Script words or phrases written one after another, with one or more 
intervening spaces, indicate concatenation. For instance, the 
formula: 

3. 

means the same as iette/L followed by letteA. In order to join such 
words together to form descriptive names for classes, a colon is placed 
between the words. If such a phrase begins on one line and continues 
on the next, the colon is repeated. For instance -- 6oJtma.l:.lnpu;t: 
:paJl.ameteJt:wt. Such a phrase will never be broken within a word. 
Here are four examples of phrases (to be defined later) naming classes 
of JOVIAL structures: 

4. 
5. 
6. 
7. 

6 atonal: inr:at: paJLameteJL: wt 
6 ofL»&: o ut:pu;t: paJLameteA: .w.t 
actual: .l11rxtt: pa.!LameteJL: wt 
a.ctu.al : ou.t.µ.i;t: pa!tam e.teJL : w,t 

There will be script words or phrases, not explicitly defined, used in 
describing JOVIAL structures. These phrases are derived by breaking up 
or ~utting together other phrases. The meanings will be obvious. For 
instance, it should be clear that the following four examples are four 
of the six uossible combinations of the classes named in examples 
4, 5, 6, and 7, taken two at a time: 

1,? 
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a. .inru;t: rxtJtame.t:e.1t:.w.t 
9. ou.tpu..t': paAame.t:elt.: ii.At 
l 0 • 6 o!tma.l: pa!La.me.t:elt.: wt 
11 • a.ctua.C.: pa!W.me.t:elt. d'..-Wt 

1. 3 Programming Forms and Formats 

This document is not concerned with how a yYt.ogJt.am gets into the 
computer. The coding form may be scanned by an optical reader or 
the manuscript may be transcribed to punched cards or tape. There 
may be columns reserved for identifying or numbering the cards. 
The programmer will probably have adopted some consistent and 
easy-to-read format. This manual, however, considers a JOVIAL ptwgltam 
to be, from start to termination, a continuous stream of JOVIAL ~.{.gJ1.6. 

1.4 ~:;yntax an.:.i. Semantics -- Illegal, Undefined, Ungrammatical, Compiler­
d?ei;:endent 

This manual makes no great distinction between syntax and semantics. It 
gives complete specifications, however, for writing legitimate JOVIAL 
r.Ytogl'Lan~. In those instances when structure or meaning is described 
as compiler-dependent, the user must consult other documentation (or 
write it if he is building the compiler) to learn of further restrictions. 
Since information about JOVIAL compilers is available, this manual also 
tells about some deficiencies or pathologies in the compilers. 

For a n·'tOglta.m to be legitimate it must be meaningfully structured in 
accordance with the specifications in this manual. If the /YLOg4~n 
or any part of it fails to meet this requirement, it is of small concern 
whether it be called illegal, undefined, or ungrammatical. 

All that this manual requires of a compiler is that it properly compile 
a legitimate tYt.091tmn. A good compiler, however, will exhibit the 
:allowing additional characteristics: 

1. 

2. 

It will not stop prematurely nor go wild no matter how 
indigestible the supposed µtt.091tam. 

It will give clues as to why the sunposed pJtogJz.a.m is I!£!:. 
a J'.l 'LO Rftam • 
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Such clues are usually called error messages. A good compiler 
can also be helpful by providing listings of information it has 
collected and organized concerning the pltOgJtam. 

Compilers will often not reject certain illegal or undefined structures, 
but compile them instead, giving results which the programmer considers 
appropriate. It is recommended that programmers avoid exploiting 
these quirks, since there is no guarantee that a new version of the 
compiler will exhibit the same eccentricities. 
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Chapter 2. Elements 

2.1 Introduction 

A )YlogJLa.m written in JOVIAL consists, basically, of 4.ta.teme~ and 
de.c.i..aJi.a..:Yl..6. The 4.ta..tement.6 specify the computations to be performed 
with arbitrarily named data. There are both .&,imple:.6ta..teme~ and 
c.omptex:.&.ta.tement.6, which can be grouped together into c.ompound:.6tciteme.riU. 
Among the de.cl'..a!t.a;t,n..6 are da..ta.:de~Yl..6 and plz.OC.U.6ing:de.c1..a.tut.ti.oYL6. 
The dat.a.:dec.f.alt.a.tion..6 name and describe the data on which the p1t.ogJta.»1 
is to operate, including inputs, intermediate results, and final results. 
The )YWC.U.&-i..11.g:deci.a.tt.a..U.on.& generally contain 4.ta.teme.~ and other 
de.~n..6. They specify computations, but they differ from .&;ta;teme.n:t.& 
in that the computations must be performed only when the particular 
plz.OC.U.6~n.g:de.c.i..aJi.a..:11. is specifically invoked by ttame. In addition to 
.&ta.temel'tt.6 and declaJutt{.onJ.i there are di.Jr.ec.tivu by means of which the 
compiler is caused to change its interpretation of certain structure~1 
in the P'LO gJLa.m, The .&ta..temeJit6 , de.c.i..aJi.a..: Yl.6 , and ciiJt.ec.tiv u are 
composed of .6 !P'bol.6 which are the words of the JOVIAL language. T ''-' "' 
.6f1"YlbOU are in turn composed of the .6-i..gn..6 which comprise the JOVIAL 
alphabet. 

The general order in which the elements of a y.Vc.ogJtam have been introduced 
in the preceding paragraph represents the general order in which one 
looks up definitions when trying to clear up a question. The definitions 
in this manual are introduced, however, in the opposite order. Such 
arrangements have led to complaints that one must "read the book 
backwards." This comment arises from the process of looking up a form 
in the table of contents, turning then to the late chapter where it is 
defined in terms of earlier defined forms. These, more elementary, 
forms are then found, via the table of contents, in an earlier chapter. 
And so forth. Nevertheless the document is arranged for the use of 
a reader rather than for reference. Difficult as this may be for reference 
use, the opposite arrangement 'WOUld be much more difficult for a reader. 

An index has been included which will, hopefully, facilitate reference. 
The index should answer many questions directly. It will carry one 
quickly back through the chain of definitions until the question is 
answered or until the reader needs more details, to which he will be 
directed through the section numbers. 

2.1 



16 March 1964 12 TM-555/002/02 

2,2 Spaces and Sr.xtc.e..6 

There is no means in this manual, other than context, of distinguishing 
between a .&pa.c.e, an element of JOVIAL, and a space, an element of 
English and of our descriptive metalanguage. Rather than using a special 
character for one or the other, it was felt best to make explicit 
explanations where necessary. The first such explanation follows 
immediately. 

JOVIAL is written using .6!!nbo£.6, the words of the language. The .&~bol.6 
are composed of .6..lgntt, the elements of the JOVIAL alphabet. In general, 
.6 !!J1bo£.6 do not contain .&pa.c.e..6. The exceptions will be pointed out in 
sections 2.5 (c.otmte.n.t) and 2.63 (holltl/Uth: and .t'la.nttm.i..u.um:c.ode: 
: c.o "4.tan.U) • In general, .6 !Pfb0!.6 are separated by .& pal!e..6. Again 
the exceptions will be noted (section 2.7), but, note here, these 
exceptions are permissive -- it is always correct to put .&ptl.C.e.6 
between t>ymbol.6, except that it is never permitted to put a .6pa.c.e after 
the +or - denoted by the word .&igned (see section 2.61). 

In defining and explaining .6-4f ntt and .6fl!'lbo£.6, any spaces included in 
the metalanguage formu.las are not meant to be included in the definition. 
The phrase "string of" impliesthat there are to be !!2. .&pa.c.e..6 between 
the elements strung together. Similarly, phrases such as "followed by, 11 

"enclosed in•" and "separated by• 11 imply that there are to be no .6 pace.& 
between the elements concerned. This is the situation (except where 
explicitly stated to be different) up to section 2.7. In sections 2.7 
and 2.8 the transition is noted and forms are explained that don't 
quite fit the new rule or the old one. 

In Chapter 3 and beyond, the opposite view is maintained with respect 
to .&pa.c.e.6. From there to the end of the book (except for the index) 
.&pa.cu must come between all elements except where declared otherwise. 

In the index, neither rule holds. This is a question of detail which 
the index cannot answer directly. 

2.3 Sian.6, Elements of the JOVIAL Alphabet 

S/g11 means a lett.e!L, a nwne,..'La! or a malt.lz. 

L~tteJL means one of the twenty-six letters of the English alphabet, 
;.:ritten in the form of a rem.an capital. 

::u.P1elta.l r:1eans one of the ten Arabic numerals r/J, 1, 2, 3, 4, 5, 6, 7, 8, 
or 9. 

2.3 
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Oc..ta.l: nu.meJLa.l means one of the following eight l'U.tmeJr.al.6: Ill, 1, 2, 3, 4, 
5, 6, 7. 

Ma/LQ means one of the twelve marks, each associated with a name or 
names in 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 

parentheses, in the following list: 

+ 

* 
I 

' = 
( 
) 

$ 

I t?M: .6ia n) 
I mi.nu.& : .& lg n l 
( .6.taJL) 
(.6.fa.6/t) 
(.tipac.e, blank) 
(peJLiod, decJ.ma.l:po,LJit) 
(comrm.J 
( equa.l6: .&.lgn) 
(lefit: 00/l.enthe.&i.6) 
(Jvi.ght: paJLenthe.&i.6 J 
( p.'l..{me) 
(doUa!L:.s.lgn) 

2.4 St,nbol.6, the Words of JOVIAL 

The .&qmbol.6 or words 0 of the JOVIAL language are composed of strings of 
1.iig1u, in some cases a single .sign. Most .6!Jlrrbol..s do not contain .6pace.s. 
In fact, .6pace.& serve to separate ..sqmbol.6 from one another, In the 
definitions of J.iymbol.6 the phrase, "enclosed in paJLenthe.&e.6 1 " means 
having a. le6t: 1:JaJLenthu.i4 on the left and a !Ught: pa!tenthui.6 on the 
right without any intervening .6pac.u. 

Symbol means one of the following expressions: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

ptWrt..i,t..i.v e 
contita.nt 
loop:va.tc.ia.ble 
a.bbJt.ev ..t.a.ti.o n 
name 
.ideogJt.am 
C.Ot1111ent 

The above definition contains a categorical listing of all JOVIAL 1.iim1bol6, 
but rYivnilive. and ideog11..a.m have reference to the way these l.iffr!bol~ are 
written rather than their use in contructing Wt.OgJt.am.6. These two categories 
can be regrouped in ways that are more suggestive of their roles in the 
languai;-;e. 

Those 1.i1:_11;1bol1.i which are rJL.h1iLt.lvu or -U:leoqtt.a.m.6 include the catea;ories in 
the followin~ list, which is not exhaustive: 
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8. aJU.thme.:ti.c.: 0 peJta:toJr.. 
9. Jr..e.l.a.ticma£.: o peJta:toJr.. 
10. l.ogic.a.l:opelUttoJr.. 
11. 6wtc.:Uo na.l :mocU6iell 
12 • bJr.a.c.ke.t 

2.5 PJUm.i.t..tve., Name., Loop:va!Ua.ble, AbbJr..e.v..ia.t..i.on, Ide.ogJtam, Conme.n.t 

The following list exhibits all the p!WnU:..Lvu of the JOVIAL 
language: 

O ABS 0ENTRY +LS *PROC 
'O ALL +EQ e:JMANT ~'PROGRAM 

+AND ~FILE OMODE ~RETURN 
""'ARRAY *FOR e>NENT "SHUT 
~ASSIGN .,tGOTO +-NOT ~START 
-V-BEGIN +-GQ. 1-NQ ~STOP 
OBIT IGR ONWDSEN ~STRING 
OBYTE ?(IF O ODD "kSWITCH 
()CHAR ')E:IFEITH 1tOPEN "FTABLE 
f CLOSE ~INPUT +-OR ~TERM '*" "' Si-A.~ t.\ !;NT' l l:l "JI- DEFINE '*ITEM ~ORIF ~TEST 

O,;; ~·~ll'4!..IPIClr77-orJ ~DIRECT *°JOVIAL 1'0UTPUT 
+-:;. oPetl.A-7"04 ~ END D'LOC ..,C.OVERLAY 

OENT t' LQ Pros 

A p!WnU:..lve. is a ~ymbol consisting, usually, of two or more le.t:t~ 
and having a specific meaning in the JOVIAL language. In the 
above list there are two p!WnU:..Lvu which begin with the y.:vUme.. 
This is in accordance with a policy of requiring the spelling of 
any new p!WnU:..Lve added to the language to begin with this maJtk. 
The purpose is to avoid outlawing any previously written y.m.og~ 
by preventing the possibility of the new p!WnU:..lve being identical 
to any name. For the p!WnU:..Lvu in the above list spelled with­
out the pJU.me an alternate form will be accepted in which a y.>IU.me 
precedes the le.t....t~. For example, the following two ~lfl11bO~ 
are p!WnU:..Lv~ with the same meaning: 

1. 
2. 

GOTO 
'GOTO 

The following ~ymbol, however, is not a r.>JV(.nii..t..i.ve.; it may be used as 
a rnune: 

3. LOC 

A name is a string of two or more le.tt~, nwne/l.«l.6 1 and pWnU with the 
following characteristics: 
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4. It is not identical to any p!Lhn.{.t,{,.ve.. 
5. It begins with (the leftmost ti-lg rt is) a f..ett.eJL. 
6. The rightmost ti-lgn is net a ~ne. 
7. It does not contain two consecutive p!U.meti. 

Loop:va!U.able. Any single R..ett.e/l can be used as a loop:va!U.a.ble.. It is 
the context in which it is used that characterizes it as a loop:vaJL-i..a.ble. 
A loop:va!U.able is often called by other terms such as for-variable or 
single letter subscript. 

AbblLe.v,la..t,i.crt. Several letteJLI.> are used, standing alone, as abb!te.v,la..t,i.onti. 
The meaning of an abb!te.v.la.:U.on depends on context. Those lettell..6 which 
may be used as abb!te.via..t,i.ort.6 will not be exhibited here, but will be shown 
and explained in connection with the forms in which they can occur. 

Ide.ogJtam means a string of maJLIUi having meaning in JOVIAL. Each of the 
twelve maJLfu except the .6y.xt.e.e. and the p!Lhrte is also an i.de.ogJtam. Following 
are listed the 20 JOVIAL Me.og!La»~: 

+ 

* 
I 

t 

= 

$ 

') r_-

' . ) 

** 

I I 

... 
($ 

$) 

(/ 

/) 

(* 

*) 
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Conme.nt means two y.>t.lmu followed by a string of .6.lgn6 followed by two 
p!W11u. The string of .6.lgn6 between the two sets of doubled p.'Untu 
may contain .6p1.CU. It must not contain two P'Umu in succession; the 
last .6.lgn before the second set of two P'Umu must not be a p!Lime; 
and the string of .6..i.gn.6 must not contain $ except in the following two 
combinations: 

B. ($ 
9. $) 

2. 6 Co n6.tant 

Before proceeding with the definition of con.6.tant it is necessary to 
define certain adjectives and adverbs which are used to denote attributes 
of con6.tant4, vall.ia.blu, 6.llu, 6unetlon6, and certain other expressions. 

2.61 Adjectives Applying to JOVIAL 

T~an4mi..6.6~on:code. means having values which are strings of .6.lgn6, each 
.6.lgn, if within a computer, being represented by a string of six bits 
(binary digits) in accordance with the table of figure 1. In· figure 1, 
octal digits are used to represent patterns of three bits in accordance 
w~th the usual convention. 

HoUe!U.th means having values which are strings of .6.lgn.61 each .6.lgn, 
if within a computer, being represented in a manner dependent on the 
particular computer. In all present versions of JOVIAL, the internal 
h.oUe!Llth representation uses six bits per .6,[qn. 

In.tegeJL, as a noun, means a numeric value which is represented as a 
whole number without a fractional part, but which is treated as if it 
had a fractional part with value zero to infinite precision. In this 
manual, precision means the number of bits to the~right of the point in 
binary representations of numeric values. 

hite.ge!L as an adjective, means having the value of an ..i..ri-te.ge!L. , 
Signed means being preceded by + or - without any intervening .6pace.6. 

F4xe.d means having numeric values, within the computer, with a specific 
given or stated or understood degree of precision. If the precision is 
negative it means that the value is stated not even to the nearest 
unit. Fixed does not mean immutable; hence we are led to such seeming 
incon~ruities as (iixed:vaJU.abte.. 
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SJ:g_n Code S,(_g_n Code S,i.g_n Code S,ign Code 

Spa.c.e f6f6 K 20 ) 40 f6 60 
# 01 L 21 - 41 1 61 

# 02 M 22 + 42 2 62 

# 03 N 23 # 43 3 63 
# 04 0 24 = 44 4 64 

# 05 p 25 # 45 5 65 
A 06 Q 26 # 46 6 66 

B 07 R 27 $ 47 7 67 
c 10 s 30 * 50 8 70 
D 11 T 31 ( 51 9 71 
E 12 u 32 # 52 I 72 
F 13 v 33 # 53 # 73 
G 14 w 34 # 54 I 74 

H 15 x 35 # 55 • 75 
I 16 y 36 

' 
56 # 76 

J 17 z 37 # 57 # 77 

# means there is no corresponding ~ign. 

Figure 1. Tll.a.n..6mlMicm: code 
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Floa..t-i.ng means having numeric values represented within the computer by 
two numbers. These two numbers are the signicand 1 which carries the 
significant bits of the value, and the exrad, or exponent of the radix, 
which tells where the binary point is among the bits of the signicand or 
how far to right or left. A 6loa.ti.ng value is equal to the signicand 1 

multiplied by 2 raised to the power of the exrad. The number of bits in 
the signicand depends only on the particular computer involved. In this 
manual, significant bits means the bits in a computer representation of 
a number without consideration of the reliability of any of the bits. 

Oc.ta.e. means having values represented by oc.:ta.l: 11Wl1e/Ul.t6 and certain other 
~ign6. The value may be considered as an integer or as a bit pattern 
depending on context, Oc.ta.l applies only to JOVIAL structures which 
are in the nature of c.on6:tan.t6. 

Vua.l mea.ns having pairs of numeric values. Each member of the pair is 
known as a component. The two components must be represented in the 
same way, each being oc.:ta.l in the sense of intege!t, or each being 6ixed 
with the same precision, or each being ~ntege/t, 

Boolean means having one of two possible values which might be thought 
of as "true and false," or "yes and no," etc., and which are represented 
by l and ~ respectively. 

sta.tt.u means having values which are 1 in essence, mnemonic labels. The 
representation, within a computer, of these values depends on context and 
not on the particular computer involved. 

Num~c. means ~e.ge/L or 6..i.xed or 6loa.ti.ng or oc..ta.t. In some other 
discussions of JOVIAL1 twme/L~ is defined to include du.at, but, in the 
hope of making later explanations clearer, nu.m~ here excludes dual, 

Having defined the above adjectives, it will now be possible to use and 
understand certain terms without explicit definition. For instance, if 
lwUe/l.U.h:c.on6:ta.nt, 6loa:Ung:c.on6:ta.nt, etc,, are defined, the meaning 
of c.on.6.ta.nt is clear. Similarly, if va!U..a.ble is defined, the meanings 
of ~:t.a.tu.~:vcvr..i..a.ble., boolean:vcvr..i..a.ble., etc., are clear, 
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Opt,i..ori.a.l means, with respect to the noun element to which it is 
applied, that the element may be present or absent. For example, 
op:t.i..ona.l:..s-i..gned:nume1ta.i followed by £.e.tte/l means one of the following 
three forms: 

l • + numella.i le.tte.JL 
2 • - tWmelLa.i £..etteJL 
3. le.tteJL 

Op.t-i.orraliy means, with respect to the adjective to which it applies, 
that the adjective may apply or not. For example• op:ti.ona.Uy:..si.gne.d: 
:nume.JLa.i followed by £.e.tteJL means one of the following three forms: 

4. + tWmelLa.i le:tteJL 
5 • - nun1elt4l le:tteJL 
6 • numeJtai £.e:tteJL 

NwnbeJL means a string of numeJLa.i.6. If a numbe.JL stands alone as a .6 !J11bol 
it has the conventional integral constant value. 

Sc.ale means a numbeJL in certain positions as indicated below. 

2,63 The Structure of Con.6.:ta.nU 

1ntegeJL:col'L6ta.nt means a rwmbeJL, or a nwrrbelt followed by the letteJt 
E followed by a ..sc.ale. (The E stands for exrad.) An -i..ntegeJL:co.u..ta.nt 
is a JOVIAL ..symbol. It has a numeric .value given, if there is no 
..Sc.ale present, by reading it as a mathematical symbol. If a ..Sc.a.le 
is present, the value of the hl.tegeJL:con..s.:ta.nt is the value of the 
numbe/t. multiplied by 10 raised to the power given by the .6ca.ie. 
For example, the following two hl.tegeJL:con..s.:ta.nt.A have the same value: 

1. 2E3 
2. 2{l!{l!{l! 

Ftoa.:ting:con..s.:ta.nt means one of the six structures in the following list 
(as explained in section 2.2, .6p£t.Ce.6 are not permitted): 

3. 
4. 
5. 
6. 
1. 

ru.unbe/t. • 
nwnbeJL • Y1W11beJL 

• nwnb.en 
l'iw;1beJL • E op.t,iona.Uu:.6,i.qn.e.d:..sca.le 
1u.u;1ben • ru.unbeJz. E otit.Wnatlu:.6.i.ane.d:.tic.ai.e. 

• nwnben E ont.w11a.Uy:.64j11e.d:..sca.le 
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Examples of 6loa.-tlng:c.on6ta.nt.6: 

7. 3.14159 
8. 56789.E-3 

F.ixed:c.oruita.nt means a 6loa.U.ng:c.orui:tant followed by the ietteJL A 
followed by an optlona.tly:.6,i.gned:.6c.a.le. It is a .6!:ft1bol. Its 
value is the value of the 6lca.t.i.ng:c.oruit:a.nt part, curtailed perhaps 
because of the optlona.tly:.6~ned:.6c.a.le following the A. This opt,i..onally: 
:.6~ned:.6c.ale tells how many bits are to be retained after the point in 
a binary representation of the value. If the number of bits to be 
retained is negative, the meaning is that some of the least significant 
bits to the left of the binary point are to be truncated. On the 
following three lines are six 6~xed:c.on.6:tant.6. Although the precision 
to be carried may be different, the values of the two 6aed:c.orui:tant.6 
on each line are identical, being that given, ·in binary, by the third 
number on the line: 

9. 
10. 
11. 

2.A4 
4.¢A-2 
2.25A2 

2.24A¢ 
.6EJ.A-2 
2.375A2 

Oc.:tal:c.oruita.nt means the letteJL O followed by a le6t:pa.1t.e..nthu~ 
followed by a string of oc.:tal:nwne/ta.l6 followed by a JU.gli:t.:p:Vtenthu~. 
Examples of oc.ta.l:c.on6ta.nt.6: 

12. 0 ( 2¢2(62 ). 
13. 0(1234567¢) 

The value of an octai:c.oruita.nt is llie/ta.l or nume!Uc depending on 
context. If .LU:.eJta.i, the value is the pattern of bits represented, three 
bits per nu.me/Lal, by the string of oc.ta.l:nume!tal.6. If nwrre!L-i..c., the value 
is the integer represented, in octal, by the string of octai:nwneJLal.&. 

Du.a.l:c.oMta.nt means one of the three structures in the following list: 

14. D ( o pU.o na.U.y: .6,£.gned: inte.90: c.oM:tant, a p:t.i.oru:tlly: .6,£.g ned: 
: bi-teg eJl: C.O Mta.nt) 

15. D ( o pt,la na.tly: .6-i.g ne.d: fi,(.xed: c.o n.6ta.nt, a pti..o na.U.lf: .6-i.g ne.d: 
: 6-i.xed: c.an.6ta.nt) 

16. D(acta.t:c.on.6:tant, oc.:tabc.oMta..n.t) 
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In the form above in which each component is a 6ixe.d:c.on.&ta.nt, the 
.6c.ai.e. after the A must be the same in each component. Examples of 
du.al.: co VUi.ta.nU : 

17. 
18. 
19. 

D(27,-15) 
D(+l.739Al¢.-l,©92Al¢) 
D(0(7777) 10(4¢'{6)) 

Hollel!A;th:c.orui.ta.nt means a nu.mbeJL followed by the let;te.Jt H followed by 
a le.6.t: pall.e.nthu-CA followed by a string of ..s.i.grui followed by a !U..ght: 
:pall..e.nthu.l6. The value of the nu.mbell must correspond to the number of 
.&ign.6 between the Y.XVLe.nthuu. The value of a hoUeJU;th:eoMtant is the 
string of .&ign.6, represented within the computer in holleJL.lth. The string 
of .6-i.gYl.6 between the p:vte.nthuu may include .spa.cu. Examples: 

• 
20. 28H l ·.:.'HIS IS A HOLLERITH CONSTANT) 
21. l 7H( SO IS THIS.•.+-)$} 

TJt.an6ml6.6ion:c.ode.:c.on.6.ta.nt means the same as holleJL-i.:th:corui:ta.l'tt except 
that the H is replaced by T and the computer representation is in 
.tJLa.n.&nil.6.6io n.: c.ode. instead of holle.JtUh. Example: 

22. 29T(THIS ONE IS TRANSMISSION CODE) . 

3oole.a.n: c.o 1'1...\:ta.nt means the nun1e/la.! !II, which stands for "false 1 " or the 
mune.Jt.ai 1, which stands for "true." Boolea.n:c.orui.ta.nU. are distinguished 
from J.tite.geJt:c.oMta.nt.6 of the same form by context • 

.S.ta.lli.6: c.o n.&ta.n.t means either a lett.eJt or a name. enclosed in pa!l..e.nthu e.6 
and preceded by the l~tteJt v. Following are three examples of .&.ta.tu.&: 
: c.o n.&ta.nt6 : 

23. V(A) 
24. V(POOR) 
25. V(ALL'GONE) 

'l'he value of a ,6;ta,tu.4:c.on11.tan.t depends entirely on context. In each 
context the .&ta:tu.6:c.on11ta.n.t will be associated with a .6.ta.tu.6:Uem:name. 
or with a ;}.U.e.:name.. The .6taJ°..u,~:c.oM.taJ1.U associated with each .6.ta;tu.6: 
:aem:nam~- or 6ile.:name. r.i.ust differ among themselves, but they need not 
be different from those associated with other .6.ta.t:u..&:.Ue.m:name..6 or (iile.: 
:1uw1e..6. Indeed, the value of a .6.ta.tu.6:c.o.uita..nt associated with one 
<le.m: Mme. may be different from the value of that same .6.ta.tu.4:c.0YL6ta.n.t 
when associated with a different <lem:narne. Aside from the rules stated 
in this naragraph, the uniqueness of nam~ and ioop:va!Ua.ble..6 required 
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elsewhere does not apply to the interiors of .6.ta.tu..6:c.orv.ita.~. 

2.7 Transition 

All the .6tft'lbO.l6 of the JOVIAL language have now been explained, at least 
so far as their structure is concerned. Some meanings have also been 
explained, but others will be made clear only as the use of the .6r.rnbol in 
larger constructions is discussed. 

In chapter 3 and those that follow, such phrases as "string of," "followed 
by," "enclosed in," and "separated by" imply that .6 pa.c.e-0 are permitted and 
may be required between the elements concerned. In writing a tytag.'1.a.m all 
the .6 !f"1bo.l6 are to be separated by one or more .6 pa.c.e..& except that, if the 
meaning is still clearly the same, a .6pa.c.e may be omitted. This means 
that, in general, -6 pa.c.u are required between p.'1..-imilivu, namu, 
loop:va!U.ablu, abb~evJ..at,lanJ.i, and c.on.&ta.nt-6; but not required between an 
ide.agJi am and another -6 0f11bol. Note that • is an ide.og~am when used as a 
pe'l..iad following a name in certain situations (sections 3.4 and 3.55, for 
example), but ~when used as a dec.,i.mal.: po.int in writing c.onM::ari:th 
(sect ion 2. 63) • Similar remarks concerning + and - might be made, but no 
ambiguity results from disregarding such commentary. Examples: 

1. 
2. 
3. 
4. 
5. 

CHANNEL' 5 EQ 
BEGIN GOTO 

3E2 7E5 
IF 'LOC 
P=Q+5$ 

There are exceptions to the general rule: (1) -6pa.C.e-6 may be omitted between 
a 1JIUJ11,{,t.ive or abb~e.v,iat.ian and a following c.orv.itant which begins with a 
dec.,Cmal:po.int; (2) -6pac.u may be omitted between a c.an.&tant which ends in a 
dec...imal: po.int and a following p!li.m.it.ive. which does !!21 begin with E or A. 
Examples: 

6. 
J. 

BEGIN.5 
IF ALPHA 

.6 1.3 2. END 
EQ 7 .OR.3¢2 LQ BETA LQ.9¢¢7$ 

In the metalanguage formulas to follow, a -6 pa.c.e. will appear between .6 ~~nbol-6 
wherever a -6Dac.e. is permitted or required. In examples, J.ira.c.e..6 might not 
be shown if not required. 
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A c.omnent may replace any one or more of the string of .6pace..& between 
.6!PJbo.l6 without altering the meaning of the structure except in the 
case of a den-<.rr.e:cli.Jr.ect:ive, which is explained in the next section. 
A coiwnent must not be used to replace a 6pa.ce within a .6!1Y'bol such as 
a WeJr.al:con6ta.nt or another conment~ 

A comnent is only for the edification of a programmer reading a listing 
of the pltOgJtam. It has no effect upon the outcome of compilation. 

This structure is explained at this point because it fits neither 
rule concerning the use of .6pa.c.e..& and c.ormre.nt.6. 

Ve6..i.ne.:cli!Lec:tlve means a structure of the following form: 

l. DEFINE name ' ' string of .6..i.gn.6 ' ' $ 

Among the .6..i.gn.6 between the first ' ' and the second ' ' shown above, 
t~ere must not be another two pii..ime..& in succession; and the last .6,ign 
before the second set of two p?r.,(mu must not be a p!tlme. Spac.e..&, however, 
are permitted among the .6,igM of the string. In fact, the string may 
consist of nothing more than a single .6pac.e. There must not be a 
cotmrent between the name and the first ' ' .6 !PJbol. 

The 'de.6.lne:clllte.c.ti.ve is meaningful only if the quoted string of .6.lgn.6 
is actually a string of .6pa.c.U or else a string of .6ymbol.6. Its purpose 
is to permit a name. to be used instead of the quoted string of .6f!YlbOl.6 
at subsequent points in the p11.og1tam. Wherever such a "defined" name 
is used it will be effectively replaced by the quoted string of .6~bol.6 
with the following exceptions: 

2. As part of a .6.ta..tu .. u c.o Mta.nt. 
3. As part of a Li;te./Ull:c.on6:t.ant. 
4. As nart of a c.otmtent. 
5. Within cliJLe.c.t:c.ode other than within diJLec.t:a..6.6.lgn.6. 

A name may be redefined by the use of another de6.lne:di!t.ec.:tlve for the same 
n.a.me at a subsequent point in the yYLOqJtam, but it cannot be "undefined." 
That is, once a name has been given a definition for a particular ~0911.am 
there is no device or language structure whereby it may be returned 
to the nool of unused nrunu or to the usage it had before its first 
de.t}.lne:d.btectlve. -

2.8 
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A defined name may be included among the ~~wrrbol.6 defining another name, 
effecting the implied replacement. Beyond the second such de6~ne:clUr.ec.t-i.ve 
the effect is the same regardless of the order in which the clUr.ec.t-i.v~ 
were written. 

The programmer must avoid circular definitions. 

Note that ~v~ must not be redefined by the use of de6~e:dbr..ec.t-i.v~. 

Examples of de6~e:cli!temv~: 

6. 
7. 
8. 
9. 

DEFINE 
DEFINE 
DEFINE 
DEFINE 

TO''•••''$ 
GOOD ''V(GOOD)''$ 
WORD '' '' $ 
UNIT "D(. 7¢7A8•. 7¢7A8) "$ 

2.8 
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Chapter 3. S.ta.:tement6 

3.1 Introduction 

A JOVIAL pWgJLam consists of a string of .6.ta.tement6 and dec1.aJr.a.t.i..cn.6 
which specify rules for performing computations with sets of data. 

The basic elements of data, called .i.tem6, are named to distinguish one 
from another. Sometimes a name applies to a group of .i.tem6, requiring 
indexing to tell one member of the group from another. Several 
named groups may be subsumed under another group, which is known as a 
:table and which may itself be named. The terms .stlr.ing and a!VrA.IJ are 
used to characterize certain groups of .i.tem6. For input and output 
purposes the basic elements are known as 'Ul.co!td.6, which are grouped 
into nUu. 

The values of Uem6 and other data can be changed in various ways. 
A data element whose value can be changed by means of an a.u.lgnment: 
:.6.ta.:tement is known as a valt.la.bl.e. There is one kind of element 
whose value can be changed, but not by means of an a..6.6~gnme.nt: 
:4.ta.:temen:t. This is the 6Ue:name which, in certain contexts, may 
be considered to be the name of an .i.t~n which contains information 
about the condition of the 6Ue. It is not considered a va!U..a.ble. 
Among the JOVIAL pJLim,i,tivu are some, known as 6unetlonal:mo~6~elL6, 
which can be applied to an .ltem:n.ame, thereby designating only a part 
of the ,(;t~n to be considered, for the moment, as a va!U..a.bl.e. Another 
6un.ctiona.l:rno~6~eJL can be used to group the .i.te.rtl.6 of a table 
together, the group being then considered a single va/U..a.ble. 

The value to be given a va!Ua.ble is specified in an a..6.6.lgnment:.6:ta.tement 
by means of a 6oJtrrula., which can be a con.6ta.n:t, a va.M.a.bl.e, or a 
6un.cticn. In the case of nume!U.c.: or du.a.l:{io~, arithmetic 
combinations of 6oJtrrula..6 are also 6o1U1'11.Ll.a..6. 

3. 2 Va!Ua.blu 

Va!U.a.blu can be named and described in .ltem:dec.lalta.tion.6 which declare 
and describe Lte»t6 of one kind or another. Vec1.aJr.a.t.i..cn . .6 will be discussed 
in Chapter 4. They can describe these 11.a.med:va!U.a.blu in terms of the 
adjectiv~s defined previously and listed below: 
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l. tJuln6mi..6.&.lon:code 
2. hoUe!Uth 
3. .lntegeJL 
4. 6-i.xed 
5. 6loa.:tlng 
6. du.al 
7 • bo o.le.cui 
8. .6~ 

The collective adjectives previously defined also apply. A Ll:te/l..al: 
:va!Ua.b.le means a hoUe.Jt..ith:vall.ktble. or a tJla.n.6mi..6.&.lon:code:vcvUa.b£.e.. A 
11W>1eJL.i.c:vaJL.Utble means an .lnte.geJL:va!Ua.ble., a 6-lxe.d:va.!Ua.ble., or a 
6.loa.t-i.ng:va.tt.iab.te. Named.:va!U.a.blu can also be subdivided into 4-0nple: 
: va!L.iab.lu and btdexed: va.!L.,£a.b£.u. 

S..i.mp.le:va.!L.,£a.ble means the name of an ..Uem declared by an ..Uem:d~a 
not associated with any aJVLa.y:dec.laJta.:tlon or any .ta..ble:dec.laluLti.on. The 
adjectives which characterize the va./L.,£a.b.le depend on the type description 
in the dec.i.a.lta.U.on. Exceptions will be explained later, wherein 
d~n is required. Example of a .&..i.mr.te.:va.tu'..a.b.le: 

l. ALPHA 

3.22 Indexed:vaM.a.blu 

It now becomes necessary to introduce the notion of recursive definitions. 
We will define .lndexed:vaJt.-i..a.ble. in terms including .lnd.ex. Index will be 
defined in terms of 6oJurula.6 which will be defined later in terms of 
vall.ktblu, including indexed:vaM.a.b.le.6. This is not to be interpreted 
as circular definition with enigmatic meanings, but rather as a simple 
way of indicating how structures of any required complexity may be 
built up. 

An index means a n.wnett.ic: 6o!tlrUla. or a string of n.wneJL.lc: 6oro~ separated 
by comria..6. Each {ioJti'rula in the string is known as a component. 

Inde.xe.d:va.1t-<.a.ble. means a structure of the following form: 

1 • name ( $ index $ ) 

where name. is the name. of an appropriately declared dvn. 

3.22 
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If the -index in the above structure has one component, it serves to 
specify a particular value from a one-dimensional table or aJVW..y 
of values. To pick a value from a tvo- or more-dimensional M!l.atf 
requires a two- or more-component -i.nde.x. Each time an -i..ndex is ~valuated, 
each component must yield a positive value or zero. If the value is 
not an integer it will be truncated to an integer. Each component must 
also, of course, be small enough to specify an actual ertttt.y of the 
table or M!l.atj. Example of an -i..ndex.e.d:valli..a.ble: 

1. PAWN ($ RANK, FYLE $) 

3.23 Additional VaJU.a.ble.6 

As descriptions of vaJri.a.ble.6, the terms 6loat-i..ng, dual and .6:ta.t:u..6 
may only describe named:vaJU.a.ble.6, that is, ·.6..impf.e.: or -i..ndex.ed: 
:vaJU.a.blu. The rest, terms such as hoUe!Uth, i.n:te.gell, and 
boolean, however, may be applied to other va.Jri.a.ble.6 which will be 
explained in the following sections. 

