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. Chapter 2

ELEMENTS
2,1 Introduction

B pregramtdeclaration written in JOVIAL consists, baslcally, of
statements and declarations, The statements specify the
computations to be performed with arbitrarily named data,
Simpletstatements can be grouped together into
compoundistatements in order to help in specifying the order of
computations, Among the declarations are datajdeclarations and
processingideclarations, The dataitdeclarations name and describe
the data on which the program is to operate, including inputs,
intermediate results, and final results, The
processingideclarations generally contain statements and other
declarations, They specify computations, but they differ from
statements in that the computations must be performed only when
the particular processingideclaration is specifically invoked by
nare, In addition to statements and declarations, theére are
directives which serve various purposes, They designate
externally defined names the compiler {s expected to recognize,
they control selective compilation of various statements and
declarations, and they provide information the compilér needs {n
order to optimize the object code, The statements, declarations,

‘ and c¢irectives are composed of symbols, which are the words of
the JOVIAL language, These symbols are, in turn, composed of the
signs that constitute the JOVIAL alphabet,

s1 1The general order in which the elements of a
programsdeclaration are introduced in the preceding |
paragraph represents the general order in which one 100kS up |
definitions when trying to clear up a guestion, The |
definitions in this manual are introduced, howeveéer, in the
opposite order, Such arrangements lead to complaints that

one must "read the book backwards," This comment arises |
from the orocess of looking up a form in the table of |
contents, turning then to the late chapter where {t {s 1
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 arranced for the use of a reader rather than for
reference, Difficult as this may be for reference use, the
opposite arrangement i{s much more difficult for a reader,

+2 An indexwglossary is included which facilitates
reference, The index=glossary answers many questions
directly, 1In other cases, it references syntax equations
and sections by number,

’ 2,2 8paces and Spaces

Section X ,X.X
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. It is important to distinguish between a space, an element of |
JOVIAL, and a space, an element of our descriptive language, ;
JOVIAL is written using symbols, the words of the language, The |
symbels are composed of sians, the elements of the JOVIAL I
alphapet, In general, symbols do not contain spaces, The
exceptions are pointed out in Section 2,5,2, with respect to |
comment, and in Section 2,8,2, with respect to
characterjconstraints, 1In general, symbols are separated by
spaces, Again the exceptions are noted in Section 2,10; however,
these exceptions are permissive; i,e,, it is always correct to
put spaces petween symbols,

o1 The following example is wrongi

PLXNPY ( 4 375, L 75, 5 " 759 ! REAL,
IMNAG )

«2 The tollowing examples are rightg
a, BEGIN 1, 3, +5, =17 END
Dy, SLIPLXMPY(1,375,=,75,5,+7,3¢REAL,IMAG)}

Gy BL: 1 PLXNPY ( 14378 , ®» 785 5 /8¢ o 743 8
REAL , IMAG )

. +3 In defining and explaining signs and symbols, any spaces
included in the metalanguage formulas are not meant to be
included in the definition, The phrase "string of" implies
that there are to be no spaces between the elements strung
together, Similarly, phrases such as "followed by",
"enclosed in", and "separated by", imply that there are to
be no spaces bhetween the elements concerned, This 15 the
situation (except where explicitly stated to be different)
in this chapter, Chapter 2, In Chapter 3 and beyond, the
opposite view is maintained with respect to these phrases, !

2,3 Sians, Elements of the JOVIAL Alphabet
(equis7)
letter

sign 1= numeral
mark

Section x,
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plusisiagn

minusgtsign

astrerisk

slash

backislash

ampersand
greaterjthanisian
lessithanisign
equalsisign

atgsign

decimalipoint

colon

comma

semicolon

space
leftiparenthesis, parenthesis
rightiparenthesis, parenthesis
leftibacket, bracket
rightibracket, bracket
prime

guotationimark
dollargsian
exclamationipoint

mark 11i1s

- e BUHAVDSNEL S

= T Mt S

1 S1ign means a letter, a numeral or a mark, Letter means |
one of the 26 letters of the English alphabet, written in
the form of a roman capital, Numeral means one of the ten
arabic numeralst 0,1,2,3,4,5,6,7,8 or 9, (The slash
through the zero is only for the purpose of distinguishing
it from the letter 0O in definitions and examples of JOVIAL,)
Sign, letter, and numera)l are defined more formally by means
of the syntax eguations in the boxes at the head of this
section, Mark is most easily defined by the formal means of
the syntax eguation in the box above, The box above also
contains a metalinguistic term associated with each markj
this serves to define these terms,

Symbols, The Words of JOVIAL
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(equ233)

primitive

jdeogram

name

letterscontrolivariable
symbol 3= abbreyiation

nurber

constant

comment

directiveikey

status

o1 The symbols or words of the JOVIAL language are composed
of strings of signs, in some cases a single sign, Most
symhols do not contain spaces, In fact, spaces serve to

separate symbols from one another,

2,5 PRIMITIVE, Ideogram, DirectiveikKey, Comment

Section X ,x,X%
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. (equl78)
ABS
ALL
ALT NENT
AND NOT
BEGIN NULL
FIT NWDSEN
BLOCK OR
BY OVERLAY
BYTE PROC
DEF PROGRAM
DEFINE REF
DIRECT REMQUO
DSIZE RESERVE
ELSE RETURN
END SHIFT

primitive 1= ENTER SIG

EQV SIGNED
EXIT SIGNUM
FOR SIZE
FORM STATUS
FORMAT STOP
FRAC SWITCH

. GOTO TABLE
IF TEST
IN THEN
INT TYPE
ISIZE UNTIL
ITEM WHILE
JOVIAL XOR
LocC XRAD
NAME ZAP
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:




DLS 24=APR=74 12145 30546

page (26]
JOVIAL J73 24 APR

. (eqylib)

(
)
& |
]
a
3

sews e w8 AVAVANLLIRDZ%N1 4
vinn n *

-

Section X ,X.X




DLS 24=APR=74 12145 30546

page (27) :
24 APR 74 JOVIAL ¢

. tequed)

|COMPOOL
ISKIP |
{BEGIN |
LEND |
| TRACE '
1COPY |
|ABNORMAL |
|SETS

directiveikey 1= IUSES |
IPOINTER |
JORDER |
JRECURSIVE |
ITIME I
{SPACE |
ILINKAGE |
{INTERFERENCE
|FREQUENCY i

|

(equi2)

. comment 3= " character L

(equ2$)

siagn
character 1=

systemidependenticharacter

1 Primitives may be considered the key words of the JOVIAL
language, They are generally used to give the primary
meaning of a statement or declaration, although some are
used for second purposes, Jldeograms are generally used as
arithmeticioperators, as relationaljoperators, and for
purposes such as grouping, separating, and terminating,
Pirectiveikeys are used to state the primary meanings of
directives, Comments can be used to annotate a
programsjdeclarationy explaining teo readers (and often the
criginal programmer) what is going on,

«2 Notice that a comment is delimited by quotationimarks,
. Therefore, spaces are permitted within a comment, but a

Section x,j

BT L N N Y A



DLS 24=APRw74 12145 30546

page (28]
JOVIAL J73 24 APR
. guotationymark is not permitted within a comment, Also, &
gsemicolon is not permitted within a comment, The reason for

this is to permit some recovery in case a delimiting
guotationgmark is left off a comment, If the comment were
not then terminated by the next semicolon, the entire
renainder of the programtdeclaration would be turned inside
outy the comments being interchanged with the statements and
declarations, Even with this rule, failure to terminate a
comment can lead to disaster, If an END is swallowed up,
the entire program structure can be disarrayed,

.3 Ine systemidependenticharacters that can be included in
compents (and other structures) are simply those characters,
other than JOVIAL signs, that the particular system and
compiler can read and write,

.4 Notice that primitives, ideograms, and directivegkeys do
not contain spaces, Spaces are significant in a
programideclaration; usually in that they separate symbols,
Comments, on the other hand, may contain spaces, This
permits easier reading and writing of the commentary, The
quotationsymarks delimiting the comment provide the necessary
groyping so that the spaces do not cause trouble,

JPxP(2])=C

JDefsyn(MonoSpace)l=My ,DefSyn(Slant]=S§y ,DefsSyn(BoldFace)=8)
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. 2,6 Abbreviation, LetteriControliVariable, Name

(eguil)

abbreviation 3= Jletter

(equii3s)

letterjcontrolivariable 1ii= letter

(equi4ds) I

letter
name 3:= letter numeral

] S
.

. +1 Abbreyiations are specific letters haying specific
meanings in specific contexts, usually datajdeclarations,
The specific uses are documented later on without, usually,
calling the letter an abbreviation,

+2 The letterjcontrolivariable is a special variable having
meaning only within a loopistatement and passing ocut of
existence when the loopistatement is not being executed, It
is explained more fully in connection with explanation of
the loopistatement,

«3 Regardless of the syntax in the box above, a name must
not be the same as any primitive, Notice that a name must
include at least two signs, The use of the dollarisign is
system dependent, That is, it provides a means whereby a
name can bhe designated to have some special meaning in
relation to the system in which the compiler is embedded,
Such special meanings are outside the scope of this manual,
however, and names containing dollartsigns are considered
the same as other names herein, Names do not contain
spaces, An empbedded space would change a name into two
names or other symbols,

2,7 Number, Constant, Status

Section X,X,.X
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' (equib4)

number 1= numeral

(equi%)
numericiconstant
constantiformuyla §1is patterniconstant
charactericonstant
(equ26)
charactericonstant 1= count * character ¢
(equd?)