3.24 Inte.gell:vaJU.a.bie.6 

Following is a list of the structures which, along with named:intege.Jt: 
:vaJU.a.ble.6,are also integeJt:va!U.able.6: 

l. ioop:va.Jri.a.bie. 
2. BIT ($ index. $) ( named: va!U.a.ble. 
3. CHAR ( 6loat-i..ng:v~bie. 
4. POS ( 6ile:name. ) 
5. NENT ( name. ) 

The four p.!Wnli.ivu in the above list are known as nu.nc.tionai:modii)ieM. 
In the form with NENT, the nam". must be the name of a variable length 
table. or of an it~n belonging to a variable length table. This vaJtiabte 
designates the number of ertttr.-i.e.6 of the indicated table. Values less than 
zero or more than the declared maximum are undefined. The value before 
being set, as by an a.J.i.6igrone.nt:.6.ta.t('Jrle.nt, depends on the compiler. 

The ~u.nc.t..i.on.a.l:mod,l(iie.Jt., POS, operating on a 6de.: name., desi~nates the 
position of the ~-ii.e.. The value 0 corresponds to a nosition before the 
first h.e.c.oJtd of the li-il.e, the position form which the first Jte.c.oJtd 
may be read or written. For a Sile. of k Jt.e.c.oJtd.6, the value k corresnonds 
to the nosition after the last Jte.c.oJtd. The value of this vcvUa.bie. 
changes when the 6lle is involved in input or output. If the value is 
chanp,;ed, as by an C'J.i.6ignme.n:t:.6:t.a..teJnent, the 6.il.e is repositioned 
accordingly. Values outside the range from 0 to k are, of course, 
undefined. 
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The fii.mc.:Uo1ia1.:modifi.le!L, CHAR, operating on a 6£.oa.ti.ng :va!Ua.b.te., 
designates the exrad of the van1.a.bie., a negative, positive, or zero 
integer value. The term CHAR comes from the common practice of 
using "characteristic" in lieu of "exrad" by analogy between logarithms 
and floating numbers. 

The form with the fiunc.:Uonai.:modifiie!t, BIT, designates the unsigned 
integer value represented by the string of bits, or a segment of the 
string, used in the ma.chine enaoding of the -A-imp.le: or ..indexed: 
:vaJU.a.b.te. The number of bits in a name.d:vcvUA.ble. is determined from 
its dec.£.aJLa.t,i.on. These bits are numbered from the left starting with 
zero. The ..index used with the BIT modl6ieA may have two components, 
in which case the first component designates the first bit of the 
segment and the second component designates the number of bits in 
the segment. It is required, of course, that these be compatible 
with the size of the J~em and with the size of numeric values that 
the compiler is prepared to handle. The second component may have 
the value 0 in which case the value of the va!Ua.ble is 0. If only one 
bit is wanted a one-component ..index may be used, indicating which one. 

3.25 Fixe.d:va/U.a.ble.6 

The following structure, as well as the name.d:6ixe.d:vaJUc.ble., is also 
a 6ixe.d:va!Ua.ble.: 

1. MA.NT 

'The Su11c.;ti.Ima1.:modl£ie/1, MA.NT, operating on a (iloa.ting:vM.ia.ble., 
designates the signicand of the van1.a.ble., a signed, fixed, fractional 
value. The term I-1ANT comes from the common practice of using 
"mantissa" in lieu of "signicand" by analogy between logarithms and 
floating numbers. Example: 

2. ALPHA ($ 3,5 $) 

'rhe following structure, in addition to the n.a.me.d: We/ta.l:va.!U..a..ble., 
is also a We1ta.t: va.!Uab.fe.: 

1. BY'!'E ( $ i11de.x :'$ ) 

3.26 
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The BYTE mocLi.i}.ielt functions in a manner entirely analogous to the 
operation of the BIT mod-i.6ieJL. The nachine language representation 
of a named:li.teJtal:vaJU.able is a string of bytes -- each byte itself 
a string of 6 bits representing a single .6.i.gn, The bytes of an 
n-byte U.:te/l.af.:li:em are indexed from left to right from 0 through n-1. 
The one- or two-component index. subscripting the BYTE mocli.6-i.eJL 
indicates a substring of the bytes representing the value of the 
.ltem modified, The first component of the -index. indicates the 
initial byte of the substring, For a two-component .i..nd.ex., the 
second component indicates the number of bytes in the substring, 
For a one component index., the length of the substring is implicitly 
one byte. The BYTE va!Uable is defined only if the -index. on 
the BYTE mod-i.6.ieJr. indicates a substring of bytes within the byte range 
of the Ltem. The value of a byte-string of zero length is blanks. 
The BYTE va.IU.able is holleJL.lth or :tlt.a.~l'Yl.i6.6.ion:c.ode if the named: 
: va.!Ua.ble is ho!i.ellli:h or :tlr.a.n.6m-i.6.6.io n: code, respectively, Example: 

2. BYTE ($ I, 2 $) (MESSAGE ($ K $)) 

3,27 Boolean:va!ri..able;., 

Besides the n.amed:boolean:va.JU.a.ble, the following two structures are also 
boolean:va!U..a.ble;.,: 

1. 
2. 

ODD 
ODD 

loop:vaJU.able ) 
named:nwne!Lic:va.JU.a.ble 

The ~u.ncU..ona.R..:modi.ni.eJL ODD designates the value true when the least 
significant bit of the modified va!U.a.ble. represents a magnitude of one, 
and false when it represents a maisnitude of zero. ODD is true, therefore, 
when the absolute value of the modified va.!Ua.ble, considered an integer 
regardless of the actual type or scaling, is odd; and false when that 
magnitude is even. 

A table, which will be discussed at greater length later, is an ordered 
set of enti'Li.u, indexed from 0 through n-1 for an n-entlt.y table, Each 
e.nttur is a set of related aem6; related, perhaps, only by having been 
declared to comprise a single table. An en:tlr.u:va!Ua.bf.e. is an agglomeration 
of the values of the .item-~ comnrisinh an eltt!Li1 of a table. Its value 
denends on both the structure ;f the - e11:tlr.u and the values of the ilerrf.6 
cor:n:irisinv.; the entJw. This value ma~r be denoted by f6 if all the bits in 
the en;Otu have the value Ill. Otherwise there is no JOVIAL con.6tant 
which can denote the value. Followinf are the two eq_uivalent forr:is of the 
c.11-tfl u: v a 'tiJ'. b C "-: 
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l. 
2. 

ENTRY 
ENT 

name ($ index $) 
name ($ index $} 

in which the name is the name of a table or of one of the Uem6 
of the table and the index consists of just one component, 
designating which entlLy. 

3.3 Fo~ 

Fo~ are the means for expressing values. Hence va!U.ableA and 
C.On6ta.~ are al.so fioJutula.-6. The adjectives which characterize va!U.a.b.leA 
may al.so be applied to 6o.IU1K.!.la..6. An important kind of fioJ?.m.!la is the 
6ul1Ctic n. 

3.31 Fu.tteUcM 

A 6u.11Cticn means one of the following structures: 

l. 
2. 

6 u.nc:ti.o n: name 
6u.nc.U.on:name 

a.ctu.a.t: ,input: pa!LameteJL: wt 
) 

A tSunc:ti.on is also known as a fiu.ncti.on:c.a.U. Ac.tu.a.l:~pu.t: pa.tz.ameteJL:w;t 
is ex.plained in section 3.55 in connection with )Ytoc.edult.e:c.a.t'..t:~ta.teme.nt.6. 
Even if the a.c.tu.al:inpu.t: paJutmeten.:wt is missing. the pcvr..en..th.eAeA are 
needed to identify the name as a 6u.nc:ti.on:name. The name refers to a 
6u.nct.i..on:declafi..a.tion, described in section 5.6. The a.c.tu.al:pallamet~ 
must conform to the fio!tmal:pa.namet~ of the corresponding 6u.nc.U.on: 
: decl.a!r..a.:tfon in the same manner as explained for r.JILCJc.edu!te: ca.U: ~ta.teme1i:t6. 

A fiu.nc..t.i.on has a value which is holteJLUh, 6loa:ti.ng, boolean, etc., and 
which derives from the computations specified in the fiunc..tion:dec.1.aJLa..t.i..n 
which defines it. Examples: 

3. 
4. 
5. 

RANDOM { 
cos ( 
GRADE ( 

) 
ALPHA 
FI HAL ' MID + Tl + T2 + T3 

3. 32 Uten,a.i: no~, s~: ~oftmLtM, EntlLy: 60~ 

) I 2) 

A holten.Uh:6o!UrU.la. means one of the structures in the following list: 

l. 0 cta.l: c.o 11.6 ta.n.t 
2. h.oUeltilh: c.ott.6-ta.nt 
3. hoUen.Uh: va.!Uable. 
4. hoUeltilh: ~w1ction 

3.32 
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A t.lt.a.rt6ml6-0.ion:eode:60Jurl.l£a. means one of the following expressions: 

5 • oc.ta£.: ea fl.6.:ta.nt 
6. t'1.a.n6mW-Oion: c.ode: c.ofl.6.tant 
7. t.lt.a.fl.61'>1.i..6-0ion:c.ode:va.tU.a.ble 
8. Vt.a.Mm.i..6-0-Wn: code: 6unction 

A -0.ta.t.u.6:n0Jtml.ia. means one of the expressions in the following list: 

9 • -O.ta.t.u.6 : C.O Mtant 
10. -0ta.tu.6:va.JU.a.ble 
11. -0~: 6unc.tion 

An en.tlt.y:6oltm.Li.a. means one of the following two structures: 

12. ~ 
13. entJty:vaJU.a.ble 

The value of an en:tlr..y:va.tU.a.ble in which all the bits are zeros may be 
denoted by ~ in JOVIAL. No other value of an entJty:va.tU.a..b.te ma.y be 
denoted in any way in JOVIAL, hence the limited definition of en:t/t.y: 
:6allmU.la.. 

3.33 NumeJU.c.:6oJrJrUi.a.6 

An aJU.thine.t,(_c.,:opeJULto4 means one of the ideog!ta.lrl6 in the following list, 
in which the meaning is given on the same line with each: 

1. + addition 
2. subtraction 
3. * multiplication 
4. I division 
5. ** exponentiation 

Recall that ~'UlrneJzi.e means intege4, 6ixed, ~.loa.U.ng, or octal. 
A nwneJU.c.:fioJu'l'lli.a means one of the following structures: 

6. nwneJU.c.:c.on.6.tant 
7. 11.wne4ic.:va!Ua.ble 
8 • n.wne4ie: f.u.nc..U.o n 
9. ~nws i·?J ( name 
10. HE~JL ( name 
11. ~!-..9£.. ( name 
12. ~· ( name • 
13. + nwne.JU.e: ~o!Urula 
14. nume/t.-i.e: &oJUruia 

3.33 
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15. 
16. 
17. 
18. 
19. 

( numeJU.c.: 6oJutu.fa. ) 
(/ nume/l..lc.:fioltnU.i.a /) 
ABS ( numeJL.i.c.: fioltnU.i.a ) 
nwne/l..i.c.: 6 oJUrula aJL.lthmetlc.: o peJta;tolL tu.tmeJL.lc.: 6 oltmuta 
nume/l..lc.: 6 o.llnlA.la ( * numeJLlc.: 6 oltnU.i.a * ) 

A nwnelL.i.c.:6oltrfUla containing one or more a/L.lthmetlc.:ope/l.ato!U> specifies 
the value arising from the computations described by the 6oJtnu.la, 
in the familiar sense as defined by the notation of ordinary algebra, 
with a few exceptions as noted herewith. The forms with (/ and /) and 
with ABS denote the absolute value of the enclosed 6o.1U11.Lla.. Exponentiation 
may be denoted by ** or by the (* and *) blta.c.ke.t.-6, which, in the form 
given at the end of the above list, indicate the first 6oltn'U.l.a raised to 
the power of the second, enclosed, fioJurula.. Multiplication, denoted by 
*,and exponentiation must be explicitly shown. The unary operator+ 
may be used although it is redundant. The unary operator - means 
negation. Pa1tenthuu and the other bJr.ac.ke.:t6 perform their usual 
grouping function. Within groups the order of operations is negations 
first, then exponentiations, then multiplications and divisions, then 
additions and subtractions. Within these categories operations are 
performed from left to right. 

Note that, since negation has high priority and subtraction low priority, 
the formulas listed at the left below have the values listed at the right: 

20. 
21. 

7-2**2 
-3 ** 2 - 5 

3 
4 

Conversions between 6loa.:ti.ng and ~ntegeJL or 6~xed will be carried out 
automatically as required to perform the indicated operations. The exact 
order of such conversions .and the scaling of intermediate results is 
dependent on the compiler, which will take into account the characteristics 
of the target computer and, possibly, the use of the 6oJUrula within the 
p!t.OgJz.a.m. Division by zero is undefined, as is an exponentiation such as 
(-2)**.5 which would result in a complex root being taken. 

In the forms with NWDSEN and NENT the name must be a table:ri.ame or the 
name of an -ltem belonging to a table. NWDSEN indicates the number of 
words per entlly of the referenced table, a constant integer value. NENT 
indicates the number of e~U of the referenced table, another integer. 
As mentioned previously, the application of NENT to a va!U.able:length: 
:table yields an .-<.ntegeJL:vcvU.a.bie. If the ta.bte is of rigid length, 
the use of NENT yields a 6oltn'Ula, a constant integer value, but not a 
v aJUa.ble. 

3.33 
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In the forms using 'LOC the name must be a p1tog1Lam: name, a .6t:a.temettt: name, 
a ta.ble: name, or an item: name... The J...tat:eme..ttt: name or y.YLOgJt.am: name. must be 
followed by a peJL.iod; the ta.b£.e:name or Uem:name must not. The value of 
the 'LOC fioltlrlLla. is a non-negative integer equal to the machine address of 
the core location containing 
the .6-&rrp.f.e..: item or 
the first word of the .6-&rrt:)ie:item 

or of the t:a.ble 
or of the name.d:.6.ta.:temettt 
or of the p!LOgJta.m 
or of the first compiler-assigned occurrence of 

the ta.b£.e..:Uem or of 
the .6tlt.lng: Uem or of 
the a.Jt.Jt.a.y:Uem. 

The specified location is not that of any associated control register 
which may precede the Uem, .ta.b£.e, a.Jt.Jt.a.y, or p1tog1tam. 

Examples of nume!Uc.: 60~: 

22. ALPHA + BETA 
23. GAMMA / (DELTA ($ I, J $) ** (/XX - YY/) ) 
24. -EPSILON (* SIN (PHI ** 2) **2 - COS (PHI ** 2) **2*) 
25. ( 'LOC(ZETA) + NENT(TBL) * NWDSEN(TBL))/2 

3.34 Vual:po!UrUla..6 

A du.al:6o!UtlLla. means one of the following expressions: 

1. 11wnetU.c.: 6o!U'rKL£a. 
2 • dual: c.o n.6.ta.nt 
3. dual:va!U.a.ble 
4. du.al: 6unc..t.ion 
5. + dua.l:6o~ 
6. - dual: 601t»ula. 
7 • ( dual: 6 oJtnu.ea 
8 • ( I du.al: 6 o!trttLla. /l 
9. ABS ( du.al: SOltmuia I 
10. du.al: ~ Oltmu.la a.!Uthme.ti.c: 0 iaeJta.toJz. dual: n 011.mu.ta. 

11. du.a.£.: 6oJUrula. (* du.a.£.: 6oJUnu.fu *I 

A!Utlm1etic.: o peJz.a.to/f..6, ABS, paJLe..nt.lte.-6 e.-6, and other btutc.ke.U have the 
same meanings with respect to du.al: ~o.'Ll'l'l.lf.M as they have with respect 
to 11Wne.Jc...ic.: {io!t»ula.6. A set of computations with du.a..f. values is carried 
out as the indicated set of computations with all the left components 
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performed in paral.lel with the same set of computations on the right 
components. When necessary a nwne!U.c. value is "twinned" to convert 
it into a dua..t'.. value so that it can partake in computations with other 
du.a.l val.ues. There is no inverse conversion method for turning du.at 
values into 11Wnell.ic. values. As with numell.ic. values, division by zero 
and the taking of complex roots are undefined. 

Examples of dua.l:6o~: 

12. THETA ($ ZENDA $) + D(l.~~l7Al5,-l.¢¢63Al5) 
13. D(-1,l) + COMPLEX'PRODUCT (IOTA, D(~.A5,l3.719A5)) 

3.35 Rel.a.:t.<.ona.l Operations 

A 4ei..a.t..i.ona£:opeJta.to4 is the means of expressing a relation between two 
6oJu7u£a.6. The relation is in the form of a proposition which may be 
either true or fal.se. Hence the proposition is a boole.a.n:6o!LnUla. A 
4e£at.i.onai.:ope/UU:o4 means one of the ~ve.6 in the following list: 

l. EQ is equal. to 
2. GR is greater than 
3. GQ is greater than or equal. to 
4. LQ is less than or equal. to 
5. LS is less than 
6. NQ is not equal. to 

In the above list the meaning of each 4e£.a;t,ionai.:ope/ULto4 follows it 
on the same line. The effect of a 4ei.a.t.lonai.:ope/ULt.o4 is to state that 
the 6o!W1U£.a. on its left stands in the indicated relation to the ~o!UnLl.a. 
on its right. The meaning of such a proposition is fairly obvious in 
the case of Y1Wne!Uc.: 6o!U1'Ula.6 and its truth is determined by an arithmetic 
comparison. In the case of dua.l:6o~, for the proposition to be 
considered true the relation must hold for both component pairs. If 
necessary a nume!Uc. value will be "twinned" for the comparison. The 
precision of an arithmetic comparison is compiler dependent, but will 
usually match or better the precision of the least precise of the two 
values involved. 

Between .6ta..tu.4: Soturu.la.6, We/ta.l: 601ttnula.4, or e.nttt.y: fiotun.t.la-6, the truth 
of the relation depends on the numeric encoding of the values as unsigned 
integers. If ent!t.u values are of different lengths, the shorter is 
prefaced with zero~ for the comparison. If We.tta.l values are of different 
lengths, a shorter octa..e. value is prefaced with zeros, but a shorter 
lwlie!l.itft or .tli.an6nUh.6Wn:code. value is prefaced with properly encoded 
bia.n./v.,. 

3.35 
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A boole.rui:noJurUla is not to be interpreted in terms of its numeric 
encoding. Hence the 1te.la.tiona.l:ope1La.:to.IL.6 cannot be used to express 
relations between boolean: 6oltrl'Ula.6. Indeed, 1te.la.tiona.l:ope/ULtolt.6 
are elements of boolean:6oltrl'Ula.6. 

A ru.uneJU.c.:1te.la:t..i.on:wt means one of the structures in the following 
list: 

7. 
8, 

Jte.i.at..lo na.l: 0 pe/ULtolt 
numeJL.i.c. : Jtei.a.:ti.o n: wt 

nwne.Jt..lc.: 6ollnUla. 
nwneJU.c.: 1te.l.atJ..o n: U.6t 

A du.a.i.:Jte.i.a.ti.on:wt means one of the following structures: 

9. 
lO. 

Jtelati.ona.l.: 0 peJtatolt 
du.al.: Jr.ela.t.io n: wt 

dual: 6 oJurula 
du.al.: Jr.ela.t.io n: wt 

A Uteltal:1te.ta.t:ion:wt means one of the following structures: 

ll. 
12. 

Jte.la.tional: 0 pe/t4tolt 
UteJUll: Jr.el.a.Lion: wt 

Examples of 1tei.a.:t..i.on:wu: 

13. EQ (XYZ + J I 3) I 2 

LlteJUll.:6oltn'Uld 
u.te!tal: Jtela.t.io n: wt 

14. LQ ALPHA LQ BETA EQ GAMMA NQ 27. 5 

3.36 Boolea.n:poltWUla.6 

A boolea.n:6o!Ul'Ula means one of the structures in the following list: 

l. boole.an:c.on6ta.nt 
2 • boo lean: vaJt...i.a.bi.e. 
3. boolean: 61.1.nc.U.on 
4. nwneJU.c.: 60Jtnui.a ru.une!Lic.:1te.£.a..;Uon:wt 
5. du.al: 60.ltmLl.a. du.a.£.:1tela.tion:wt 
6. lUe/tdl: 6oturu.la. We/tdl:1te1ation:Wt 
7 • 6-lle.: name. 1tef..a.U.cna.l: o pe/la.t.DIL .&.ta.tu.6 : 6 o.llYrlLia 
8. .&ta:t.u..6:va!U.a.ble. 1tel.a;ti.ona.l:ope.ltlt:t.01t .&:t.a:t.u..6:60Jtirl.Lla 
9. e.n:tltu: va!U.a.ble. EQ e.n..t't.y: 6oJtnula 
lo. e.ntlt.y:va!U.a.ble. NQ e.ntlt.q: 6o!U11Lla 
11. I boolean: &oJum.la. J 
12. NOT boo le.an: So1tnula 
13. boole.a.n: 6ollmU£.a. AND boolean: 6Mmu.la 
14. boolea.n:601tnui.a OR baole.a.n:~oJt.rrUla. 

3.36 
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In the forms above in which JUlla.t.i.on:li6:t6 occur, for the boolean.: 
:6o!UrUla to express the value "true," it is necessary and sufficient 
that the relation expressed by each 4ela.tion.a.l:ope!La.to4 and its two 
adjacent mone!U.c:, du.al:, or LLteAal:6olti'l'Ula.6 be true. 

The three p!Vimiliv<?A, A.."llJD, OR, and NOT, are known as boolean: or 
log-i.c..a.l: opeJUtt.olL6. Thili meanings are illustrated in figure 2. In 
the heading of the figure,p and q stand for simple boolean:6o~. 
The body of the table shows the values of the compound boolea.n:fio!U'l'Ui.a.6, 
NOT q, p AND q, and p OR q, corresponding to the possible combinations 
of values of p and q. {ll means false and 1 means true. In boolea.n: 
:fioJmu..i'.a..6 containing log-i.c.a.l:opeJUtt.olL6, paJLe.n.t:hu<?A may be used to 
indicate the scope of the opeJta.toM, as recursively shown by the 
structures in the list of boo£.ea.n:6o!UrV.Lla.6. ~precedence is not 
shown by pcvc.e.nth<?A<?A, @takes effect first, ~MID, finally@ 
Within these categories, the sequence of operations is from left to 
right. 

From the preceding discussion of fio~ it can be seen that a boolea.n: 
=6o'11'11U.la. may contain a!Llthmet.lc:opeJLO.t.oM, 4e.l.a.-ti..onal:opeJUtt.olL6, and 
log-i.ca.l:opeJta.tolL6. It can be deduced from the previous explanations, 
but it is well to point out here, that in such a boo£.ea.n:6o'11'11U.la. the 
~e;t,i,.c.:ope!Uttolt6 are applied first, then the 4e.la.t-i.on.a.l:ope/LO.t.o!L6, 
and finally the logica.l:opeJUtt.olL6. The obvious exception to this rule 
is that a 6unc.t.ion must be evaluated before a fio!OrUla in which it is 
embedded can be evaluated; consequently 4e.e.a.tlon.a.l:opeJULtolL6 among the 
1:XVtamdVL6 of the 6wic.t<.on will be utilized before aJr..Lthmaie:ope/La.tolL6 
external to the 6wic..tlon. , 

p q_ NOT q p Alm q p OR q 

r/J r/J 1 ¢ ¢ 

r/J 1 r/J '/J 1 

1 r/J 1 r/J 1 

1 1 I ¢ 1 1 J 

Figure 2. ::rrect of the Loalc.ctf.:oyiC!JtCt.to1t,6 

3.36 
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Examples of boof.e.a..n: &oJtmt.t.ia..6: 

15. 1.5 LQ XX LQ 3.79 
16. ALPHA EQ, BETA AND NOT LIT LS 0 ( ~377) 
17. (A+B LS C-D OR X+Y GR 2) AND (X EQ Y OR A LS C) 

3.4 Classes of S.ta.teme.nt6 

S.ta.temen.U are the operational units of JOVIAL. They describe self­
contained rules of computation, specifying manipulations of data, or, 
conditionally or unconditionally, sequencing of the execution of 
-6.ta.te.men.t&, or both. 

In following sections the various kinds of .6.tatemen.U will be explained. 
Here, they are all listed. Statement means any of the expressions in the 
following list: 

1. 
2. 
3. 
4. 
5. 

~ndependent:.6~a.temen:t 

named: .6.tatement .. t'\ 
.6-i.mple: .6.tatement _, · J 
c.ompou.nd :.6.tatement--/' 
c.omplex:.6.:tatement 

I nde.pe.11.dent: .6.ta.tement means a .6-i.mpf..e: .6.ta.teme.nt or a c.ompound: .6.ta.tement. 

l~runed: .6.ta.te.ment means the following expression: 

6. name .6.ta.te.men.t 

state.me.nt:name means the name in the above expression.· From the definitions 
of .6:Ca..tert1ent and named:.6.ta.tement it can be seen that a .6.ta.tement may have 
more than one name. 

Example: 

CEASE. DESIST. HALT. WHOA. STOP $ 

In the above example, from the space before any of the four na.me.6 
up to and including the doil.alt.:.6-lgn, we have a .6.top:.6:ta..tement. Each of 
the four na.me.6 is a name. of this .6ta.tement. 

3.4 
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In the definitions of the various kinds of .6.ta..tement.6 to follow, 
they will be explained without nam~, but it is to be understood 
that they retain the defined characteristics when they are named. 
Thus a .6.top:.6.ta..teme.nt remains a t.tcp:t..ta..tement whether or not it 
is also a n.amed:.6.tatement. The following list exhibits three 
n.amed:.6ta.teme.nt6. The first line is al.so a .6-i.mple: t..ta..teme.n.t, the 
second line is also a c.omplex:.6.ta..teme.n.t, and the third line is also 
a c.ompo und: .6ta.tement: 

8. Sl • STOP $ 
9. S2 • IF THETA EQ 45 $ XX= .7~7 $ 
10. 83 • BEGIN ALPHA = ALPHA + 1 $ BETA = GAMMA/ALPHA $ END 

Si.mple:.6.ta..tement means one of the expressions in the following list: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 

a.6.6~gnment:.6ta:tement 
exc.ha.nge:.6ta.te.me.nt 
go :to :.6.ta..tement 
te.6t: .6.ta..tement 
Jz.e:twui: .6.tatement 
.6top:.tita.tement 

·---tr~~~~~~~~-~-·~-····· 
output: .6.ta..tement 
open:~pu.t:.6.ta..tement 
open: ou.:tpu.t: .6.tatement 
.6 hu-t.: ~put: .6.ta..tement 
.6hu-t.:ou.tpu.:t:-0ta.tement 

A6.6~gnme.nt:.6.ta..t~nent means one of the expressions in the following list: 

1. nume!Uc.: va.JU..able = mun~: 6oM!Ui.a $ 
2. du.a.l:va.!U..a.ble = du.al: 6 O!UYIU..f.a. $ 
3. LU.e.tutl:vcvUa.ble. = LU.Vtal: 60~ $ 
4. boole.a.n:vcvUa.ble = boole.an:6oM!Ui.a $ 
5. t,;t:a;Cu,6 : vaJU.a.ble. = .6 ;t:a;Cu,6 : ti 0 tunula. $ 
6. e.n.:tlty: vaJU.a.ble. = e.n:ttr..lj: 60Jt1nui.a 

,, 
-ll 

3.51 
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~.6..i.gnme.nt:.6.:ta.tem~ can be further characterized, in the obvious 
way, by means of the adjectives which occur in each of the above six 
expressions. For instance, nume.IU'..c.: M.6..i.gnme.nt:.6.ta.teme.nt means the 
expression on the first line of the above list. 

An a4.6..i.gnme.nt:.6.ta.temen.t specifies that the 60Jtmuia to right of the 
= .6,ign be evaluated and that this value become the new value of the 
va!U..a.ble to the left of the = .6..i.gn. It is permissible for the va!U..a.ble 
on the left to occur also in the 6o!UJU.la. on the right. In this case 
the old value of the va!U..a.ble is used throughout the calculations 
needed to evaluate the 6olUfU.ta. A 6unc.ti.on may, of course, be included 
in the 6oJtnula.. Evaluation of a 6wtc.:tlon may involve side effects, 
which possibility will become apparent when we consider 6unc.:tlon: 
:dec1.alta.tion6. If the side effects of evaluating the 6unc.:tlon involve 
other elements of the 60.!tmU.la in which the 6u.nction is embedded, the 
results are undefined. This is so because, although the rules for 
evaluation of a 6oJtnula. are unequivocal concerning the order in which 
elements are combined, the order in which they are mobilized is not 
stated, except that each .6.:ta.teme.nt is completely executed before any­
thing is done about the next .6.:ta.teme.n.t. In evaluation of numeJUc.: 
:60~ and du.al.:6otmu.la..6,rules have already been stated concerning 
conversions to compatible forms among ..i.n.tegeJt, 6..i.xed., 6loa.t-i.ng, and 
du.al values. Such conversions will also be carried out where necessary 
in assigning the value as required in numeJL..i.c: and duai.:M.6..i.grzment: 
: .6.ta..temen.t.6 • 

In executing l..i..tell..al:M.6..i.grzmen.t:.6.ta.tement!i there will not be any 
conversion among hollvr.Uh, :t:lta.n6rnlM..i.on:code, and oc:ta.i.. values. If 
the value of the 6oroflLla is longer than the l..i..teJtai.:va!l...i.a.hle to which 
it is to be assigned, excess bytes will be truncated starting at the left 
end. If shorter, blank.& will be added at the left, as required, coded 
in holleJtith or tlta.n.6~.6..i.on.:code to match the coding of the LtteJr..ai.: 
: va..ti.able. 

If the 6o!tm<Lla. on the right in a .OtiU.u.6: M.6.i.grzmen.t: .6ta-temen.t L " 
.6ta.tu..6:con6tan.t,it must be one of those anpearing in the dec.la.tta.t..i.an 
(or mode:dbtec.t..i.veJ ,,.,.!1ich previously described the .6~ :va!U.a.ble 
appearing in the same a..Mignment:.6.ta.tement. Otherwise there is no 
way for the compiler to associate a value with the .6.t..Ltu.-6: c.on.6ta.n.:t. 

3.51 
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In the e.ntJr..y:a.6.6..i..gnment:.6,ta;teme.n.t if the en:tlly: 6011.ntL!a. on the right 
is an e.ntJr..y:va!U.able. which differs in length from the e.n.t!Ly:va.IU.a.bte 
on the left, in ma.king the assignment excess machine registers are 
truncated starting at the left or else full registers of zeros are 
added at the left to make up the deficiency. 

Exc.ha.nge.:.6.tatement means one of the expressions in the following 
list: 

l. numeJLi.c.: vaJUa.bte -- nwneM.c.: va.JU.a.bte $ 
2. dual.:va.IU.a.ble. -- du.al: valLUtble. $ 
3. lUeM.l: va!U.a.bte -- WeJr.al:vevt.i.a.bte $ 
4. boolea.n:va!U.a.ble. = bo olea.n: vevt.i.a.bte $ 
5. .6.ta.tu6 : valU.a.ble. -- .6.ta.t'u.6:vaJUa.ble. $ 
6. e.n.:tll.y:vaJL.i.a.ble. -- e.n.tJty:vevt.i.a.ble. $ 

Ex.c.ha.nge:.6t:a.tement.6 can be further characterized by means of the 
adjectives which occur in the ab·ove expressions. For instance, 
du.ai.:exc.ha.nge:.6.tateme.n.t means the expression on the second line of 
the above list. 

The e.xcha.nge.:.6ta.teme.n.t: specifies that the old value of each of the two 
vevt.la.ble.6 is to become the new value of the other vcvr..ia.ble.. The 
remarks ma.de in connection with a.6.6..i..gnme.nt:.6ta.teme.nt.6 concerning 
conversion of 11W11e!U.C.values, non-conversion of We/Ul.tv&lues, 
and truncation and augmentation of Llte/Ul.tv&lues and entlr..yvalues 
apply also to exc.ha.nge.:.6.ta.teme.nt.6, but in both directions. Example: 

7. ENT (Tl($I$)) == E!IT(Tl($9'$))$ 

A .6e.que.nce:de..6..i..gna.to4 specifies a sequel in the sequence of .6.t.a.teme.n.t 
executions. Normally the .6.ta.teme.n.t& of a p!LOC.e.6.6..i..ng:de.c..lalta.:ti.n or of a 
tJILOgJt.am are executed in the order in which they are written. However, 
this normal execution order is modified by use of a .6e.qu.e.nc.e.:de.6..i..gna.to4, 
among other devices. A J.ie.que.nc.e:de..6..i..gna..to4 means one of the two following 
expressions: 

1. name. 
2. name. ( $ index $) 

In the first of the above forms, the name must be the name. of a J.it:a..t~ne.nt, 
a pJLoqJL.am, a c.lo.6e:de.c.£.a!l..ctti.on, or a .6WU:.c.h:de.cla1r.a.U.cm. In the second 
form the name. may only be the name. of a J.iw.ltc.h:de.claJta.:tion. 

3.53 



16 March 1964 41 TM-555/002/02 

Go::to:.6ta;tement means an expression of the following forr.i: 

GOTO 

A go::to:.6ta;t~nent may interrupt the ordinary, listed sequence of .6ta;ten1ent 
executions, defining its successor explicitly by means of a fiequenc.e: 
:duigna-ton. This interruption will not occur if the fieque.nc.e:duigM-to1t 
does not lead, perhaps circuitously, to a 4ta;tement:name, a r.JJt.OgJtam:name, 
or the name of a c.lo4e:de.ci.aJult.i.on, and the next .6ta;tement executed will 
therefore be the next listed. If the 4equenc.e:deiiigna.tolt is, or leads 
to, the name of a pJU:Jgtc.arn or of a c.lc4e:dec.i.alta.t-i..on, the interruption may 
only be temporary, since a pJWg.fL.am or a c.lo4e:dec.lQll.a,t;,i.on, upon execution, 
may be expected to return control to the next 4.ta.te.me.nt listed after the 
go::to:4ta;tement that invoked it. E'inally, if the 4equenc.e:duignai.olt 
is, or leads eventually to, a fita.tement:name, the interruption of the 
4ta;tement execution sequence will be permanent, with the next 4.ta.tement 
executed being the one bearing the specified 4.tatement:name. 

Tut:4ta;tement means one of the expressions in the following list: 

1. 
2. 

TEST 
'rEST 

$ 
loop: va!U.abie $ 

Although a tut:fi.tatement is a -0,impie:fita.:tement it may only aE!!ear within 
a .toor.J~t.a.trzm~.J<:tt and its explanation depends on concepts pertinent to 'tlie­
loop:-0.ta..:tement. Its explanation is therefore postponed until the loop: 
:.6.ta.tetnent is explained (section 3.77). 

The 1te..twz.11:.6.tatement means RETURN followed by a doU.a!t:4.ign. A 1tetu!tn: 
:-0tateme.nt indicates an ouerational end to a c.lo4e:dec..f.alta.t,i.on, a 
p1toc.e.du.1te:deci.all.a.tion, or- a 6wtc.t.ion:dec.ia.lta.ti.on, and may thus appear 
only within one of these pltoc.U!iing:dec.la/l..a..t.io~. It serves to terminate 
the execution of a r:>JtOC.U.6ing:dec.la!ta..t.ion by transferring the .6ta..t~nent 
execution sequence to the exit routine which automatically follows the 
last listed -0ta.te.men.t of the declaJi..a.:tLon. An exit routine, being an 
implied function, can have no 4ta;te.me.1tt: 1tame, and, therefore, cannot 
be referenced in a ao:.to:-0ta.teme.nt. 
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The .o:top:.o.ta..tement means one of the expressions in the following list: 

3. 
4. 

STOP 
STOP 

$ 
.6.ta..te.me.nt: name $ 

A .otop:.o:ta.tement serves to halt the sequence of executions. It usually 
indicates an operational end to the p.tog.ttam in which it appears. If the 
compiler environment includes an operating system, the .otop:&.ta..teme.n.t 
may be compiled so as to return control to the operating system. Or it 
may be that only the .o.top:.ota.teme.nt without reference to a .o.ta..tement: 
:name will return control to the system. If the computer halts without 
giving control to the system and if it is then restarted by some means, 
the execution sequence will resume with the next .otate.ment listed, or 
with the .o.:tatement bearing the specified .o..ta.te.ment:n.ame. if one is given 
in the .o.top:.o.:tateme.nt. See section 6.1 for the use of .otop:.ota.:tement.o 
in "other" p!Wg!Wm.6. 