. count i1i= number

(equis?)
integericonstant
fixediconstant
numericiconstant 11= floatingiconstant
statusicenstant
gualifiedistatusiconstant
(equ222)

statusiconstant 1= V( status )

Section x,)




DLS 24=APR»74 12345 30546
page [22]

JOVIAL J73 24 APR
(equi8?)
statusglistiname
itemsname
qualifiedgstatusjiconstant 1= V( tabletname
i status )
procedureginame

alternategentrancegname

(equ221)

primitive
status 3= name
letter

+1 The above definitions are obviously not complete, in
that several kinds of constants mentioned in the box are not
yet defined, This discussion is mainly concerned with the
use of spaces together with numbers, constants, and statuses
as symbols,

¢2 A nurber is a string of numerals, without spaces, In
some places, a number can stand alone as a constant, In
other places, particular)y datajdeclarations, it stands
alone as a symbol but is not considered a constant, 1In yet
other places, a number is part of another symbol, A case in
point is the characterjconstant, defined above, The
ceptional count in a charactertconstant is a number, (In
several places, numbers or other constructs are given new
names reminiscent of their uses in those places,)

«3 A character:constant {s a symbol, If it begins with a
count, there must be no spaces between the count and the
first prime, Between the primes, the string of characters
may include spaces, but these spaces are significant, They
represent part of the value represented by the
¢charactericonstant, (There are restrictions on the
characters permitted in a characterjconstant, discussed in
Section 2,8,2), In a statusiconstant and a
qualifiedsstatusiconstant, the leftiparenthesis, the nanme,
the colon, the status, and the rightiparenthesis are all
symhnols, Spaces are permitted between these elements, buyt
not within the name or the status, Space is not pemitted
petween V and the leftiparenthesis, All other constants are
symbols, not containing spaces,

Section X,x.X
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2,8 Constants and Values
(equl’)
numericsconstant
constantiformula §i= patterniconstant
charactericonstant
(equ26)
charactericonstant 1= count * character .
(equd?)

count ji= number

.1 Charactersconstants are the direct means of representing
character values to be manipulated by a program,
(Character;variables and characteriformulas are indirect
means,) The characters acceptable as character values are
whatever the system will accept from among those given in
the body of Figure 2=1, At least the 59 JOVIAL signs must
be accepted, Comparison of Figure 2=1 with Section 2 of
USAS X3,4~1968, "USA Standard Code for Information
Interchange", shows the graphic characters in identical
positions in the two tables, Figure 2«1 includes eight
additional columns presently under consideration by
standardization bodies, The positions of the characters {n
the table are the only correspondence, This manual does not
require that i{nternal representation be in accordance with
USAS X3,4-1968, 1Ift, however, JOVIAL programideclarations |
generate messages for transmission to other systems or |
process messages received from other systems, these messages .
are required by other directives to conform to USAS |
X3,4+1968 in their external representation,

Section X,
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‘ (tabl)
column 01 2 3456789 1011 12 13 14 15
Column Code 0 1 2 3 4 67 89 A B G D&, F

Row

0 space 0 @ P P

1 ! 1 AQagq

2 " 2BRDT

3 B 3. 0-8.¢ &

4 8 4 DTdAaz¢e

5 $ S5EUeu

6 RN

g . 7 GWQguw

8 ( 8 HXhX

9 ) S LX 159
10 * $ J%. 3 2

i1 B 1 K[k

12 ’ <ib -\ 0%
13 - = M)m
14 o >N n
15 / 70 o

Notes? row N, column 33 zero
row 1, column 3§ one
. row 7, column 2; prime, often rendered as a
vertical mark in JOVIAL
row 12, column 63§ a lowercase letter
Tow 15, column 43 an uppercase letter

Figure 2=1, Characters

«2 All of the character values indicated in the body of
Figure 2=1 can be represented in characterjconstants (except :
for systemedependent limitations), Artifices are required, I
however, to represent some of the values, Any spaces within
the deliriting primes, except within a threewcharacter code,
represent characters of value "space", Primes, semicolons,
and dollar:signs have special meanings, Therefore, in order
to represent a single occurrence of one of these signs, two
of them are used in succession, If a succession of these
signs is desired as part of the value represented by a
charactericonstant, the entire string is doubled, In
summarys

2n primes are used to represent n primes,
2n semicolons are used to represent n semicolons,

. 2n dollarisigns are used to represent n dollargsians,

Section X,Xx.x%
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‘ .3 7The reason for doubling the primes inside a
charactericonstant is that single prime terminates the
constant, The reason for doubling semicolons inside a
charactericonstant is the same, Although it is illegal, a
single semicolon terminates a charactericonstant; and for
the same reason it terminates a comment, to avoid turning
the whole programjdeclaration inside out i{f the correct
terminator is omitted, The reason for doubling dollarisigns
is that a single dollarisign introduces the codes described
in the next two paragraphs,

.4 Any character represented in the body of Figure 2«1, if
it is acceptable at all by the system as a character value,
may be represented by a three character code beginning with
a dollarisign, The second character i{s a column code from
the figurej; i,e,» any numeral or one of the letters from A
throuagh ¥, The third character is any character from the
pody of the figure that can be recognized by the compiler,
The character specified by such a code i{s the one at the
intersection of the column designated by the column code and
the row in which the third character is found, For example,
the percent mark can be represented by any of several three
character codes, including these twoi

§25
. s2U

5 Within a characterjconstant, there is. a recognition mode
for letters, 1Initially, the mode is "general", in which all
characters, including uppercase and lowercase letters, and
the three=character codes are recognized as described above,
The mode can be changed to "lowercase'", however, by
including the twomcharacter mode code consisting of
gollarisign followed by uppercase or lowercase L, All
letters following such a mode code in a charactericonstant,
regardless of the case used, are considered to be in
lowercase, The twomscharacter mode consisting of dollarisign
tolloved by uppercase or lowercase U sets the "uppercase"
mode, in which all letters are considered uppercase, The
threemcharacter codes pevail, without changing the mode,
regardless of the mode, Hence, the appropriate case can be
specified for one letter in a stream of letters, For
example, here are four charactericonstants with the value
"pe Gauylle":

De Gaulle’

*DSHFE GSHASTUSALSHLSHE”

. *DSLE S4GAULLE® |

Section x,3
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. *5udslesy gslaulle’ (none of these are ones)

6 If the count is present in a charactericonstant, there
must be no spaces between the count and the first prime, and
the count gives the number of concatenated repetitions ot
the character values represented within the prires,
Examples:

2'TOM* is equivalent to *TOMTOM®

0f%' is egquivalent to “#¥sssssxsa’

3¢ * is equivalent to * ¢
+7 Notice that it is indeed the values that are repeated,
not the characters making up the constant before evaluation,

Thus, 2°'TSLOM’ is equivalent to *TomTom®; it is not
eguivalent to *Tomtom’,

+8 The system may impose a limit on the number of
characters in strings representable by charactericonstants,
characterjvariables, or characterjformulas, The size of a
characterjconstant is the number of characters represented
in the valuej not the number of characters between the
primes,

. (equi71)

i |
2 .
patterniconstant 1= 3 B count .
patternjdioit ¢ '
4
5
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pattern patternidigit order

oo
-0

coocoocoo

patternidigit 1=

OO OO =00 -

C OO it OO0 DOm0 0O
o

e e e e e e e e e - O OO0 00D OO0 OO0 0O
O OO OO =G

A D DOm0 0O OO OO0 OO 00 -

CcOoOESNMWOVOZICXTAUSNTITOMMMUNID OOV WN~-O

PO bty g b pa it OC OO OO CTOM IO
o

. OO OO . e

-0

.9 Fatterniconstants directly represent values consisting
of strings of pits, (various variables and formylas also
represent bit values,) The numeral to the left of the B in
the patterniconstant is the "order" of the constant and
contro)s the possiple patternidigits and affects thelir
meanings, These relationships are displayed in the bex
above wherein patternidigit is defined, The right column
contains the possible orders, The patternidigits are
displayed in the center in braces, The permissible
patternydigits are only those on the line with or above the
selected order, For example, if the pattern is of order 4,
. only F and the 15 patternidigits above F are permitted as

Section x,:;
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part of this particular patterniconstant, The meaning of
each patternidigit {s given in the column on the left, but
these are also affected by the order, If the order is n,
then the n rightmost bits of each pattern represent the
reanings of the corresponding patternsdigits, The optional
count gives the number of concatenated repetitions cf the
patterntdigits enclosed in primes, No spaces are permitted
anywhere within this structure,

,10 The meanina ot a patterniconstant is the string of bits
resulting from the concatenation of the strings of bits (as
modified by the order) represented by each patternjdigit,
The size of the patterniconstant is the number of bits in
the string and may be obtained by multiplying the order
times the count (assumed to be 1 if not specified) times the
number of characters inside the primes, In the following
examples, a patternisconstant on the left is shown with the
pit string it represents on the right:

4B*7CF03’* 01111100111100000011
3Br3120° 011001010000
1B6°10* 101010101010
5B2'R’ 1101111011

57),Grap9y

integericonstant
fixedjconstant
numericiconstant 1= floatingjconstant
statusiconstant
qualifiedistatusiconstant

23)

integertconstant §1= number

Section X.,X.X
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(equfl)
scale
floatingiconstant !
v + scale
- scale
(equi94)
scale $is nuymber
(equ77)
scale A + scale
fixedjconstant 1=
(equ222)
statusjconstant 11=
(equ221)

number E +

number s +
nymber a number
number . E
number 2 number
V( status )

primitive

status H name

-

letter

30546

JOVIAL
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. (equid?7)

statusilistiname |
itemgname |
gqualifiedystatusiconstant 33= V( tablegname |
§ status ) .

procedureiname

alternategentranceiname

also numericivariaples and numeric:formulas,)
Numericsconstants, as well as numericjvariables and
numericgformulas, are described in terms of their three
possible modes of representation; as integer values, fixed
values, and floating values, The compiler may represent
constants in modes other than those indicated by the ,
programsdeclarationy as long as the overall effect cf the
programsdeclaration is not compromised, (This principle ‘
applies in general; i,e,, the compiler can do things g
differently as long as the result is the same,) Suppose,
for example, an integericonstant is used in a context that

‘ requires it to be converted to a floating value, It is far ,
more efficient for tnat conversion to be done once, at
compile time, instead of each time the code executed '

1
I
l
11 Numericiconstants represent numeric values, (There are I

12 An integer value is a numeric vajlue represented as a
whole number without a fractional part, but treated as {f it
had & fractional part with value zero to infinite precision,
In this manual, precisien means the number of bits to the
right of the point in binary representations of numeric
values, A number used as an integericonstant represents an
unsigned integer value, The size of an integertconstant {s
the nurber of bits needed to represent the valuejy from the
leading cne bit to the units position, inclusive (value zero
has size 1), No spaces are permitted in an
integericonstant, The system may impose a limit on sizes of
integer values,

+13 Floating values v are represented within the computer
by three parts, the significand s, the radix r, and the
exrad e, having the following relationships (with regard to
the absolute value):

vVEsXxXr

s =0o0rm s <mMmXr?r

‘ ¢+14 The radix r and the minimum value m are fixed in any

Section X,.X.X
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system, Therefore, only the significand and the exrad are
saved as representations of a floating value, For a
negative value (not a constant), a minus sign is also saved
with tne significand, Regardless of the system values of I
and m, we assume that r = 2 and m is one=half, The language
permits inguiry into the values of significands and exrads
pased on radix and minimum of these values, Therefore, with
respect to value, internal representation of floating values
exhibits (so far as the programmer can see from results) the
relationships:

Vs8R
s = 0 or 1/2 s 1

.15 Floatingiconstants are written with the assumption
that, externally, r = 10, and there is no m, Thus, the
value of a floatingiconstant is given asjy

ve=gsgx 10

.16 A fleoatingiconstant must not contain any spaces, In
the svntactic equation for a floatingiconstant, the nuymber
(or numbers) and the decimalipoint (if present) give the
value of the external significand, The scale (with or
without its plusisign or minusisign) following E gives an
exrad (exponent of the radix) to be used as a power of ten
multiplier, TIf the exrad is zero, it and the E can be
omitted, To be a floatingiconstant, the symbol must contain
a decimalipoint, or a scale as exrad, or both, It must not
contain an Aj that would make it a fixediconstant,

.17 A floatingtconstant can contain i{nformation relating to
the precision of its internal representation, The scale
following M gives the minimum number of magnitude bits in
the sianificand of the internal representation, In most
systems, there are one or two or, at most, a very few modes
of representation of floating values, If the scale
following M is greater than the maximum number of magnitude
pits in any of the system=dependent modes of representing
floating values, the floatingiconstant is in error,
Otherwise, the compiler chooses the mode with the smallest
number of magnitude bits in the significand at least as
large as the scale following M, If there i{s a choice of
exrad size also, the compiler chooses one that can encompass
the value of the floatingiconstant, These sizes are based
on the numbers of bits in the actual representations, not on
what may be a fictional assumption that the radix {s 2, If
the ¥ and its following scale are omitted, the compiler
chooses its normal mode of floating representation or one
that can contain the value,

4

-~
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.18 A fixed value is an approximate numeric valye, Within
the computer, it §is represented as a string of bits with an
assummed binary point within or to the left or right of the
string, The number of bits in the string, not counting a
sign bit {f there is one, is the size of the fixed value,
The number of bits after the point (positive or negative,
larger or smaller than the size) is the precision of the
fixed value,

.19 A fixediconstant is seen, in the syntactic equation
above, to be an integericonstant or a floatingiconstant
(without an M and {ts scale) followed by the letter A and a
scale, The A and its scale are essential to make the form a
fixedjconstant, Spaces are not allowed anywhere within a
fixediconstant, All that precedes the A determines the
value of the fixedjconstant, All that precedes the A
determines the value of the fixediconstant (which may then
be truncated on the right), The scale after the A tells how
many bits there are after the point, (If the scale {s
negative, the bits don’t even come as far to the right as
the point), The size of the constant is the number of bits
from the leftmost one=bit to the number after the point as
specified by the scale after A, inclusive, Here are some
fixediconstants, their values, their sizes, and their
precisionss

(tab2)
fixediconstant value size precision
1940 19 5 0
19A3 19 8 3
19A=2 16 3 2
2,3A0 2 2 0
2,31 2 1 L3}
2,372 2,25 4 2
2,3a5 2,28125 7 5
2,306 2.,96875 8 6

Section x,

+20 There must be no spaces within a fixedjconstant, The
system may impose a size limitation on fixed values,

«21 Integericonstants, floatingiconstants, and
fixediconstants cannot have embeddeéd spaces and cannot have
negative values, Both of these characteristics are changed
for statusiconstants and gualifiedistatusiconstants, In
statusiconstants and qualifiedistatusiconstants, there must
be no spaces within the status, within the gualifying name,
or between the V and the leftiparenthesis, There may be
spaces elsewhere within such constants,
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+22 Statustconstants and qualifiedistatusiconstants
represent constant integer values,
associated with these values and how they may be used are

explained elsewhere,

How they beconme

In distinction to integer:constants,

which can only stand for zero and positive integer values,
statusiconstants and qualifiedistatusiconstants can also
stand for unvarving negative integer values,

;Defsyn(MonocSpace]l=My

LDefSyn(slant]=§)

LDeftSyn(BoldFace)=B)

Section x,»
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. 2,9 Computer Representation of Constants and variables

JOVIAL is designed to be conpatible with binary computers,
machines in which numeric and other values are represented as
strings of binary digits, ones and zeros, The bits (binary
digits) of a computer are organized in a hierarchical structure,
A corpiler may impose a different structure on the computer, but
for reasons of efficiency it usually adopts a structure identical
to or at least compatible with the structure of the machine, The
structure discussed in this section is the system structurejp
i,e,, the structure presented to the programmer by the
combination of a particular computer and a particular JOVIAL
compiler that produces object code for that computer,

«1 JOVIAL programi;declarations are not completely
independent of the system, The extent of dependence,
however, is related to the use of certain language features,
Dependence is increased by the use of features, such as
pattérnjconstants and BIT, that relate to bit representation
or those, such as LOC, that relate to system structure, The
value of a patterniconstant i{s completely independent of the
system, but its use implies knowledge of the representation
of other data, It is that knowledge, bullt into te
proaramgdeclaration, that is system dependent,

‘ ,2 Even if such deliberate system depepndence is avoided,
the programmer must still have knowledge of structure and

representation in his system s0 that he may kKnow the
limitations on precision, how his tables must be structured,
and how to avoid gross inefficiencies, For example, in
processing long strings of character data, it is often much
faster tc examine and manipulate them in wordesize, instead
of bytessize, hunks,

+3 2 "pyte" is a group of bits often used to represent one
character of data, The number of bits in a byte {s systenm
dependent, Although JOVIAL permits some leeway in
positioning bytes, there are usually preferred positions,
when referring to these preferred positions, we often use
the term "pyte boundary",

»4 A "werd" i{s a systemmdependent grouping of pits
convenient for describing data allocation, Entries and
tables are allocated in terms of words, Data are overlaid
in terms of words, The maximum sizes of numeric values may,
but need not, be related to words, Word boundaries usually
cerrespond to some of the byte boundaries,

+5 The "pasic addressable unit" is the group of bits

corresponding to each machine location, In many machines,

the pasic addressable unit {s the word, 1In others, it is
. the byte, 1If it is the word, each value of the location