An a.c..:tu.ai.:inpu.:t:paJtame.teJL:LiA:t means one of the expressions in the 
following list: 

l. 60/UIUla 
2. a.!Vl.a.y:name. 
3. .ta.b~e:name 
4. c.lo.oe: name • 
5. a.c..:tu.ai.: input: patu:une.te/L: wt , actual: bipu.t: paJtame.teJL: wt 

There is one minor exception needed to make this definition complete. A 
.o:t.a.t.u.4:c.on.o.tant is not permitted as one of the pattame.:teJt.6 in an a.c.:tu.a.l: 
:~npu.t:paJUnne.teJL:w:t. The reason for this is that there is no place in 
the wt or in the .&:ta.:tement in which it occurs (a p!LO cedulle: c.a.U..: .o:ta.teme.nt) 
for the .ota.:tu.-O:va!U.a.ble which would provide a value meaning for the 
-0.:ta.tu..6: c.on.o:tant. 

Note that a c.lo.oe:name. in an inpu.t:paJtametvr.:.Llbt is identified as such 
by the presence of a following oe/Liod. 

An a.ctu.al:ou.tpu.t:panamete.1t:fu:t means one of the expressions in the 
:folloving list: 

3.55 



16 }ft.arch 1964 43 TM-555/002/02 . 

6. va!Lia.ble 
7 • table: name 
8. aJr.July: name 
9. .6.ta.tement:name • 
10. ac:tu.al:outpu.t: paJt.ame:teJL:Wt , ac.tual:output: pattameteJL:Wt 

Ifote that a .6.tatement: name. in an output: fXVUime.te/t.:llit is identified as 
such by the presence of a following pe.IU.od. 

A pll.Oc.edult.e:calt:.6.t.a.tement means one of the expressions in the following 
list: 

11. 
12. 
13. 
14. 
15. 

plr.Oc.edutte: name. 
p1r.Oc.edwte: name. 
plr.Oc.edwte: name 
plr.Oc.edwte: name 
plr.Ocedutte:name 

A pll.Oc.edwte:c.all:.6.t.a.teme.nt serves to call for the execution of a pJLoc.edu!t.e., 
which is a self-contained process with a fixed and ordered set of parameters. 
A plr.Ocedwte is defined by a tyr..oc.edwte:dec!aAa.ti.cn. In general, a p1r..Oc.e.dU1te: 
:c.all:.6.t.a.tement consists of a plr.Oced.Ulte:name, a set {possibly empty) of 
a.c.tuat: pa!Ulmetelt.6, and necessary delimiters. The ac..tu.a.l:pa1t.amete!L6 of a 
y.Yl.Oc.edwte:call:.6tatement must agree in type, number, and position with the 
fi01tma.l:pa1tametelt.6 of the p1C.Oce.dutc.e:dec.la.Jratlon which bears the same name. 
That is ta.ble:name, c.lo.6e:name., .6tatement:name., and 60.iurru.la, va.!Uable, or 
Ltem:name must correspond to ta.ble.:name, c.lo.6e:name, .6.t.a.tement:name, and 
Ltem:name, respectively. In the pk.oc.edulte.:de.c.lJvul;tion the name..6 listed as 
6oJUna.l:pt.VLametelt.6 are referenced elsewhere in the dec.l.aluLti.on. The 
execution of the r.YtOc.ed.Ulte is effected as if all such references to table: 
:namu, aJr.July:namu, c.lo.6e:namu, and .&ta.teme.nt:namu were replaced by the 
corresponding ac.tu.al:pa1tameteJL:namu. This extends to the -i..tem6 of tab.tu 
which are named as 6oltmal:pattame:te!L.6. That is, references to the variously 
named bits of the 6oJtma.l:~ete/l::ta.ble. will be effected as references to 
the corresponding bits of the ac:tu.al:pa1tametell:.ta.ble. The above description 
is of the intended method for handling these paJuUnetell:6, but in at least one 
version of the compiler complete sets of values are transferred between 
the .ta.ble..6 which are named as ac..tu.a.l: pcvutme.te!L.6 and 601tmal: pa.Jt.ame.te!L.6. 

3.55 
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With respect to pa!Lame.te/t.6 which are 60~ and va.JU.a.blu, execution 
of the ptLoc.edulle is effected as if the values of the 60-~ which are 
a.c.tu.ai.:-i.tipu..t: pa!tame.te/t.6 are assigned to the ~ which are 6oJcma.l:..i..n~: 
:pa!Lame.te!Ui before execution and the values of the 6ollmal.:ou.t~:i:xvtame.telt.& 
are assigned to the vaJL..i.a.b.lu which are a.ctu.a.l:out~:pa!tame.t~ ~fter 
execution. Consequently there must be compatibility between 6o!tma.l: 
: paJLame.te!l.:de;n6 and the corresponding ac.tu.al:pM.ame.tVL: fioJwufu..6 and 
:va!L.ia.b£.u, of the same nature as exhibited by M.&-lgnment:.o.t.a.temen.U 
(section 3.51). lru:LlCRA in the a.c..tu.a!..:pa1Lame.te!t:li6.t.6 a.re evaluated before 
execution. 

3.56 Input, Output, and Fitu 

With many data storage devices the insertion or withdrawal of the value 
of an arbitrary item of information may be a relatively complex operation, 
requiring the transfer of an entire block or ~ec.o!td of data. Such devices 
are termed "external" storage devices, as contrasted with the "internal" 
memory of the computer. To allow a reasonably efficient description of 
algorithms involving the data stored in an external storage device, the 
fi,i.le concept is introduced, so that all data which enter or leave the 
internal memory of the computer are organized into 6,i..f.u. 

A {i-Lte is a collection of ~ec.o!td.6 each of which is a.gain a collection 
of bits or bytes depending on the fi,i.le type: binary or Hollerith. A 6-i.le 
of length k may be considered a vector, arranged as follows: 

p(¢), R0, p(l), R1 , ••• , p(k-1), Rk-l' p(k) 

where the R's are 4eeoncl6, the components of the vector, and the p's a.re 
partition symbols, with a computer-dependent physical representation, 
which may be interpreted as: 

p(k) = end-of-file; p(n < k) = end-of-record. 

If the 4eeo~d currently available for transfer to or from the 6,{,.ie 
is R , the 6ile is positioned at partition symbol p(n), and the value 
desi~ated by "POS(b,{le.:n.a.me.)" is n. l'm a..Hignme.n.t: . .st:a.teme.n.t 
"POS(6ile.:ria.me.) = I:! $" positions the &,i.le to the value specified by 
:J, where r,/J ~II~ k. In particular, "POS(6ile.:n.ame.) = c/J $" "rewinds" 
the 6ile.. Any 6ile for which the general positioning operation is to 
be avoided as inefficient (e.g., tape) or impossible (e.g., cards, printer) 
is called a "serial," as opposed to "addressable," (iile.. 
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A 4e.coJt.d. in a 6..i!e. may be input by a read operation or output by a 
vrite operation, although some 6ileA are read-only or write-only depending 
on the characteristics of the storage device involved. 

Inpu.:t:opeJta.nd means one of the following five expressions: 

1. va.Jt.ia.ble. 
2. o./LJLO..lf: name. 
3. .ta.b£.e : name. 
4. .ta.bu: name ($ -i.ndex $) 
5. .ta.ble:name ($ -i.ndex • •• index $) 

Output:opeJLa.nd means one of the following two expressions: 

6 • CO M.ta.n.t 
7. -i.npu;t:apeJLa.nd 

An opeJta.nd in an btpu.t:.6.ta..temen.t or an outpu.t:.6.ta..tement specifies the 
4e.coll..d to be read or written, which may consist of the bits or bytes 
representing: a single value, denoted by a con.6.ta.nt or a vaJLi.ttble.; 
the values comprising an atr.JUty, indicated by an aJlJUJ.y:name; the values 
comprising a ta.ble, indicated by a ta.b£.e:name; the values comprising a 
ta.ble.:e.n.tlt.y, indicated by a .ta.bte:name. subscripted by a !-component 
e.n.tlt.y:-i.nde.x; the values comprising a consecutive set of .ta.ble:e.rr..tlt.-i.u, 
indicated by a ta.ble:name subscripted by a pair of one-component 
ent!ty:-i.ndic.eA (senarated by ••• the continuation -i.deoaf[.am) whose values 
specify the initial and final ent!t-i.eA of the set. ·· ' 

I npu..t: .6.ta..te.me.nt means: 

1. INPUT 6-i.le.: name .inpu;t: ope.1t4nd $ 

Ope.n:inpu;t:.6ta.te.me.n . .:t means one of the two following expressions: 

2. 
3. 

OPEU INPUT 
OPEU IHPUT 

6-(£.e: name. $ 
6-i.le: 11.ame. -i.noo..t: opeJta.ttd $ 

Shu;t:in.pu..:t:.6.:ta.:teme.nt means one of the two following expressions: 

4. ~HUT UPUT ~..i!e: name $ 
5. SHU'!' InPUT fiile.:name. -i.npu.t:opeJLa.nd $ 

3.57 
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A 6-(.i.e. may be read by the execution of a sequence of .6ta..teme.nt6 consisting 
of• first• an ope.n:.i.n,:ut:.6.ta.teme.n.t, next 1 a sequence of .i.n,:ut:.6.:tateme.nt6, 
and finally• a .6hu:t:.i.npu.:t:.6tLUement. 

An ope.n:.lnpu.:t:4.t:a.teme.nt activates the 6-(..te. and prepares it for reading. 
An ope.n:.lnpu.:t:.6.tateme.nt need not designate that a JLe.c.oJt..d be read 9 in v:hich 
case. 6.lill position is initialized to zero. If, hovever 9 values are 
designated to be read from a JLe.c.oJt..d, the read operation is initiated and 
6.U.e. position is set to l. The meaning of "initialized to zero" depends 
on the compiler and the characteristics of the 6.U.e. It may mean "set 
to the initial position" or it may mean "call the present position zero." 

An .i.npu.:t:.6ta.teme.nt initiates a read operation transferring data from the 
JLe.c.oJt..d to represent the designated values 9 and increments the 6.il.e. 
position by l. The sequence of .6.ta.Ume.nt executions may continue. 
concurrently, with the read operation although the 6.U.e is "busy" (or 
at any rate not "ready") until the read is successfully terminated. 
This occurswhen a partition symbol is encountered, or when all the 
designated values have been read from the JLec.oJt..d. A read operation is 
unsuccessful when started from the end-of-file position or when 
uncorrectable errors occur in the data transmission. 

A .6hu.t:.i.npu.:t:.6.tateme.nt serves to deactivate the 6-(..b., releasing the 
external storage device associated with the 6.U.e. for possible other use. 
A .6hu:t:.i.nput:4ta;teme.nt need not designate values to be read from a JLe.c.oJt..d, 
but if any are designated, the read operation is completed prior to the 
deactivation of the 6-lle.. 

3.58 Ou.tpu.:t:.6.tateme.n.U, Open and Shut 

Ou.tpu..t: .6tLUement means: 

l. OUTPUT 6.U.e.:name. ou:tpu.t:opeJUtnd $ 

Ope.n:ou:tpu.t:.6ta;teme.nt means one of the following tvo expressions: 

2. 
3. 

OPEN OUTPUT 
OPEN OUTPUT 

6.il.e:name 
6.U.e.: name 

$ 
ou:ty:nt:opeM.nd $ 

Shu.t:ou:tpu.:t:.6ta.te.me.n.t means one of the following two expressions: 

4. 
5. 

SHUT OUTPUT 
SHUT OUTPUT 

6.U.e: name. 
6ili: name. 

3.58 
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ou.tpu.:t:opeJLand $ 
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A nile. may be written by the execution of a sequence of .6.ta.teme.n.U 
consisting of, first, an ope.n:ou.tpu.t:-6.ta.tement, next, a sequence of 
ou.tpu..t: .6.ta.teme.n.U, and finally, a .6hu.:t: ou.tpu.t: .6ta.teme.nt. 

An ope11.:ou.tpu.t:.6:tateme.nt activates the 6ile and prepares it for writing 
(e.g., an identification block may be written). An ope.11.:outpu..t:.6:tateme.nt 
need not specify that a Jt.e.c.olld. be· written, in which case 6ile position 
is initialized to zero. If, however, an ou.tpu.t:opeJta.n.d is specified, 
the write operation is initiated and 6ile position is set to 1. 

An ou.tpu.:t:.6.ta.teme.nt initiates a write operation for the next output 
Jt.e.c.o!Ul and increments the 6ile. position by 1. The sequence of .6.ta.teme.n.t 
executions may continue, concurrently, with the write operation, although 
the 6ile. is not "ready" again until the write is successfully terminated, 
when all the specified bits or bytes are written without the occurrence 
of any uncorrectable error in the data transmission. In some 6ile.6, 
partition symbols and thus 6.lle positions are predetermined. Consequently, 
a write operation started from the end-of-file position would be 
unsuccessful. In other 6.ltu, notably tape 6ilu, the partition s:nnbols 
are determined by the write operation itself so that, in effect, the 
end-of-file partition symbol follows the last Jt.ec.o.Jt.d written. 

A .6hu.:t:ou.tpu.t:.6ta..teme.nt serves to deactivate the 6-lle, causing its 
termination by an end-of-file partition symbol and releasing the 
external storage device associated with the 6.lle for possible other use. 
A .6hu.:t:outpu.t:.6.ta.tement need not specify that a Jt.ec.o.Jt.d be written, but 
if an Ou.tJ'.X.U::opeJta.n.d is .specified, the write operation is completed 
prior to the deactivation of the 6.lle. 

The Jt.ec.oJui.6 of a 6-ii.e. have no internal structure, and may be thought of as 
strings of bits or bytes. Structure is supplied only by the opena.n.d · 
portion of the .{.ny.ut:.6.tatement or ou.ty.:u..t:.6tateme.nt. Thus, reading and 
writing are just information transfers, and no editing or rearranging of 
data (except that required for conversion to 6-bit lwUeJc.,Uli code) is 
implied. A write transfers just the bits or bytes specified by the oretia.n.d. 
A read transfers just the bits or bytes of the Jt.e.c.o.Jt.d, to the maximum 
designated by the o~eJt.and. 

A .6hu.t:.6ta..teme.n.:t is defined only for active 6ile.6, and an ope.n:.6.ta.temen.t 
is defined only for inactive 6ile.6. Further, some 6ile. pairs must not be 
active concurrently, for example: two 6ile.6 on the same tape reel. 
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Inpu.t:.6.ta;teme~ and outpu.t:.6.ta:teme~ are defined only for active 
6..lle..6, and in general, an actite 6-i.le may be both written and read, 
and positioned -- if the 6-lte characteristics al1ow. Thus, a read 
with a serial, write-only 6.ll.e such as a printer is undefined. The 
characteristics of some 6.i.le..6, however, also preclude the initiation 
of a read or write operation when the 6.ll.e is "busy", thus eliminating 
the possibility of stacking input-output operations. 

3.6 Compou.nd:.Ata.te.me.nt 

A c.ompou.nd:.6.ta.teme.nt is a. string of .6ta.Ume.nt:.6 enclosed in the blLa.C.ket.6, 
BEGIN and END. The enclosed .6.:ta:temen.U may be named or not, .6.i.mple, 
c.ompou.nd, or c.omptex and there may be de.cl..aJr.a:tion.6 and cLiJt.e.etlveA 
included among them. In order to make the definition more precise it 
is necessary to define a .6~nt:ll6t • 

. 
A .6ta.teme.nt:ll6t is one of the expressions in the following list: 

1. .Ata.tement 
2. de.c.lJvuz.Uon .6.t.a.teme.nt:ll6t 
3. c:LiJLe.c.t.lve. .6.t.a.te.me.nt: ll6t 
4 • .Ata.teme.nt: Wt de.c.i.alta:tio n 
5 • .Ata.te.me.nt: Wt c:LiAe.c.:tlve. 
6. .Ata.teme.nt: Wt .A.t.a.teme.nt: ll6t 

A c.ompou.nd:.6.ta.teme.nt means the following expression: 

7 • BEGIN .6ta.teme.nt: li.At END 

Example of a c.ompou.nd:.6ta.tement: 

8. BEGIN ALPHA = 1 $ SLl. GOTO SL7 $ SL2. BEGIN INT ( 
XrJ, Xl, DERIV. =AREA) $ GOTO DERIV $ END END . 

3. 7 Complex: .6ta.tement6 

Comple.x:.6ta.tement means one of the expressions in the following list: 

1. c:LiJLe.c.t: .6.ta.teme.nt 
2 • c.o w:li;Uo na.l: .6ta.te.me.nt 
3 • a.U:e1uia.tiv e.: .6.ta.tement 
4. loop: 4.:t.a.tement 
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The d..iJr.e.c.:t:.6ta.t.eme.nt is a means for breaking out of the JOVIAL 
language within a pll.Og~am and writing some instructions in another 
language more directly related to the organization of the computer 
for which the pll.OgJtam is being compiled. What is legal and meaningful. 
within a d..ilr.e.ct:.6ta:temen.t depends on the particular version of the 
compiler which is processing the p'1.0gJt.am. For a precise definition of 
d..ilr.e.ct:4.ta;teme.nt it will be necessary to m&ke a few preliminary 
definitions. 

V..iJr.ect: a.u.ign provides access to the va.ti.ablu of a JOVIAL pitogJt.am 
from within a d.ilr.e.ct:.6.tateme.nt. Vbr.e.c.:t:a.6.6.ign means one of the 
expressions in the following list: 

l. ASSIGN A(or.iU.Onal:op:tlona.U.y:.6.igne.d:..i.nte.geJL:con.6tant) = name.d:va/Ua.ble. $ 
2. ASSIGN named:va/Ua.ble. = A(optional:op:tlona.l.ly:.6.igne.d:-i..nte.ge/t.: C.On.6.ta.nt) $ 

There must be no .6~U between the A and the le.6t:pa1te.nthu.i..6 or between the 
pa!Lenthuu. In the first form above, the value of the name.d:va!U.a.bl.e. is 
moved to the accumulator (the principal program-accessible register of the 
arithmetic unit). In the second form the value is moved from the accumulator 
to the valt.i.able. If there is no c.on.6.ta.nt within the pVLe.nthuu the 
contents of the accumulator represent a 6loa.Ung value. If there is a 
c.on.6tan.t other than zero the value is 6~xed, with the stated number of 
fractional bits in the accumulator. A negative number means the binary 
point is so many places to the right of the right end of the accumulator. 
If the c.on.6.ta.n.t is zero the accumulator contains an -i..ntege/L or non-nume/L..tc. 
value. 

Obr.ec.t:c.ode means an essentially arbitrary string of JOVIAL .6.ign.6, not 
including the .6!!"bo.i JOVIAL, optionally interspersed with d..iJr.ec.:t:a.6.6.ign.6. 
More specifically, cU.Jr.ec..t:code means one of the following expressions, 
but not including the .6qmbo.i JOVIAL: 

3. .6.ign.6 
4 • d,i/z.ec.;t: a .. M .(g n 
5. cliAec.t:c.ode d.llt.ec.t:c.ode 

3.71 
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6. DIRECT cUtr.ec.:t:c.ode. JOVIAL 

.<'Uthough cliJte.c.:t:code is arbitrary so far as the definition of JOVIAL 
expressions is concerned, only certain configurations will be meaningful. 
If the input medium is punched cards• specifications of meaningful 
cUAec.:t:c.ode will probably involve positioning on the card. Because of 
this it will probably be "safest" to prepare programs so that each d.bt.ect: 
:a.-0..s,[gn is on a separate card without other d.bt.e.ct:code (except ..spa.c.e-O) 
and so that there is no cli.Jte.c;t:code, besides .6pa.c.e-O, on the cards 
containing the .6l}rlbol& DIRECT and JOVIAL. 

It has been felt "safest" to classify a cli.lt.e.ct:..s:ta;tement as a complex: 
:.6:ta;tement, but if it contains no cliJt.e.c.t:a.-0.6..lgn4 it may be considered a 
..s.&nple: ..statement. 

3. 72 Cond.i..U.orr.a.l:.6:ta;temen.U 

A c.on.d.i..U.orr.a.l:..s:ta;tement means: 

1. 

Remember that an .i..ndeperident: ..s:ta;tement is a .6..imp.le: .6:ta;tement or a 
compoun.d:..s:ta;t0nent. The expressions in this and following sections 
which are here called clau4u are known as .6:ta;tement.6 in other JOVIAL 
documentation. The present nomenclature, however, is felt to make it 
easier to understand the language structure. 

In:ctau...se means one of the two following expressions: 

2. IF boole.a.n:fio!tm.Lla. $ 
3. ..s:ta;tement: name ..i.6 : ctau..6 e 

The effect of a corid.i..U.orutl:..statement is that if the value of the boolea.n: 
: 6oJuru.la. of th~ ,{.~: c.la.u...se. is true, the .i..rtdepe.nde.nt: .6:ta;teme.nt is executed; 
otherwise the hu.ie.t:Je.ride.nt:..s;ta;teme.nt is skipped. 

Following are two examples of c.ond.lt.i..orutl:..s:ta;tement.6: 

4. 
5. 

IF ALPHA - BETA LS 2 $ GOTO NEAR $ 
IF BOOL $ LBL • BEGIN RANDOM (= BASIC) $ BASIC = BASIC ** 2 $ END 
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Whereas a c.onclU.lona.l:.6ta.tement p~.·ovides an ..i.nde.pe.nde.11t.:.6ta.tement 
which may or may not be executed depending on the satisfaction of a 
condition• an a.UeJLna.:tive.:.6ta.teme.nt provides a list of ..i.nde.pendel'lt.: 
:4ta.teme~ and associated conditions. That ..i.ndepe.nde.11t.:.6t.a:teme.11t. 
associated with the first condition which is satisfied will be the 
only one executed if any one is. The conditions are expressed by 
the boole.an:f,o~ in the following definitions. 

1 f, : eLtheJL: c.lauii e me ans : 

1. !FEITH boole.an:f,o!U11Lla $ 

01t.:..i.f,:~e means: 

2. ORIF boolean: f,oJuJula. $ 

Alte./U'lil.t..i.ve means one of the expressions in the following list: 

3. 01t.:..i.f,: ci.a.U4e. .independent: .6ta.tement 
4. .6ta.teme.11t.: name • a.UeJLna:ti.ve 

Al:teJUta.t.lve:l.l.6t means one of the following two expressions: 

5. ..i.6: e..i.theJL: c.£au..6 e. ..i.ndepe.ndent: .6ta.teme.11t. a.UeJLna.:tive. 
6. a.UeJr.na.t..i.ve:wt a.UeJUta.t.lve. 

A.lteJLna..t.i.ve:4tate.ment means: 

Here is one example of an a.UeJLnati.ve.:4.ta.tement: 

8. !FEITH ALPHA LS BETA $ 
ALPHA = BE'I'A $ 

11 • ORIF ALPHA + BETA GR l~ $ 

END 

BEGIN GAMMA. = ( ALPHA + BE'I'A ) / 2 $ 

END 

12 • ALPHA = GAMMA + 1 $ 
BETA = GAMi-1A. + 1 $ 

ORIF 1 $ GOTO KEEP $ 

3.73 
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The above example provides for the execution of one a.6h..ignmen..t: 
:h.ta.temen.t if the first condition is satisfied. It makes no 
difference then if any of the other conditions are satisfied: 
after execution of the single a.M..ignmen..t:h.ta.temen..t the execution 
sequence continues with the .6.ta.teine.nt following the second EN::. 
If the first condition is not satisfied, the second condition is 
examined, and so forth. The third condition in the example is a 
catch-all. The c.on6.tant l is a boolean: 6oJtmula. which always has 
the value "true." A jump to Ll from elsewhere in the pMgJtam 
will cause the search for a.lteJLna.:ti.ve.6 to begin at that point; 
it is as if execution of the a.l:teltna.:ti.ve:h.ta.temen..t had begun at the 
top, but that all the conditions before the referenced name were 
false. A jump to 12 will cause execution of the hta..tement at that 
point regardless of the satisfaction of the earlier conditions. In 
this case only two of the three hhnple.:h.ta.teme.nt.6 which comprise the 
i..Y!depende.n..t:h.ta.temen..t of this a..U:eJLna..t.lve will be executed. Following 
execution of BETA = GAMMA - l $ control will pass to the hta.temen..t 
following the a.lteJLna..t.lve:h.ta.temen..t. 

Although ~ and l should be recognized as boolea.n:6oMXLla..6 in .i.6: 
:c.la.u..6u, ..i6:e.l.the1t:c.la.u..6u, and oJt.:..i6:c.la.u.6u, the compilers presently 
recognize only l in the expression ORIF l $ in such cases. Actually, 
of course, this is the only place, other than 1tM..ignmen..t:h.ta.temew, 
where such recognition is useful. 

The ..f..oop:.6.ta.temen..t provides for the "iteration" of an ..lrtdepertden..t: 
:.6.ta.temen..t (or hpecia.l:c.ompowtd). The iterations or repetitions of 
the ..independent: .6.tatement are controlled by means of one or more 
loop: vaJL..ia.ble.6 which are set up by 6oJt.: c.la.u.6e.6. Remember that a 
loop:vaJL..ia.ble is a single le.tte..Jt. in certain contexts. Those contexts 
will now be described. 

Comple.t:e:6oJt.:c.la.u..6e means one of the following two expressions: 

i. FOB tooyJ:va.luable = nwne!t.lc.:~oJtmu.la., 11u.me!t.lc.:~0Ju'l1Ula, tu.une!Uc.:noMlLla ~ 
2. FOR tooµ: va!U.able. = ALL ( HctHle ) $ 
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In the second of the above expressions the 11.ame must be a t.a.ble: name 
or the name of an ..Ue.m belonging to a t.a.ble.. In either case, the 
c.ompie.te:6011.:c.lau.6e. with the ALL mocii6-i..ell is equivalent to either one 
of the following two expressions: 

3. FOR loop:va.!U..a.ble. = ¢ ' 1 ' NENT ( name ) - 1 $ 
4 • FOR loop: va.JU..a.ble. = NENT ( name.) 1 ' - 1 ' ¢ $ 

The designers of each compiler are free to decide, arbitrarily, which of 
the two interpretations to select. Presumably they will choose that 
interpretation which is likely to give the better machine language code. 
Hence, the ALL mod-i..6-i..ell should be used only when the programmer does not 
ca.re which of these two interpretations is assumed. 

The c.omple.te.: 6011.:c.£.au..6e. defines a lcop:va!U.a.ble. to control the iteration 
of an inde.pe.n.d.e.~.t:~ta.te.me.n.t and for use as an ~ege/l:va!U.a.ble within the 
-6tat:eme.n.t. The first of the three numeJU.c.:fiotmula..6 is the initial value, 
given izmnediately to the loop:va!U.a.ble. (in the sense of "assignment" to an 
i1U:e.9Vt:va.tUa.ble.). The second 6otutula provides an increment to be added 
to the loop:va!t.Utble. for each iteration. The third 6olt¥>1.L.£.a. is a limit 
for iteration. After the loop:vall..{able has been increased by the current 
value of the increment it is compared with the current value of the limit. 
If it has not reached or gone beyond the limit, execution of the independent: 
: 6t.a.-teme.n.t (the one controlled by the 6011.: c.£au..6 e.) is repeated. If the 
value of the loop:va!U..a.ble after incrementation is beyond the value of the 
limiting (ioJurula., the -i..nde.pe.nden:t:.t>ta;te.me.nt is not repeated. "Beyond" 
means "greater than" or "less than" depending on whether the increment 
value is currently positive or negative, respectively. In some compilers 
the direction of comparison depends on the explicit sign rather than the 
current value of the increment. 

111.c.or,iplete.: (i01t.:cl.a.u..6e means a .t:Loo: 6a.c.to11.: 6011.: clau4e. or a one.: 6a.c;Co11.: 6011.: 
:ct.a.u.6e. A .tL00:6a.cto11.:6011.:chw..6e. means the following expression: 

The two: 6ctctoJt: ;\on:c.lau.~e. defines a Eoop:va!U.a.ble. ·with some measure of 
control over the iteration of an ,i,nd.e.pe.n.de.nt:.6.ta..te>rie.1U:. The first of the 
two 1iw11e,uc.: {ioJLJnu.lM provides the initial value of the loor-:va.!Ua.ble.. 
The second fioimula. provides the increment to the loop:va!Uable for each 
iteration of the vtde.pe.nde.nt:~ta.-te.me.n.t. There is no limiting value 
provided and termination of the reneated executions will have to be 
provided by some other means. 

3.74 
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One:6ac.to~:6o~:c.la.u.6e. means the following expression: 

A one:6ac.to~:6o~:c.la.u.6e. defines a loop:va/U.able. and gives it an initial 
value, but it does not cause any iteration. 

Specla.l.:compou.nd means one of the following expressions: 

7. BEGIN .6:t.ateme.n:t:llit; .i.n:~e. END 
8. name .6pec.-i..al.:compowid 

Although the .6pec..i.al:compowid is not, strictly speaking, a .6.ta.tement, 
the name in the second of the above two expressions is a .6:t.atement:: 
:name. It may be considered a name of the first 4.ta..t.e.ment in the 4:t.ateme.nt: 
:llit:. The .6pec..i.al:c.ompou.nd may take the place of the .lndependent:: 
:4t;a.teme.nt in a loop:.6ta.:terne.n:t and be iterated under control of the 
loop: vaJUa.ble.6 • 

1nc.omple..te:loop:.6:t.atement means one of the following expressions: 

9. 
10. 
11. 

.i.nc.omptet:e: 0o~:c.l.a.U.6e 

.i.ncompte.te:6o~:c.l.a.U.6e. 

.i.nc.ompte;te.:6o~:c.la.u.6e 

.i.ndepe.ndent: .6t:a.tement 
4 pe.cla.l.: c.ompowid 
.i.ncomple;te.:loop:.6t:a.tement 

liote that an .<.nc.omple;te.:looy.>:.6:t.ateme.n:t is a 4:t.atement and ma.y therefore 
be preceded by a 4:t.a.tement:name and a p~d. One example of an ..i.ncomplet:e.: 
:loop:.6t:a.tement is the following: 

12. FOR I = l , I $ 
SLl. FOR J = I + 5 $ 

BEGIN AA ($ J $) = BB ($ I $) $ 

EUD 

J = 2 * I - l $ 
IE BB ($ I $) EQ ~ $ GOTO EXIT $ 
IF J GR l~~~ $ GOTO SLl $ 

Cample.te.:iaop:.6:t.a.teme.nt means one of the following expressions: 

13. 
14. 
15. 
16. 

complet:e.:&o~:cla.u.6e. 
comp.f.et:e.: 6 Oil.: ciau.6 e. 
compiet:e.: 60~: c.la.M e. 
one.:6ac.to~:6o~:ciau.6e. 

.i.nde.pe.nde.nt:~tate.me.nt 
~.r:ie.ual: compowul 
..i.ncomple.te.:loop:~.ta.te.me.nt 

c.cmple.t:e.:loop:4:t.a.teme.nt 
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From the last two definitions we see that a toop:.6.t.a.teme.nt is a string of 
601t.:c.lau.6u followed by an .lndepe.nde.nt:.6ta.teme.nt or a .6pec..ial:c.ompcund. 
A .6pe.c.-i.al:c.ompound may be used as part of a loop:.6.:ta.teme.nt only if at least 
one of the string of 601t.:c.£.au.6u is a .two:6a.c.to1t.:601t.:ct'.au..4e. or a c.omple.te.: 
: 601t.:ct'..au..6e.. In a c.ompl.e.te.:loop:.6.t.a.teme.nt it is actually permissible for 
more than one of the 601t.:c.lau..6e..6 in the string to be c.omptete.:601t.: 
:cl.au.6e..6. The compiler, however, will ignore the third 6oJUnu.la in all 
but the first of such cl.au.6e..6, treating them as two:6ac.to1t.:601t.:c.lau..6u. 

3.75 Use of Loop:sta:teme.nt.6 

The ef'f'ect of' a loop:.6.t.a.t0ne.nt is to define a set of' loop:vaJL-i.a.biu and, 
usually, to execute an .lnde.pe.nde.nt:.6.t.a.teme.nt or .6pe..c.ial:c.ompou.nd repetitively. 
Since a loop:.6.t.a.teme.nt is a .6.t.a.teme.nt, it may be part of the .6.ta.t0ne.nt: 
:LiAt which forms part of a larger toop:.6:t4.teme.nt. Such nesting of loop: 
:.6.ta.te.me.nt.61 in general, leads to repetition of the execution of the inner 
loop:.6.t.a.teme.nt, each execution of this inner toop:.6.ta.tement leading to 
repetitive executions of the .lndepe.ndent:.6.ta.teme.nt which forms its :atter 
part. 

Each 601t.:~e defines or activates the toop:vcvU.a.bte which immediately 
follows the .6~bol FOR and gives it the current value of the first nwnell-lc.: 
: 6o!UrU.la. following the = .6,{,gn. This toop:va!Ua.bie is then active and may 
be used as an .lnte.ge1t:vcvU.a.ble until the end of the .lndepe.ndent:.6.ta.teme.nt 
which is the latter part of the loop:.6.ta.teme.nt. The loop:va/L.i.a.bte is active 
and may be used in the 6o!UrU.la..6 of the other 601t.:clau.6u of' the string 
following the one which activated it. It is even active and may be used in 
the one or two 6oJtnula.6 following the 6ol0!1.Lta. which provides its initial 
value in the same 601t.:c.lau..6e that activates it. A 601t.:c.lau..1>e may be used 
to activate only a loop:valt.la.bte which is not already active. A given 
loop:valt.la.bi.e may be activated by more than one 601t.:c:.tau..6e, but these 601t.: 
:c.lau.6u must be parts of disjunct loop:.6.ta.tement.6 - they must not be 
included in the same string of' 601t.:clau.6e..6 and one must not be nested 
under another. They will be.considered different lcop:vcvU.a.blu in t~e 
different le op: Ji:t:Jl;t('J"1ent.6. 

A toop:va!U.able is activated only by execution of the 601t.:c.lau..6e and 
remains active only so long as execution remains within the toop:.6.ta.temen.t, 
except for the cases noted in the next paragraph. A toop:.6ta..:temen.t must 
not be entered from outside by means of a go:to:.6ta.tement leading 
(directly or through .6w..Uc.hu) to a -6.ta.tement.: name inside the l.oop: .6.ta.temen-t. 

3.75 
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This prohibition applies to .6tatement:name.6 on any 601t:c.iau..6e.6 other 
than the first one in a string as well as to .6:ta:temen.t:name4, .&witch: 
: rtame.6, or clo.6e: name4 on or within the htdepertden:t:.&:ta:temen.t forming 
the latter part of the loop:.&:ta:temen.t. It is permitted to transfer 
control to .6:tatemen.t.6, t)o1t: ci.au..6e.6, .6Wach: deci.aJta.ti..o n6, and ci.o.6e: 
:deci.alr.a;t,i..on.6 within a loop:.&:ta:tement from other points within the 
same loop:.&:ta:tement. 

In general the loop:vevt.-i.a.ble.6 are deactivated whenever control is 
transferred outside the loop by means of a go:to:.&:ta:tement or by 
coming out the bottom because of completion of the .toop:.&:ta.temen.t. 
The loop:va.Jt.i.a.ble-6 are not deactivated if control is transferred to a 
p11.0cedwt.e:dec.£.Ma.;Uon, a t)unc.t.icn:deci.aJta.ti..on, or a p1LOg1tam:n.ame; 
provided the p!t.ocedulte, 6unc.t.lon or outside p1t.ag1tam returns control 
to the loop:.&:ta:tement through the normal exit of the pll.Ocedulte, 6wz.c..tlon, 
or p!t.OgJUUn or through one of the actu.a.l:pa1tame;te1t. alternate exits (from a 
p!t.ocedulte) if this alternate exit is a name within the .toop:.&:ta:temen.t. 

3 • 7 6 PM Ce-6.6.i.ng : deci.aJta.ti..o n.& within Loop: .&:ta:tement.& 

P1tocedulte:dec.lall.a:tion6 and ~u.nc.Ucn:de.c...f..a.JLa.n.& written within a loop: 
:.&:ta:temen:t are not, in any way, associated with the loop:va!Lla.ble.6 defined 
for the loop:.&:ta:te.r~ent. The same loop:va.JL-i.a.ble.6 may be defined for loop: 
:.&.ta.temen.t.6 within the p!t.ocedulte: or 6u.nc.Ucn:dec.la/ta.:t.i.on.6 and may be used 
inside the p!t.Ocedulte: or 6u.nct,i..on:dec.f..alta.ti.on.& only within such loop: 
:.6.ta.temen.t-6. Execution of a ptt.ocedulte: or 6u.nc.ti.on:dec!alu:t.tlon may be 
invoked from inside or outside any loop:.6.ta.tement within which the 
dec.1.alt.a..Uon may be written. 

Loop:va!U.a.ble.6 are, on the other hand, defined within .6W..ltch:de~n.6 
and c.lo.6e:declalta:Uon6 written as parts of the loop:.6:ta;temen:t for which 
the loop:valt.-i.a.ble.6 are defined. These loop:va!Ua.ble4 may be used inside 
s'.lc h .&w.Uclt: dec..i.a.Jta..t.i M and c1o .6 e: dec1.a.Jta.t,[o M; these .6 wi..tch: dec.1.alt.a..Uo n.6 
and ci.o.6e:deci.a!La.WM r.iay be invoked from inside the loop:.&.ta..temen:t in 
which they occur, but not from outside; and any such ci.o.6e:de.cta.Jta.t,i..o11 
must not contain a (io1t.:ci.au.-0e defining one of these same loop:vaJU..a.blu. 
If a t:Ytocc.dWte.:ca.lt:.6.ta.teme.nt or a 6u.11c.,tlon:ca..U within a loop: 1.it.a;temen.t 
contains, as an ,{,11pu.t: •:J1Vt.ame.te.1t, the 11.ame. of a ci.oJ.ie: de.cl.a.ti.a.:t-i.011 also 
within the .f.oop:J.ita.te>r.e.11t, this is considered proper invocation of the 
cta.~e: na.t•ie from within the same loop: .&.ta..temem:. 
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3.77 Iteration Control 

The compiled instructions needed to do the testing and incrementing 
specified by comple.te:fioJL:clau.6U and two:6acto1L:fio1L:ciau.6u are inserted 
at the end of the ioop:.6ta.:tement. Incrementation of the loop :va/Uablu, 
by the current values of the corresponding incrementation formulas, takes 
place in the reverse order of that in which they are defined. If there 
is no complete.: fioJL: c.la.u.6e., incrementation is terminated by an unconditional 
transfer to the top of the loop, just following initialization of the last 
ioop:va!L-iA.ble. If the fio1L:c..t'.au4e string contains a conp£.ete.:fio1L:c.la.u..6e, 
incrementation is followed by a test of the controlling loop:vaJU.a.ble, the 
one defined by the complete: 601L: clau.6e. If the controlling ioop:vaM.a.ble 
has not reached or gone beyond the current value of its limit, control is 
transferred. to the top of the loop; otherwise, execution proceeds to the 
instructions following the loop:.6.tateme.nt. 

As mentioned before (section 3.54), tut:.6ta.tement means one of the two 
following expressions: 

1. 
2. 

TEST 
TEST 

$ 
loop:va!L-iA.ble $ 

A tut:.6.tateme.nt may only appear within a loop:.6.tateme.nt. It serves to 
transfer control to the iteration control routine at the end of a loop: 
:.6.ta.teme.nt. Since the iteration control routine is an implied function. 
without a 11ame., a go:to:.6.ta.teme.nt cannot be used to transfer control to it. 
A .tut:.6.ta..teme.nt without a loop:vaM.a.ble. transfers control to the beginning 
of the next following iteration control routine. 

A tut:.6tateme.1it containing a loop:va!U.a.bie. may only appear in a loop: 
:.6.ta.teme.nt in which the referenced loop:va!U.a.bie. is defined. It serves to 
transfer control to the point at which the referenced loop:vcvr.i.able. is 
incremented. Thus it causes incrementing of the referenced loop:va!U.a.bie. 
and all those which precede it in the initialization sequence for the 
loop:.6.ta.te.me.nt. If the referenced loop:va!U.abie. is one which was defined 
by a 011e.::)ac...t0Jt.:60Jt.:c.£a.u.6e., control is nevertheless transferred to the 
proper place so that incrementation and testing takes place for those 
ioop:va!U.abie..6 defined in the ioop:.6.tateme.n;t before the referenced loop: 
:va!U.ctbie but not for those defined after the referenced ioop:va!U.abie.. 

3. 77 
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FOR A = Xll, Xl2, X13$ Initialize A 
FOR B = X21$ Initialize .!3 

LC. FOR C = X31, X32$ r---+ Initialize c 
BEGIN 
FOR D = X41, X42, X43$ Initialize D 
FOR E = X51, X52$ Initialize E 
FOR F = x61$ Initialize F 
BEGIN 

* * * * * 
GOTO LC$ 

* * * * * 
TEST$ 
* * * * * 
TEST D$ 
* * * * * 
IF ALPHA EQ ~$ · 1. END Increment E 

Increment D 
Test D 

* * * * * 
j 

FOR G = X71, X72$ Initialize G 
LH. FOR H = X81$ Initialize H 

BEGIN 

* * * * * 
GOTO LH$ 
* * * * * 
FOR I = X91$ Initialize I 
FOR J = X~l$ Initialize J 
BEGIN 
* * * * * 
TEST$ 

J * * * * * 
EIID 

* * * * * 
TEST G$ 
* * * * * 
TEST B$ 
* * * * * 
IF BETA i:;"r\ (ll1' ~, u"I, .., 
EUD 

I 
Increment G 
Test (? ) G 

:s.:m Increment c 
Increment A 
Test A 

* * * * * 
j 

?i£:ur~ 3 ~ Loe q: 5 t..rcte.me.11.-t Surrx:ar~: ;,:xar.r:le 
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(Page 60 blank) 

The i6:clau.6e at the end of a .6pecia.l..:cornpout'td controls execution of the 
iteration control routine at the end of the loop:.6ta.tement. Execution of 
a t~t:.6ta.teme.nt, however, supersedes control by this -l.fi:c£.~e. When the 
ifi:c..la.u4e is executed , if the condition is true the iteration control 
routine is executed; if the condition (the boolean:6ofLJ'rr.A.la) is false the 
iteration control routine is skipped, thus terminating execution of the 
loop: .6ta.teme.n.t. 

Figure 3 summarizes the foregoing discussions of loop:.6.ta.te.m~, showing 
complete: and itic.omplete:loop:.6.ta.temen.t-6, nested loop:.6ta.tem~, tut: 
:4;tat~ne~, and transfers to the midst of a string of fioll.:ci.au.6u, together 
with initialization of the loop:va.JL.i.a.ble.6 and iteration control. On the 
left in the diagram is a sample of JOVIAL coding. A line with five 
asterisks represents one or more lines of JOVIAL coding not germane to 
this discussion. On the right the initialization and loop control is 
shown in positions corresponding to their respective parts of the code. 
The incrementing and testing of D and E (and F if there were any) corres­
ponds to the first END. The control with respect to A and C (and to B if 
there were any) corresponds to the last END. The arrows show transfers 
of control. Some of the coding represented by lines of asterisks must, 
of course, permit jumps around the go:to:.6.tabm~ and t~t:.6ta.tement6 
shown. 

The four little "electric switch" diagrams represent conditional transfers. 
After the incrementation of G there is an unconditional transfer to the 
beginning of the loop in which G and H are defined. This transfer point 
is called a "test on G," but the jump is unconditional since the loop: 
:.6ta.te.men.t is incomplete (there is no limiting formula). In the loop on 
I and J there is no incrementation and no return since all the pertinent 
fioll.: c1a.u.6U are one: 6a.ctoll.: fioll.: c.lau.6 u. 

3. 77 
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4.1 Undeclared Namu 

Veci.alta;t;..iotl.6 are the principal means of associating namu with the elements 
of a p!LOg~am or of its environment. This discussion begins by considering 
the exceptions. A 4.ta.teme.n.t:name is defined by its appearance (not in a 
~ete1t.:l.i..6t) followed by a pe!Li..od. It is thereby defined as the name 
of that point in the p!LOgJtam which is the beginning of the next 4.ta.t<Unent 
or ~e. A reference, in the p!LO~e: or 6unc.t..i.on:de.c.£.aJutt.lon, to a 
name which is followed by a pe/r.i..od in a 60/Unal:.inµ.Lt:)(Xlll.amete!L:l.i..6t is 
treated as a reference to the corresponding cl.o4e:name in the invoking 
p!LOc.eciwi.e:c.a.U.:4.ta.tement or 6unc..tion call. Such reference to a name 
which is followed by a ~d in a 60Juna.l:ou.tpu.t:,oa1tamete1t.:Li.6t is treated 
as a reference to the corresponding ~.tateme.n.t:name. in the invoking p!LOc.eciwLe: 
: ca.U: 4.ta..teme.n.t. 

4.2 Pre-defined Namu 

Namu may be pre-defined for a p!LOgJtam as namu of .ltem6 1 .ta.btu, 6i.lu, 
external p!LOgJz.am.6 1 p!LOc.eciwi.e:dec.i.aJr.a:ti.on.4, or 6unc.:tlon:de.c.lalr..a:Uon4. 
Such pre-definition is accomplished by means of a COMPOOL or a library 
or both. 

A COMPOOL (communications pool) is a table or dictionary of definitions 
for use by a system of related plt0gltam6. If a pltOgJtam is to be integrated 
into the system, the descriptions and locations of common data, pltOc.edu!Lu, 
and p.'LOgJt.am.6 are found in the COMPOOL. A library does not contain descrip­
tions, but rather complete p!l.OC.edu/Le4 or fiunc.Llon.4. If a plLOglU:lm calls 
one of these p1t0c.e..dultu or ~unc..tiotl.6 1 it is copied from the library and 
made a part of the P'LOgJtam. 

If a y.>'l.ogJt.am written in JOVIAL makes reference to a name defined in the 
COMPOOL or library and if this reference is compatible with the COMPOOL or 
library definition, then the reference is taken to E!, a reference to the 
COMPOOL or library defined name.. ~f, however, the p.'LOgJtam properly defines 
such a name explicitly then, if there is a conflict, this definition takes 
precedence and the CO.MPOOL or library definition is disregarded. "Proper" 
definition has reference to the necessity of placing p!Log1tam:de.c..£alr.a.tion6 
and da..ta:decf.cvLa.:tictUi ahead of any references to them. 

4.2 
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4.3 Mode-defined Namu 

Namu which have not been pre-defined, nor declared, nor previously 
defined by mode, as elements with conflicting scope and category 
(section 6.5) may be defined by mode simply by referencing the name 
in an appropriate .6.t.a.temen.t. Each compiler assumes a normal mode for 
such definitions -- probably an integer of some convenient size; perhaps 
signed, perhaps unsigned. The method for changing this mode is described 
in section 6.4. 

Definition by mode can be done only for .6.impf.e:Lt~ and it cannot be 
done if it would thereby change the existing scope of definition of the 
same name applied to a different element. Consider, for instance, a 
pll.oc.e.clwLe:deci.alr.a.t.lon in which a particular name is not declared and 
is not used as a noltma.l:pa1tamete1L, but is used as if it were the name 
of a .6.impf.e:Ltem: 

l. If the name has been pre-defined as a .6.impf.e:Ltem: 
:name, or declared in the ma..in:pll.OgJtam (before this 
p!Loc.e.clwLe:dec.l.aJr.a.tlon is encountered) as a .6.imple: 
:Ltem:name, or defined by mode in the tnain:p!LOgJtam 
(before this p1LOc.e.ciwLe:dec.la!ta:tlon is encountered), 
then the reference to it is a reference to that 
.6..impf.e:Uem which is el.ready defined (global Ltem). 

2. If the name has not yet been defined in any way for 
the ma..in:p1L091tam as any entity in the same category as 
a A.imple.:Uem:name, then the reference to it in this 
p!Loc.e.dult.e:dec.l.aJr.a.tlon serves to define it by mode but 
only within this plr.Dc.e.dult.e:dec.lalut:Uon (local Ltem). 

3. If the name has already been defined in some way for the· 
ma..i.n: ptogJtam, not as a .6..imple: Ltem: name, but in the 
same category (see section 6.5), then this reference in 
this pll.Oc.edwte:deci.alr.a.t.lon is erroneous. 

Dat.a.:deci.aJLa.t,i.on.6 serve to declare and describe the data on which a 
y.Ytog!UU'l1 is to operate -- the inputs, the initfa.l elements of information, 
the intermediate results, the final results, and the outputs. The 

4.4 
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name.-6 given to the data follow the ple.-irrilti..ve.-6 which begin the 
de.c.lalta.ti.on-6, are chosen at the arbitrary discretion of the programmer 
(or programming supervisor), and have no necessary connection with names 
used in the outside world -- on input manuscripts or printed output, for 
instance. Va.ta.:dec..l.alta..t.in may be subdivided into groups as follows: 

1. -i.tem:dec.la.Jr.at,ion 
2. ta.bte:dec.ialut:t.i.on 
3 • ov eJLta.y: dec.ialut:t.i.o n 
4 • 6.U.e: de.c.lalta.:ti.. n 

I~em:dec.ialut:t.i.on may be further subdivided into the following groups: 

5. .6.imple: aem: de.c.laJuz;tlon 
6 • .i..ndexe.d: Lt:0rl: deci.twJ.:tio n 

And .i..ndexed:.U:.em:de.ci.aJuLt.ion may be subdivided into the following 
groups: 

1. aJLJta.y:aem:deci.twJ.:tion 
8. t.a.ble:aem:deci.twJ.:tion 

Numbe!L4, which have been defined in section 2.62, are used extensively 
in da.:ta.:dec..lalta.tlon.t.. In the expressions to be discussed below, there 
will be several numbe/l.6 in a single form, each with a different meaning. 
In order to facilitate the explanations, each of the expressions in the 
following list is defined to be a t1U111be1L: 

9. nln 
10. n2n 
11. n3n 
12. n4n 

The above list is to be understood to be extended, as far as required, 
in the obvious way. Each of these special ways of writing nwnbeJL will 
be used with only one significance in the explanations to follow. 
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4.41 Item:dUiCJUpt.ioM 

Item:deACJUpt..i..oM are parts of ..Uem:de.c1alr.a.ti.oM which give the 
characteristics of the ..i:tem.6. The adjectives, defined in section 2.61, 
which apply to c.oM:tanU and va./ti.a.blu also apply to ..Ue.tn.6, ..UeJf!: 
: duC!Up:tio M, and ..Uem: decl.aJLa.;t.io M. 

Floa.t.i.ng:..Ue;n:duCA.lp:tion means one of the expressions in the following 
list: 

1. 
2. 
3. 
4. 

F 
F 
F 
F 

R 
6£.oa..t-lng:c.oM;ta.nt. ••• 6loa.thig:c.orui:tant 
R Sl.Ja.t.ing :c.oMt.a.nt • • • 6.loailng: c.o n.6.t.a.nt 

The a.bbJt.ev-Ut.tlon F S)'~cifies a 6.loailng:Uem. The op:tiona.t:a.bbltev..la.t.i.Dn 
R declares that any value assigned to the ..Uem be rounded instead of 
truncated. The pair of 6loailng:c.oruitant6 separated by the ••• .i.deogJta.m, 
if present, state an estimated mini~ through maximum absolute value 
range. This range might be used by the compiler in optimizing the machine 
lane;-uage program. The co rui:tant.6 must be positive or zero and the smaller 
must come first. 

1ntegeJt:.6pe.c.,(.6-LVt. means one of the expressions in the following list: 

5. ! vt711 ~ 
6. I n1n u 
7. A rt7n. S 
8. A 11711 U 

1ntege't: aem:duCA.lp.t _)yt means one of the following expressions: 

9. 
10. 
11. 
12. 

integeJt:.6pec.,lfi.le/t 
in.tegeJt: .6 pec.,[6ieJt R 
integeJL:.6pec.,l6ieJt integeJL:coM:tan.t: ••• 
integeJt:.6pec.,[6ieJL R in.tegeJL:c.oMtant 

inte.g eJL: c.o rui:tant 
,tn.;tegeJt: c.orui:tant 

N7n declares the nwnber of bits required by the Ltem, including any sign 
bit; S declares a signed Uem; U declares an ;..msigned (:positive) ..Ue;n; 
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R declares, if present, that any value assigned to the .item be 
rounded instead of truncated; the optional pair of C.OYL6.ta.nt6 give 
the range as explained for 6£.oa..U.ng:U:em:duC/l..ip.t,i..on. The use of 
A instead of I in an intege/l.:.item:duC/r..-lp.ti..on is allowed because of 
the similarity to a fiixe.d:aem:duC/Up:ti..on, where A stands for "arithmetic." 

Fixe.d:.6pec.i6.leJz. means one of these two expressions: 

13. 
14. 

s o pt,i.c rutU.y: ~,lg ned: n8 n 
u opt,i.cria.Uy:.6.lgned:n8n. 

F.lxe.d:aem:durJL.i..p:tlon means one of the expressions in the following list: 

15. 
16. 
17. 
18. 

t).lxe.d: .6 pe.ci.6.leJL 
6 .lxe.d: ~ pecJ..6 .le/I. 
6 ixe.d : .6 pe.ci.6 ie/l 
t}b.e.d: .6 pec.l6,i.e1t 

R 

• •• . .. 
Again, n7n declares the number of bits required by the .item, including 
the sign bit if there is one; S declares a signed .item; U declares an 
unsigned (positive) .item; n8n declares the number of fractional bits in 
the .Uem; R declares rounding instead of truncating; the pair of c.on.6.ta.nt.6 
give the absolute value range as explained above. The C.OYL6.ta.nt6 may be 
6loa..ting or ..i..n:t.ege/l or nixed. The rules about .6pac.e.J permit a form such as 
1.,,,5 to be written. This may seem ambiguous, but the necessity for going 
from lesser to greater values requires it to mean the same as if 1 •••• 5 
had been written. If the first nwnbe!t in such an expression were zero, the 
meaning would be ambiguous without some convention. Hence the convention is 
adopted that if nwnbeJt •••• is written and if nothing preceding forbids, it 
will be considered as if nwnbeJL • ••• had been written, whatever may follow the 
fourth peJL,[od. If n8n, along with its optional sign, specifies a negative 
value, it means that low order integer bits are missing from the ileP1. The 
abbJte.v,UU.lon A used in this de.Jc.}t,[p;tlon means "arithmetic." 

Ou.a.f:.6rec...lj.lVL means one of these two expressions: 

19. 
20. 

D 11.Jtt 
D n7n 

s o p.t,[o n.a..e: opt.lo na.Uy: .6ig ne.d: n8 n 
u a p:t.<.o n.a..e: o p:t.,[o na.£1..u: .6ig ne.d : n8 n 

Du.a.l:ite;il:de.tie!Up.tion. means one of the following four expressions: 

21. 

23. 
24. 

du.al.: .6 pe.c.i{}ieJL 
du.a.t: .6 pe.ci6,£eJt 
du.al.: .6 pe.c.i6iM. 
dual: .6 De.c.i(i -le!t 

dual: C.O Mtant 
.:C\ dua.l: c.on.6.tant 

4.41 

du.al.: c.o 11.6 ta. IU 
du.al.: c.o n.6ta.;it 
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The a.bb1tevi.rrtiovi D specifies a du.a.l:.ltem; nfo declares the number of bits 
in each component of the .lt0n, including the sign bits if present; s de­
clares each component to be signed; U declares each component to be unsigped; 
11811 declares the number of fractional bits in each component; R declares 
rounding instead of truncating; and the optional pair of du.ai:con.fit~ 
declare estimated minimum through maximum absolute value ranges for the 
two components. 

H 111n 

T 11711 

where n1n declares the number of bytes in the .lt.em. 

S:ta.:tu.l>:Uem:ducJU.p.ti..on means the a.bbft.ev.i.ati.on S followed 'by an optional: 
:n7n followed by a string of 1.:ita.t.u..o:coY!hta.nt.6. If present, n1n declares 
the number of bits to be allocated to the -ltem. If the giv~n number of 
bits is k 9 the number of 1.:i.ta.tu..6:coYl.6~ must not exceed 2 • If n7n 
is not given, k w;i!3: be determined such that theknumber of 1.:i:ta.:tu-0:coY!h.tanJ .. i: 
is greater than 2"' and less than or equal to 2 • The string of 1.:i:ta.tu.1.:i: 
:co.11.6.ta.l'l-U declares all the possible values of the Uem. 

Bo olea.n: .ltem: du,C!Up;t,i..o n means the a.bbll..evia..ti..o 11 B 

4.42 S..wtpte:.lter;16 

S.impf..e.:.lte.m:de.c.£.aJta.tion means one of the expressions in the following list: 

1. 
2. 
3. 

ITEM name .ltem: de.t:i Cll..ipw n $ 
ITEM name .ltem:de.t:icJU.ption P opt,{.ona.ii.lj:.t:iigned:c.on.1.:ita.n.t $ 
ITEM name. op.tion.a.tf..q:1.:iigne.d:coY!h.ta.n.t $ 

The 1.:i.{mpf..e.:.i;tem:decla/La.Li.cn defines an .ltem by naming it and describing it. 
The second and third forms above also give it an initial value, the value 
of the C.OY!h.ta.n.t. In the second form, the P stands for "pre-set." The coMta.n;t 
must be consistent with the ,i,tem: de.t:i Cll..iptio n; that is, it must be of a type 
which can be assigned to this U:011 in an a..t:i.6ig11.1ne.nt: J.ita.te.me.n.t. In the third 
form the description is implicitly that of the c.01utan.:t. The third form, the 
one without an explicit du.CJLip-ticni, cannot be used to declare statu..o:,i,ter;r,~ 
or boolea.n:iterr~; the use of ¢ or l or an octai.:co~~tant declares an 
in.te.ge.1t: Lte1~1. 

1. ITEM ALPHA F $ 
2. ITE:r THETA FR (/J • ••• 3.1416 

4,42 
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3. ITEM X2 I 6 s R 5 ••• 23 p -18 $ 
4. ITEM X3 A 15 u 5 p 97.168 $ 
5. ITEM X4 -97.168A7 $ 
6. ITEM DX5 D 13 s -3 D(24,24) ••• D(24¢¢¢,2400¢) $ 

4.43 IndeEen.d.ent:ove!Lia.~4 

Space for .ltemll is allocated in the computer in various ways depending 
on the particular compiler. In general, space at least as large as the 
declared size is set aside. There are restrictions, however. Any 
restriction on the size of a Li;te!r.ai.:-i..tem usually is dictated by the 
maximum size of n7n expected by the compiler. Besides this restriction, 
most compilers will not handle .ltemll, other than WVLai:.ltemll, greater 
in size than one machine word. 

It is-possible to specify that storage for 4-impi.e:i.:tem.6, ta.bfu, and 
a/t/tQ.!:{4 be allocated in particular sequences. This would not be useful 
except that it is also possible to specify that these sequences start 
in the same machine word. Thus an .ltem may have more than one name, 
each name corresponding to an entirely different deJ.icJL.i.p:tion of the 
.item. It is even possible for a .u.teJut.l:.ltem, for instance, to overlay 
more than one .ltem. 

In all compilers (which compile this version of JOVIAL) presently in 
existence, 4..impi.e:Ltem.6 are not packed. That means they occupy one or 
more ma.chine words without sharing any with other demt>. Some other 
features of data storage are not quite so standardized. In one compiler 
all .ta.bte.6 begin with a control word containing the number of ent'1..-leJ.i in 
the .ta.bte. In another compiler, only variable length .t.a.ble.6 have this 
control word. In one compiler l-i..teJUt.i:item.6 have a similar control word; 
in another compiler they do not. It is often necessary to be cognizant of 
the presence or absence of control words and of the allocation algorithms 
used by the compiler when specifying da.ta:4equ.enc.e.6. 

Independent:da..ta.:4equ.ence means one of the four expressions in the following 
list: 

1. 4,(mple: ilem: name 
2. table: name 
3. 
4. 

aJl.JlaU:n.ame 
,indepen.dent::d.a.:ta:.6equ.enc.e , 

4.43 
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M.Jt.a.y:n.ame. is a synonym for aJL!Ul.y:Uem:name.. (Ta.ble.:name. is not a 
synonym for :ta.ble.:Uem:name..) 

In.de.pe.nde.n.t:ovelti..ay:.6pe.c.-l6ic.a.t-i.on means one of the expressions in the 
following list: 

5. hide.pe.nde.n:t:da.ta.:.6e.qu.enc.e 
6. in.depen.dent:ovett.ta.y:.6pec.-lfi~c.a.t-i.cn = ~n.dependent:da.ta:.6equ.enc.e 
In.depe.n.dent:oveJLta.y:deci..alta;ti,cn means one of the three expressions in 
the following list: 

7. 
8. 
9. 

OVERLAY 
OVERLAY 
OVERLAY 

~epe.n.dent: ove!Liay: .6pec.-l6.lc.a.t.io n $ 
numb ell = ~n.depen.dent: ov e/Lla.y: .6 pec.-l6,{,c.a;Uo n $ 
octal: c.o n4ta.nt = b1d.epen.dent: oveJtla.y: .6 peci6.<.ca.t:W n $ 

An bidepende.nt:ovelti..ay:deci.a.lr.a..ti.on may be used to arrange .6,,i,mpte:Uem&, 
:ta.ble.4, and aJL!Ul.tf6 in sequence; to overlay these hequ.enc.u on one another; 
and to assign these overlays to specific ma.chine locations. Within the 
ove!t.la.y:de~n,data structures separated by C.Otn'Ylll.6 will be given 
sequential locations in the order in which they are named and &equ.enc.u 
separated by e.qu.a.l:.6ign4 will begin at the same location. If the ove!Lfuu: 
: de.c..£.alta.t.1o n contains a numbeJt. or an octal: c.on4.t.a.nt the common origin of 
the hequ.e.nc.e.4 will be the location identified by the value of the c.on6.t.a.nt; 
otherwise the conunon origin will be selected by the compiler not to conflict 
with other data or program storage. Examples: 

10. OVERLAY WORD 1 LIST = DUMMY, MESSAGE $ 
11. OVERLAY 1¢24 = UMPIRE $ 

The name. of a data structure may appear no more than once in an ove/1.1.a.u: 
:de.c.1-aJtd;t,Wn, but it may appear in more than one oveJLta.y:de.c1.a!ta.tion if 
logical inconsistencies are avoided. With most compilers the avoidance 
of logical inconsistencies means that any structure named in more than 
one over.Xau: de..c.la!t.a.U..on. must irrunedia.tely follow the rYti.milive. OVERLAY 
in all ove.JU.arr:dec.fo.Jta.U.o viJ.i in which it appears, other than the first. 

With some com-pilers, if a data structure derives its location, either 
directly or indirectly, from an ovelllay:de..c.-f.a.tta;t,Wn. containing a c.omtal'tt, 
it must not be provided with initial values. With all present compilers, 

4.43 
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data structures named in an oveJLla.y:dec1.aJta.t.i..cn must first be defined: 
either pre-defined by COMPOOL, declared, or defined by mode. 

4.5 Complex Data Structures 

It is often necessary to specify more complex data structures than -Oimple: 
: -ltem6. Tablu and oJr.JLO..y-0 serve this need. An oJr.JLO.y is a one-(or more) 
dimensional arrangement of U~ all having the same Uem:name. The 
particular Uem out of the oJIJLO.tj is designated by means of an ind.ex 
having a number of components corresponding to the dimensionality of the 
oJrJLO..y. A :table is basically a one-dimensional arrangement (or list) of 
ent!r..lu, the particular entlr.y being designated by a one-component ~ndex. 
Each entity is a group of Uem6, each having a unique Uewuname. For 
example• ALPHA ( $ 5 $) might be one of several U~ in entlr.y 5 of a 
particular :table, or it might be the only Uem in en.tlr..y 5, or it might be 
element 5 of a one-dimensional aNuJ..y. There are exceptions in the 
structure of a :ta.ble:entlr.y. For instance, a -0:t:!Li.ng:Uem, consisting of 
a linear arrangement of components called bead6, can only be part of a 
:ta.b£.e:entlr.y. Thus a particular bead of a particular -O:t:!Li.ng in a particular 
e.n:tlty of a :table would require the -0:t:!Li.ng:Uem: name. and a two-component 
~ndex for complete identification. (S.t'Llng is a synonym for -0.:tlt-lng:Uem). 

4 • 51 Co .u.tant: fu:t.6 

It is sometimes desirable to specify initial values for all or part of an 
aJVc.a.y or a :table when it is declared. Such initial values are specified in 
lists known as co.u:ta.nt:.ll&u. A c.on-0.ta.nt:.ll&t must correspond, in 
dimensionality, to the declared structure for which it specifies initial 
values. A one:dhne.u,lcnal.:coM:ta.VLt:fut is the plli.mlt.lve BEGIN followed by 
a string of opt-lona.lly:IJ~gned:c.oM:ta.nt.6 followed by the plli.mlt.lve END. 

A k.:plUJ.i:one:dime.u,lcnal.:coM:ta.VLt:.ll&.t is BEGIN followed by a string of 
k.:d,i,me.u,lcnal:c.oM:ta.VLt:fu:t.6 followed by END. Below are three examples, 
a one.: d.ime.u,lc nal: c.oM:ta.nt: wt, a .:tioo :dimen.6,lc nal.: co.uta.nt: Wt, and a 
th!Le.e.: d,i,me.u,lc nal: co M:ta.nt: UA.t. 

l. BEGIN -13. 78. 35. -16. ~. 64. END 

4.51 
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2. BEGIN BEGIN V(HI'OUTSIDE) V(HIGH) V(HI'INSIDE) END 
BEGIN V(OUTSIDE) V(STRIKE) V(INSIDE) END 
BEGIN V(LO'OUTSIDE) V(LOW) V(LO'INSIDE) END 

END 

3. BEGIN BEGIN BEGIN f6 l l l f6 END 
BEGIN l (6 (6 (6 l END 
BEGIN . l. f6 (6 (6 l END 
BEGIN l f6 f6 (6 l END 
BEGIN l (6 {6 (6 l END 
BEGIN l (6 (6 (6 l END 
BEGIN (6 l l 1 (6 END 

END 
BEGIN BEGIN f6 l. 1 l. {6 END 

BEGIN l 1 l 1 l. END 
BEGIN 1 l (6 1 l END 
BEGIN l l (6 l l END 
BEGIN l l (6 l l END 
BEGIN l l l l l END 
BEGIN (6 l 1 l (6 END 

END END 

At the present time the compilers are prepared to handle con6.ta.nt:.tl6.t6 
of no more than three dimensions. 

In specifying an aJr.Jta.y it is necessary to state the number of dimensions 
and the extent of each dimension. This is done by means of a d.ime.n.6.lon: 
:w.t. Vhnen.6..i.on:lU.t means a string 'or numbelt.6. ANr.a.y:de.c..t.aJt.a.:Uon 
means one of the expressions in the following list: 

1. ARRAY name. cLime.Yl..6..i.on:W.t .ltem:duC/LlpUon $ 
2. ARRAY name. d.lme..ui..i.on:W.t .ltem:duC/Llpti.on $ COn.6.tant:l.U.t 

The name. is the aMay:U:em:name.. The number of nwnbe!L.6 in the dlme.nti.lon: 
:W.t is the number of dimensions of the aMay. A one-dimensional. aJr.Jtay 
is a column vector. (Of course, the programmer may treat it as a row 
vector if he wishes). A two-dimensional aNtay is a matrix, a row of 
column vectors. A three-dimensional. aJr.Jtay is a set of matrices. And so 
forth. The (first) nwnbelt in the d.ime.n6..i.on:.tl6.t declares the number of 
elements in (each column of) the aNtay. The second nwtrbelt in :the dlme..ui.lon: 
:t.i..6.t declares the number of columns in a matrix or plane of the aJVLa.y 
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(or the number of elements in a row). The third nu.mbeJt is the number of 
planes in a volume. And so forth. The number of dimensions of aJIJU1y~ 
is, of course, limited by what the compiler is prepared to handle. Some 
compilers do not handle aJVtay~ at all. 

The Uem:deJ.ie!U.pt.ion in an aJIJU1y:dec.ialt.o.t.lcn applies to the whole aJVtay, 
to each element or component of the aJVtay. Thus, one might declare an 
oNt.a.y of boolea.n:Ue.m.6 or a d.u.al:aJIJU1y, where every element of the aMa.IJ 
is a du.al value with the same number of bits per component and the same 
number of fractional bits per component. 

If the aJVta.y:deci.a.Jr.a;ticn contains a con.6.ta.nt:L<'..6t it must be of the 
dimensionality declared by the d-imen&.ion:Li...6t. However, it need not 
specify an initial value for every element. The values given are 
used to set elements starting with the first element of the aJtJta.y. 
Thus, if we wished to specify only the first element of the first column 
of the front matrix of a 3 by 3 by 3 aJVta.y, the con.6.t.ant:L<'..6t might 
be as follows: 

3. BEGIN BEGIN BEGIN 5 END END END 

to specify the middle element of such an aJVtay, it is necessary to 
specify other elements leading to it, as follows: 

4. BEGIN BEGIN BEGIN l END END 
BEGIN BEGIN 2 END 

BEGIN 3 5 END END END 

The l, 2, and 3 specify initial values for elements we didn't care about, 
but we had to specify them in order to get a 5 initially into the center 
of this 27-element aJVtay. The l is the initial value of the upper left 
hand corner of the front plane (see figure 4). While looking at the figure, 
the reader should consider the order of indexi•g into this aJt.JtA.y. The 
components of the index used in referring to aiji. aJtJta.y:~em are in the same 
order as the dimension nu.mbe/t.6 in the climen.6.ion:.t.i.6t. Thus, the e.ntll..i.eJ.i 
marked A, B, and C in figure 4 are indexed as follows (in JOVIAL, indexing 
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starts with ¢, not l): 

5. A: 2,1,¢ 
6. B: ¢,2,¢ 
7. C: ¢,1,2 

The pre-set values 1, 2, 3, and 5 are indexed as follows: 

8. 1: ¢,¢,¢ 
9. 2: ¢,¢,1 
10. 3: 1,¢,1 
11. 5: 1,1,l 

It may appear that the index shown above 
with the value 3 should be ¢,1,1 instead 
of 1,¢,1. That would be true if the 
bracketing order within a co.ui:t.a.nt:wt 
matched the order of components in an 
~ndex and the order of nu.mbe/t-6 in a 
cli.me.ui~n:wt. It was felt desirable, 
however, to match two conflicting 
conventions. The order of components 
in an ~ndex is in accordance with conven­
tional mathematical notation. It ·is also 
desirable to write the elements of a tl.oo: 
:d .. i.men6~ona£.: co.ui.:t.a.n.t:wt in the same 
arrangement in which they would appear 
in a picture of the aJLJta.y (compare the 
arrangement of 2, ~ and 5 in the example 
with the arrangement in figure 4). In 
order to do this it was necessary to 
interchange the bracketing of rows and 
columns in con6:t.a.nt:wu of two or more 
dimensions. Thus, in such a COYl.6.ta.nt:lli.t 

l 

c 

-2 

-3 5 

-B 

-

A 

Figure 4. 
A 3 by 3 by 3 MMIJ 

the innermost BEGINs and ENDs bracket elements of rows rather than of 
columns. BEGINs and ENDs at the second level outward bracket rows of a 
matrix or plane. BEGINs and ENDs at the third nesting level outward 
bracket planes of a volume. And so forth. Nothing in the language 
specifies the order in which the elements of an aJt/ta.lf are to be stored 
in the computer, This is a compiler-dependent feature of the object 
code. 
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4.53 !ype Matching for Pre-set Values 

As with a single C.On6.ta.nt given as initial value of a .6..impie:Uem, 
each of the C.On.6.ta.J'LU in a c.orui:tan:t:lli.t must be of a type which can 
be assigned to the associated Uer.1. Furthermore, certain mixtures 
of type are allowed, while others are not. The permissible type 
mixtures of the c.on6.ta.n.U given as initial values of .i.ndexed.: 
:Uenl.6 are shown in figure 5. 

In 6.ixed.:c.orui:tan:t.6 given as initial values of httege./u 6-i..xed.: or 
6loa.U..ng:Uem.6, the .6c.ai.e after the A is ignored, the number of 
fraction bits to be utilized being picked up from the Uem: 
:ducJLipt..i.on. Therefore, there is really no need to use 6-i..xed: 
: c.o n.6.ta. l"Lt.6 in a c.o n.&ta.n-t: lli:t. 

Example: 

1. ARTIAY HTTIX 3 4 F $ 
BEGIN BEGIN 1 -1 rll ¢ END 

BEGIN -1.5 2.3 1.7 ¢ END 
BEGIN ¢ ¢ 1.2 -1 END END 

I:tein type Corui.tan:t types 

Integen., Mx.e.d, or 6loatlng Integen., 6-i..xed, 6lo atlng, or any 
mixtures of these three types 

I ntegen., 6-i..x.e.d, or 6loatlng Oct.ai. 

Vu.al Vu.al 

HoUe.JLU.h or bta.Mm.i.h.6-i..on: HoUen.Uh, oc..ta.e.., or bta.n.6ntlis.&.i..on: 
:c.ode :code, but not mixed 

.s..ta..t.u..& S.:ca.tu.4 

Goolea.n Boo.fea.n 

Figure 5. Con.6-tmit Types for Pre-setting Ite.i;v., 
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4.54 Ta.bleA 

The structure of a table is more complex than that of an aJUta.y 
although the possible number of dimensions of a table. is more 
limited. In the complex structure of a table., variously described 
parts of the table have distinct nam~. These separately nam~d 
parts of the table. must be declared within the ta.ble:de~n. 

There are three kinds of ta.ble.:dec1a!La;t,i.cn.& as follows: 

1 • o!t.din.aJt u: table: de.c.la.!utt.lo 11 

2 • de 6 ine.d: en.t'L 1:f: table.: declaJLa.:ti.o 11 
3 • Uk.e: table.: de c.i.aJLa.;tio n 

There are subordinate dec.lall.a.tion.& which can be used only within table: 
:de.ci.alr.ation.&. These subordinate de~n..6 will be explained in 
sections 4.55 and 4.57 prior to putting them together into the three 
kinds of table:de.c.la!La.U.on.&. 