Section X,X.X
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. counter refers to a unigue word, If the basic addressable
unit is the byte, each location value refers to a unigue
pyte, In these latter circumstances, it often happens that
adresses are somewhat restricted, For instance, it may be
permitted to refer to a string of characters starting in any
pyte, or to doublesprecision floating values starting only
in bytes with locations divisible by 8,

.6 Integer and fixed values are represented in binary as
strines of bits, The number of bits used to represent the
magnitude of a value is known as its size and is (in most
cases) under the eontrol of the programmer, The position of
the binary point is understood and takes up no space, For
signed values, the sign bit is an additional bit not counted
in the size of the value, For purposes of the use of BIT,
the sign bit is considered to lie just to be left of the
most significant bit accounted for by the size of the value,
The maximum permissible size of an integer or fixed value is
system dependent, The maximum size of a signed integer or
fixed value is one less than this system=dependent size and
the places where unsigned values of maximuym size may be used
are restricted; i,e,, they must not be used in conjunction
with anv arithmeticsoperators, nor with the four
nnnrxlldtrnb rdlthnn*linpdritnrr <, >, <=, >=, and when
used with the symmetric relationalioperators (= and <>) the
. other operand must not be signed,

«7 The compiler determines the sizes of constants, The
programmer usually supplies the sizes of variables, The
size does not include the sign bit for signed data, For
unpacked or medium packed data, there may be more bits in
the space allocated for an item than are specified by the
programmer, Whether or how these extra bits are used is
svstem dependent, but in any case they are known as "filler
pits", The sign bit, if there is one, and any filler bits
are to the left of the magnitude bits, It depends on the
system whether the sign bit is to the left or right of the
filler bits,

.8 The meanings of bit values 0 and 1 are not stipulated,
but in most implementations 0 stands for 0 and 1 for 1 in
positive values, For negative values, there is considerable
variation, All the following are known and acceptable
representations of =12 in an unpacked, signed, integer item
declared to be four bits long:

11412200 84092091121244121294$292111111111111110011

10000000000000000000000000000001100

10100

Section x,;
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«9 Floating values are represented by two numbers, both
signed, The significand contains the significant digits of
the value and the exrad is the exponent of the understood
radix, Each system has a standard mode of representing
floating values, known as "single precision", with a
specified number of bits in the sianificand and a specified
number in the exrad, Many systems have one or a few
additional modes in which there are more bits in the
significand, the exrad, or both, If there is more than one
mode, the programmer can usually choose the mode for each
floating value, In the ahsence of an indication of such
choice, the compiler will usually choose single precision,
The radix is an implicit constant having a system=dependent
valuye,

«10 Character values are represented by strings of bytes,
each byte consisting of a string of bits, The number of
bits in a byte is system dependent, The number of bytes
useéd to represent a character value is under control of the
programmer, but there is a systemwsdependent maximum,

«11 A character item that fits in one word is always stored
in one word, by the compiler, By use of a
specifiedytablejdeclaration, the programmer may override
this rule, 1If it is not densely packed, a character ftem
always starts at a byte boundary, 1If it crosses a word
boundary, a character item always starts at a byte bouyndary,
The programmer must not attempt to override this rule,

+12 An entry variable whose relevent tablejdeclaration does
not describe it as being of some other type is a bit
variable, It is merely the string of bits, of a size
corresponding to the number of words in an entry,
representing the entry,

2,10 Spaces, Comments

The syntactic structures of all symbols have now been explained,
as well as the places where spaces are permitted or prohibited
within them, All further structures that go to make up a
programideclaration are composed of strings of symbols, It is
always permitted to place one or more spaces between symbols, It
is semetimes required to put at least one space between symbols,
The criterion is to avoid ambiguity, Comments can often replace
recuired spaces,

1 ©Spaces are required in many situations to enable the
compiler to detect the end of one symbol and the beginning
of the next, Generally, at least one space is required
between two symbols of any class except ideograms, but
including the guotationimark, The rule is exhibited {n
detail in the following table, The rows are labelled with

Section X,X,X
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. the ending signs of the left symbol of a pair of symbols,
The colurns are labelled with the beginning signs of the
right symbol of a pair, "SR" at the intersection of row and
column indicates that at least one space {s required between
the pair of symbolst

(tab3)
Left right symbol starts withig
symbol
ends in numeral letter § - '
"
numeral SR SR SR SR
SR
letter SR SR SR SR
s SR SR SR SR
’ SR SR SR SR
- SR SR
"
SR

,2 A comment may occur between symbols, However, it must

‘ not cecur within a definition nor within any constant, such
as a statusjconstant or a characterjconstant, A comment may
he used instead of the required space between symbols unless
use of the comment would cause the occurrence of two
quotationgmarks in succession, In fact, only the use of a
comment can bring about the situation indicated by the lower
rignt corner of the table above, Introduction of a comment
petween symbols where a space is permitted but not required
may then require a space to prevent the comment from
interfering with another symbol,

.3 A comment must not be used where the next structure
required or permitted by the syntax is a definition, That
is, a comment must not follow the defineiname or a
rightiparenthesis in a definegdeclaration, And a comment
must not follow a leftiparenthesis or a comma in a
detinitionsinvocation, A comment, as defined above, must
not occur in a definition delimited by cquotationimarks,

Section x,;
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. Chapter 2

ELEMENTS

Pt SNSRI D | Ly

2,1 Introduction

A programideclaration written in JOVIAL consists, basically, of
statements and declarations, The statements specify the
computations to be performed with arbitrarily named data,
Simpletstatements can be grouped together into
compoundistatements in order to help in specifying the order of
computations, Among the declarations are datajdeclarations and
processingideclarations, The dataideclarations name and describe
the éata on which the program is to operate, including inputs,
intermediate results, and final results, The
processingideclarations generally contain statements and other
declarations, They specify computations, but they differ from
statements in that the computations must be performed only when
the particular processingideclaration is specifically invoked by
name, In addition te statements and declarations, there are
directives which serve various purposes, They designate
externally defined names the compiler is expected to recognize,
they control selective compilation of various statements and
declarations, and they provide information the compiler needs in
order to optimize the object code, The statements, declarations,

. and directives are composed of symbols, which are the words of
the JOVIAL language, These symbols are, in turn, composed of the
sions that constitute the JOVIAL alphabet,

.1 The general order in w¥hich the elements of a
programideclaration are introduced in the preceding
paragraph represents the general order in which one looks up
definitions when trving to clear up a question, The
defini{tions in this manual are introduced, however, in the
opposite erder, Such arrangements lead to complaints that
ocne muyst "read the book backwards," This comment arises
fror 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 i{s much more difficult for a reader,

.2 An index=glossary is included which facilitates
reference, The index=glossary answers many questions
directly, In other cases, it references syntax equations
and sections by number,

' 2,2 Spaces and Spaces

Section Xx,:
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‘ It is important to distinguish between a space, an element of
JOVIAL, and a space, an element of our descriptive language,
JOVIAL is written using symbels, the words of the language, The
symbels are composed of sions, the elements of the JOVIAL
alphabet, In general, symbols do not contain spaces, The
exceptions are pointed out in Section 2,5,2, with respect to
comment, and in Section 2,8,2, with respect to
charactericonstraints, In general, symbols are separated by
spaces, Again the exceptions are noted in Section 2,10; however,
these exceptions are permissive; i,e,, it is always correct to
put spaces between symbols,

«d The following example is wrong!

BLXEPY ¢ 1, 3785, my, 18; S ‘g2 T¢3 1 REAL)
INEG )

«2 The following examples are right;
a' BEGIN 1' 3' 05, . 7 END
by, SLIPLXMPY(1,375,2,75,5,,7,331REAL,IMAG)}

GO CPTRLXNPY CRNLI378 m B8N 5 T By Ay AT
REAL. ., TMAG - ) ¢

. 23 In defining and explaining signs and symbols, any spaces
included {n the metalanguage formylas are not meant to be
included {n the definition, The phrase "string of" implies
that there are to be no spaces bhetween the elements strung
together, Similarly, phrases such as "followed by'",
"enclosed in", and "separated by", imply that there are to
be no spaces between the elements concerned, This is the
situation (except where explicitly stated to be different)
in this chapter, Chapter 2, In Chapter 3 and beyond, the
opposite view is maintained with respect to these phrases,