4 • 5 5 OtuU.YUVtlf: e;itJt.le..6 

01Lcli..n.M1j:ta.ble:item:de.c1.a.Jta.ticm means one of the two following expressions: 

1. 
2. 

ITEM 
ITEM 

name item:de..6CJLiptio11. $ 
11.ame. iter11: deA C!Liptio YI. $ 011.e.: dhnen.& -i.cma..t: c..o n.&ta.nt: wt 

The permissible item:deACJLipt,i.oru, are the same, and have the same meanings, 
in -0-0npte:Uem:dec.Lvt.a.tion.& and all other i.:wmde.c.la.Jl.a..tion..6. (Sections 4.41 
and 4.42). The o!t.din.alty:ta.ble:Uem:de.c1..M.atlon declares, names, and 
describes an iteJn for every en:Ctty of the table with which it is declared 
(as explained below). In referring to a particular iteJn in a particular 
e.n.t'Lu the iteJm wne. and a one-comnonent index are used as in the following: 
examples (indexing the ent!Lie..6 of- a table. begins with zero): 

3. 
4. 
5. 

ALPHA ($ r/J $) 
BETA ($ I + 
MESSAGE ($ ALPHA 

5 $) 
($ K $) * 2 $) 

4.55 
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It may be that a particular .item is not present in a particular entlr.y 
of the :table, but is present in subsequent e~. For instance, an 
ove/Lf..a.y:deci..alta.U.on (as explained below} may be part of the :ta.ble: 
:deci.atta:t..i.on. The compiler has no way, in general, of knowing which 
en.t'Li.e..6 contain which .iteJJUi, since this is determined by usage rather 
than deci..alta.U.on.6. In any case such information is ignored and indexing 
is accomplished as if every e.n:t/Ltj contained every declared Lt.em. 

A :ta.ble:Uem:deci..alta.U.on containing a one:d-imen.6..i..ona.l:c.on.6.:ta.nt:wt 
specifies initial values for the .lteJn in ~ of the table. The 
first value is given to the .item in entity 0, the second value to the 
Uem in entlr.y 1, and so forth. No cognizance is taken that in actual 
usage this Uem might not exist in a particular entlr.tf. The number of 
c.on.6.tant.6 in the C.On.6.tant: .t.Uit may be less than the number of en.t:!Ue.6 
specified for the .:table (section 4.56}, but there must not be too many 
C.On.6.tant.6 for the number of ~4. If there are not enough c.on.6.tant:.\ to 
complete the initial assignments, no values are provided for the ~ in 
the remaining e.ntlLi..u at the end of the :ta.ble. The specific values, at 
the start of execution, of ..l:ttm.6 for which no initial values have been 
provided depend on the particular oompiler. 

Subo11.cU.na.te:data:.t>equenc.e means one of the following expressions: 

6 • oJr.<LlnaJL y: table.: .lte.m: name 
7. .t>ubolL<Llna.:te:da:ta.:.6equenc.e , .l>u.bo~e:da:ta.:.t>equenc.e 

Su.bo11.c:lina.te:oveJLlay:.t>pec..i6..i.c.a;t.ion means one of these two expressions: 

8 • .6ubo~e: da.ta.: .6 equ.en.c.e 
9. .t>u.bolL.clina.te:oveJrl.a.y:.t>pec.,[6.ic.a.ti..on = .t>ubo11.cli.na.:te:da.ta.:.6e.qu.e.nc.e. 

SuboJr.cli..nate.:oveJLlay:deci..alta.U.on means 

10. OVERLAY .t>ubo11.cli.na.:te: ove/l.i.a.y: .6 ped6.ic.a.U.on $ 

O/f.d..ina!c.y:ent1r.y:de..6CJU.pt..i..on means one of the three following expressions: 

11. o Jz.d,[rr.cvw: :ta. ble: .ltem: de.clalz.a.U.o n 
12 • 011.d.&ta!Lq: e.n.t!Ly: duc.JL,[pt.i.o rr. 011.d,[naJL y: e.n.:tlt.y: duc.JL,[pti .. cm . 
13 • 01ulu11£VLIJ: en . .:tlty: de..6CJr..,{.pt,i,.o11. .6u.bo11.cli..na.-te.: oveJL.f.a.tf: de.cl.aJt.a..:U.o 11. 

4.55 
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In other words, an oJr..d.<.naJLy:ent/l.y:deAC!Llpt.ion is a string of 
olL.dbrtvr.y: table: ..i.:tem: deci.alr.a.ti.o n6 and .6u.boJr..d.<.ria.U.: ove!Lla.y: 
: de.c..i.alt.a.t, n6. The form is restricted in that all ..i.:tem: nanteA 
appearing in any ove/Lla.y:deci..aJr.ation in the entlr.y:deAC!c.-i..p:Uon 
must have been previously declared in ..i.:tem:de..c.lalr.a.t..n6 occurring 
earlier in the same entlr.y:deAC'JU..p-ti.on. An oJt.cli..nall..y:entlr.y: 
:deAC!c.-i..p:tLcm. names and describes all the ..i.:tem.6 which comprise a 
:table.: e.n.tJr.y. A .6u.botullna.te: ove!Lla.y: decl.aJr.a;ti.on within the 
entlr.y:deAC!Llp:Uon arranges ..i.:tem.6 of the ent:Jr.y -- ..i.:tem.6 separated 
by COntna..6 will be allocated consecutive storage space within the 
evU:Jr.y in the order in which they are named, except that packed 
.ltem.6 may be rearranged for storage efficiency; .6equ.e.nceA separated 
by equa.l.6:.6ign6 will begin at the same location within the en:Or.y. 
Note that a .6u.bo!UU.na.te:ovelri..a.y:de.c.iAJLa;ti.on cannot specify an absolute 
location as origin of the data. .6equ.enceA. 

A name may appear in more than one .6u.bo!tdi.na:t.e:ove/i.f.ay:decl.aJult..ion, 
but as with independent:oveJtla.y:decl.aJult..ion.6, logical inconsistencies 
must be avoided. Some compilers do not permit .6u.boJr..cLlna:te:oveJLla.y: 
:de.c.iAJLa;ti.on6 since the effect can be achieved by other means (sections 
4.57 and 4.58). 

4. 56 OILCli.nall..y:tableA 

Table:.6ize:.6peci.6..lc..a.t.ion means one of the two f"'ollowing expressions: 

1. v n1 n 
2. R n1n 

A table:.6..C.Ze:.6peci6..i..c.a;tlon declares the size of a table in terms of the 
number of entlt.i.eA in the table. The V means that the size of the 
table is variable; that n1n is the maximum number of ent.'U.eA in the 
table; and that NENT (table: name) is a nume/Llc:va!Ua.ble. The R 
means that the :ta.bte is of a rigid size with n1n ent!U.eA and that 
NENT (:ta.bte: name) is a 1u.ime/L.i.c: 60.lt.t'IU!a. but not a vcvr..i.a.ble. It is 
dependent on the particular compiler whether the value of a variable 
UENT (.ta.ble:name) is zero, n1n, or undefined prior to being set by an 
a.6.6..i..g11111ent: .6.ta.tement or some other -0.ta.tement. 
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Ba6..i.c.:.6.t'w.c..tult.e.:.6pe.c..i.t)..i.c.a.tion means the le.tte/L P or the le.tte/L s. It 
is used to specify the basic structural pattern of the table, P declaring 
parallel structure and S declaring serial structure. Parallel and 
serial structure can best be explained in terms of the sizes of a 
ta.ble. and its e.nt/Lle..6. From the previous paragraph we have that 

n1n is the (maximum) number 
of e.nt/Li.u in the ta.ble.. 

Serial Structure Parallel Structure Let n2n be the number of 

MN control word MN control word 

lst half AB[f6] lst half AB[f6] 

2nd half AB[f6] lst half AB[l] 

XY[¢] 1st half AB[2] 

1st half AB[l] lst half AB[3] 

2nd half AB[l] 2nd half AB[Ql] 

XY[l] 2nd half AB[l] 

1st half AB[2] 2nd half AB[2] 

2nd half AB[2] 2nd half AB[3] 

XY[2] XY[ f6] 

1st half AB[3] XY[l] 

2nd half AB[3] XY[2] 

I XY[3] XY[3] 

Example : Table. MN has 2 deJ'n6 : AB and XY 
and 4 entttiv., : f6 , 1, 2 , and 3 • 
AB occupies 2 words. 
XY occupies 1 word. 

13 consecutive computer words are shown in 
each illustration above. 

Figure 6. Serial & Parallel Table Structure 

.storage cells (computer 
words} in an entity. In 
serial ta.b.f.e..6 there are 
n1n consecutive blocks of 
storage, blocks being allo­
cated to e.nt/Li.u in numeri­
cal order, and each block 
consisting of the n2n 
consecutive words of the 
entity. In parallel ta.blu 
there are n2n blocks of 
n1n storage cells, each 
block containing one word 
from each e.n:tlty of the 
table.. (See figures 6 
and 7.) In addition, each 
:table., regardless of its 
basic structure, may con­
tain one or more control 
words. The presence of 
control words depends on 
the particular compiler 
and whether the .table. is 
variable or rigid in size. 

The use of a ba..6..i.c.: 
:~e.:.6pe.c.l6~n 
in a :ta.ble.:de.c.i.alta.t..i.on 
is completely optional. 
In the absence of a 
ba..6..i.c.:.6.VW.ctWte:~~ec.-i.6..{.caCi.on, 
whether the .ta.ble. has parallel 
or serial structu~e depends 
on the compiler. In tabl~ 
with variable length e.ntlU.M 
(section 4.58), the basic 
structure 
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must be serial, either declared or normal for the particular compiler. 

Pa.c.IUng: .6pec..i.6-lc.a.ti..on means the £.UteJt N or the £.etteJL M or the lUteJL D. 
It is used to specify the packing of .ite>n.6 within an entlt.y of a :ta.ble. 
N stands for "no packing" which usually means that each .item occupies 
i'ts own computer word or words without sharing it (or them) with other 
Uem.6. "ilo packing" does not preclude "overlaying." D stands for "dense 
packing" which may mean that Uem.6 are packed together to utilize every 
bit in the word and minimize space. The interpretation in many compilers 
will relax "dense packing" somewhat. For instance, it is likely that 
an .item which will fit in one word will not be packed so as to be 

• • • AB 
• • • 

XY 

faitlt.y r/J 

faitlt.y l 

En:tJr.u 2 

Entity 3 

s ·aist t eri rue ure 
·MN control word 

2nd word 5th word 8th word 11th word 

3rd word 6th word 9th word 12th word 

4th word 7th word l~h word 13th word 

En:t!ty 1 En:t:Jr.y 3 

P all 1 St t ar e rue ure 
HN control word 

2nd word 6th word l~th word 

3rd word 7th word 11th word 

4th word 8th word 12th word 

5th word 9th word 13th word 

• • • • • • • • • • • • • •••AB••• • • • • • • • • • • • • XY 

This illustrates the sa.r.ie example as figure 6. The same 
13 words are shown, but the blocks are drawn side by side. 

Figure 7. Parallel and Serial Table Structure 
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divided between two words and it may be that every Ltem which will not 
fit in one word will begin at the left end of a word. M stands for 
"mediwn packing" which usually means that LteYl'lh are 'Packed but not so 
closely that they share sub-register units. Sub-register units are 
the parts of a computer word which can easily be referenced in 
machine instructions: -- parts such as half words, addresses, bytes, 
etc. 

01uU.natr.y: .table: deciAJut;ti..on means the following structure: 

3. TABLE opt.lcna.l: name ta.ble:.6.lze:.6pe.ci6.lc.ation 
o pt.i.o na.l: ba.6.lc.: .6.:0tu.c.twLe: .6 pe.c..i.6.lcat.lo n 
o pt.i.o nal: pa.c.IU.ng : .6 pec..l6-i.c.a.ti.o n $ 
BEGIN oJi.cllnatLy:entlty:duCJr..lpt.i.on END 

The .table need not be named if there is no occasion to refer to it, 
such as· in an .ln~:.6.tatement or an .lndependent:ovelti.a.y:decfalr.a.t.{.on. 
The .6.i.ze:.6peci.6.lc.a.t.lon tells whether the :table has a variable or rigid 
number of e.ntlt.lu and how many. The btu.lc.:+vtuet.u1r.e:.6pe.c..i.6-U!a.tion, 
if present, declares the .table to be parallel or serial. The pa.ck.lng: 
:.tipec..l6.lca.t.lon, if present, declares medium or dense packing or none. 
The entlty:due/L.ipt.i.on declares, names, and describes all the .ltem6 
of the .table an~ any overlaying among these .ltem.6. 

Example: 

4. TABLE TB2 V 1¢¢ P N $ 
BEGIN ITEM ALF H 2 $ 

END 

BEGIN 2H(PH) 2H(**) 2H(U2) END 
ITEM NUM I 12 U 64 ••• 4~95 $ 
OVERLAY ALF = NUM $ 

4.57 Ve6.lned:entlt.lu 

Ve6.lned: entlly:.ltem:dec.laJr.a.t.lon means the following expression: 

l. ITEM name Ltem:duC/t.lpt.lcn n3n n4n 
opt.lo na.l: pa.c.k..lng: .ti pec..l6.i.t!a:ti.o n $ 
o pt.lc na.l: one: c:Umen6i.JJ nd.: c.o n6.tan:e: Ll6t 

4.57 



16 March 1964 80 TM-555/002/02 

The elements of the above expression which are also included in the 
o!t.d..ll1lVl.y:.:ta.ble:Uem:declaMU.on (section 4.55) serve the same purpose 
here that they serve there. This dec.lalta.tion occurs only within a 
ta.ble:dec.i.alta.t.lon (section 4.58) in which the number of words in an 
en;tJt.y is specified. In this dec!aJr..a.,.t,lon, n3n declares which word in 
the en:t'Ly contains the .ltem (or in which word the ..l:tem begins). For 
this purpose the words are numbered starting with ¢. Thus, the words of 
a 4-word ent/Ly a.re numbered ¢, l, 2, and 3. The bit within the word in 
which the Uem begins is specified by n4n. The bits are numbered from 
the left starting with ¢. The Uem:de..6Clt.lp.U.on and the use of the 
op.U.ovia.l:one:d ... &ne.Y1.6iona.l:c.oM:ta.nt:wt to set initial values have been 
explained before. The pac.IU..ng:~peel6.lc.a.tion may be used to provide 
information which may be useful to the compiler. It does not direct 
the packing of the Uem, but describes the packing which results from 
rt3n, n4n, the Uem:duCJt.ip.U.on, and the situation of adjacent .lUm.6 
in the en:t'Ly. 

S.ttUng: ..l:teJn: deci.Ma:tlo n means the following express ion: 

2. STRING name Uem:de..6CJt.ip.U.on n3n n4n 
op.U.Ortai.: pa.c.IU..ng:~pec....i.6-lc.a.tion nSn n6n $ 
O pt...i..o rta1.: t.wo : d....imeMio na.t: C.O Mta.nt: Wt 

The .6.t!t.ing:.U:em:dec1.atutt.lon provides the means by which an .U:em can 
be declared, having more than one occurrence per ent!t.y of a table. 
Each such occurrence of a ~.t!t...i.ng:.ltem is called a bead. To refer 
to a particular bead in a 11.Ume/Llc.:6o!OrU.la. or a ~.ta.tement (bead.6 
need not be nwrte.!U.c.) the .U:em:name is used, followed by a two­
component ,LJul.ex as in the following example: 

3. ALTITUDE ($ K-3 , 5 $) 

The first component, K-3 in the above example, indicates which bea.d 
within the en:t!Ly. The second component, 5 in the example, tells 
which en:t!Ly of the :table. 

N3n and Mn, as in the de6.ined:en:tJLy:..l;tem:dec.lalta.tion, tell in which 
word in the en:t!Ly and in which bit in the word the .U:em (that is, the 
first bead of the .lteJn) begins. The opt.i.ona.t:pa.c.IU..ng:.6pec.~6~c.a.t,[on 
describes rather than directs the packing. NSn declares the 
frequency of occurrenceof the ~.t!t.ing:..l;tem in the words of the en:t'Ly. 
That is, there are bead.6 of the ~.ttUng in every n5nth word of the 

4,57 
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ent!Ly (starting with word n3n of course). N611 declares the number of 
be.a.d.6 in each word of the ent/t.~f· Consider the following example: 

4. STRING ZEUS I 12 U ¢ l 2 3 $ 

The above example declares that the bea.d.6 of ZEUS are 12-bit unsigned 
integers, that the first bead starts in word ¢, bit l of the en:tJLy, 
that there are bea.d.6 in every second word of the en:t!L.y, andthat there are 
3 bea.d.6 in each word of the en:t!L.tl which contains be.a.d.6. tJ4n (l in this 
example) tells in which bit of the word is the beginning of the first 
bead in each word which contains bead.6. That is, not only does bead 
¢ begin in bit 1 of word ¢, but also be.ad 3 begins in bit l of word 
2. Suppose that the example is embedded in a .table declared to have 
3 words per en:t!L.y and that on this computer there are 48 bi ts per word. 
Then figure 8 may be considered to be a partial illustration of en:t!L.y 
4 of the table.. 

A two:cli.men.6..i..onai.:con.6tan:t:..li.4t, if present, declares initial values for same 
of the bea.d6 of the .6tJri.n.g. The first one: cli.me.n.6..i.onai.: coM.ta.nt: ..li.4t provides 
values for be.a.d.6 in entJLy ~; the second one.:cUmen.6..i.onai.:coruitan:t:..li.4t provides 
values for en:t!L.y l; etc. Within each one.:cUmen6..i.onal:con.6.ta.nt:..li.4t, the first 
c.on.6tan:t provides the initial value for bead ¢; the second con6.ta.nt provides 
the value tor bead l; etc. 

Oe.6ine.d:e.n:tJL.y:de..6cJr...i.p:tlon means one of the following three expressions: 

5 • de. 6..i..ned: e.n:t!L.y: U1?rn: deC!.laluttio n 
6 • .6VUng : .Uem: de c1.aJc.a.t..i.o n 
7. de.6..i.ne.d: en:tJL.y:ducJL..i.ption de.6..i.ned: e.n:tJL.y:de.ticM.pU.on 

In other 't-tords, a de.6..i.ne.d:en:t!Ly:due/Lipt.i.on is a string of .6:t!L..i.ng:.i.Wn: 
: cl e.cta.Jta:t..-i..o Jt6 and de. 6 ..i.ne.d: e.n:t!L. y: .i.t:0n: de.c1.tvr.a.:ti..o n.6 • Notice that ove/Ll.a. y: 
:de.ci.a!La.:tiott.6 are not permitted in a de.6..i.ned:en:t!L.y:duc.JL..i.pt.lon. They 
are not needed since the position in the en:tllq of every Ltem is explicitly 
declared, including any desired overlaying or partial overlaying. 

Je:)i..ne.d:c.n.t!l.y:ta.ble:Jec..i.aJt.a.:t,i.cm :::ieans the following expression: 

l. 'l.'A3LE opwna.l.: 11.ame. .ta.b.f.e:.6i.ze.:.6pec.-i.6.tc.a..U.on 
o o:ti.o nai.: boA,i,.c.: -6btuc.twle.: .6 peci.~,(_c.a.:U..o n n2 n $ 
m::c rn de~ ined : e.n.t!l. y: de.6 cJU.p.t.io 11 EIID 

The .tLtU'..e. need not be named if there is no occasion to refer to it. 
:'he .ti.tze.:M)e.c.L(ic.a..tfon ind:icates a variable or rigid number of en:tJz..<.e<!i 

4.58 
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and how many. The 004,i.c.: .6tlw.etUlte.: .6 pe.c..l6..i.c.atio n, if present, declares 
parallel or serial table. structure. N2n declares the number of words 
per e.ntJr.y. The entJr.y:duCJLip:ti..on declares, names, and describes all the 
.item.6 of the .table and defines their positions within the ent:Jr.,i.e-6. 

Notice that n2n is now required, to state the size of an entJr.y. Since the 
.6.tlr...lng:.ite.m:de.c.lalr.a.:ti..on declares an unlimited number of be.a.d.6, the size 
of an entity can only be determined by this explicit means. However, n2n 
is really only a nominal or assumed e.ntJr.y size. The compiler uses n2n 
(and, of course, n1n, the number of e..n:t!U.u) to allocate space for the 
table -- n2n blocks of nln words or n1n blocks of n2n words depending on 
the basic structure. See, for an example, figure 7. Suppose the pli.Og!Ulm 
containing the .table shown in figure 8 has a reference to ZEUS ($6, 4 $). 
By the structure of the .table there is no such be.ad. The compiler, 
however, will use the table structure to determine the beginning of 
e.ntJr.y 4 and the .item structure to determine the position of be.ad 6 with 
respect to the beginning of e.ntJr.y 4. Hence the reference will be to a 
be.ad of ZEUS in what would seem to be the middle word of entJr.y 5. 

Such a reference as we described in the last paragraph is permitted. A 
table. to which such references are made is considered to have variable 
length e.nt/t..le..6. It is even permissible to declare a ti:tlr.1.ng:.item or 
.ta.ble.:.ite.m to begin in a word of the e.ntJr.y which, by n2n, doesn't exist. 
That is, n3n may be equal to or greater than n2n. Again, the table 
structure will be used to find the beginning of a referenced e.ntJr.y 
and n3n will be used to find the ,(;tem. 

For table-6 with variable length e.nt:Jr.,i.e-6 the compiler takes no extra pains 
beyond what has just been described. Therefore, it is up to the programmer 
to be aware of the differences between his conception of the table and 
the way the compiler treats it and to write his pJr.ogJtam accordingly • 

• • • 

fai.t°Au 4 .. 
ZEUS ($(6,4$) 

ZEUS (:$3,4$) 

ZEUS ($1,4:j;) ZEUS ($2,4$) 

ZEUS {$4,4$) ZEUS {$5,4$) 

TABLE R 1¢ S 3 $ B:i!:Gilf STRIIJG ZEUS I 12 U ¢ l 2 3 $ E~ID 

''if:ure 3. En:tltc 1 4 of a Table. 
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Among the things which must be considered: 

2. The table. must be of serial ent/ly structure. This 
is so even if there is only one \/Ord per entlly. 
Consideration of figure 7 shows that for a serial 
table, for all entlt-l~ except the last, a reference 
beyond the end of an entlly spills over into the 
next entlly. For a parallel table, on the other 
hand, a reference beyond the end of an entlly is a 
reference completely outside the block allocated to 
the table. 

3. In assigning preset values and in interpreting 
~nc:U..c~, every declared .item is considered to 
be associated with every entlly of the table regard­
less of conflicts due to overlays. For example, 
you may know that there is no ALPHA in entlly 7 
because GAMMA ($ 6 $) actually occupies that space, 
but the compiler doesn't know it. When referring to the 
next ALPHA that does exist, it should be called ALPHA 
{$ 8 $) and not ALPHA ($ 7 $). 

4. The programmer must provide for any extra incrementing 
that may be necessary while indexing through a table 
by means of a £.oop:~ta.teme.nt. For instance, some 
such coding may be required as below: 

FOR Q = el, l, NENT {XXX) -1 $ 
BEGIN 

••• 
IF SIZE ($ Q $) EQ 2 $ 
Q=Q+l $ 
END 

5. It is probably necessary that the nominal ent/Ly size, 
n2n, be a divisor of each of the various actual ert:t!t.y 
sizes that the programmer has in mind for the particular 
ta.bte. If each of these "actual" sizes is not a multiple 
of n2n,there will be wasted space in the table or the 
required programming ad.1ustments will be impossible, or 
both. Of course, one way of satisfying this requirement 
is to use the value l for n2n. 
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4 • 5 9 Uk.e.: .table.A 

Like:.table:de.c..i.alt.a..t-lon means the following expression: 

1. TABLE riame o pU,o nae.: .table: .6 ..i..ze: .& pec.l6.i.c.a..t-lo n 
opt..i..ona.l:ba.6.ic.:ll:tlw.c.:tult.e:.6pec.l6..i..ca.t.lon 
op.:t.i.ona.l:pa.ck-i.ng:.&pec.l6..i..ca.t..i..on L $ 

TM-555/002/02 

The L just before the doi.lalt.:.6..i..qn declares this to be a .table with 
an enbt.y structure "like" a previously declared and named .table 
(or a pre-defined table), the "pattern" .tab.le. The name of the 
Uke:table is formed by suffixing a nu.melta.t or le.tteJL to the 
name of the pattern table. The Uem6 of the Uke:ta.ble are then 
automatically named with the Uem:namu, similarly suffixed, of the 
pattern .table. The composition and structure of the e.n.tlt...i..u of 
the Li.ke:table are generated by the dec.i.alt.a.t..i..on.6 describing the 
enbt...i..u of the pattern table, with the difference, of course, of 
the nu.me/Lal or £.e.tte/L attached to each Uem:name. Ta.ble:.6.ize, ba.6-i.c.: 
:.6:tlw.ctulLe, and pa.ck..i.ng can be specified for the .li.ke:ta.ble, but if 
this information is omitted, the .6pe.c...i..6..£c.a.t.lon.6 of the pattern .table 
are used for these characteristics. 

A 6U.e:dec.la!ta..t-lon is used to name and describe a 6..i..£.e on some hardware 
device used for input and/or output and to declare the .6..ta:tu.6:con.6.tant.6 
to be used in designating the various statuses of the 6..i..£.e. A few 
preliminary definitions are required. 

f-lte:lltJw.ctulLe:.6pec<.6..i..c.a.t..i..on means one of the following expressions: 

1. 
2. 
3. 
4. 

H n9n V 
B n9n v 
H n9n R 
B n9n R 

n11n 
n11n 
n11n 
n1'n 

St~:i..i...6t means a string of one or more .6ta.tu..6:con.6.tant.6. 

F..<1.e:deci.alta.t..i..on means the following expression: 

4, :: . . -
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FILE 6.U.e:nllme 
.6.t.a.t.u.6: wt 
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6.tle:.6.tltu.c.tlvl.e:.6pec-l6.lc.a..tion 
dev,i,c.e:name $ 

The 6.U.e:name is a name chosen by the programmer and hereby declared 
as a 6ile:name. Ho.U.eJLlth:6ile structure, declared by an H, means that 
the 4ec.o!td.6 of the 6.tle are composed of characters or bytes encoded in 
whatever manner is normal for the storing of alpha-numeric information 
on the device. Input or output involving lw.U.e!LUh: 6.tlu and ho.U.eJLlth: 
or tlr.a.n.6nUA.6i..on:code:vaJL.i.a.blu is permissible; any necessary code 
conversions will be included automatically. If the va/L..l.a.ble.6 are not 
hoU.eAUh or tlta.n.6mi..6.6-i.on:c.ode, however, the effect of input/output 
with a hoU.e/LUh:6..U..e is undefined. Input/output with a bhuVty:6.i.i.e, 
declared by a B, and any kind of va/L..l.a.ble is accomplished without any 
code conversion. The numbell n9n declares the estimated maximum number 
of 4ec.o!td.6 in the 6.tle. The abb4ev..ia.t.lon V declares a variable 4ecoJt.d. 
size; the abb4ev.i.a.ti..on R declares a rigid 4ecoJt.d. size; and n11n declares 
the (estimated maximum) number of bits in a 4eco!td (for a b..i.nalty:6..Ue) 
or bytes in a 4ec.o!td {for a ho.U.e/LUh: 6.U..e). 

The various possible statuses of a 6ile, such as "busy," "ready," and 
"error," are associated with numeric values by the compiler. The 
programmer declares a Li.lit of .6.t.a.t.u.6:c.on.6.:tant.6 to be defined, respectively, 
as these values, starting at zero and going up by ones. These .6.ta.tu..6: 
:c.on.6tan:l:.6 are then meaningful only in context with the 6.tle:na.me, which 
functions as a .6tatu..6:.ltem:name, b~t only as specified for 6.lte:name.6 
in boolean: 6oJtmu.fa..6 and in .6w.LU.h:dec.i.alc.a.:ti.on.6. There must be at least 
one .6.ta.tu..6:c.on.6t4nt in this Wt, but there need not be as many as there 
are meaningful values. 

The dev-i.c.e:name must be in the form of a JOVIAL name, but tlle programmer 
does not choose it. Such namu are permanently assigned to the various 
input/output devices available. The use of one of these name.6 as a 
dev-i.c.e:name does not prejudice its use in some other way, such as an 
Uem:name or .6ta.tement:name, but it would be incompatible with definition 
of the natne by means of a defi,{,ne:c:UAec..tlve. 

One should consult the documentation for a particular compiler for the 
list of dev-i.c.e:nam~ and the statuses which apply to the various input/ 
output devices. 

4.6 
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Example of a 6..U.e:deci..alta:U,on: 

6. FILE SNAP H 2~¢ V 12~ 
V(READY) V(BUSY) V(ERROR) 
TAPE5 $ 

4.6 

TM ... 555/002/02 

V(EOF) 
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5.1 Introduction 

Unless otherwise directed (section 6.2) every plWgJLam begins execution 
with the first .6.ta.temen.t of what may be called the ma.ln:plWgJUZm. 
S:ta.temen.t execution then proceeds sequentially except for iterations 
of .foop:.6.t.a.te.men.U and jumps due to go:to:.6.tatemew, c.ot1dlt.lona.t: 
:a..ta.temen.U, and a.lte/t.na.tlve: .6.ta.te.men.U. In ( al.mo st ) every plW gll4m, 
however, there are groupings of .6.ta.temew or other elements of the 
p!t.OgJLam to which execution control cannot or must not pass sequentially, 
but only through invocation of the group or element by tiame. Such 
groups or elements are defined as plWC.U.6br.g:decLalr.a.tlon6. 

A .6.ta.temen.t or group of .6:ta.temeri..t4 which is blocked from sequential 
access only because of the presence of go:to:.6ta.temew, c.o~nai.: 
:.6ta.teme.n.t.6, or a.lte/l..na.t.i.ve:.6.tatemew is not thereby a plWC.U.6.lng: 
: dec.i.alt.a.ti.cJ n. 

The following list enumerates all the plWC.U.6.lng:dec.lalta.tlon.6: 

l. p1r.ogJLam:deci.alta:Uon 
2. .6W.ltc.h: dec.lall.a:t.lo n 
3. clo.6 e: decl..aJud.lo n 
4. p1r.oc.e.dwr.e:declalul:tion 
5. fiunc.tion:decl..aJud.lon 

5.2 P4ogJLam:de.c1..alt..a.:ti.n6 

P~ogJLam:dec1..alt..a.:ti.n means one of the following expressions: 

1. 
2. 
3. 

'PROGRAM 
'PROGRAM 
'PROGRAM 

tiame $ 
tiame numbeJt $ 
name oc.ta.l: c.o n.6.ta.nt $ 

Notice that the p!UJni.t.lve introducing the above expressions is spelled 
with a leading pt.ime. A plWg.'Ul.m:deci.alta:tlon serves to establish 
communication between the present plWgJLam and another p1Wg4am, named 
in the dec.lall.a:t.lon and compiled independently. The .i.ntegell:·or oc.:ta.t: 
:c.on.6-ta.n.t declares the machine address of the beginning compiled location 

5.2 
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of the named p!LOgJtam. The presence or absence of the eonAta.nt 
depends on the compiler and the operating system in which it is 
embedde~· If the system supplies the machine location and if it 
is not desired or not permitted to override this given location, 
the C.CnA.ta.nt is omitted. When transfer to the named plLOgJtam is 
specified by means of a go:to:.6ta.:tement, the compiler asSW11es that 
the named p!LOgJtam is a subroutine which will return control to the 
.6.ta.tement following th.e go:to:.6ta.:tement; and that the values of any 
loop:v<XJUablu which are active at execution of the go:tou:ta.tement 
will be undisturbed upon return from the subroutine. 

A pttogJtam:de.c..taJr.a.tlon is a p!LOC.e.6.6.lng:dect.aJr.ation since it names a 
group of .6.ta.tement.6 to which control can be transferred. However, it 
shares with c:Utta.:dectalr.a..t,(,on6 the property of not directly generating 
any machine language coding; ;it can occur among the .6.ta.:tement.6 of a 
pttogJtam without affecting the order of execution. 

5 • 3 Sw.ltc.hu 

A .6w.ltc.h:deci.att.ati.on includes a list of .6equ.enc.e:du.lgnatolt.6, but 
p!LOgJLam: name is not permitted among them. These .6e.que.nc.e.:du.i.gna.tolt.6 
specify points to which execution control may be transferred, depending 
on the value of an ..ltem or an ..index. Sw.ltc.h:declalu1:t.lon is therefore 
divided into the following categories: 

l. ..i.Yldex:.6wltc.h:declalu1:t.lon 
2. .ltem:.6w.ltc.h:de.et..alr..at.ln 

A .6w.ltc.h:declt11ULtlon causes the generation of machine language instructions 
which are to be executed only when the .6wltc.h:name. is invoked by a go::tQ: 
:.6.tatement or another .6w.ltc.h. Therefore, a .6w.ltc.h:dec.ialr.a.ti.on should occur 
only in a position, relative to .6.ta.temew, such that ordinary sequential 
execution cannot reach it; for example, in the :positions indicated below: 

3. • • • 
STOP $ 
.6w.ltc.h: de ci..aJt.a:tlo n 
• • • 
XYZ = 5 $ 
GOTO .6.ta..tement:name $ 
.6w.lt ch: dec£aJr.a.t.lo n 
• • • 

5.3 
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If, in some system, the .6.top:.&ta.tement sho'Wil above dashes any hope of 
continuing, then the positions shown for .6w.ltch:de.c.i.aJt.a.t,i.on,/) are all 
right. If, on the other hand, it is possible to continue in sequence 
after the stop, then the first .6W.lt.ch:de.clall.a.t-lon in the example should 
not be in such a position. Some versions of the compiler, however, 
always prevent "falling into" a .6Witc.h. 

A .6w.ltc.h:de.cl.a.lta.U.Dn within a loop:.6.ta.teme.nt must not be invoked by a 
go::to:.6.tateme.nt nor via another 4wLtc.h:de.cl.alta.:tion outside that loop: 
:.6t.a.teme.nt. For more details see section 3. 76 on pfl.Oce.u.lng:dec.l.alla.tion.6 
within loop:.6t.a.teme.nt..6. 

5. 31 1nde.x.:4w.i.tchu 

1ndex.:.6w.ltc.h:ll6:t means one of the following expressions: 

1. 
2. 
3. 
4. 

P11.og1Lam: namu must not be among the 4e.qu.e.nc.e.:du.i.gna.tou in a .6w.ltc.h: 
:£..U:t. 

5. SWITCH name. = { .lnde.x.:.6W.lt.ch:Li.6:t ) $ 

The name in the above expression is thereby declared to be the .6w.i.teh: 
:name. Following is an example of an .lnde.x.:.t.w.ltc.h:de.c.i.aJr.a.tion: 

6. SWITCH TOGGLE= {BL97, , LOOP, EMIT {$I,J$),) $ 

To invoke an .index: .6cultc.h, the .6w.lt.c.h: name with a one-component .lndex. 
is the .6equenc.e:deA.lgna:to11. in a go:to:.6:ta.:t0nen:t or another .t.wltc.h. For 
example: 

7. GOTO TOGGLE ($ ¢ $) $ 
8. SWITCH CHOOSE = ( , , ST¢l ( $ ALPHA $) , TOGGLE ( $K$) ) $ 

5.31 
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The .btd.ex in a reference to an .btdex:.6w.ltc.h must be within the range 
indicated by the .6wltch:.ll.4:t in the decf..a/z.a.t.lon. The htdex value 
points out the required hequ.enc.e.:de.&igna.to~ according to its position 
in the list, starting with zero. Co~ without corresponding 
-0equ.err.c.e:de.&ign.a..to.lt..6 indicate values of the index for which no 
transfer of control takes place. Thus, GOTO TOGGLE ($ ~ $) $ effects 
a transfer to BL97. If the reference to TOGGLE($ K $) is activated; 
for K = 2 control is transferred to LOOP; for K = 3 control is trans­
ferred via .6WUch EMIT -- where EMIT is an Uem:.6wi..tch dependent on 
values!of a .6.tJc.l.n.g:Uem or two-dimensional. a.JrJLa.y, in this case bead or 
entJty ($ I, J $); for K = 1 or 4 control is not transferred, but is 
returned to the htatement following the invoking go::to:.6.ta..tement; and 
K must not be more than 4. 

5.32 Z:tem:.6wU:c.hu 

Z:tem:4wlic.h:lli:t means one of the two following expressions: 

1. con6:ta.nt = .6equ.e.nce:du.igtta..t01t 
2. Uem:.&wU:c.h:W.t • Uem:1>wltch:W:t 

Ptwg.tr..am: namu must not be among the 4equ.e.rr.c.e:du.lgna.:to!L.6 in this kind 
of .6wlic.h:W:t, either. 

1.tem:.&wlt.c.h:dec1.alt.a.t.lon means one of the following expressions: 

3. 
4. 