2,3 8Signs, Elements of the JOVIAL Alphabet
(equi97)
letter

sign 1= numeral
mark

Section X,x,.X
i SR T B s
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,.l
B
p
D

b |

R

letter

<cC-HOLDOUOo

N o< X =

(eaui1s6)

oW - C

ol R R
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(equildd)

plustsign

minusisign

astrerisk

slash

backislash

ampersand
greaterjthanisign
lessithantsign
equalsisiagn

atysian

decimalipoint

colon

comma

semicolen

space
leftiparenthesis, parenthesis
rightiparenthesis, parenthesis
leftibacket, bracket
rightibracket, bracket
prime

quotatjionimark
dollargsiagn
exclamationjipoint

WAV SN kLS

mark 1=

N o~ -e weew

-0

«1 Sign means a letter, a numeral or a mark, Letter means
one of the 26 letters of the English alphabet, written in
the form of a roman capital, Numeral means one of the ten
arablec numeralsy 0,1,2,3,4,5,6,7,8 or 9, (The slash
through the zere is only for the purpose of distinguishing
it from the letter 0 in definitions and examples of JOVIAL,)
Sign, letter, and numeral are defined more formally by means
of the syntax equations in the boxes at the head of this
section, Mark is most easily defined by the formal means of
the syntax eguation in the box above, The bhox above also
contains a metalinguistic term associated with each markj;
this serves to define these terms,

2,4 Sympbols, The Words of JOVIAL

Section Xx,X,.,x
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. (equ233)

primitive

{deogram

nare

lettericontrolivariable
symrbol 1= abbreviation

number

constant

comment

directiveikey

status

0! The symbols or words of the JOVIAL langquaqge are composed
of strings of signs, in some cases a single sign, Most
syrbols do not contain spaces, In fact, spaces serve to
separate symbols from one another,

2,5 PRIMITIVE, Ideogram, DirectiveiKey, Comment

Section x,
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(equi?8)

primitive 1=

Section X,X,X
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ABS
ALL
ALT
AND
BEGIN
FIT
BLOCK

BYTE
DEF
DEFINE
DIRECT
DSIZE
ELSE
END
ENTER
EQV
EXIT
FOR
FORM
FORMAT
FRAC
GOTO

IN

INT
ISIZE
ITEM
JOVIAL
LoC
NAME

DLS 24=APRw74 12145

NENT
NOT
NULL
NWDSEN
OR
OVERLAY
PROC
PROGRAM
REF
REMQUO
RESERVE
RETURN
SHIFT
SI1G
SIGNED
SIGNUM
SIZE
STATUS
STOP
SWITCH
TABLE
TEST
THEN
TYPE
UNTIL
WHILE
XOR
XRAD
ZAP
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. (equile)

(

)

@ '
)

3

A

+
/
2
\
&
<
>
<=
>=
jdeogram 3= <>
L]
'
4
1
:!
L)
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‘ (equhd)

JCOMPOOL
ISKIP
IBEGIN
L1END
1TRACE
ICOPY
ABNORMAL
ISETS
directiveikey 1i1i1= IUSES
IPOINTER
10RDER
IRECURSIVE
ITIME
|SPACE
JLINKAGE
JINTERFERENCE
IFREQUENCY

(eaqu32)

‘ comment :i= " character "

(equ2s)

sign
Character 1ii=
systemidependenticharacter

«1 Primitives may be considered the key words of the JOVIAL
language, They are generally used to give the primary
meaning of a statement or declaration, although some are
used for second purposes, Ideograms are generally used as
arithmetictioperators, as relationalioperators, and for
purposes such as grouping, separating, and terminating,
Directiveikeys are used to state the primary meanings of
directives, Comments can be used to annotate a
programsdeclarations explaining to readers (and often the
original programmer) what is going on,

«2 Notice that a comment is delimited by quotationgmarks,
. Therefore, spaces are permitted within a comment, but a

Section X.X.X
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. guotationsymark is not permitted within a comment, Also, a
senicolon is not permitted within a comment, The reason for

this is to permit some recovery in case a delimiting
guotationsmark is left off a comment, 1f the comment were
not then terminated by the next semicolon, the entire
remainder of the programideclaration would be turned inside
outy the comments being interchanged with the statements and
declarations, Even with this rule, failure to terminate a
comment can lead to disaster, If an END is swallowed up,
the entire program structure can be disarrayed,

+3 The systemidependenticharacters that can be included in
conments (and other structures) are simply those characters,
other than JOVIAL signs, that the particular system and
compiler can read and write,

+4 Notice that primitives, ideograms, and directiveskeys do
not contain spaces, S8paces are significant in a
programideclarationy usually in that they separate symbols,
Comments, on the other hand, may contain spaces, This
permits easier reading and writing of the commentary, The
guotationymarks delimiting the comment provide the necessary
grouping so that the spaces do not cause trouble,

J,DefsyniMonoSpace)=My ,DefSyn(Slant)=§; ,DefSyn(BoldFace]=B)
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2,6 Abbreviation, LetteriControliVariable, Name

(equl)

abbreviation = Jetter
(equi3s)

letterjcontroljvariable ::i= letter
(equidh)

letter
name = letter numeral
8 $

’

1 Abbreviations are specific letters having specific

30546
24 APR

meanings in specific contexts, usually dataideclaratioens,
The specific uses are docuymented later on without, usually,

calling the letter an abbreviation,

+2 Tnhe lettericontrolivariable is a special variable having

meaning only within a loopistatement and passing out of
existence when the loopistatement is not being executed,

It

is explalined more fully in connection with explanation of

the loopistatement,

+3 Regardless of the syntax in the box above, a name must
not be the same as any primitive, Notice that a name must

include at least two signs, The use of the dollarisign
system dependent, That is, it provides a means whereby
name can bhe designated to have some special meaning in

is
a

relation to the system in which the compiler i{s embedded,
Such special meanings are outside the scope of this manual, .
however, and names containing dollarisigns are considered

the same as other names herein, Names do not contain
spaces, An embedded space would change a name into two
names or other symbols,

2,7 Number, Constant, Status

Section x,%x,X
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‘ (equisd)
number 3= numeral
(equl9)
numericjconstant
constantiformula 1= patterniconstant
charactergconstant
(equ26)
charactergconstant 3= count * character ’
(equd?)

. count i number

(equls?)
integericonstant
fixediconstant
numeri{csconstant 1= floatingiconstant
statusiconstant
qualifiedistatussconstant
(equ222)

V( status )

statusjconstant

Section x,:
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(equ?2
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statusglistiname

iteminame

gualifiedsstatusjconstant $3= V( taplegname

i status )

proceduregname

alternategentrancetname

21)

primitive
status 1= name
letter

«1 The above detinitions are obviously not complete, in
that several kinds of constants mentioned in the box are not
yet defined, This discussion is mainly concerned with the
use of spaces together with numbers, constants, and statuses
as symbols,

22 A number is a string of numerals, without spaces, In
some places, a number can stand alone as a constant, In
other pjlaces, particular)y datajdeclarations, it stands
alone as a symbol but is not considered a constant, In yet
other places, a number is part of another symbol, A case in
point is the characterjconstant, defined above, The
optional count in & charactericonstant is a number, (In
several places, numbers or other constructs are given new
names reminiscent of their uses in those places,)

+3 A charactericonstant is a symbol, If it begins with a
count, there must be no spaces between the count and the
first prime, Between the primes, the string of characters
may include spaces, but these spaces are significant, They
represent part of the value represented by the
characterjconstant, (There are restrictions on the
characters permitted in a charactericonstant, discussed in
Section 2,8,2), In a statusjconstant and a
gqualifiedistatusiconstant, the leftiparenthesis, the name,
the colon, the status, and the rightiparenthesis are all
symbols, Spaces are permitted between these elements, but
not within the name or the status, Space is not pemitted
between V and the leftiparenthesis, All other constants are
symbols, not containing spaces,

Section x,X.X
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. 2,8 Constants and Valves
(equis)
numerictconstant
constantiformula j§i= patterniconstant
characterjconstant
(equ26)
characterjconstant 3= count * character ¢
(equd?)

count $i= number

’ .1 Charactericonstants are the direct means of representing
character values to be manipulated by a program,

(Charactersvariables and characteriformulas are indirect
means,) The characters acceptable as character values are
whatever the system will accept from ameng those given in
the body of Figure 2=1, At least the 59 JOVIAL signs must
pe accepted, Comparison of Figure 2=1 with Section 2 of
USAS X3,4=196R, "USA Standard Code for Information
Interchange", shows the graphic characters in identical
positions in the two tables, Figure 2=1 includes eight
additional columns presently under consideration by
standardization bodies, The positions of the characters in
the table are the only correspondence, This manual does not
require that internal representation be in accordance with
USAS X3,4~1968, 1I1f, however, JOVIAL programideclarations
generate messages for transmission to other systems or
process messages received from other systems, these messages
are required by other directives to conform to USAS
X3,4=1968 in their external representation,

Section x,:




DLS 24=APR=74 123145

JOVIAL 073

page [24)
(tacl)
column 01 2 34,567 89010 14%2 13
Column Code 0 | 2 48 6T 89 A E C D

Row

0 space 0 @ P -}
1 } 1 AGagqg
2 " 2BRDTY
3 [ 3 CiSue 8
4 [ 4DTdce
5 % SEUenu
6 & 6FV £y
7 4 76G6GWagw
8 ( B HX hxX
9 ) [} oo &
10 * ULz 3 2
11 * 1 K (K
12 ' < L\ g
13 - s M)ln
14 o >N n
15 / 70 °
Notes} row n, column 33 zero

rov 1, column 33 one

row 7, column 23 prime, often rendered as a
vertical mark in JOVIAL

row 12, column 63

row 15, column 4;

a lowercase letter
an uppercase letter

Figure 2«1, Characters

™ &

»2 All of the character values indicated in the body of
Figure 2+1 can be represented in characterjconstants (except

for systemmdependent limitations),
hovever, to represent some of the values,

30546
24 APR

- o

Artifices are required,
Any spaces within

the delimiting primes, except within a three=character code,

represent characters of value "space",
and dollarisigns have special meanings,

to represent a single occurrence of one of these signs,
If a succession of these

of them are used in succession,
signs is desired as part of the value represented by a
charactericonstant, the entire string is doubled, 1In
summarys

2n primes are used to represent n primes,

2n semicolons are used to represent n semicolons,

Primes, semicolons,
Therefore, in order

two

2n dollarisians are used to represent n dollarisians,

Section X .x,X%
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+3 The reason for doubling the primes inside a
charactericonstant i{s that single prime terminates the
constant, The reason for doubling semicolons inside a
charactericonstant i{s the same, Although it is illegal, a
single semicolon terminates a characterjconstant; and for
the same reason it terminates a comment, to avoid turning
the whole programideclaration inside out {f the correct
terminator is omitted, The reason for doubling dollarisigns
is that a single dollarisign introduces the codes described
in the next two paragraphs,

.4 Any character represented in the body of Figure 2=1, if |
it is acceptahle at all by the system as a character value,
may be represented by a three character code peginning with
a dollarisign, The second character is a column code from

the figure; i,e,, any numeral or one of the letters from A l
through ¥, The third character is any character from the

pody of the figure that can be recognized by the compiler,

The character specified by such a code is the one at the .
intersection of the column designated by the column code and -
the row in which the third character is found, For example,
the percent mark can be represented by any of several three

character codes, including these twoi

$25
s2u

.5 Within a charactericonstant, there {s a recognition mode
for letters, Initially, the mode is "general", in which all
charaecters, including uppercase and lowercase letters, and
the three=character codes are recognized as described above,
The mode can he changed to "lowercase", however, by
including the twoescharacter mode code consisting of
dollarsisian followed by uppercase or lowercase L, All
letters following such a mode code in a characterjconstant,
regardless of the case used, are considered to be in
lowercase, The twoscharacter mode consisting of dollarisign
followed by uppercase or lowercase U sets the "uppercase"
mode, in which all letters are considered uppercase, The
threescharacter codes pevail, without changing the mode,
regardless of the mode, Hence, the appropriate case can be
specified for one letter {n a stream of letters, For
example, here are four charactericonstants with the value

De Gaulle'
*DSBE GSHAASTUSALSHLSAE’

*DSLE S4GAULLE'

Section x,»
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fsudslesu aslaulle’ (none of these are ones)

6 If the count {s present in a charactericonstant, there
must be no spaces between the count and the first prime, and
the count gives the number of concatenated repetitions of
the character values represented within the primes,
Examples?

2'TOM* is equivalent to *TOMTOM®
0f%#% is equivalent to ‘xsxsxusssx’
3* * {s equivalent to * 4

«7 Notice that it is indeed the values that are repeated,
not the characters making up the constant before evaluation,
Thus, 2°T$LOM” {s equivalent to *TomTom’; it is not
equivalent to ‘Tomtom’,

«8 The system may i{mpose a limit on the number of
characters in strings representable by charactericonstants,
characterjvariables, or characteriformulas, The size of a
charactericonstant is the number of characters represented
in the values not the number of characters between the
primes,

(equ171)

W N -

patternstconstant = B count ¢

patternsdigit ’
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. (equi?2)
pattern patternidigit order
00000 0
0 0001 1 1
00010 2
o i N 3
00100 &
001 01 )
(VR B W 6
0401 1.4 7 3
01000 8
01001 9
01010 A
D301 4 B
01100 C
0:-31 1.0 1 D
[ e % B patternidigit 1:1= E
e W T D § F B
i1 00 00 G
1 0001 H
$OL0. 1 50 1
000 30 J

. 10100 K
U R G A | L
1008410 M
10111 N
$° 1 %00 0 o
11001 P
i 304810 Q
L4 I OnEA S R
1.8 120080 s
1§78 108 T
173 38519 U
b e WIS L L | A 5

.9 Patternticonstants directly represent values consisting
of strings of bits, (Various variables and formulas also
represent bit values,) The numeral to the left of the B in
the patterniconstant {s the "order" of the constant and
controys the possible patternidigits and affects their
meanings, These relationships are displayed in the box *
above wherein patterntdigit is defined, The right column
contains the possible orders, The patterntdigits are
édisplayed in the center in braces, The permissible
patternidigits are only those on the line with or above the
selected order, For example, if the pattern is of order 4,
. only ¥ and the 15 patternidigits above F are permitted as

Section x,:
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. part of this particular patterniconstant, The meaning of
each patternidigit is given in the column on the left, but
these are also affected by the order, 1f the order is n,
then the n rightmost bits of each pattern represent the
meanings of the corresponding patternidigits, The optional
count gives the number of concatenated repetitions of the
patterngdigits enclosed in primes, No spaces are permitted
anywhere within this struecture,

.10 The meaning of a patterniConstant is the string of bits
resulting from the concatenation of the strings of bits (as
modified by the order) represented by each patternidigit,
The size of the patterniconstant is the number of bits in
the string and may be obtained by multiplying the order
times the count (assumed to be 1 if not specified) times the
number of characters inside the primes, 1In the following
examples, a patternstconstant on the left is shown with the
pit string it represents on the rightg

4B*7CF03° 01111100111100000011
3Be3120¢ 011001010000
1B6°10°* 101010101010
’ 5B2°R* 1101111011
(equi57)
integerjiconstant
fixediconstant
numericiconstant s floatingiconstant
statusjconstant
qualifiedistatusicenstant
(equi23)

integericonstant $3= number

Section x,X.%
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. (equbl)
number E +
scale
floatingiconstant = numpber ' +
M “ scale :
E
- scale
number S number
(equi194)
scale fti= number
(equ?7)
number ’ E +
. scale A + gscale
fixedjconstant 1=
number » number
(equ222)
statusjconstant 113 V( status )
(equ221)

primitive
status 3= name
letter
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‘ (equig?)

statustlistiname
iteminame

qualifiedrstatusiconstant iis V( tabletname

i status )

proceduregname

alternatejentranceinanme

11 nNumericiconstants represent numeric values, (There are
also numericivariables and numericiformulas,)
Numericsconstants, as well as numericjvariables and
numericsformulas, are described in terms of their three
possible modes of representation; as integer values, fixed
values, and floating values, The compiler may represent
constants in modes other than those indicated by the
programjceclarationy as long as the overall effect of the
programjdeclaration is not compromised, (This principle
applies in general; i,e,, the compiler can do things
differently as long as the result is the same,) Suppose,
for example, an integericonstant is used {in a context that
. requires it to he converted to a floating value, It is far
more efficient for that conyersion to be done once, at
compile time, instead of each time the code executed

12 An integer value is a numeric value represented as a
whole nuymber without a fractional part, but 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, A number used as an integericonstant represents an
unsigned intecer value, The size of an integericonstant {s
the number of bits needed to represent the valuejy from the
leading one bit to the units position, inclusive (value zero
has size 1), No spaces are permitted in an
integericonstant, The system may impose a limit on sizes of
integer values,

13 Floating values v are represented within the ceomputer
by three parts, the significand s, the radix r, and the
exrad e, having the following relationships (with regard to
the absolute value):

vesxXr

s =0orm s <mxr

. 14 The radix r and the minimum value m are fixed in any
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. system, Therefore, only the significand and the exrad are
saved as representations of a floating value, For a
negative value (not a constant), a minus sign is also saved i
with the significand, Regardless of the system values of r |
and m, we assume that r = 2 and m is one~half, The language
permits inquiry into the values of significands and exrads
pased on radix and minimum of these values, Therefore, with
respect to value, internal representation of flecating values
exhibits (so far as the programmer can see from results) the
relationshipsy

ves X2
s = 0 or 1/2 [ [

15 Floatingsconstants are written with the assumption
that, externally, r = 10, and there is no m, Thus, the
value of a floatingiconstant is given asi

v=1sx 10

.16 A floatingiconstant must not contain any spaces, In
the syntactic equation for a floatingiconstant, the number
{or numbers) and the decimalipoint (if present) give the
value of the external significand, The scale (with or

. without its plusisign or minusisign) following E gives an
exrad (exponent of the radix) to be used as a power of ten
multiplier, 1If the exrad is zero, it and the E can be
omitted, To be a floatingiconstant, the symbol must contain
a decimalipoint, or a scale as exrad, or both, It must not
contain an Aj that would make it a fixediconstant,