SWITCH name 
SWITCH name 

( Ueir.: name ) = ( Uem: .&w.Uc.h: Wt ) $ 
( 6.Ue:name ) = ( Uem:.6wi..tch:w:t ) $ 

The name following the p!L.bnlt,Lve, SWITCH, is the .6Wi..tch:name. The 
Uem:1>wlt.c.h:U.6.t consists of con6:ta.n:t.6 paired with .6equ.e.nc.e: 
:duigna.:to.lt..6. The c.on.6.tant.6 are possible values of the item 
named in the dec1.aJta..:ti..on. When the .6wUch is invoked, if the value 
of the Uem matches one of the c.on.6:ta.nt6,execution control is trans­
ferred in accordance with the corresponding .6e.que.nce:duigna.to~. If the 
Uem value doesn't match any of the c.ol1.6ta.nt6, execution continues with 
the .6.ta.teme.nt following the invoking go:.to:.6.ta..teme.nt. 

Example of an Uem: .6 w.<..tc.h: de.c.laJLa.;ti..o n: 

5. SWITCH WHICH (BETA) = (3H(ARY) = ST34, 3H(¢L9) = FINIS($A/2$), 
3H( ) = 8¢1, 3H(ABC) = s¢2, 3H(''') =EXIT, 3H(===) = s¢1, 
3II(.$.) = ESSO($A,B,C$), 0(777777) = ST¢1, 3H(XXX) = PCR'SORT) $ 

5.32 
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If a 6ile. is named in the de.c.lalt.a;tion, the c.o~tan.U are .6.ta.tu4: 
:c.o~ta.~ from the 6.ii..e.:de.ci.alta.ti.on representing conditions of the 
6ile.. If the J.>W.ltc.h:de.c..f.alt.a.U.on names a 6-i...eJl or a .6mrple.:Ltem, 
any reference to the J.>wLtc.h omits an .i.nde.x. If the .6LVitc.h:de.ci.a!La.tion 
names an hide.x.ed:it.em, reference to the .6WLtc.h includes an ,i,ttde.x. 
(of the appropriate number of components) to select the particul.ar 
be.ad or en:t/r..y of the item to be compared vi th the c.o~.t.a.n.u. For 
example: 

6. GOTO WHICH ($ J, K, L, M $) $ 

This 90:.to:.6.tatement implies that BETA (the Ltem named in the de.c.la!t.a.Uon 
for WHICH) is a four-dimensional aJVLay. 

5.4 C£.o.6U 

CloJ.>e:de.ci.alLatlon means the following expression: 

1. CLOSE nane. $ BEGIN .6.tateme.nt:.l<At END 

CloJ.>e.:de.c1.aJr.a.ti..ot'l..6, as well as pttoc.edwte.: and 6unc.tion:de.c..l.aJt.a..ti.on.6, 
provide the means for setting up groups of .6tat:ement.6 as subroutines 
to be called upon or invoked from various points in a jYLOg!UlJn. A c.ioJ.>e.: 
: dec1.aJr.a.ti..o n may invoke p!W c.edwtu or 6 u.nc.tW n.6 or other c1.o .6 e.: de.c.la!l.a.ti.cm.6 , 
but there must be no recursive calls. That is, no subroutine may call 
itself nor any other subroutine vhich in turn calls it, either directly 
or indirectly. The name in the above de.claJL.a.t.i..on becomes the c.lo.6e: 
:name. 

A ci.oJ.>e.:de.c.la/ULtlon sets up the J.>ta-teme.nt forming its latter nart as a 
closed subroutine without parameters. As with a .6w,{;tc.h:de.cla!-ULt-Wn, a 
cl'..oJ.>e.:de.c..la!ta.t-i.on shoul.d not be placed in such a position among the 
.6,ta;Ceme.n.t.6 of a pJtoqJtaJn that the execution seq_uence can "fall into" it. 

The processing specified by a c.£.oJ.>e.:de.c.i.aJr.at,i,on is executed when the 
clo.6e.:name. is invoked by a go:to:.6tateme.nt, either directly or via a 
1.iwlic.h. Normally, after execution of a cloJ.>e.:de.ci.aJta:ti..on, control 
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returns to the .6.ta.ternent following the invoking go:.to:.6.ta.tement. It is 
permissible, however, for there to be a go:.to:.6.ta.tement, within the clo.6e: 
:dec1.aJLa.U.on, which Jumps to a.n entirely independent point in the pttog.1tam. 

A clo.6e:dec.la/ta..U.on within a loop:.6.ta..tement must not be called by a 
go:to:.&ta.temen:t (nor via a .6w.U.c.h:de~on) outside that loop: 
:.6.ta..tement. A ci.o.6e.:de.ci.aJl.a.;ti_on outside the .loop:.&.ta.temen.t should be 
invoked from within the .loop:.6.ta.teme.n:t only if the c.io.&e.:de.claJr..a.t..ion 
will not return control to the toop:.&.ta.tement. See section 3.76 on 
pttoce..6-:6.Z'ng:de.ci.alta.tion.& within .loop:.6.ta.teme.n..t.6 for more details. 

A pttoceduJLe.:de.ci.aJl.a.tum. sets up a closed subroutine which may have 
,i.ny.:u.t: pa/Lame.telt.6 or ou.ty.:u.t: palLame.teJL.6 or both. A pttoc.edu!r.e.:de.ci.aluLtion 
is independent of outside .loop:.&.ta..teme.nt.6; it may be invoked from within 
any loop :.&ta..temen.t in the ma.ln: pltOgJtam or in other pltOC.U.6..i.ng :de.da/Ult..ion.& 
without deactivating the toop:va/U.a.b.te..&. On the other hand, the outside 
loop:va!Uablu are not defined in the pttoc.e.du!Le:dec.l.a.tta.:tion. 

Some preliminary definitions are needed. 

Ve.c.laJr..a..t,lon:w.t means one of the following expressions: 

1. da.;ta.: de.ci..alta:ti.o 11. 
2 • plW gJtam: de.c.lAJr.a.-U.o 11. 
3. de.cla!uLUo tt: lli.t d~ n: w:t 
Foll.mCl.l:.lny.:u.t: paJta.me.teJL:ffi.t means one of the expressions in the following 
list: 

4. 
5. 
6. 
1. 
8. 

.&,imple.: .item: name. 
aJVta.y: name. 
table: name. 
clo-0 e.: name • 
60.1tma£.:.lny.:u.t:pa11.ame.teJL:llit 

Note that a clo-0e.:name in a fiOJz.ma.l:.lnrut:paJta.me.teJL:wt is followed by 
a pe!t..lod. In fact, it is the presence of the pe/l..lod in a 60Jurial.:.l11.y.ut: 
: pM.ame.teJL:w;t that defines the preceeding name as a clo.6e.: name. 

Fottma..(: ou.trm: pa/t.ame.teJL: .Wt means one of the expressions in the following 
list: 

).5 
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.6-imple:.ltem: name. 
aNta.r.J= name. 
table.: name. 
.6ta.teme.nt: name. • 

93 

9. 
10. 
11. 
12. 
13. 60Jmta.l:outp.t:t:pa1tame.te1t:Wt 
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' 
A .6.ta.teme.nt:name. in a 6olmla.t:outp.t.t:paJtame:teJt:Wt must be followed by 
a peJt.ibd; it is the presence of the peJt.ibd that defines it as a .6ta.teme.nt: 
:name.. 

PJtOcedulte:h.e.ad..ing means one of the following three expressions: 

14. PROC name. $ opt..lonal:de.claJta.t.i.on:l.Ut 

15. PROC name. ( opt..lonal: 6oJUnal:.i.nµ.i..t: pVUJme.teJL:l.Ut ) $ 
opt.lo nal: de.claJta.t.i.o n: Wt 

16. PROC name ( opt..lonal.:60JUnal:.i.np.t:t:pa1UUne.teJt:Wt = 
6olU'rla£.:outp.t:t: pa1z.ame:te1t:l.Ut ) $ opt.i.onal:de.ci.tllr4.ti..on:i.l6t 

PJtOcedWLe: body means 

17. BEGIN .6.ta.tement:Wt END 

18 ~ y.>'loce.clwLe: heru:U.ng yYl.ocedulte.: body 

The .6.ta.tement:LUt of a P'LOcedulte.:body is restricted in that it must not 
contain any p!Wcedwr.e:de.ci.aJuLtion6 nor 6u.nc.tlon:de.clalutti.on6. Thus, 
yYl.Ocedu.tr.e.:de.claJta.t.i.on6 cannot be nested, although it is permissible f'or a 
yYl.OcedU/Le:de.cla.Jr.a.:ti.on to contain ptocedulte.:c.aU.:.6.tateme.n.U or 6u.nc..tion: 
:c.a.ll.6. There must not be any recursive calls, however. That is, a 
y.>'locedWLe must not call itself nor any ef..o.6e, yYl.Oc.edulte., or 6u.n.c.t.lon 
which calls it in turn, either directly or indirectly. 

If the pll.Oced.wt.e:hea.cUng contains 60Jtmal:pa1tamde.JL6 other than clo.6e.:name.6 and 
.6.ta.teme.nt:namu, they must be declared in the p11.0ce.du.h..e:dec1.aluLt..i.on before 
they are referenced in .6.ta.teme.nt6. 

The name following PROC becomes the p~oc.ed.wt.e:name.. A p~ocedU1Le:dec1.aluLt..i.on 
sets up a closed subroutine (or p~oced.wt.e) which is invoked by a p~ocedU/le: 
:c.al!:.6.ta.tement. Normally, when execution of the .6.ta.te.ment:Wt is 
completed or a ~etu!Ln:.6.ta.teme.nt is executed, control returns to the 
.6t.a.teme.nt which follows the invoking plLOC.edUlr..e:c.aU:.6.ta.teJne.nt. If there 
is a go: to: .6:ta.teme.11.t or .6W.ltch executed, which references a .6.ta.tement: 

. - • 5 
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:name. declared in the 601tma.l:outpu.t:paJ1.ame.,t:e1t:wt., control returns 
to the f...:tateme.nt labelled with the corresponding mune. in the a.c..tu.a.f.: 
: output: pall.arne;te/l..: wt. Therefore , output: pa.Jtame;te/l..: f..ta.teme.n.t: ttame.6 
are called alternate exits. Under these circumstances, as control 
passes from the p1toc.edult.e., a.c.t.ual:outpu.t:pa!tame.,t:e!t.6 corresponding 
to f...imple.:U:em:namu in the 6oJEma!:ou;tpu.t:paJLame.,t:e/l.:wt are assigned 
the values calculated by the p!toc.e.dulte. It is possible, however, for 
the p!LOC.edult.e. to contain a go:to:.6..ta.teme.nt or f..tu.lt.c.h which references 
a f..:ta.teme.nt:name. in the ma.ln:p1tog1tam. If control passes to that 
ma..i.n:p!LOgJtam f..ta.teme.nt through execution of such a go:t.o:f...:tateme.nt 
or .6tu.ltc.h, then the final assignment process is bypassed and the 
actu.al:ou;tpu.t: paJL.amUe!t.6 corresponding to the .6.-impie.:.ltem: name.6 
among the 601Utul:ou;tpu.t:pa1tame.teJL6 are not changed. It is also possible 
that £.aop:vatr..-i.a.ble.6 in the ma-i.n:pJLOgJLam which were active at the time 
of calling the p1t0c.edult.e., will not have their correct values. See 
section 3.55 for more details on the usage of i.npu.t:pa1tam~ and 
output: patuXme;teJt.6. 

5. 6 Func.t.i.o n: de.cla.Jca.Wn6 

A 6u.nc.U.on:de.c.t..alt.a.U.on is very similar to a pJt.Oc.e.dwr.e.:de.ciaJz.a;Uon; so 
much so in fact that the same p!Umlt.ive, PROC, is used to introduce 
both. 

Func.t.i.on:he.adJ..J'lg means one of the following expressions: 

1. PROC name $ o p:Uo nai.: deci.M.ati.o n: wt 
2. PROC name ( op:Uonal:fiol(Jtfa.f.:.btpu.t:pa1tame;te/l.:wt ) $ 

o pt.ic na.l.: de.c£.alta.ti..o n: Wt:. 

Func.:ti.o n: deciJvt..a;t;,i,o n means 

3. 6unc.t.i.on:hea.d.btg pltoc.edwte: body 

A 6unc.U.on:de.c..i.alt.a.Uon is distinguished from a rYt.Oc.e.dwt.e.:deci.a.Jt.ati.an by 
the presence, in a nunc..:Ucn:de.c.laJta.tum., of a .t..imple:Uem:de.ci.aJz.a.U.an 
declaring an .ltem with the same name as the 6unc.U.on:deci..aJLa.t.ion. It is 
this U:em with the matching--.uune. that is to carry the value of the 
ciwtction. This U:e;ri is to be treated, within the 6u.nc.tion:de.ctaJt.a..U.cn, 
as the sole ou.tpu.t: paJLame;teJt, although the nu.ncti..on:de.c.£.a/t.a.U.on does not 
provide for a 1)01t.ma.f.:ou.tr,ut: paJtame.,t:e/l.:.lut. 

5.6 
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The type of the .Uem which acts as the ou.ty:ut: paltame.teJL determines the 
type of 6otoru.i.a represented by a 6u.nc.t.ion:c.all. The discussion in section 
3.55 concerning ~npu..t:r.x:vtame.te/L.6 applies to 6u.nc.:Ci.on:dec.la1Uttion~ and 
correspondinl?: 6u.nct.i.o11:c..a.£.U. 

fu.nc.:Ci.o rt: de.c.la!LlLtio M may contain plr.O c.edwi.e: c.aU.: ~:ta;tem en.to or 6u.nct.i.o n: 
:c.a.ll.6, but not recursively. Fu.nc..t.iort:dec.laJutt,(_oM must not contain 
6u.nc..ti..o n: dec..f.aJt.a.Uo M nor plr.O c.edult.e.: de.c1.alt.a..tio 11.6. A fiu.n.c:Uo n: de.c.laJutt,(_o rt, 
just as a p1r.0c.e.dwi.e:dec.i.atta.t..i..n, is independent of outside loop: 
: ~ta.te.me.nt.6 • 

If the 61.U1cti.on:he.a.cli.ng contains 60JUna.l:..i.npu.t:pa1tame.:t~ other than c.l.o.tte.: 
:name..6, they must be declared in the 6un.c;tlon:de.ci.aJrat.i.on before they are 
referenced in .6.ta.:teme.nt.6. 

5.6 
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Chapter 6. PJt.CgJLam.6 

6.1 Other P40Q4am6 

In section 5.2 we discussed the means whereby communication can be 
established between the present ptr.ogJtam and other ptr.ogJt.aln.6 compiled 
independently. Assumptions are made about the characteristics of the 
"other" p1'.0gJu:Un4, but there is no universal means for informing the 
compiler that the "present" ptr.ogJtam is to be compiled in a manner to 
make it a ptr.og4am of this "other" sort. For some compilers there may 
be compiler-dependent declalla.ti.ofl.6 or di.JLec.t.<.ve..6 for accomplishing 
such a result. 

If the compiler recognizes that this p!LOgJtam is of this other sort, an indepen­
dently compiled subroutine, it will most likely treat the .6top:.6.ta.:temenl:. as an 
indication to return control to the external calling program. 

6.2 The Present P~og~am 

The ptr.og~am means one of these two expressions: 

l. 
2. 

START 
START 

.6ta.tement: w:t 

.6.ta.:tement: w:t 
TERM 
TERM 

$ 
.6:ta..tement: name $ 

In other words the ptr.ogJtam is a string of .6:ta..tem~, dec..£a.tta..tion.6 1 

and dVi..ect-<..vu (see .6:ta.temen.t:w:t section 3.6) enclosed in the b!t.ac.ke.:t.6, 
ST.ART and TERM, and followed by a dolla.lt.:.6.ign or a .6:ta..:teme.n;t:name and a 
doUa/t. a-i.g n. 

If there is no .6.ta.teme.nt:name following TERM, execution of the object 
program will~egin with the first .6.:tateme.n:t of the MLin:p.'l.091tam. other­
wise, the name must be that of a .6.ta.tement of the MLU!: pll.OgJtam and execution 
will begin with that named:.6:ta..tement. 

6 • 3 V .vi.e. ct-i..v u 

We have already discussed the de6..i.n.e:dVi..ec.t.i..ve (section 2.8) which makes 
it possible to direct the compiler to treat a name as an expression of 
one or more .6ymbo.t&. There is another d..i!r.ec.t.-lve, the mode:d..i!r.ect-i..ve, 
which directs the compiler to change the mode for definition of otherwise 
undefined 11amu. This is discussed in the next section. 

6.3 
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6.4 Mode.:cli.lr.e.c..tive.6 

Mode.:cli.lr.e.c..tive. means one of these two expressions: 

l. 
2. 

MODE 
MODE 

aem: de.6CIU.p:ti.o n 
U:tm: de.6CJtipLUJn 

$ 
p 

Each compiler assumes a normal mode for the definition of undeclared 
or otherwise undefined .t.brpte.:.item: namu. The presence of a mode.: 
:cliJr.e.c..ti»e. causes the compiler to change the current mode to be in 
accordance with the .ltem:dueJtip:ti.on. It a pre-set value is also 
specified, all subsequent mode-defined Ltemit will be given this value 
initially. 

$ 

The effect of a mode.:cliJr.e.c:ti»e. begins at the point where it occurs 
among the .6.t.a.teme.n.t:6 and de.cl.aJr.4:ti.on6 ot the pltOgJUUn and lasts until 
the next mode.:cli.lr.e.c.ti.ve. or the end of the p.'l.OgJtam (TERM) is encountered. 
The new mode is established and persists irrespective of whether the 
mode.:cli.lr.e.c:ti»e. occurs in the m.Ui:ptagutn or a p1t0ce..dwz.e.: or 
'u.nc.tion:de.clalu:tt.ion. 

6.5 Scope of Definition of Name.6 

There are over twelve million namu available to JOVIAL programmers if 
we consider only those with no more than six l.e.:t.t.eJL6 and twmelUll6. 
llevertheless. programmers seem to concentrate on a very few out of these 
millions. The designers of JOVIAL have catered to this tendency by 
providing for duplication of name..6 in accordance with the criteria explained 
below. 

Loop:vatt.i.a.ble.6 are not namu; yet the scope of their definitions is of 
critical importance. This is explained in detail in sections 3.75, 3.76, 
and 3.77. -In connection with loop:vaJt..iabl..u, "defined" means the same as 
"active." 

In .6.ta..tu..6:con.6.ta.nt6 the name.6 within pa!Lenthuu have no connection with 
name..6 used elsewhere in the p!LOgJta.m. There need be no concern about 
duplication except that there must be no duplication among the .6~: 
:con.s.:tant6 associated with any particular .6tatu.6:.ltem or 6..U.e.. 

6.5 
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Following a de6ine:cli.lt.ec.tive, any occurrence of the name thereby defined 
will be effectively replaced by its definition, with these exceptions -­
the name may be redefined by a new de6.i.n.e:cii.Jtec;t.ive.; there will be no 
replacement where the name occurs as part of a .6.ta.tu4:c.on.6.tant, We!Ull: 
:c.on.6.ta.nt, or c.ornne.n.t; the name. will be replaced where it appears within 
d-Vtec.:t:ct..64.i.gn.6 but not elsewhere in cii.JLe.c.t:c.ode. 

Let us now consider the name.6 in the y.YLOglLam after all effective 
replacements in accordance with de6ine.:d-Ute.ct-ive.6. The name.6 fall into 
three categories as follows: 

1. de.vic.e:namu (used only in fide: de.c1.a!ut.tion.6) 
2. .&.ta..teme.n.t: namu, p1t.0g1tam: namu, c.lo.6e: namu, .6wUc.h: namu 
3. Uem:namu, ta.ble.:namu, 6..i.le.:namu, pMc.e.dwi.e.:namu, 6unc.tion:namu 

A name. used in one of the above three categories may duplicate a name 
in one or both of the other categories without conflict or ambiguity. 

There may even be duplication within a category if the elements so named 
have non-overlapping scope. "Scope 11 has reference to the setting off of 
parts of the p.1L.Og1ta.r11 in pn.oc.e.dwte:de.c.lalta.tion.6 and 6wic.tion:de.c.Wut.U.On.6. 
In general, a name which is defined in a particular way just within a 
pn.ocedwte: or fiun.c..tion:dec.iaJta.ticm is said to be "local" to that pn.oc.e.dwte.: 
or 6urtc.tion:dec.lalta.tion. All of the p.IL.OgJtam which is not part of a 
p!t.Oce.dulte.: or 0unc.tion.:dec.la11..a.:ti..c111 is the ma.in: ptz.ogJLam. A name. which 
is predefined or defined within the ma.iii: ptz.og . .1tam is said to be "i;;lobal." 

Oe.vic.e.:1iame..6 are all predefined and there is no way to define them within 
the p'Log.'Lam. Therefore, de.v..lc.e.: 11COrre..6 are always global. 

All types of name.& in the above three categories may be predefined (by 
COMPOOL or otherwise). All name.& of categories 2 and 3 may be explicitly 
defined -- .&ta..teme.1U:: 11.ame..6 by being properly prefixed to .&ta.te.me.nt.6 or 
cl.a.u..6e..6; the others by dec1.a!L.a.tiol'l..6; and .6tateme.1U::n.amu and c.lo.6e.:name..&, 
locally, by appearing as 6ott.ma!: pa!Utmete/t.6. 

Predefined 11atr1e.6 are global. i\ianiu explicitly defined in the main: ptw91tam 
are global. If an explicit definition in the ma.i..n:p!Wg!tam conflicts with 
a uredefinition the Dredefinition is nullified. Conflicting global 
definitions in the mc...irt: p!LO•?Jtal;i are not allowed. t.:ame.J.:i explicitly defined 
within a pJtoc..eJuJte.: or i)un.cA:..w11:de.c.llVut.U.cm are local to that particular 
plt.oc.e.dwL.e.: or (iuncU.on.:de.c.ia.Jta.Wn. This includes all 6orona.t: rJa1tameteM. 

6.5 
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Conflicti~g local definitions within a particular p.Jr.Ocedulle: or 6unc.t.ion: 
:dec.iJvr.a;tion are not allowed. A name, local to a given p.Jr.Oc.edulle:deci.tvut:tlon 
must not be used as b<?th a 601Unai'..:.inpu.t:pa1r.amete1t. and a 601Unai'..:output:pa1tame..t~. 
A pJr.Ocedulle: or 6unc.tion:name is both global and local to the plLocedulle: or 
6unc.:ii..on:dec.laJta..t-i.on which it names. One seeming conflict in naming 
is not only permitted but required -- a 6unc.tlon:de~n must contain 
a .6-iY'11p£.e:Uem:dec.lalta.U.on duplicating the 6u.nc.tlon:name. 

The scope of a local name is the pll.Oc.edulle: or 6unct..i.on:de~n 
in which it is defined. The scope of a global name is the ma..ln: 
:pll.Ogltam and all pll.Ocedulle: and; 6unct..i.on:dec.1aJta..tlo~ which do not 
have local definitions of the same name in the same category. Consider 
figure 9 for example. As dev..i.c.e:namu, Tl2 and Tl3 are predefined 
and global; their scope is the whole plr.OgJtam. Assume that the other 
definitions are made explicitly as shown in the ma.ln:plWgJtam or 
pJt.Oc.e.dult.u. Then, with respect to figure 9A, Tl2 is: 

1. as a .6.ta..tement: name, global; and its scope is the 
ma..i..n: pll.O glLam and pllo c.e.dUILe P2. 

2. as a .ta.ble:name, global; and its scope is the 
ma-ln:pll.OgJtam and plloc.edulle Pl. 

3. as a c.lo.6e:nane, local to plLOc.edulte Pl. 
4. as an Ltem:name, local to P'LOC.edulle P2. 

With respect to figure 9B, Tl3 is: 

5. as a .6wLtc.h:n.atne, global; and its scope is only the ma-i.n:P'LogJtam. 
6. as a p!LOc.edu!Le:n.atne, both global and local to plloc.edutte 

Tl3; its scope is the entire p1LogJr..ar11. 
7. as a .6.ta.:teme.nt:n.atne, local. to pJt.Oc.edUILe Tl3. 
8. as a pll.OgJt.am:name., local to pltOC.edulle P3. 

Reference to any defined name, as in a go:.to:.6.ta.:teme.nt, an a..6.6..i.g11ment: 
:.6.ta.:teme.nt, or a p11.oce.dult.e:ca.il.:.6.ta.tement, may be made only from within 
its scope. 

PJtogJtam: 11a.n1u, item: name..6, .table.: vtame..6, and 6ileatame.6 which are to be 
defined by dec1..a.1La.;t.lo11 must be declared before they are used in their 
respective scopes. 
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Definition by mode is possible only at points in the p'LOgJt.am for which 
there is no other definition, for the particular name., in category 3. 
Thus, any name. which is predefined in category 3 cannot be redefined 
by mode. Otherwise, a name may be defined by mode as a global .&..imple: 
:.lt0n:name. only if there is no global de.ci.aJl.a..tion for that name in 
category 3. A name may be defined by mode as a local .&..imple:Uem:name 
only if there is no category 3 de.ci.aJl.a..tion for that name in the same 
p'LOce.du/Le: or 6unc..tion:de.c.i.aJu1t..i.n and no prior global category 3 
definition f'or that name (either by mode or by declaJta.:tlon). 

A. 

B. 

START 
Tl2 (dev.lce:name) 
Tl2 (.6.t.a.teme.nt:name) 
Tl2 (.ta.ble:name) 

PROC P2 
Tl2 (Ltem:name) 

START 
Tl3 (dev.lce:name) 
Tl3 (.&wltc.h:name) 

PROC P3 
Tl 3 ( plLO gJta¥n: name ) 

Ma-in: p1tO gltam 

PROC Pl 
Tl2 (c.l.o.6e:n.ame) 

TERM $ 

Ma-i.n:p1r.og1Lam 

PROC Tl3 (ptocedu!Le:name) 
Tl3 (~ta.temen.t:name) 

TERM $ 

Figure 9. Scope 
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Index and Glossary 

Three kinds of words are indexed below: English or programmer's 
jargon, metalanguage words and phrases, and JOVIAL p!l-(.mi;tiveA. Two 
kinds of references are given: numbers of sections where the word 
or phrase is used and numbers of sections where it is defined. Defining 
section numbers are typed in script.* For example, see the entry for 
abbli.ev..ia.tion below. The term is defined in section 2.5; it is used 
in sections 2.4, 2.5, 2.7, 4.41, and 4.6. For the main index listing 
of metalanguage words and phrases, all references are indexed. For 
English words or jargon and for subordinate listings of metalanguage 
words and phrases, usually only defining references are indexed. For 
p!Li..m.ltivu all references are indexed. Since these words ~ ~u 
there can be no definitions. 

Many terms are defined partially or completely in this index (glossary). 
Such definitions are intended as reminders for people who are already 
familiar with the lang.uage. Others should consult the defining section 
to avoid overlooking important exceptions and qualifying remarks. It 
is also necessary to be familiar with the rules concerning the use of 
~pl.Celi as explained in section 2.2. Defining expressions or remarks 
are indented under the word or phrase to which they apply. Expressions 
with the same level of indentation are alternate definitions or different 
ways of saying the same thing. In some cases there are 
third, levels of indentation to define the definitions. 
index are numbered at .the left except that a line which 
continuation of the previous line is not numbered. 

1. ab bli.ev .la..tio n 2.4 2.5 2.7 
2. ABS 2.5 
3. accumulator 
4. a.ctu.a.l: hiy.u,t: palulmete/L 
5. aJULa y: name 
6. c.i.o~e:name • 
7. 6oJt»ula 
8. :ta.ble:name 
9. ac.tu.a.l.: .ln.µd: pa!t.ame;te!L: wt 1.2 
10. ac..tu.a.l: hip.Lt: palutmete/L 

second, or even 
Lines of the 

is merely a 

4.41 4.6 
3.33 3.34 

3.71 
3.55 
4.43 

3.31 3.55 

11. ac..tual: .iny.xd: r-xtlr.ame;t e/L 
' 

a.c.tu.ai.: .input: y.xvi.ameteJt.: w:t 
12. a.ctu.at: o u.tpu.t: pa.Jz.a1:1ete/z. 3.55 4:43 13. aJVI.O.ff: vtaine. 
14. J.i,tat'@lent: aai::e 
15. t.able.: name 
lG. vcl/Ua.ble 

* Defining section numbers are ~lso underlined 
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l • ac.-tu.al: ou.tpu.:t:: paJtame.telL: wt 
2. ac.tuai.: ou.tpu.:t:: pVUVne.teA 
3 • ac.tuai.: ou.tp.Lt: paltame.te/l. , a.c.tual: ou.tyit.t: 

: pcvr.ame.teA: llit 
4. ac.:tua.l:µ.vtame.teA 
5. ac.:tua.l:inpu.:t::paJUtme.teA 
6. a.ct.ual: ou.tpu.:t:: p:vuvne.te1r. 
7. a.c.tual: pVtameteA: fioJtnula 
8. 0oJtnuia in a.ctual:inpu.:t:: pa1tame.te1r.:w.t 
9. actual: ~ame.te/L:w.t 
lo. a.ct.ual: inpu.:t:: pa1tame.te1r.:w.t 
11. a.ctu.a.l: ou.tpu.:t:: patr.ame.te1t:w.t 
12. a.c..tu.a.l: p<Vtame.te1t: name 
13. Any of the following taame.6 when occurring in 

an a.ct.ual:paJr.ame.teA:w.t. In the reference 
in section 3.55 .ltem:name. is obviously not 
included: 

13. a/Vta.y: name 
14. clo4e:name 
15. Ltem:name 
16. 4.ta.tement:name 
17. .table.: name 
18 • a.ct.ual: µ.vtame.telr.: .tabi.t.. 
19. a .table, the name. of which occurs in an 

ac.tuai.: patr.ame.teA:w.t 
20. a.c.tuai.: paltame.teA: va!Ua.ble. 
21. vaJLi..a.bl..e. in a.c..tu.a.l.: p:vuvne.te1r.:w.t 
22. ALL 
23. alternate exit 
24. ou.tpu.:t:: pa1tame.te1L: .6tateme.nt: name. 
25. 4.ta.teme.nt: name in ou.tyit.t: p:vuvne.te1r.:wt 
26. a.£..te/Lna.U.ve. 
21. o4:~6:c.l.au..6e .inde.pe.nde.nt.:4.ta.teme.nt 
28. .&.ta.tement: name. • a..Ue1tna.U.v e. 
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3,31 3.55 3.75 

3.55 

1.2 3.55 
1M 
1....2.2 
3.55 

~ 
S.4 

LJ 

3,55 

3,55 

2.5 3.74 
3.75 s.s 

3.13 

29. a.UeJLna.ti.ve.:wt 3.13 
30. i6:e.,{,theJL:c..Ca.u.4e. ~Ylde.pe.nde.nt.:4.ta.teme.nt alteJLna.U.ve. 
31. a.UeJLMtive.:w.t a.UeJLn.a.:t..ive. 
32. al.te1Lna.t.i.ve.:.6tateme.nt 3.1 3.13 5.1 
33, a..Ue!Ln.a.:t..ive.:Li..6.t END 
34 , AND 2, 5 3 • 36 
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1. aJUthme.t.i.c.: 0 pe!taXOIL 2.4 3.33 3.34 3.36 
2. + 
3. 
4. * 
5. I 
6. ** 
1. ARRAY 2.5 4.52 4.53 
8. aJt/La.tj 3.1 3.22 3.33 3.56 4.43 4.5 4.51 

4.52 4.54 5.31 5.32 
9. collection of data 

declared by an a/Vl..a.tj: 
:de~n 

10. essentially equivalent 
to a.IVW.tj:Uw, but 
aJt/La.tj has the conno-
tation of the group 
of data 

11. o.JrJUJ.y: d ecla/Ul.:ti.o n 3.21 4.52 
12. ARRAY name climen.6.ion:wt 

.Uem: duell..lpt.io n $ 
13. ARRAY name cLimen.6..lon:Wt 

Uem:duell..lpt.ion $ c.ot'l.6-ta.nt:Wt 

13. specification of a one or more 
dimensional, rectangular array 
of similar data values 

14. aJVLa.y: Uem 3.33 4.52 
15. collection of data declared 

by an aJVW.y:de.c.lalta.t..i.n 
16. essentially equivalent to a/tJU/.tj, 

but aJVLa.y:.Uern has the conno-
tation of a member of the group 

17. aJUtay:U0n:dec.LiltiiZOn 4.4 
18. aJVta.y:deda/r..a..t..i.on 4.52 
19. CVLJLa.y:dem: 11£11?1e 4.43 4.52 
20. aJVta.y: name 4.43 
21. name following ARRAY in an 

aJt/r.a.y: deci.aJw..t..io n 
22. aJVta.y:name. 3.55 3.56 4.43 5.5 
23. aMa.y: .-Ltem: name 4.52 
24. 1tmne. following ARRAY in an 

cJVLa.y: dec.laJt.a..t.io n 



24 July 1964 106 TM-555/002/02A 

1. ASSIGN 
2. a.u.ignme.nt:.6.ta.te.me.nt 

2.5 3.71 
3.1 3.24 3.5 3.57 3.52 3.55 3.56 

3.71 3.73 4.42 4.56 6.5 
3. 
4. 

valr..i.a.ble = 6o.llJ7Ula $ 
uateme.nt specifying 
that the.value of' a 
va/Lla.ble be changed 
to the current value 
of a 6o.llJ7Ula. The · 
va/Lla.ble. and 6olmUla 
must be of compatible 
data types. 

5 • ba.6.lc: .6bwc.tulte. 
6. property of a :t.a.ble being 

parallel or serial. Serial 
means the words of' an e.n:tlty 
occupy a contig110us block. 
Parallel means the words of 
an en.tlt.y are similarly 

1. 
8. 
9. 
10. 
11. 
12. 

placed in separate blocks. 
ba.6.ic: .6tfwet.ulte.: .6 pe.ei.6.lc.a:ti.on 

P for parallel 
S for serial 
part of a .ta.ble.:dedalta.U.on 

be.ad 4.5 4. 51 
a particular occurrence of a .6.tJLing:.U:em, 
specified by a two-component index, the 
first component indicating which be.ad 
within the e.n:tJLy, the second component 
indicating which e.ntlty of the .ta.b.t..e. 

4.59 

4.56 4.58 4.59 

4.58 5.31 5.32 

13. BEGIN 2.5 2. 7 3.4 
4.51 4.52 

14. b.i.nalty: 6il.e. 

3.6 3.72 3.73 3.74 
4.53 4.56 4.58 5.5 

4.6 
15. 6-ile, declared with B following the 6-ile: 

:name, in which data are represented with 
the same bit patterns that are used in the 
internal memory of the computer 

16. BIT 
17. bit 
18. binary digit 
19. ~ or l 
20. basic unit of information 
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1. blank 
2. .6pac.e 
3. the JOVIAL character represented 

with no ink on the paper 

TM-555/002/02A 

Ll... 3.35 3.51 

4. boolean 2.61 3.2 3.23 3.31 
5. pertaining to the algebra of truth 

values 
6. having one of two possible values, 

"true" or "false," represented by 
1 and ¢ respectively. 

7. boolean: c.on.6.ta:nt 2. 63 3. 36 
8. ~ 
9. 1 
10. boolean.:6oJtnula. 3.35 Iali 3.51 3.72 3.73 3.77 4.6 
11. boolea.n:c.on.6.ta.nt 2.63 
12. bool.ea.n:6unc..ti.on 
1.3. boolean: va/Ua.ble 3. 2 7 
1.4. JLei.at.i.onal proposition 
15. combination of boolea.n:6oJUrl.Lta..6 with 

pv<.enthuu and boolean:opvr.at:.oM 
1.6. boolean: 6unc.t.ion 3. 36 
17. invocation of a 6unc.t.lon:decl.aJtat.lon 

with a boolean output value. 
18. boolea.n:Uem 4.42 4.52 
19. Uem specif.ied by dec£.cvr.a;t,Wn in which 

B follows the .ite.m:name 
20. bool.ea.n:Uem:duc.JUp.ti..on 4.41 
21. B 
22. boolea.n:ope/La.tolL 3.36 
23. AND 
24. NOT 
25. OR 
26. boolea.n:va/Lla.ble 2.61 3.27 3.36 3.51 3.52 
27. boolea.n:Uem 
28. ODD ( loop:va.JU.a.ble ) 
29. ODD ( na.med:nume!U.c..:va!U.a.ble 
30. blt.a.cket 2.4 3.33 3.34 3.6 6.2 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 

BEGIIJ 
DIRECT 
I FEITH 
START 
( 
(/ 
($ 
(* 
' ' 

END 
JOVIAL 
END 
TERM 
) 

/) 
$) 
*) 
' ' 
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l. BYTE 
2. byte 

108 

3. computer representation of one character 
of a holte!L.lth or .tfla.n6mi.6.6.ion:code value 

4. CHAR 
5. characteristic 
6. integral part of a logarithm 
1. exrad, by analogy with logarithms 
8. c.laiue. 
9. 601L:cla&ue. 
10. c.ompl.e.te.:601L:c.i.au.6e. 
ll. .lncomple.te.: 601L: ci.au.6e. 
12. .l6 : clau.6 e. 
13. .i.6: e..Uhe/L:~ e 
14. Oll.:.i.6: clau.6e. 
15. CLOSE 
16. c.lo.6e. 
l 7 • c.lo.6 e.: decl.alr.a.tio n 

TM-555/002/02A 

2.5 3.26 
3.26 

2.5 3.24 

3.72 4.1 

2.5 
5.4 

6.5 

J...11 
Ul 
L.ll.. 
3.73 

~:l3 

18. ci..o.6e.:de.ci.alta:ti..on 3.53 3.54 3.75 3.76 5.1. 

5.5 
iJ 
2-d 

19. CLOSE name. $ .ltuie.pe.Hde.nt: .6.t.atemint 
20. a subroutine without parameters, 

sensitive to the scope of definition 
of noJi.:valt.ia.btu 

21. ci..o.6e.:taame. 3.55 3.75 3.76 4.l 
22. the name in a cl.o.6e:deci.aluLtlon 

5.6 

following the pJLi.m.i;t,Lve CLOSE 
23. c.orrma. 3.22 4.43 4.55 5.31 
24. 
25. 
26. 
27. 

28. 
29. 

30. 
31. 
32. 
33. 
34. 
35. 

• C.Otmlent 2.2 2.4 2.8 
' ' .6..ign6 ' ' 
equivalent to .6J:W!.e in most 
places 

complete: nail.: c..fau..6e 
FOR loop:va!Liable. = numeJL.i.e.:6Mnula., 
numeJL.i.e.: 6oJU'>U.t'.a, numeJL.i.e.: t.o.IUl'Ula $ 
FOR loop:va/L.iable. = ALL (.tabl.e:nmne) $ 
FOR loop:va/Li.able. = ALL (.tabte.:.ltem:name.) $ 

c.omple.te:loop:.6ta.tement 3.14 3.77 
c.omple.te:60Ji.:ci.a.u4e ..i.nde.penden:t:.6.tateme.nt 
c.omple.te:6oJi.:ci.a.u4e .6pec..i.al:c.ompound 
complete: 6oJi.: clau..6e .i.nc.omplete:loop:.6.tatement 
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1. complex. 3.6 
2. pertaining to a compi.ex:.6ta.tement 
3. complex.:.6.ta.tement 2.1 3.4 3.7 3.71 
4. a..UeJLna.:t.w e: .6.ta.teme.nt LU 
5. co ruilti..o na.l.: .6.ta.tement 3.72 
6. cli.Jr.ec.t: .6.ta.tement 3.71 
7. loop: .6.ta.teme.nt 3,74 
8. COMPOOL 4.2 
9. communication pool 
10. a table or dictionary of system definitions 
11. compound 3.6 
12. pertaining to a compound:.6.ta.tement 
13. compound: .6.ta.tement 2.1 3.4 Ll 3.72 
14. BEGIN .6.ta.tement:w.t END 
15. co rr.ciltio Ml: .6ta.tement 3,7 3,72 3,73 5,1 
16. ..i.6 : c1.au..6 ~ .independent: .6.ta.teme.nt 
17. co.u.tan:t. 2.4 2.6 2.61 ~ 2.7 3.1 3,28 

3.3 3,56 3.71 3,73 4.41 4.42 4.43 
4.51 4,53 4,55 4.57 5.2 5,32 6.4 

18. boolean:con.6.ta.nt 2.63 
19. du.al: .Ci) n.6.ta.nt 2.63 
20. U:te/Utl: COn.6.ta.nt 
21. lw.UeJt.Uh: co n.6.ta.nt 2.63 
22. oc.ta.l:co.u.ta.nt 2.63 
23. :tlta..umi.6.6.lon:code:c.on.6:ta.nt 2,63 
24. riumeJL.-i.c.: COn.6:ta.nt 
25. 6 .lx.e.d: co n.6.tan:t. 2.63 
26. 6loat-i.ng:con.6.ta.n.t 2,63 
27. .lnteg eJL: co n6.ta.n.t 2.63 
28. oc.ta.l:con.6.ta.nt Ll1 
29. .6.ta.tu..6 : co .u.ta.nt 2.63 
30. ca 11.6:ta.nt: U.6.t 4.51 4.52 4.53 4.55 
31. dimensioned list of con.6.ta.n.:t6 for pre-

setting values of .ta.ble:Ltem.6, .6.tlrlng.6, 
and aNta.ff.6 

32. 0 ne: d..ime.n.6.lo Ml: co n.6ta.nt: w.t 4.51 
33. :two : cli.men.6.W Ml: co 11.6.ta.nt: w.t 
34. etc. 4.51 
35. data.:declall.a.t.lon 2.1 4.2 4.4 5.2 5,5 
36. 6.Ue: declo.Jr..a.t.w n 4.6 
37. .Uem: deci.oJta..t,io n L.i 
38. .lndexed:.Uem:dec1.alt.a.tion 4.4 
39. a.Jr.Jtay: .Uem: dec1.alt.a.tia n 4.52 
4o. ~ttUng:.Uem:decl..aJw.t.lan 4.51 
41. table:.Uem:declaJL.a:t.lan 
42. -6vnple: .Uem: dec.la!ta..t.lon 4.42 
43. ove!llay:declaJta..t.lon 
44. table:dec.la!tat.lon 4. 2_4 
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1. da.:ta:4equenc.e 
2. 
3. 
4. 

.ind.epe.ndent:da.:ta.:4equenc..e 
4ubolt.Cllna.te:da.:ta:4equenc..e 
pa.rt of ove/Lta.y:dec1.alr.a.t.i.on 

5. decimal.: po.int 
6. • 
7 • declivta.:ti.O n 

8. da:ta.:de.~n 

2.1 
3,55 
4.57 

9. pll.OCe.64.lng:de.c1..aJux.:tiDn 
10. decl.alta:U.o n: lilit 
11. da:ta.:dec.i.aJuzt.i.on 
12. p1L091tam:de..cl.aJta:tion 

3.1 3.2 
3.6 3.76 
4.59 5.2 

13. de.c1..aJux.:tiDn:.t.Ut de.clalta.tion: wt 
14. DEFINE 
15. de.6..i.n.e:d.iJLe.ct.lve 
16. DEFINE name ' • 4.ign.6 • • $ 
17. defined 

3.21 
4.1 
5.31 

18. with respect to loop:vaJr.,i.a.b.te.: within its 
active range 

19. with respect to name: given a meaning within 
a scope within a pll.Ogltam 

20. de.6..i.ned:e.ntlty 
21. table.: e.n:tlty for which the location of 

each item is specified by the programmer. 
22. de.6..i.ned: e.ntlty:duC!Li.ption 
23. de.6..i.ned:entlty:Ltem:deci.aJt..a.t.-i.n 
24 • 4.vi....i.ng: aem: deda!La.Uo n 

3.24 
4.4 
5.32 
6.2 

4.6 

4.43 4.55 
4.43 
4,55 

2.3 

3.51 
4.54 
5.4 
6.4 

2.5 
6.3 

2.8 

2.7 

3.54 
4.55 
6.1 
6.5 
LJ_ 
Ll 
5.6 
4,4 
5.2 

2.8 
6.5 

6.5 

4.57 

4.57 4.58 
4.57 
4.57 

25 • de.6..i.ned: e.n:tlty :du C!U.ptio n de.6-i.ned: entity: deACJLi.pti.o n 
26. de.6.lne.d:e.ntlty:Ltem:de.c.i.alla;tion 
27. de.6.lned: en.tlty::table. 
28. ta.hie declared by a dea,[ned:e.nVz..y:ta.ble.:de.claJutU.on 
29. de.6.lned: entlty:tabi.e:deci.aJr.a:ti.on 4. 54 
30. de..6C!Li.pt.(.on 4.41 4.42 
31. aem:due!Upti.on 
32. dev.ic.e.:name 
33. a compiler-dependent name permanently assigned 

to an input-output device for which a 6i.R..e. may 
be declared 

34. cli.men.6,i_on: wt 
35. a string of numbeM; part of an aJVW.y:de.cl.aJz.a.;t,i.on 
36. DIRECT 2.5 

4, 58 
4.43 

6.5 

4.52 

3.71 
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i. dae.c.:t:M.6-i.gn 
2. ASSIGN A(.6..lgne.d:numbelt) = rr.amed:vahi.able $ 
3. ASSIGN named:va!U.a.ble. = A(.6-i.gned:nwnbelt) $ 
4. cli.Jr.ec:t: CDde 
5. .6-i.9n.6 
6 • cli.Jr.ec:t: M.6-i.9 n 
1. cibr.ec.t:code cli.Jr.ec.:t:code. 
8. cliJLect:.6.ta:tement 
9. DIRECT cLiJr.e.c;t,: code JOVIAL 
10. c:Li.JLecti.ve 
11. de.6.i.ne:daec.tlve 
12. mode: cLi.Jr.ec.Uve 
13. do.ti.aJL: .6..lgn 
14. $ 

2.1 3.6 

3.4 

2.8 

2.8 

6.1 

TM-555/002/02 

3.7 

6.2 

3.54 4.59 

3.11 

6.3 
2.8 
6.4 
6.2 

15. du.ai. 2.61 3.2 3.23 3.34 3.51 4.52 
16. pertaining to data forms and 

values having two components 
1 7 • clual: al1.Jta.tj 

al1.Jta.tj whose deci.aJLa.t.i.on contains 
a dua..l.: .i.tem: du CJU.pt.i.o n 

18. dual: M.6-i.9 nme.nt: .6.ta.teme.nt 
dual: .i.tem = du.ai.: 6oJIDUla $ 

19. du.a.i.: co n6ta.n-t 
20. dua..l.: ex.c.hange:.6.ta:tement 
21. du.ai.:Uem == du.a.i.:.ltem $ 
22. .6.ta..tement specifying that the values of 

two du.a.l:Uem.6 be exchanged 
23. ciual:6o!Ul'U£.a. 
24 • nume/t.lc.: 6 oJUrruia 
25 • du.al: co n6ta.nt 
26. ciual: Uem 
27. du.a.£.: 6unc.tion 

3.1 

28. arithmetic combinations of du.a1.:6o.ltltU£.a..6 
29. d.ua.l:uunc;t,i,on 

4.52 

3.51 

2.63 3.34 4.41 
3.52 

3.34 3.35 3.36 3.51 
3.33 
2.63 

30. invocation of a 6uncti.on:de.daJLa.tion with 
a du.a.l output value 

4.41 31. du.al.: .ltem 
32. Uem specified by de.cl.alt.a.ti.on in which 

the .ltem:n.ame is followed by D or a 
du.ai.: co n.6:ta.n;t 

33 • du.a.£.: .lte.m: dMC!U.p.t.i.o n 
34. du.a..l:JLei.a.U.on:wt 
35. list of JLe.i.aU.ona..l:ope.Jr.atoM and 

du.a.£.: f. 01um.ea . .6 
36. dua.l:.6pe.c.i6..i...eJr.. 

4.41 
3.35 3.36 
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1. dual: v M-i.a.ble. 3.34 3.51 3.52 
2. dua.£.:Uem 
3. END 2.5 3.4 3.6 3.72 3.73 3.74 3.77 

4.51 4.52 4.53 4.56 4.58 5.5 
4. ENT 2.5 3.28 3.52 
5. ENTRY 2.5 3.28 
6. en:OLy 3.22 3.24 3.28 3.33 3.35 3.52 3.56 

4.43 4.5 4.55 4.56 4.57 4.58 4.59 
5.31 5.32 

7. one occurrence of an a/CJUly:Uem; 
which one specified by an -lnde.x 

8. the set of all the Uem6 of a 
:table. with the same second component 
of the -lnde.x in the case of 4.tJt..i.nB~ 
and the same inde.x in the case of other 
Uem& 

9. e.n:OLy: a..M.{g t'D'l'lent: .&ta.tement 3.51 
10. e.n:OLy: vcvt..i.a.ble. = e.ntlr.y: 6o!Uru.la. $ 
11. 4.tat~nt specifying that the v&lue of an 

e.fl.tJLy:va!Ua.ble. be changed to the current 
value of an e.ntlr.y: 60..rmula. 

12. en:OLy: ducJLlp.ti.o 11 4.55 4.56 4.58 
13. de.0i11e.d:e.nt.1ty:de..&C!Lipt-i..on 4....Z1 
14. oll.d..Uuvr..y:entlr.y:ducJLlpti.on 4.55 
15. entJL y: 6 oJuru.fa. 3.32 3.35 3.36 3.51 
16. ¢ 
17. entlt.y:v<Vr.ia.ble. 3.28 
18. entlty: .i..nd.ex. 3.56 
19. .lndex. used to specify which entity of 

aJVt.a.y or :table. 
20. e.n:tlty:va!Ua.ble lalJ 3.32 3.36 3.51 3.52 
21. ENT (:table: name ( $ .index. $)) 
22. ENT (:ta.ble:Uem:name ($ .i..nd.e.x. $)) 
23. ENTRY (:table.: rzame. ( $ .lnde.x. $)) 
24. ENTRY (ta.ble:Uem: name { $ .lri.dex $)) 
25. EQ 2.5 2.7 3.35 3.36 3.4 3.74 4.58 
26. e.q~ : .6.i.g n w 4.43 4.55 
27. = 
28. ex.cha.nge.:-0.ta:te.me.nt 3.5 3.52 

va.IU..a.ble. == va!Ua.ble. $ 
29. express 
30. global 
31. exrad Z.61 
32. ex"f)onent of the radix in floating re:presentations 

of numbers 
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1. 
2. 

3. 

4. 
5. 

6. 

1. 
8. 
9. 
10. 
11. 
12. 
13. 

14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 
22. 

FILE 2.5 4.6 
6ile 2.6 3.6 3.24 3.56 3.57 3.58 4.2 

a collection of 4e.c.o.1t.c!J 
on an input or output device 

6 lie.: deci.alr.a.;tlo n 
6-Ue:name. 2.63 

name following FILE in a 
6.-ih.: dec.la!r.a.tlo n 

6-Ue: ~~e: .6pec.-i.6.i.c:.a.:Uo n 
H mu11be1t v numbeJt 
B numbeJL v vwmbe/L 
H 1'1Ut11b e/L R nw>1bell 
B numb ett R nwnbe/I.. 

3.1 

6~xed 2.67 
pertaining to values with 
a specified number (which may 
even be zero or negative) of 
bits after the binary point 

6.-i.xed: C.On.6tan..t 

6.-i.xed:Uem 
Uem specified by de.c.l.alt.a.:tlon 
in which the Uem:name. is followed 
by a 6.-i.xed:.lte.m:duCJL.ip.Uon or a 
6ixed: C.On.6.ta.nt 

6ixed:Uem:detiCJL.ipt.ion 
6.-i.xed: .6pec..i.6~ett 
6.-i.xed: va/Ua.b£.e 

6ixed:aem 
MANT ( fiioa.t.lng: Uem) 

6.toating 2. 61 3. 2 

pertaining to values (v in the 
equation below) represented by 
two numbers (s for signicand 
and e for exrad in the equation 
below) 

4.6 5.32 6.5 

4.4 Li. 5.32 6.5 
3.24 3.36 3.56 3.57 3.58 

Ll. 5.32 6.5 

3.2 3.33 3.51 3.71 4.41 

2,63 4.53 
4.53 

3.23 3.31 3.33 3.51 3. 71 
4.41 

where s =~or Isl = 1/2 or 1/2 < Isl < 1 
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l • 6£.oa.Ung: co n6.ta.n.t 
2 • 6£.oa.:tlng: U;em 

114 

3. U:em specified by decla/La..Uon 
in which the U:em: name. is 
followed by F or a 6loa.:tlng:con6.ta.n.t 

4. 6R.o a:ti.ng: Uem: duC!JUp:Uo n 
5. floating-point 
6. 6£.oa.:tlng 
7. 6loa.:tlng: v a/Ua.ble 
8. 6loa.:tlng: Uem 
9. FOR 
10. 6o4:c.lau.6e. 
11. c.omple.te.: 6 OJ[.: c.lau.6 e 
12. -i..nc.omple.te.: 604: ~ e. 
13. for-variable 
14. loop: va!U.a.ble. 
15 • 6o!Uml: .lnp.Lt: paJtame.teJL 
16. OM.a.y: name. 
17. c1.o.6e.: name. • 
18. .6.imple.: Uem: name. 
19. ;t;a.ble.:name 
20. 6o!Uml: htpu.t: y.Wtame.teJL: w.t 
21. 6 olt.mal: input: pcvucme.teJL 
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2.61 2,63 4.41 
4.41 4.53 

3.2 
2.61 

3.24 3.25 

2.5 3.74 3.75 
3.74 3.75 3.76 

4.58 
3.77 
2.Jj 
3.74 
2.5 
3.74 
6.5 
4.43 

1.2 

Ll 
3.55 5.6 

4.1 5.6 

22. fioltmal:.i.nµt.t: pcvucme.teJL , 601tmal:hipu.t: paJz.a.me.teJL:w.t 
23. 6 oJCmal.: ou.tpu.;t: pattame.te4 3. 5 5 5 • 5 
24. aJVUJ.y:name. 
25. .o..i.mple..: Uer11: name. 
26. .ua..teme.nt:name. • 
27. .ta.ble.:name. 
28. 6couna£.: ou.:tpu.;t: patL.aine:te/i.: w.t 1.2 
29. 6oJUrla.l: ou.:tJXL:t: paname..teJL 
3 0. 6 onma£.: ou.tpu.t: pa!utmeteft.. , 6 O)[,ma£.: ou.:ty.u:tqxVt.ameteJL: Wt 
31. fioJz.mal: µvtame..teJL 3. 31 3. 55 4. 3 5. 5 
32 • 6 oJunal: .i.ny.u:t: paJz.a.me-teJL 
33. 6o!tma.l:outpu.t:patt.amete!L 
34. 6olt»1c:tt: yxt1t.a.me.te1t.: Uem 
35. an item, the narne of which occurs in 

a fioJtnm: pan.a.me-te!L:W.t. In the 
reference in section 3.55, obviously 
only ,o.i.mple:.dem.6 are meant 

6.5 
4.43 

5.6 

6.5 

3.55 
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1. 6ollnnl: ~e.te1<.:Wt 1.2 
2. 601tma.t: i.nµLt: J:XVUmiete/L: Wt 
3. 6oJUmi.: ou.tµLt: p:vtamete!L: wt 
4. 6oronal:pa1tame.te1<.:.ta.ble. 3.55 
5. a .ta.b.f.e, the name. of which occurs in a 

6oJUml: ~ame.teJL: Wt 
6. 6oJUru.la 3.1 3.22 3.3 3.33 3.35 3.36 3.51 

3.55 3.74 3.75 5.6 
1. boolean: 6otrUia. 3.36 
8. du.al: fio!UtlLla 3.34 
9. e.ntJr.y: 6oJmU.fa 3.32 
10. LU.e/Uli.: 6olmUla 
11. holleJLlt.h: 6oltnUla 3.32 
12. .t'l.a.n.6ml6.6-lon:c.ode.:60Jul'Uia. 3.32 
13. nwneJL.ic.: 6oJUrU.la. 3.33 
14. .6~: 6o!UfUla. 3.32 
15. 6u.nd.lon 2.6 3.1 3.31 3.3 3.36 3.51 3.75 

4.2 5.4 5.5 5.6 
16. invocation of a 6u.nc.t.lon:de.c.i..cvutt.i.n 

by name. 
17. 6WU!ti.on:de.claJr..a.tlon (context will 

make it clear when this usage is 
intended) 

18. 6u.nc.:t.i.on:c.aU. 3.31 3.76 4.1 5.5 5.6 
19. 6wte.:U.on 3.31 
20. 6u.nc.t..ion:de.c1aJuttion 3.31 3.51 3.54 3.75 3.76 4.1 4.2 

5.1 5.4 5.5 5.6 6.4 6.5 
21. 6 WJ.Ct.i.c n: he.a.ding 5.6 
22. 6unc.U..on: name. 3.31 6.5 
23. name. following PROC in a 

6 u.nc..tio n: de.c.talz..a:ti..o n 
24. 6unc..tional.:mod..l6i.eJL 2.4 3.1 3.24 3.25 3.27 
25. ABS 
26. ALL 
27. BIT 
28. BYTE 
29. CHAR 
30. ENT 
31. ENTRY 
32. 'LOC 
33. MANT 
34. NENT 
35. HWDSEH 
36. ODD 
37. POS 
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1. global 4.3 6.5 
2. defined within the ma.in.:y.YLogJLam and 

those y.YLocedu.tz.e.& without a conflicting 
local definition 

3. go:.to:.6.tateme.nt 3.5 ~ 3.54 3.75 3.77 5.1 5.2 
5.3 5.31 5.32 5.4 5.5 6.5 

4. GOTO name. $ 
5. GOTO name. ( $ i..nde.x $ ) $ 
6. directs the sequence of J.>ta.t~ne.nt 

executions elsewhere 
7. GOTO 2.5 2.7 3.53 3.6 3.72 3.73 

5.31 
2.5 
3.73 
3.31 
3.58 

3.74 
5.32 
3.35 
3.74 
3.35 
4.6 

8. GQ 
9. GR 
l 0. twlie/r..U:.h 

2.5 
2.67 2.63 3.2 

11. pertaining to the computer-dependent 
internal encoding of -0-lgn..6; the normal 
encoding scheme for the computer 

12. twlie.JtU.h:con.6.ta.nt 
13. numbe!LH(.6-lgn,6) 
14. the number of .6-lgn.6 is munbelt 
15. twlie./tU.lt: 6ile. 

5.3 

3.35 3.36 
3.23 3.26 

3.51 

2.2 2.61 2.63 3.32 

4.6 
16. 6ile, declared with H following the 6-lte:name., 

in which data are represented as strings 
of .6,{.gn..6 coded in lwlie/r..Uh 

17. fwUeJt..Uh: fioJur!U.la. 
18 • hoUeJz..lth: c..o n.6ta.nt 
19. twlie/LM:h: i)wicuon 
20. hoUeJL.Uh:vcvU..abte 
21 • 0 ctal.: co n.J.>ta.nt 
22. hoU"JU;th: &u.nctlo n 
23. invocation of a 6u.nc.:t<.on:dec.lcvta.t.lon. with a 

fto~h out put value 
24. twUe!Utli: -<:tem:de.&C!Uption. 
25. H YIW11be!t. 
26. hoUe!Uth:vaJUa.ble 
27. hoUen..lth: .ltem 
28. Ltem specified by .ltem:decla!l..a.tiorr. 

in which H follows the item: riame 
29. BYTE ( $ -lrtde.x $) ( holie!LM:h: Uem) 
30. -i.de.ogtt.am 2 .4 2. 5 
31. I? 2.5 
32. -Lfi:~e. 
33. IF boole..a.n.:(;of!inula. $ 
34 • .6 tat: ement: name • -i. 6 : cla.u-6 c. 

3.2 3.32 4.6 

2.7 3.33 3.56 4.41 
2.7 3.4 3.72 4.58 
3.72 3.73 3.74 3.77 
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1. .l6: e.U.lwr.: c1.au..oe 
2. !FEITH boolea.n:6011»ula. $ 
3. !FEITH 
4. incomple.:te: 60'1.: c.iau..6e 
5. FOR loop: va!Uable = nume!Uc.: 6oJotut'.a $ 

TM-555/002/02A 

2.5 3.73 
3.14 

6. FOR .toop:va!Uable = 11W'11e!Llc:no!WUl.a , tU.Une/Llc:6oJotut'.a $ 
7. incomple.:te:loop:.6.ta;tement 3. 74 3. 77 
8. loop:.6:ta.tement headed by -i.nc.omple.:te: 60'1.:c.lau..&e.6 
9. .indepe.ndent:da..ta.:.6equ.enc.e 
10. a string of .6.i.mple: U0n: namu, .table.: namu, 

and aJr.Jta.y:namu separated by c.otmtl.6 
11. part of an bu:l.epende.nt:oveJli.a.y:dec1.aJr..ation 
12 • .lndepe.ndent:oveJri.a.y 
13. the arrangement of .ta.ble.6, a/t/LO..tj.6, and 

.6-lmple:-lte.nl.6 specified by an 

.lndependen:t:oveJli.a.y:deci.aJul.Zlcn 
14. -i.ndepe.nde.nt: ove!t..la.y: decla/La.t.i..o n 
15. .lndependen:t: ov e.Jtlay: .6 pec.i.6.<.c..a.Uo n 
16. a string of .independe.nt:da..ta.:.6equ.enc.u 

separated by equai..6:.6.ign.6 

4.43 

17. part of an independent: oveJli.a.y: decf..aJc.a;tio n 
18 • .independen:t:.6:ta.temen:t 3.4 3.72 3.73 3.74 3.75 
19. c.anpound:.6ta.tement 3.6 
20. BEGIN .6ta.temen-t:li.6t END 
21. .6.i.mple: .6ta.tem ent 
22. index 

23. nwnetU.c.: 6o!tflU..l.a. 

3.22 3.24 3.26 3.28 3.53 
4.52 4.55 4.57 4.58 5.3 

24 • .i..ndex , nwne!U.c.: 6 oJLJn.l.la. 
25 • .lndex.:.6w.UC.h 
26. .611J.lt.c.h specified by an .index.:.6wltch:decl.aJta.:U.on 
27 • .lndex.: .6W.ltc.h: dec..la!uz.;ti.o n 
28. SWITCH .6«.t.ltch:name = (index.:.6wLtc..h:wt) $ 
29 • .in.dex.:.6wltch:Li..6t 

3.5 
3.56 4.5 
5.31 5.32 

3.33 

5.31 

5.3 5.31 

5.31 
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1. ..i.ndex.ed:U:em 
2 • a!Vta.y: U:eJn 
3 • ta.bl.e.: U:em 
4. de6,LJted:ent!ty:Ltem 
5. olld.i.YUVt!:f:ta.b.le.: U:em 
6. .6:t1Ung :U:em 
7 • ®e.x.ed: Uem: de.c.i.a.Jul.Uo n 
8. aM.a.y:U:em:de.ci.alta.tlon 
9. tab.le.: U:em: de.cl.aJta..U..o n 
10. ®ex.ed:va!Ua.b.le. 
11. name ( $ hide.x $) 
12. ®exe.d:.ltem 
13. INPUT 
14 • .i.npu.:t:opeJtand 
15. aM.a.y:name 
16 • ta.bl.e. : name 
17 • ta.b.le: name ( $ ®ex $) 

118 

18. ta.b.le: name ( $ ®ex • • • ht.de.x $) 
19. vcvLi.o..bi.e. 
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4,4 

3.2 3.22 3.23 3.24 

2.5 3.57 
3.56 3.57 

4.43 
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1. inµLt:pan.ame.U!t. 
2. 
3. 

actu.at: .input:: pa!Lame.tvi.. 
6ollmdl: .inµLt:: pattamdeJL 

119 

4. the values and structures, specified or 
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3.76 5.5 5.6 

to be specified, for a p1LOc.edU1Le:dec.i.a1r.a.:ti..on 
or 6unct.lon:declali.a.t.i..on to work with 

5. .input:: paJLamdeJL:wt 
6 • ac.tt.1at: .inµLt:: patr.amet:e/L: wt 
7 • 6oltmal: .inµ.c.t: patLamet:eJL: wt 
8. -i.nµLt.::4.ta.tement 
9. INPUT 6-lb.:name iny.XJ.t:opeJuuul $ 

1....21 

1.2 3.55 
~ 
5.5 

3.58 4.56 

10 • .in:tegeJL 2. 61 3 .2 3 .23 3.33 3.51 4.41 
ll. a whole number 
12. having whole number values 
13. bttegeJL: co.uta.nt 
14 • .integeJL:Uem 
15. .Uem specified by de.ci.a.lc..a..:n · 

in which the Uem:name is 
rollowed by an .lntegeJL:Uem:duC!Up:Uon 
or an -lntege/L: co.u.ta.nt 

16. .lntege/L: Uem: du C!UptJ..c n 
17. -lntegeJL:4p~-l6-le!L 
18. -lntege/l.:va/Li.a.ble 
19. inte.geJL: item 
20. loop:va!Wtble 
21. BIT ( $ brdex. $) (item ) 
22. CHAR ( 6loa;tlng: Uem) 
23. ros (6.ite:name) 
24. NENT (name) 
25. ITEM 
26. Uem 3.1 3.2 

3.33 3.55 
4.43 4.5 

27. Uem may be subdivided in two 
independent ways shown in groups l 

3.2 

2.5 
3.21 
3.74 
4.53 
4.59 

2.63 3.71 4.41 5.2 
4.42 4.53 

4.41 
L.fJ. 

3,24 3.33 3.74 3.75 

4.42 4,55 4.56 4.57 
3.22 3.24 3.26 3.28 
4.2 4.3 4.41 4.42 
4.55 4.56 4.57 4.58 
5.3 5,32 5.6 6.4 

and 2 below. Even finer division is possible 
by choosing adjectives from both groups as in 
4-impte.: boolean: Uem 

28. Group l 
29. boolean: UeJr1 
30. d.u.ai..:.i:tem 
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l. Li..tell.ai.:Uem 
2. lwlle!LUh: ltem 
3. :tlc.an6ml6~.i.on: code: Ltem 
4 • numelt.ic.: Uem 
5. 6ixed:Uem 
6. 6loa.:Ung:Uem 
7. hitege1t.:Uem 
8. ~.ta.t.u.6 : Uem 
9. Group 2 
io. indexed:Ltem 
ll. aJrM.y:Ltem 
12. table: Ltem 
13. de0ined:en.tlty:Ltem 
14. oJr.c:Li.naJLy:ta.bte:Ltem 
15. .6tlr,.,lng:Uem 
16. .6-imple.:Ltem 
17. data structure specified by an Ltem:decla/Ul.ti.on 
18. Ltem:declaJr..a:tlon 3.2 3.21 4.4 
19. inde.xed:Lt0n:deci.aJr..a.,t,lon 
20. aJrM.y:Ltem: declaltati.on 
21. table. :Lt0n: de.ci.aJr..a.,t,lon 
22. de6ined:en.tlty:Ltem:dec.i..aJc.a.tlon 
23. o~dinaJLy:tabte:Ltem:dec..iaJta;tlon 
2 4 • ~tJUng : Lt0ll : deci.aJr..a.,t,io n 
25. ~-impte:Ltem:deci.aJr..a.,t,ion 

TM-555/002/02A 

4.41 4.55 
4.4 
4.52 

4.57 
4.55 
4.57 
4.42 

27. Uem:duCJLip:ti.on 4.41 4.42 4.52 4.53 4.55 4.57 6.4 
28. boolean: Ltem: duC/l..lp:ti.o n 4. 41 
29. B 
30. ctu.a.l:Uem:due!Up,t:.i.on 
31. 6ixed:Ltem:due!Uption 
3 2. 6£.oati..ng: Ltem: duC/l..lptio n 
33 • lwlle!t.Uh: Uem: du C/l..lp:ti.o n 
34. H numb ell · 
35. intege1t:Uem:duC/l..lp:t,[on 
36. tlt.a.n.6W.6ion:c.ode: Uem:duC/l..lptio n 
37. T nu.mbelt 
38. part of an Uem:de.c1..alt.a.U.on 
39. Uem:name. 2.63 3.1 3.33 3.55 4.5 4.55 4.57 

4.59 4.6 5.32 6.5 
40. name. following ARRAY or ITEM 

or STRING in an .item:de.cla.Jr.a.:t:ion 
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1. Uem: .&w.itc.h 5 • 31 5 • 32 
2. .&wdc.h specified by an Uem:.6wltcli:deci.alu:l..:Uon 
3 • Uem: .6w.U:.c.h: de.ci.aJLa.tlo n 5 • 3 5 • 3 2 
4. SWITCH .6wltc.h:name 

( 6il.e: name) = (Uem:.6wltc.h:wt) $ 
5. SWITCH .&w..ltc.h:name 

(Uem: name) = ( Uem: .6w.U:.c.h: wt) $ 
6. Uem:..swUc.h:Wt 
7. c.on6ta.nt = .6equence:du..i..gna:tolL 
a. Uem:.6wltc.h:wt , Uem:.6w.lt.c.h:w:t 
9. JOVIAL 
l 0. k.: cli.men.6,io nai.: c.o n6ta.nt: wt 
ll. BEGIN string o:f k: mi.JuL6 : one: cli.men.6,io na.l: 

: c.o n6ta.nt: wu END 
12. k: p.i.u..6 :one:cli.men6..i..onal:c.on.6ta.nt:U.6t 
13. BEGIN string of k.:climen-6..i..onal: CDn.6.ta.nt: 

:wt.6 END 
14. le6:t:paJtenthu..U 2.3 2.4 
15. ( 
16. le:tteJL l.2 2.3 2.5 2.62 

4.56 
17. library 
18. a collection of subroutines which may 

be incorporated in new plt.OglLaml> 
19. Wie:ta.ble 
20. table declared by lik.e:ta.ble.:deci.alr.a.Uon 
21 • Uk.e: table: deci.alu:l..:Uo n 
22. wt 
23. c.on.&ta.n.t:w:t 
24 • tXVLame:te!L: wt 
25. .6;ta.temen.t:w:t 
26. .&ta.:tu.6:!-U:t 

5.32 

2.5 3.71 
4.51 

4.51 

2.63 3.71 

2.63 3.74 
4.59 6.5 

4.2 

4.59 

4.54 ~ 
3.55 4.6 

27. etc. 
28. We!Uli. 
29. hoUe!LUh 

1.R.J 2.63 3.35 3.52 
bi.] 

30. oc.ta.l, depending on context 
31. tn.an.&m..i...6.6..i..on:c.ode 
32. We/La.l.: a..6.6..i..gnmen:t: .&:ta.temen..:t 
33 • We/Lal: va!Ua.ble = We!ta.l: fioJtm.Li.a. $ 
34 • Well.a.l: c.o n.&..:tan..:t 2.7 2.8 
35. holivUth:c.on.&:ta.nt 
36. octa..t: c.on.&:ta.n..t 
37. tJta.Mni.-iA.6..i..on: code:c.on6ta.n:t 
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1. LU:e/La.l: 6oltt1Ula 3.32 3.35 3.36 3.51 
2. ho.UeJt.l:th: 6 oltt1Ula ~ 
3. t:lt.a.tUimi4h.i.on:code:6oltt1Ula ~ 
4. LU:elt4l: Uem 3.26 4.43 
5. Uem specified by Uem:deci.alr.a.:Uon 

in which the .Uem:name is followed 
by H (for ho.Ue!Llih ) or T l for 
t:lt.a.n6mi.6h..i.on:code) 

6. R..UeJr.ai..: Jtel.a.tion: wt ~ 3.36 
7. list of Jf.ela.Uonal.:ope!ULtoM and 

WeJLa.l: 6olWILla.6 
8. LU:e/La.l: vaJLi.a.ble Ll. 2..li. 3.51 3.52 
9. lw.Ue/l.Uh: vaJLi.abl.e 
l.O. t:lt.a.tUimi.6~.i.on:c.ode:valLi.a.ble 
11. 'LOC 2.5 2.1 3.33 
12. local 4.3 6.5 
13. defined only within a pltOce.dtvte 
14. log.ic.al:opeJUl:t.olt 2.4 3.36 
15. AND 
16. NOT 
17. OR 
18. loop:!ltatement 3.54 3.7 Ll1 3.75 3.76 3.77 4.58 

5.1 5.3 5.4 5.5 5.6 
19. a string of 601t:c.lau.6e!, 

followed by an i..nd.epend.en:t:h.ta:tement 
or h pec1.al: compound. 