,17 A floatingiconstant can contain information relating to
the precision of its internal representation, The scale
tollowing M gives the minimum number of magnitude bits in
the signifiecand of the internal representation, In most
systems, there are one or two or, at most, a very few modes
of representation of floating values, If the scale
following M is greater than the maximum number of magnitude
bits in any of the systemmdependent modes of representing
floating values, the floatingiconstant is in error,
Otherwise, the compiler chooses the mode with the smallest
number of magnitude bits in the significand at least as
large as the scale following M, If there is a choice of
exrad size also, the compiler chooses one that can encompass
the value of the floatingsconstant, These sizes are based
on the numbers of bits in the actual representations, not on
what may be a fictional assumption that the radix is 2, If
the M and its following scale are omitted, the compiler
chooses its normal mode of floating representation or one
. that can contain the value,
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. ,18 A fixed value is an approximate numeric value, Within
the computer, it is represented as a string of pits with an

assummed binary point within or to the left or right of the
string, The number of bits in the string, not counting a
sign bit if there is one, is the size of the fixed value,
The nunrber of bits after the point (positive or negative,
larger or smaller than the size) is the precision of the
fixed valuye,

.19 A fixediconstant is seen, in the syntactic equation
above, to be an integericonstant or a floatingiconstant
(without an M and its scale) folloved by the letter A and a
scale, The A and its scale are essential to make the form a
fixedjconstant, Spaces are not allowed anywhere within a
fixedtconstant, All that precedes the A determines the
value of the fixediconstant, All that precedes the A
determines the value of the fixediconstant (which may then
be truncated on the right), The scale after the A tells hoW
many bits there are after the point, (If the scale {s
negative, the bits don’t even come as far to the right as
the point), The size of the constant is the number of bits
from the leftmost one=bit to the number after the point as
specified by the scale after A, inclusive, Here are some
fixedsconstants, their values, their sizes, and their
precisions:

. (tap?2)

fixedjconstant valuye size precision
19A0 18 5 0
19A13 19 B 3
19A=2 16 3 "2
2,300 2 2 0
2,3A=1 2 1 wi
2,322 2,25 4 2
2,3a5 2,28125 7 5
2,326 2,96875 8 “

+20 There must be no spaces within a fixedjconstant, The
system may impose a size limitation on fixed values,

+21 Integerjconstants, floatingiconstants, and
fixediconstants cannot have embedded spaces and cannot have
negative values, Both of these characteristics are changed
for statusiconstants and qualifiedistatusiconstants, In
statusiconstants and qualifiedistatusiconstants, there must
be no spaces within the status, within the qualifying name,
or netween the V and the leftiparenthesis, There may be
‘ spaces elsewhere witnin such constants,
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v22 Rt ttribnnrtints and gualifiedistatusgconstants
represent constant integer values, HoW they become
associated with these values and how they may be used are
explained elsewhere, In distinction to integericonstants,
whieh can only stand for zero and positive integer values,
statusiconstants and qualifiedistatusjconstants can also
stand for unvarying negative integer values,

,Def8yn(MonoSpace]=M; ,DefSyn(Slant)}=S; ,DefSyn(BoldFace)=B;
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2,9 Computer Representation of Constants and variables

JOVIAL is desioned to be compatible with binary computers,
machines in which numeric and other values are represented as
strings of binary diaits, ones and zeros, The bits (binary
digits) of a computer are organized in & hierarchical structure,
A compller may impose a different structure on the computer, but
for reasons of efficiency it usually adopts a structure identical
to or at least compatible with the structure of the machine, The
structure discussed in this section is the system structurej
{i,e,, the structure presented to the programmer by the
compination of a particular computer and a particular JOVIAL
compiler that produces object code for that computer,

«1 JOVIAL programgdeclarations are not completely
independent of the system, The extent of dependence,
however, is related to the use of certain language features,
Dependence is increased by the use of features, such as
patterniconstants and BIT, that relate to bit representation
or those, such as LOC, that relate to system structure, The
value of a patterngconstant is completely independent of the
system, but its use implies knowledge of the representation
of other data, It is that knowledge, built inte te
programtdeclaration, that is system dependent,

2 Evepn {f such deliberate system dependence is avoided, -
the programmer must still have Knowledge of structure and
representation in his system so that he may know the
lim{tations on precision, how his tables must be structured,
and how to avoid oross inefficiencies, For example, in
processing long strings of character data, it is often much
faster to examine and manipvlate them in wordesize, instead

of bytessize, hunks,

+3 A "byte" is a group of bhits often used to represent one
character of data, The number of bits in a byte is system
dependent, Ajlthough JOVIAL permits some leeway in
positioning bytes, there are usually oreferred positions,
when referring to these preferred positions, we often use
the term "byte boundary",

«4 A "word" is a systeredependent grouping of hits
convenient for describing data allecation, Entries and
tables are allccated in terms of words, Data are overlaid
in terms of words, The maximum sizes of numeric values may,
but need not, be related to words, Word boundaries usually
¢orrespond to some of the byte boundaries,

«5 The "hasic addressable unit" is the group of bits
corresponding to each machine location, In many machines,
the pasic addressable unit is the word, In others, it {s
the byte, If it is the word, each value of the location
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counter refers to a unique word, If the basic addressable
unit is the byte, each location value refers to @ unique
pyte, In these latter circumstances, it often happens that
adresses are somewhat restricted, For instance, {t may be
permitted to refer to a string of characters starting in any
pyte, or to doublewprecision floating values starting only
in bytes with locations divisible by 8,

.6 Integer and fixed values are represented in binary as
strings of bits, The number of bits used to represent the
magnitude of a value is known as its size and is (in most
cases) under the control of the programmer, The position of
the binary point is understood and takes up no space, For
signed values, the sign bit is an additional bit not counted
in the size of the value, For purposes of the use of BIT,
the sign bit is considered to lie just to be left of the
most significant bit accounted for by the size of the value,
The maximum permissible size of an integer or fixed value is
system dependent, The maximum size of a signed integer or
fixed value is one less than this system=dependent size and
the places where unsigned values of maximum size may be used
are restricted; i,e,, they must not be used in conjunction
with any arithmeticioperators, nor with the four
nonsymmetric relationaltoperators <, >, <=, >=, and when
used with the symmetric relationalioperators (= and <>) the
other operand must not be signed,

.7 The compiler determines the sizes of constants, The
programmer usuvally supplies the sizes of variables, 7The
size does not include the sign bit for signed data, For
unpacked or medium packed data, there may be more bits in
the space allocated for an item than are specified by the
programmer, Whether or how these extra bits are used is
system dependent, but in any case they are known as "filler
pits", The sign bit, if there is one, and any filler bits
are to the left of the magnitude bits, It depends on the
system whether the sion bit is to the left or right of the
filler bits,

.8 The meanings of bit values 0 and 1 are not stipulated,
but in most implementations 0 stands for 0 and 1 for 1 4n
positive values, For negative values, there i{s considerable
variation, All the following are Known and acceptable '
representations of =12 in an unpacked, signed, integer item
declared to be four bits long:

1102040109201 201421232293 20212141412211111110011
10000000000000000000000000000001100

10100

e TR T s Po e L. SEPUT I R~ S8 o it . WM
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«9 Floating values are represented by two numbers, both
signed, Tne significand contains the significant digits of
the value and the exrad is the exponent of the understood
radix, Each system has a standard mode of representing
floating values, known as "single precision", with a
specified number of bits in the significand and a specified
number in the exrad, Many systems have one or a few
additional modes in which there are mere bits in the
significand, the exrad, or both, If there is more than one
mode, the programmer can usually choose the mode for each
floating value, In the absence of an indication of suych
choice, the compiler will usually choose single precision,
The radix is an implicit constant having a systemedependent
value,

«10 Character values are represented by strings of bytes,
each byte consisting of a string of bits, The number of
pits in a byte is system dependent, The number of bytes
used to represent a character value is under control of the
programmer, but there is a systemedependent maximum,

«11 A character item that fits in one word is always stored
in one word, by the compiler, By use of a
specifiedstablesdeclaration, the programmer may override
this rule, 1If it is not densely packed, a character item
always starts at a byte boundary, If it crosses a word
boundary, a character item always starts at a byte boundary,
The programmer must not attempt to override this rule,

«12 An entry variable whose relevent tablejdeclaration does
not describe it as being of some other type is a bit

variable, 1t is merely the string of bits, of a size |
corresponding to the number of words in an entry, '
representing the entry, |

2,10 Spaces, Comments

The syntactic structures of all symbols have now been explained,
as well as the places where spaces are permitted or prohibited
within them, All further structures that go to make up a
programideclaration are composed of strings of symbols, It is
always permitted to place one or more spaces between symbols, It
is semetimes reguired to put at least one space between symbols,
The criterion {s to avoid ambiguity, Comments can often replace
required spaces,

«1 Spaces are required in many sityations to enable the
compiler to detect the end of one symbol and the beginning
of the next, Generally, at least one space 1s required
between two symbols of any class except ideograms, but
including the guotationimark, The rule is exhibited in
detall in the following table, The rows are labelled with