20. loop:va!Ua.ble 2.4 2.5 2.63 2.7 3.24 3.27 3.54 
3.74 3.75 3.76 3.77 5.2 5.5 6.5 

21. let.tell following FOR iO-
a 601t:dau..6e 

22. LQ 2.5 3.35 
23. LS 2.5 3.35 3.36 3.72 3. 73 
24. ma.in: p'LOgJtam 4.3 5 .1 5.5 6.2 6.4 6.5 
25. all of the p1to9.1tam which is not part of any 

pltoeed.Ulle:dec.lalta.t-lon or 0unc..tion:dec.lalta.t-lon 
26. MANT 2.5 3.25 
27. mantissa 
28. fractional part of a logarithm 
29. signicand 9 by analogy with logarithms 
30 • tnaJL k. 2.3 2.5 
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1. metalanguage 
2. a mode of expression which transcends 

language 
3. a language used to explain or describe 

another language 
4 • rn..l.nu4 : -6.{.g n 
5. 
6. MODE 
7. mode.: d...ilr.e.cti.ve. 
8. MODE .Uem:due!Upt-i.on $ 
9. MODE .Uem:due!U.p.Ucm p C.On.6ta.nt $ 
10 • mod.ln.lelt. 
11. 6unc.t,i.cna!:mocll6~e!L 
12. nln 
13. a numbe!L 
14. the (maximum) number of ~ 

specified for a ta.bie. 
15. n2n 
16 • a YIWtlbe/l 
17. the nominal number of words per e.ntJr.y 

of a table. 
18. n3n 
19. a rwmbe!L 
20. the index of the word of the en.tJLy 

containing an ..i;tem, or in which the 
.Uem begins 

21. n4n 
22 • a nwnben. 
23. the index of the bit of the word in which 

an .it.em begins 
24. nSn 
25. a nwnbell 
26. the increment from word to word of an 

entJr.y containing bead& of a .&rung :.Uem 
27. n6n 
28. a numben. 
29. the number of be.ad.& in each of the words of an 

entJr.y containing be.ad.& of a J.i.t!ting :.Uem 

30. n7n 
31. a 11W7lbe!L 
32. the number of bits or bytes specified for 

an liem or for each component of an .U.Cfll 
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1.2 

2.5 6.4 
3.51 6.3 6.4 

3.24 3.26 3.74 

4.4 4.56 4.58 
2.62 

4.4 4.56 4.58 
2.62 

4.4 4.57 4.58 
2.62 

4.4 4.57 
2.62 

4.4 4.57 
2.62 

4.4 4.57 
2.62 

4.4 4.41 4.43 
2.62 
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1. n.811. 
2. a numbe!L 
3. the number of fractional bits specified 

for an Uem or for each component of an Uem 
4. n9n 
5. a numbe!L 
6. the estimated maximum number of ~ecolf..l:i6 

in a nU.e. 
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4.4 4.41 
~ 

4.4 4.6 
2.62 
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1. n11n 4.4 4.6 
2. a nu.mbelL 2.62 
3. the (estimated maximum) number of bits 

or bytes in a Jt.e.c.oltd. 
4. name 2.4 Ll... 2.63 2.7 2.8 3.1 3.21 3.22 

3.24 3.28 3.31 3.33 3.4 3.53 3.55 3.73 
3.74 3.75 3.76 3.77 4.1 4.2 4.3 4.4 
4.42 4.43 4.52 4.54 4.55 4.56 4.57 4.58 
4.59 4.6 5.1 5.2 5.31 5.32 5.4 5.5 
5.6 6.2 6.3 6.5 

s. named:boolea.n:va!Ua.ble 3.27 
6. boolean: .ltem 
7. named: 6.i.xed: va!Ua.ble 3.25 
8. 6-lxed: Lt.em 
9. named:,LJi;tegeJL:va!Ua.ble 3.24 
10. VttegelL: Uem 
11. named: lUe1r.aL: va!Ua.ble 3.26 
12. .lltellal: Uem 
13. named: n.wne/t.i.c.: va!Ua.ble 3.27 
14. 6ixed:Uem 
15. 6loa:Ung:Uem 
16. .-i.ntege1r.:Uem 
17. named: .6-ta.tement 3.33 M 6.2 
18. name • .6.ta.temen:t 
19. named: va!Ua.ble Ll 3.23 3.24 3.26 3.71 
20. boolean: Uem 
21. du.a.l:Uem 
22. 6-lxed:Uem 
23. 6loa.:ti.ng:Uem 
24. integ e1L: Uem 
25. £..Ue!ta.l.: Uem 
26. .6.t:a.:tu..6 : Uem 
27. NEUT 2.5 3.24 3.33 3.74 4.56 4.58 
28. NOT 2.5 3.36 
29. NQ 2.5 3.35 3.36 
30. n.umbelL 2.62 2.63 4.4 4.41 4.43 4.52 4.6 5.2 
31. a string of J'lU»leiUi:n 
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1. nume!Lai. 
2. ¢ 

2,3 2,5 2.62 2.63 4.59 6.5 

3. l 
4. 2 
5. 3 
6. 4 
7. 5 
8. 6 
9. 7 
10. 8 
11. 9 
12. tlWYleJt..i.c. ~ 2.63 3,33 3.34 3.35 3.52 

13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 

6,i.xe.d 
6loa.Wig 
.lntege/l 
oc..ta.£., depending on context 

nwne/t.,lc.: a..6-0,[9 nmen.t: -0.tateme.nt 
nw;1e/t.,lc.:vcvUa.ble. = numeJL.lc.: 6oMula. $ 

nu.me/Uc.: C.On.6.ta.nt 
fi,i.xe.d:c.on-0ta.nt 
6loa.Wig:c.on6.ta.nt 
.i.n:l:e.g ell. : c.o n-0.ta.nt 
oc.:ta.£..: C.On-Ota.nt 

numeJL.lc.:fioJurlUi.a 3.1 3.22 3.33 

25. nwneJU.c.: 6u.nc.:Uon 
26. invocation of a 6u.nc.:Uon:dec1..a!z.a;t,[on 

with a ru.une/l,lc. out put value 
27. nume/t.,lc.:1te.£..a..:Uon:Wt 
28. list of 1te.la.U.ona.l:opefla.to1LJ.i 

and nume/t.,lc.:6oJrmU.la.6 
29. nwneJL,i.c.: vcvU.a.b.te hl. 
3 o • 6 be ed : vM.ia. b.t e. 
31. (i-txed:..Uem 
32. MA.NT ( 6loa.thtg: Uem) 
33. t..loa,ti.ng: va!Uable 
34. 6loa..thtg: Ue.m 
35. in-te.ge;i:vCVt-i.able 
36. inte.gVL:Ltem 
37. loop:va!Uable. 
35. BI'l: ( $ index. $) (Uem) 
39. CHA..11 ( &foating: de.in) 
4 0. POS ( :)ile.: n.ame.) 
41 ?If.~i'l' ( 1wme.) 

2...21 

3.33 
~ 
Lil 
2.63 
2,63 

3.34 3.35 3.36 3.51 
3.74 3.75 4.56 4.57 

3.33 

3.35 3.36 

3.33 3.51 3.52 4.56 
hl5 

2.5 3.14 

2.5 3.33 
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1. oc.ta.l L..21 3.33 3.35 3.51 
2. represented by oc.t.al:numelu:Ll6 
3. 0 c.t:a.l: c.o ~ta.nt 2.63 3.32 4.42 4.43 5.2 
4. O (string of oc..ta.l: iu.urie/l.a.t6) 
5. o c.:tal: nwneltal 2,3 2.61 2.63 
6. ~ 
7. l 
B. 2 
9. 3 
10. 4 
u. 5 
12. 6 
13. 7 

15. ODD 2.5 3.27 
16. one: clime.~.<..o nat: c.o nhta.nt:wt .L..21. 4.55 4.57 
17. BEGIN string of c.o~ta.n.t.s END 
18. one: fia.ct.o11.: 6oJt: cLuu e 3. 74 3.77 
19. FOR £.oop:va/U.a.ble = nwne1Lic.:6o!U>lLl.a. $ 
20. OPEN 2.5 3.57 3.58 
21. open: htpu.:t: ~:ta.teme.nt 3.5 3,57 
22. OPEN INPUT 6.U.e:name $ 
23. OPEN INPUT fiil.e:name .lny.:ut:opeJta.n.d $ 
24 • o pe.n: ou.:tyxtt: ~:ta.teme.nt 3.5 3,58 
25. OPEN OUTPUT fiil.e: name $ 
26. OPEN OUTPUT fiil.e:name ou.ty.:ut:ope!ta.rrd $ 
27. open: ~:ta.teme.nt 3,58 
28. ope.n:.lny.:ut:-0.ta.teme.nt 3,57 
29. ope.n:ou.:tµ.L.t:~ta.teme.nt 3,58 
30. 0 pe!ta.nd 3.56 3.58 
31. ,lny.:ut: opeJta.n.d 1.s._Sj 
32. ou.:tr.u:t: o pe!ta.nd 3,56 
33, there are no other references in this document, 

but operand also means constant or variable 
34. 0 peJta;toJL 3.36 
35. log,i.c.a.t:opeJLa.toJL is the only reference in this 

document 
36. or.iwnal 2.62 3.71 4.41 4.56 4.57 4.58 4.59 

5,5 5.6 
37. optiona.Uy 2.62 2.63 3.71 4.41 4.42 4.51 6.4 
38. OR 2.5 3.36 
39. oJL:.lfi:c.iau..6e. 3,73 
4o. ORIF boole.a.n:6o!ZJ1'Ula $ 
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1. o !Uli.naJt tJ: en.:tll. y 4.55 
2. en.:tll.y of an oll.dhuvl.y: .t.a.ble 
3. oll.dhuvl.y: en:tlt y: du,cJLip,ti.o tt 4.55 4.56 
4. the set of Uem:decla!La.tiort.6 and 

ov eJLl.a. y: declaJLa.tlo YL6 in an 
o4dintVLu:.t.a.ble:deci.a.Jr..a..;tln 

5. o!Uli.n.aJty:table 4.56 
6. table specified by an olLcli..n.aJLy:ta.ble: 

: deci.aJLa..t.io n. 
7. oJr..dinalty:table:deci.alr.a;t<.on. 4.54 ~ 
8. o4cli.n.all.y:table:Uem:deci.aJLa..t.ion. 4.55 4.57 
9. ITEM name Uem:du,C/L.-i..pti.on $ 
10. ITEM name Uem: due/L.-i..pt.i.o n $ 

0 ne: d.ime~io nal: c.o tl.6.t.a.nt: wt 
11. o4dhuvl.u:ta.ble:Uem:name 4.55 
12. name following ITEM in an o4d.ln.aJLy: 

:table:Uem:dec.la!ta.tion. 
13. ORIF 2.5 3.73 
14. OUTPUT 2.5 3.58 
15. 0 u.ty.x.i.t: 0 pe!La.nd 3.56 3.58 
16. aNW.y:name ~ 
17. C.On6tant L.2i 
18. table: name 
19. table: name ($ index $) 
20. table: name. ($index ••• index $) 
21. va!r..i..a.ble 
22. a u.ty.x.i.t: pa!UJ.mete/l. 5.5 5.6 
23. actual: output: paJtamete/l. 
24. 6 oJtma.l: ou.ty.x.i.t: pa1t.amete/l. 
25. the values and structures for a 

ptc.oc.edWte:de.ci.aJLa.:Uon. to produce 
26. output: pa1t.ame:te/l.: wt 1.2 3.55 
27. a.ctu.al: ou.ty:x.c.t: pa!tamete/l.: wt l...i1. 
28. 6 ofU11ai.: output: pattamete/l.: li.6.t w 
29. ou.tpu.t:pa1t.amete/l.:-0.ta.tvnent:name 5.5 
30. -0ta.temen.t: name in ou.tpu.:t: paJz.arneteJt:wt 
31. name which is followed by pe;U.od in 

ou..tpu.t: pa.Jtamde/l.: wt 
32. o u.tpu.:t: -0.t.a.;teme.nt 3.5 3.56 Ll.1 
33. OUTPUT 6«.e:narfle. ou.tput:opeJta.nd $ 
34. OVERLAY 2.5 4.43 4.55 4.56 
35. av v1l.1ur : d e.c.R..M.a.t..i..o n. 4.43 4.55 4.57 
36. in.de.!Je11de.nt: ov e!tlac r: de.c1.a!ta.Uo 11 4.43 
37. .wbo!idi11a,te.: oveJLlct~r: de.c£.ana.t.lon 4......52 
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1. racJUng 4. 59 
2. the sharing of computer "WOrds by disjunct 

U:.em.6. This is done only for ta.ble.:.Uem.6 and 
may be prescribed by pa.c.IU.ng:.6pec.-i.fi.i.cat-i.ort4 

3. yXt.C.IU.ng:.6pec..l6,i.c.aUon !....5.R.. 4.57 4.59 
4. D 
5. M 
6. N 
7. parallel L..,2R 4.58 
8. ta.b£.e structure in which there are several 

blocks• one for each word of an entlr.y. The 
words of a particular en.tJLy are distributed 
over these blocks, one per block• and similarly 
placed in each block 

9 • r.xvutme.teJL 3 • 36 3 • 5 5 
10. .lnµ..i:t: pa!tame.te/l. 
11 • ou;tµ..i:t: pa!Ulme.te/l. 
12 • y.xvz.a.me.teJL: lli:t 4 .1 
13. .lnr.x..tt:r.xvtame.te/l.:~:t 
14, OutpL:t': paAame.teJL:fu:t 
15. pcvr.e.n:th~~ 2.4 2.63 3,31 3.33 3.34 3.36 3.71 

16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 

28. 
29. 
30. 

( 
) 

pell.lod 2.3 2.7 3.33 3.55 3.74 

• 
plu.-6 : .6,LJ;j n 

+ 
POS 
precision 

number of bits after the binary point 
p!UJ11e. 2,3 

IYUJn,i;Uv e 2.4 u 2.7 2.8 
3.36 4.4 4.43 4.51 

PROC 
y.Yl.O c.e.dWLe. 3.55 3.75 4.2 

subroutine defined by a pll.Oc.edWLe: 
:declaJutt,ton;sometimes (not in this 
document) also by a 6un.c.Li.on:de.c.la!r.a.t.lon 

6.5 

4.1 4.41 5.5 

2.3 

2.5 3.24 3.56 
L.£1 

2.5 2.8 5.2 

3.1 3.24 3.35 
5.2 5.32 5.6 
2.5 5.5 5.6 
5.4 5.5 6.5 
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1. p!LOC.e.duJr.e.: body hl 5.6 
2. BEGIN .6.ta.tement:-U...6.t END 
3. p!LOC.edU/Le.: c.a..U: 3.31 3.5 i....2.2 3.76 4.1 5.5 5.6 

: .6.ta.teme.nt 6.5 
4. p!LO c.edulr.e.: de.ci.alz.at,i_o n 3.54 3.55 3.75 3.76 4.1 4.2 4.3 

5.1 5.4 2..1 5.6 6.4 6.5 
5. pti.oc.e.dulr.e.:he.adit1.9 i..S 
6. ptLOc.edwt.e.: name. 3.55 5,5 6.5 
1. name. following PROC in a 

p!tOc.e.duJr.e: dec1.a!t.a:t,io n 
8. p!LO c.~.6.ing : de.c.i.aluLtlo n 2.1 3.53 3.54 3.76 hl 5.2 5.3 

5.4 5.5 
9. c.lo4e:de.c1.alta:tion Ll 
10. 6unc.:t.io n: de.ci.aJr.a.:ti. n w 
11. ptLO c.e.dulr.e.: dec.laJr.a.U.o n Ll 
12. p!LO gJtam: de.c.lalta..tlo n Ll 
13. 4w..i.:tc.h: de.ci.aJLa.;tio n Ll 
14. 'PROGRAM 2.5 5.2 
15. yYr.ogJtam 1.3 l.4 2.1 2.4 2.5 2.7 2.8 

3.1 3.33 3.53 3.54 3.71 3.73 3.75 
4.1 4.2 4.4 4,58 5.1 5.2 5.4 

6.1 ~ 6.4 6.5 
16. START .6.tateme.nt: wt TERM $ 
17. START 4.tatement:UAt TERM 4.tateme.nt:name. $ 
18. YJ'lO gJtam: de.claluLt.f..o n 4,2 5.1 5.2 5.5 
19. 'PROGRAM name. $ 
20. 'PROGRAM name. numbe/l. $ 
21. 'PROGRAM name. oc.:ta.l: c.o n6.tant $ 
22. pltOgJtam: name. 3.33 3.53 3. 75 5.3 5.31 5.32 6.5 
23. name. following 'PROGRAM in a 

p!t0g.1tam:de.cialta.tlon 
24. Jr.e.c.o Jtd. 3.1 3.24 3,56 3,57 3,58 4.6 
25. the unit of data in a 6-lle. 

26. 
for input or output at one time 

5.4 5.5 recursive 
27. with respect to subroutines, one which calls 

itself, either directly or indirectly by 
calling other subroutines which call it 
in turn 
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1. 
2. 

3. 
4. 
5. 
6. 
1. 
8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 

recursive definition 
definition in which an element of the definition 
is the term to be defined, perhaps indirectly 
through a chain of two or more definitions. To 
be meaningful a recursive definition must incorporate 
alternative definitions, at least one of which is 
not recursive. The recursive element then defines 
structures of arbitrary length 

Jz.e.ta..tlcm: wt 3 • 3 5 
du.al: Jtee..au.o n: wt 
Ute/Lal: Jt.e.la.t-i..o It : w :t 
YIUYt1vUc: Jtei..a..U.c It: wt 

Jt.e.ia.t.i..o nal 
pertaining to relationships of equality or 
ordering between noJzJ;~ 

Jz.rda:Uo ital: o pe/t.a..toJL 
EQ 
GQ 
GR 
LQ 
LS 
HQ 

RETURN 
Jte-tu.Jz.n:-0.ta..t~nettt 

RETURN $ 
!Ug ti-t: pcvz.e.ttthu~ 

} 
tic.ale. 

numbe.Jt. 
scope 
.6 e.qu e.nc.e. 

.ind e.pende.n.t: data.:.& e.qu.enc.e. 
tiu.boJt.d.ino.te.: data.: .6 equ.enc.e. 
nart s of ov e!Lf.a. u: d e.c.£.o)i.a;tio n..!:. 

.6 equ.e.11c.e: de.&,[g na..toJt. 
c.lo.& e: 1tame. 
)'YLogJtam: vu1me. 
.6 .ta;t em e.n..t : 11am e 
-!:.W.itch: name 
.~r.'J..i..;tch: name. ( $ ,index :~) 

2.4 

w.. 2.4 

2,62 2.63 

4.43 

3.36 
3.35 
3.35 
Ll.2. 
3.35 

3.36 

3.54 
5.5 

2.63 

4 .• 53 
L.il 
Ll 
4.55 
4,43 
4,55 
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1. serial (table structure) 4.56 4.58 
2. :ta.ble structure in which there is a 

block for each eJWt!f, all the words 
of an e.ntJty being in the same block 

3. SHUT 2.5 3.57 3.58 
4. -0 hut: .<.nr.u:t: .o.:ta.:tement 3,5 LlJ 
5. SHUT INPUT 6ile.: name. $ 
6. SHUT INPUT nile.: name ,{Jt)'.Ut: o pe.!t.a.nd $ 
7. .o hut: ou.ty.x.c.:t: .6.:ta.:teme.nt 3.5 la.2j 
8. SHUT OUTPUT i)ile.: name. $ 
9. SHUT OUTPUT 6,(£.e: name. ou.tru;t: cpMand $ 
10. .6 fw.t: -0.:ta.:t011e.nt 3,58 
11. .6 hu.:t: .<.n y.x.c.:t: .&.t.a.t eme.nt L£l 
12. -0 l'ILl.t: ou.ty:ut: .otateme.nt 1..28 
13. .o.lgn 1.3 2.1 2.2 L.1 2.4 2.5 2.61 

2.63 2.8 3.26 3.51 3.71 3.75 
14. ld-teJz. Ll 
15. mall.k 2.3 
16. nwneJz.a.t Ll 
17. .o ,i.g ne.d 2.2 ~ 2.62 2.63 3.71 4.41 4.42 

4.51 6.4 
18. being preceded by + or - without 

any intervening -Opace.-0 
LlJ 19. signicand 

20. the significant digits in floating 
representations of numbers 

21. -0..Unpl e 3.6 
22. in the reference, the property of a 

.o.t.a.terne.nt of being a .6-imple: .&.t.a.teme.n.t 
23. .ohnple: .item 3.33 4.3 4.42 4.43 4.5 4.53 
24. data structure specified by 

-0..<.mrte.:.ltem:de.~11 
25. -0.i.m~R..e.:.ltem:de.cl.aJz.a;ti.on 4.4 4.42 4.55 5.6 6.5 
26. ITEM name Uem: de..o Cf!..ipU.O 11 $ 
27. ITEM >tame Uem:de..oCJLi.p;tfon P coMta.n.t $ 
28. ITEM no.me co 1i.otan.t $ 
29. .o .. fr mte.: .ltvn: >tame. 4.3 4.43 5.5 6.4 
30. 1utme. following ITEM in a .o.<.m r:>le.: dern: d ec.R..a.n.a,t,fo rt 
31. -0-lmrte.: -0.:ta.:tvne.n.t '} , 3.4 hl 3.54 3.71 3.72 3.73 '- ..... 
32. .6 .<.mpt e. : v cvrJ.a.bR.. e. 3.2 1.,.11 3,23 3.24 
33. -0,U11p.£.e.: Uvn 
34. single letter subscript 2.5 
35. too 1J: va.:u .. able. Ll 3.74 
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1. 4,i.ze:4pec..i6.i.ca.:ti.cn 4.56 4.58 
2. ta.ble:J.i,{.ze:4pec....i..fi~n ~ 
3. R numbe/I. 
4. V numbe/I. 
5. .&ooh Ll.. 
6. I 
6. 4pa.c.e 2.2 2.3 2.4 2.5 2.63 2.7 2.8 

3.71 4.41 
7. the maJLk represented with no ink 

on the paper 
8. .6 pec.,i,af.: compound Ll-1 3.75 3.77 
9. BEGIN 4.ta.tement:wt .i.6:c.lau..6e END 
10. .6 pec..it).i.c.a.Uon 4.59 
11. bM.lc.: .&.tltu.c..t:Lvt e: 4 pec....i..6 ..ic.a.:ti.o n ~ 
12. yxtc/Ung: & pec..it)i..c.a.U.o n ~ 
13. ta.ble:.&,i.ze:J.ipec....i..6.i.c.a.tion Lli 
14. .6.taJL LJ 
15. * 
16. START 2.5 6.2 
17. J.i.ta:tement 2.1 3.1 w 3.51 3.53 3.54 3.55 3.57 

3.58 3.6 3.72 3. 73 3.74 3.75 4.1 4.3 
4.56 4.57 5.1 5.2 5.3 5.31 5.32 5.4 
5.5 5.6 6.2 6.4 6.5 

18. complex:4.ta:tement Ll 
19. iU:e11.YULtiv e: J.i.ta:tement 3.73 
20. co ncii..tlo na.l: 4.ta:te.ment 1J..2 
21. d.i.Jz.ec.t:.&.ta.t0nent 3,71 
22. R..oo p: 4.ta.tement 3.74 
23. -Utdependent:.&:t.a.tement w 
24. comr.wu.rul:.&.ta:tement 3.6 
25. BEGIN J.i.ta.teme.nt:wt END 
26. -0-Unple.: J.i:ta.te.ment 3,5 
27. named: -0.ta.tement 3,4 
28. 1ta1ne • -0:t.a.te.me.nt 
29. }.,;ta,te.ment: wt 3.6 3.74 3,75 5.4 5.5 6.2 
30. -0ta..teme.nt b1 
31. dec1.a.tuttio 11 .&.ta.te.ment: w:t. 
32. cU!r.ective J.i.ta..temen.t: l-i..ot 
33. -0.ta..temen.t: l.Ut deci..alz.a;tio n 
34. -0.ta.tem ent: w :t d-l!Lective 
35. sta;te;:1ent: Gi/.Jt -0.tltteme..n.t. 
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1. ..statement: name 3.33 Id 3,53 3.54 3.55 3.72 3,73 
3.74 3.75 4.1 4.6 5.3 5.5 6.2 

6.5 
2. .6.tatu.6 2.61 3.2 3.23 
3. ..s.tatu..s : a..6.6.i.g nme.n.t: ..s.ta.teme.n.t 3.51 
4. ..s.tatu..s: valt.i.a.ble. = .&.ta..tu.6: 60/Uru.la $ 
5. .6.tatu.6 : c.o n6ta.nt 2.63 2.8 3.32 3.51 3.55 4.41 4.6 

5.32 6.5 
6. v (letteJL) 
1. v (name) 
8. ..s.ta..tu..s: 6o!Uru.la. hl2 3.35 3.36 3.51 
9. .6.t.atu..6 : c.o n.6.ta.nt 2.63 
10. .6.ta.t"u..6 : 6unc.t.io n 
ll. .6.t.atu..6 : valt.i.a.ble. 
12. .6.t.atu..6 : 6unc.t.io n 3.32 
13. invocation of a 6unc.t.ion:de.c.l.alul.tion 

with a ..s.:ta.tu..6 output value 
14. ..s.t.atu..6: Uem 4,42 6.5 
15. Uem specified by de.c.l.alul.tion in which the 

Uem:name. is followed by s 
16. ..s.t.a.tu.cs : Uem: ducJU..p:ti.o n 4.41 
17. S string of ..s.ta.tu..6: c.o n6.ta.n.t6 
18, s rwmbe.IL string of ..sta.tu..6:c.on6.ta.n.U 
19. u:a:t:.u...s: .item: name. 2.63 4.6 
20. name following ARRAY or ITEM or STRING and 

followed by.Sin an ,i.:tem:dec.i.aJr.a.t-i.n 
21. .6.:ta.tu..6 :fu.t 4.6 
22. string of ..sta.tu.6:c.on6.ta.nt6 
23. ..s.:ta.tu..6: va!U.a.b.le 2.61 3.32 3.36 3.51 3.52 3,55 
24. .&.t.a.tu.6 : Lt.em 
25. STOP 2.5 3.4 3.54 5.3 
26. ..s.to p: .&.t.a.teme.nt 3.4 3.5 3.54 6.1 
27. STOP $ 
28. STOP .6.ta.teme.nt:rzame "' ip 

29. STRING 2.5 4.57 
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1. 
2. 

3. 

4. 

5. 
6. 

8. 
9. 

10. 

11. 
12. 
13. 

14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

string 3.58 3.6 
in reference to some sort of element, 
one such element or an arrangement of 
more than one with one element following 
another 

in strings of .6,i.gtUi used to form .&qmbol6, 
there is, in general, no separation between 
the .6,{.gn.6 
in strings of .6!PJbol6, they are separated by 
.6 pa.c.u or c.omnen.U 

.6:t/Ung 
collection of data declared by a 
.&t!Ung: Uem: de.c.1..aJLat..Wn 
essentially equivalent to .6tJr.-ing:,i,tem 
but .6VUng has the connotation of the 
group of data 

3.1 4.57 

.6.ttrln.g: Uem 3.31 4.5 4.57 4,58 5.31 
collection of data declared by 
a .&.tJL.lng: Uem: de.ci.aJuJ.t.i.. n 
essentially equivalent to .&t!Ung, but 
.6tJr.-ing:Uem has the connotation of a 
member of the group 

.6t1Li.ng: Uem: de.c.f..aJr..a.t.i n 

.&tJr.-ing: Uem: name. 
name. following STRING in a 
.&.t!Llng : Uem: dec.£.aJr.a.ti.o n 

.&u.bo!td~na:te.:dat:a:.&e.qu.e.nc.e. 
part of an o~naJL~:e.n.tJz.y:de.&e!U.p;tion. 

.6u.bo1uLi.na:te.:ove!Llay:de.ci.alta.:t<.on 
part of an o!tdhuvr.y:e.ntJr.q:due!Up:U.on 

.6u.bo~d.i..nate.:ove!Llay:.&p~n..i.c.ation 
part of an o!tdhuvt.y: e.nt/Ly:de.&e!U.pt.i..on 

subroutine 
a piece of programming which can be utilized 
at various points in a program. In a 
JOVIAL f')l[.Ogtz.am subroutines can be set up by 
means of clo.6 e: de.c.la/1.a.,tio nJ.i , 6 u.nc.t~ n.: d eclaJt.a..tio n6, 
and r.YLoce.dc.vte.:declaJta.;t{.on.6 

4,57 4.58 
4.5 
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1. subscript 
2. .i..11.de.x 3.22 
3. loop:vaJtiable. L2 
4. because of ambiguity it is recommended that 

this term not be used unless the meaning is 
clear from context. This is usually not the 
case since loop: valli.a.bleA are often used 
a s .{.nclic. e..6 

5. SWITCH 2.5 5.31 5.32 
6. 1.iw,i;tc.h 3.75 5.3 5.31 5.32 5.4 5.5 
7. .{.nde.x: 1.iwUc.h 
8. Uem: 1.iwUc.fi 
9. .owUc.h: de. c1.a!w..:t-i.c 11. 3.53 3.75 3.76 4.6 5.1 Ll 5.32 

5.4 
10. i1tdex: 1.iwUc.h: de.c.la!l.a.tion hl1 
11. Uem: 1.iwUc.h: de.c1.a1i..a.ticm 5.32 
12. 1.iwUc.h: wt 5.31 5.32 
13. .{.nde.x:.owi.tc.h:wt 5.31 
14. Ue.m: 1.iwUc.lt:wt H2 15. .owUc.h: name. 3.75 5.3 5.31 5.32 
16. name. following SWITCH in a 

1.iwUc.h: de.claJtctt-i.c 11 

17. ,o !Jribol 2.1 2.2 2a4 2.5 2.62 2.63 2.7 
2.8 3.71 3.75 6.3 

18. a.b btte.v -i.a.tio n t..5 
19. c.om11e.nt Ll 
20. c.o n1.ita.n.t 2.63 
21. ..i..de.ogttam 2.5 
22. loop: va!Ua.ble. Ll 3,74 
23. name. w 
24. pti.&nlt1..v e. w 
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1. TABLE 2.5 4.56 4.58 4.59 
2. table 3.l 3.22 3.24 3.28 3.33 3.55 3.56 

3.74 4.2 4.43 4.5 4.51 4.54 4.55 
4.56 4.57 4.58 4.59 

3. data structure, a collection 
of ,(;tenu, organized by a 
:table: dec.l.aJr..cttio n 

4. table: deci.aJt.a:t,io n 3.21 4.4 4.54 4.55 4.56 4.57 
5. de.6.i.ned:e.n:tll.y:tablesde.c.laluLti.on 4,58 
6. .u.k.e: table: de.c.laluLti.o n 4.59 
7. olUilntvty:table.:de.c.laluLti.on 4.56 
8. table: entltu 3.56 4.5 4.55 
9. the set of all the Uem4 of a. :table 

with the same second compouent of 
the .lnde.x in the case of .6.tJL,lng.6 and 
the same index in the case of other U:em6 

10. table: ..ltem 3.33 4.58 
11. Ltem specified by a t.a.ble.:Uem:de.c.laluLti.on 
12. table.:Uem:de.c.laluLti.on 4.4 4.55 
13. de6.i.ned:e.n:tll.y1Uem1de.c.laluLti.on 4.57 
14. oJt.cLltuvr..y:table: Uem:de.c.laluLti.on 4,55 
15. .6.t/U..ng: .item: de.c.laluLti.o n 4,57 
16. table.: Ue.m: name 4.43 
17. name following ITEM or STRING in a 

table: .ltem: de.c.laluLti.o n 
18. table: name 3.33 3.55 3.56 3.74 4.43 4,56 5.5 

6.5 
19. the name, if there is one, 

immediately following TABLE in a table:de.c.laluLti.on 
20. table: .6.ize 4,59 
21. number of' e.ntlt.ie.6 in a table 
22. table.:.6.izes.6pec..i.6-i.c.a;t.i.on 4,56 4.58 4.59 
23. R .wmbe.lt 
24. v numbe.lt 
25. TERM 2.5 6.2 6.4 
26. TEST 2.5 3.54 3.77 
27. tut:.6:ta.teme.nt 3.5 3,54 3.77 
28. TEST $ 
29. TEST loop:va.Jt..la.ble $ 
30. tlme.e.: d...i.me'ri.6.lo na.t: c.oMtant: Wt 4.51 
31. BEG IN string of two: cli.me.M.lo nal: CO Mt.ant: 

: Wt.6 EIID 
32. :t'l.an6ntl6.6.lo ti: c.ode 2 .61 2.63 3.2 3.26 3.35 3.51 4.6 
33. pertaining to the computer-

independent encoding of .6~gn6 
which is a standard for JOVIAL 
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1. tlr.art.6ml64.lon:c.ode:c.ort.6.ta.nt 2.2 2.63 3.32 
2. numbeltT (.6-lgrt.6) 
3. numbelt is the number of .6..i.grt.6 
4. .tll.a.rt.6mi..61.i.lon:c.ode:60Jtrru£.a. 
5 • oc.:ta,f.: C.Ort.6.ta.nt 
6 • tlr.an4miu.lo n: code: c.o n6ta.nt 
7. tlr.an6mi1>1.i.lon:c.ode: 6u.nc.Uon 
8. tlr.an6m.i..64.lo n: c.ode: vall.-i.a.ble 
9. tlr.art.6mi6.6ion:code:6unc.t.lon 
10. invocation of a 6u.nc.tion:deci.alr.a;tion 

with a .tll.a.rt.6mi..6~.i.on:eode 
output value 

t'Jta.rt.6mluio n: code: .Ltem: duCJtip.tion 

3.32 

11. 
12. 
13. 
14. 
15. 

T numbelt 
t'Jta.rt.6mi..6.6.lon:c.ode:vall.-i.a.ble 

:tli.a.n1.iml61.iion:c.ode:ite.m 
3.2 3.32 4.6 

16. 
17. 
18. 
19. 

20. 

21. 
22. 

23. 
24. 

25. 

26. 
27. 
28. 
29. 
30. 
31. 

item specified by .Ltem:deci.alt.a.:tlon 
in which T follows the item:name 

BYTE ($ index $) (.tll.a.n1.imi..61.i.lon:c.ode:.Ltem) 
truncated 

part removed from the left or right 
with nume!U.c. values, if left or right is not 
stated, usually from the right 
with numeltic. values truncated on the right, 
care will usually be taken to insure that the 
remaining value will be the same as if the 
computer representation were "sign on the left 
followed by magnitude bits" 

3.22 

:two: cli.men1.i.ia na1: c.o n1.ita.nt: w,t 
BEGIN string of one:cli.menl.i.lorr.al: 
: co nl.i.t.a.nt: lli:t.6 E11D 

4.51 4.52 4.57 

;ttoo: ~actoJt.: 6 alt.: clau.6 e 3.74 
FOR loap:vall.-i.a.ble = nwneltic.: 60.IU'l'U.ta., 
numeltic.: n al!.ftUla $ 

va!Lia.ble 

boolean:vcvz...i..a.ble. 
dual: aem 
e.nbw: va!U.a.ble. 
we!Z.a.l: vaJz.,(..a.bl e. 

2.6 2.61 3.1 3.2 3.21 3.22 
3.24 3.25 3.26 3.27 3.3 3.33 
3,52 3.55 3.56 3.71 4.41 4.56 

3.2 
ho.lte!Lith:vaJt.i.a.ble 
bl.a.n.6rrM.6io n: c.ode.: VC'Jti..a.ble. 

3.77 

3.23 
3.51 
4.6 
3.27 

3. Z8 
3.26 
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1. nume/Uc.: va/r..la.ble. 
2. 6-i.x.ed: vaM.able. 
3 • 6£.oa.t.ing: Uem 
4 • -i.n.U.g eJL: vaM.ahle. 
5 • .6.ta.tu.6 : U:em 
6. valti.a.ble.: length: .table. 

139 
(140 blank) 

7. .table specified by a ta.bte.:dec.i.alta.t.i.on 
in which V follows the .ta.bte.:name. 
or the plt.U>ti..t-i.ve. TABLE 

TM-555/002/02 
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APPENDIX 

TM-555/002/02 

The complete specification of a procedure-oriented programming language 
seems to be a difficult task. At any rate all attempts, so far, to write 
specifications for languages as complex as JOVIAL, ALGOL, or COBOL have 
not been particularly successful. That is not to say such writeups have 
failed to please anyone. Indeed, some such descriptions have been well 
received by some workers in the field, but in each cas~there has been 
a significant segment of the computing community that has been dissatisfied. 

The author of this document is interested in knowing how close he has 
come to producing an easily understood and complete description of JOVIAL 
(J3). The following page may be torn out and returned. with an indication 
of the reader's opinions. Lengthier responses, in the form of letters, 
will be most welcome. 
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To: Millard H. Perstein 
System Development Corporation 
2500 Colorado Avenue 
Santa Monica, California 

Room 2328 

The over-all presentation of the language is: Very clear and orderly ---
Clear enough for tutorial purposes ---
Complete but difficult to grasp ----

Confused or confusing ----­

Extremely garbled 

other remarks: 

The use of the special metalanguage is: Very helpful 

An obstacle to understanding ----- Of some value 

Other remarks: 

In comparison with other metalanguages used in describing programming 
languages (JOVIAL or others) the present one: 

Is a happy blend of brevity and clarity --------

Is too long-winded ---- Is too cryptic -----

Other remarks: 

The special type face for metalanguage phrases is: Very helpful ___ _ 

Not as good as special brackets _____ A strain on the eyes -----Other remarks: 

General remarks and suggestions for improvement: 

Changes or corrections which should be issued immediately as modifications 
to this document: 

Ifame 
---------------------------

Position ____________________________ __ 

Organization 



16 March 1964 143 
(last page) 

TM-555/002/02 

To: Millard H. Perstein 
System Development Corporation 
2500 Colorado Avenue 
Santa Monica, California 

Room 2328 

The over-all presentation of the language is: Very clear and orderly ____ _ 

Clear enough for tutorial purposes ---
Complete but difficult to grasp ----
other remarks: 

Confused or confusing ----­

Extremely garbled ------

The use of the special metalanguage is: Very helpful --------

An obstacle to understanding ----- Of some value -----
Other remarks: 

In comparison with other metalanguages used in describing programming 
languages (JOVIAL or others) the present one: 

Is a happy blend of' brevity and clarity ----
Is too long-winded. _____ _ Is too cryptic -----

Other remarks: 

The special type face for metalanguage phrases is: Very helpful 

Not as good as special brackets __ _ A strain on the eyes 
Other remarks: 

General remarks and suggestions for improvement: 

Changes or corrections which should be issued immediately as modifications 
to this document: 

:i:fame 
---------------------------

Position. _____________________________ __ 

Organization ~-------------------------
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