Section X,.X.X% |
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the ending sians of the left symbol of a pair of symbols,
The columns are labelled with the beginning signs of the
"SR" at the intersection of row and
column indicates that at least one space is required between
the pair of symbolst

right symbol of a pair,

(tabl)
Left
symbol
ends in
L
numera)
SR
letter
s
’
L}
"
SR

numeral

SR

SR
SR
SR
SR

Right symbol starts withi

letter

SR

SR

SR
SR
SR

.2 A comment may occur between symbols,
not cccur within a definition nor within any constant, such

as a statusiconstant or a charactericonstant,

SR
SR

SR

However,

it must

A comment may

pe used instead of the required space between symbols unless

use of the comment would cause the occurrence of two
only the use of a

quotationimarks in succession,
comment can bring about the situation indicated by the lower

right corner of the table above,

In fact,

Introduction ¢f a comment

between symbols where a space is permitted but not required

may then require a space to prevent the comment from
interfering with another symbol,

+3 A comment must not be used where the next structure

required or permitted by the syntax is a definition,

is, a comment must not follow the defineiname or a

rightiparenthesis in a definegdeclaration,

must not follow & leftiparenthesis or a comma in a

definitionginvocation,

A comment,

as defined above,

That

And a comment

rust

not occur in a definition delimited by guotationimarks,
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,DefSyn(MonoSpace)=M; ,DefSyn(Slant]}=S; ,DefSyn(BoldFace)=B;

(equi)
13 233

abbreviation 3= Jletter
(equ2)
2: 63

abnormalidirective g3i= |[ABNORMAL datajname 7
(equl)
kN 130

absolutesfunctiongcall 3= ABS ( numericiformyla )
(equd) _
41 58, 170

definition i

actuyalidefinesparameter =
" definition "

|
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(equs)
5% 101, 170, 180, 191
STOP
alternatesentrancegname
RETURN
procedureiname
TEST controlivariable
EXIT statementiname

actualiinputiparameter 1=
statementiname
procedyregtname
formula
tabletname
datajblockiname
variable
@ pointerjformula

(equé)
|
61 170, 180, 191 |
|
actuajioutputiparameter = variable :
|
|
|
(equ?)
73 166,217
allocationtincrement 3= number
(ecuf)
83 9, 49, 166, 182, 205, 217

allocationispecifier 3= @ pointergformula
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‘ (equs)

93 75, 184

alternatesentrancejdeclaration
alternatejentrancegname

formaliinputiparameter
formalioutputsparameter )
environmentalyspecifier
itemidescription

allocationispecifier

packingsspecifier biti:numbe
constant ?
(equio)

. 101 130

alternaterentrancejfunctiongca
procedureiname )

(equill)
113 5, 9, 53, 101, 122, 138, 180, 18

alternategentrancesname §i=

(equi2)

123 159
*
-
-

arithmeticioperator 1=

/
\
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‘ (equil)
133
assignmentioperator i S
(equid)
14 207
formula
variable indexedjvariableitrange
]
indexedivariablejirange =
formattfunctionicall
formula
formativariable s
i
indexedivariablejrange
. tequis)
152 159

attributegassociation 113= @@ [ descriptionjattibute )

(equib)
161 63
beainsdirective 11= [|BEGIN reference ’
(equi?)
17t 18

pitsform t1=  form
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‘ (equiR)
183 18, 29, 97, 159, 196
patterniconstant
entrysvariable
comparison
chainscomparison

bitsstring:functiontcall
shiftifunctionicall
bitsformula 3= bitsform

bitsformula logicalioperator
pitiformula

NOT bitiformula

bitsformula & bitiferrula

( bitsformula )

numericitformula

characterjformula

(equi¥)
193 9, 182, 205, 217, 218
. bitinumber $1= number
(equ20)
203 18, 130
bitsstringsfunctionicall 1=
BIT ( formula , numericiformula ’
numericiformula )
(equ2l)
21t 247
bitivariable 3i=
entrytvariable
BIT (¢ namedtvariable , numericiformula '
numericjformula )
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(equ22)
222 217

bitsiperjentry it= number

(equzl)
23 130
byteistringtfunctionicall ii=

BYTE ( characterjformula , numericiformula ’
numericiformula )

(equ24)

243 18

chainicomparison $i= comparison relationioperator
formula

(equ25)
251 26, 32, 46, 62, 100, 112, 120, 137, 21-" 234' 240
sian

character 11is
systemjdependenticharacter

(equ2é)
261 29, 39

charactergconstant 1= count * character L

(equ2?)
273 29

characteriform §t= form
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. (ecu2s8)
281 29
charactergformat 3= count C
(equ29)
291 18, 23, 93, 94, 97
charactericonstant
characterivariable
charactersform
Characteriformula 1ii= characterifunctionicall

charactergformula &

charactersformula
( characteriformula )

bitsformula

(equio)

® »

characterifunctionjcall = functionjcall

(equll)
in 29, 96, 247
namedgcharacterjvariabje
charactergvariable 1i1= BYTE (
namedjcharactertvariable , numericiformyla
s numericsformula )

(equi2)
321 233

comment 38= " character "
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(equil)
33: 18, 24

corparison 1:= formula relationaljoperator formula

(equid)
341 63
name
compooliname
( name )

compoolgdirective 3= |(COMPOOL

coinpooliname )

(equis)
35 34

compOoltname 1= name

(equis)
361 219

declaration
compeoundistatement 1= BEGIN END

statement

(equil’7)
3714 38, 97, 238, 241

conditionalsformula 1t= formula
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. (equis)
381 207
conditionalistatement 3=
IF conditionajsformyla j controlledjstatement
statementiname 3 ELSE controlledistatement
(equi9)
39: 9, 42, 182, 205, 233
numericgiconstant
constant:formula 1= patterntconstant
charactersconstant
(equd0)
401 97
. constantiformula ii= ( formula )
(equdl)
411 166, 167, 217, 218
constantilist g:=
[ index ) constantjlistjelement
( index )
constantilistielement
’
l
|
(equd2)
421 41, 42 |
- y
' - constant

constantilistielement H

.
"

count (

constantilistjelement

. constanttlistielement )
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(equdl)
433 136, 148
incrementsphrase terminatoriphrase
replacementiphrase
controliclause = initialiphase
incrementiphrase
terminatoriphrase replacementiphrase

(equdq)
44 5, 239
namedsivariable

controlivariable =
. lettericontrolivariable

(equds)
45, 38, 141

controlledistatement g1= statement

(equdb)
461 63
copyvidirective 1= COPY character H
(equd?)
473 26y 28, 42, 72, 78, 95, 98, 103, 120, 124, 126, 171, 173,
199

‘ count ti= number |
|
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. (equdsg)
483 182
datatallocator;ispecifier 11t= @
(equd9)

dataib)lockideclaration 1i:=
environmentalispecifier

I

493 49, 51, 75 ’
BLOCK datatblockiname i |
allocationispecifier l

simplejitemideclaration
tablejdeclaration

BEGI! |
END 7 ;
datagblockideclaration ‘
independentioverlayideclaration
(equ50)
50 5, 49; 52, 90, 109, 138, 208
datatblockiname 3::= name
(equ51)
513 54

itemgdeclaration
tabletdeclaration
datajdeclaration s

datajpblockideclaration
overlayideclaration




DLS 24=APR=74 123145 30546

page (11]
24 APR 74 JOVIAL
(equs2)
521 2, 129, 174, 195, 244
iteminame
datasname 3= tapleiname
datasblockiname
(equs53)
53 130

procedureinane
datatsizesfunctionscall 3= DSIZE (
)

alternatesentrancejinanme

(equs4)
54 36, 54, 112, 179

statusilisti;declaration

formsdeclaration

datasdeclaration

nulljdeclaration
declaration 1:= definejdeclaration

name declaration

processingideclaration

externalideclaration

BEGIN declaration END )

(equss)
551 54

definesdeclaration it= DEFINE defineiname (
formaljdefinesparapeter ) " definitien ";
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. (equs56)

561 55, 58

definesname 3= name

(equs?)
573 4, 55

sign

definition [}

(equs8)
583

definfitiontinvocation 13= defineiname (
actyaljdefinesparameter )

' (equs59)

591 185

dependentiprogramideclaration =
proceduregdeclaration

(equ60)
6013 15, 69
iteminame

descriptionsattribute 3=
itemidescription

(equbl)

611 166, 217

dimensionglist 3= [ lowergbound 3 upperibound
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‘ (equk2)
621 207
directistatement 3= DIRECT character JOVIAL ’
(equbl)
631

compoolidirective
skipidirective
beginsdirective
endidirective
tracesdirective
copysdirective
abnormalidirective
setsjdirective
directive 1= usesidirective

pointeridirective
orderidirective
recursivesdirective
timejdirective

. spacesdirective
linkagejdirective
interferenceidirective
frequencysdirective




JOVIAL J73

(equbd)

641 233

directivejkey

(equbs)
651 63

endidirective

(equkb)

6613 217

entriesiperjvord

(eque?)

671 18, 21, 117, 252

entrysvariable

pointeriformula

-
1=

i

1=

DLS 24=APR=74 12145
page [14)

1COMPOOL
|SKIP
|BEGIN
LEND
1TRACE
1COPY
|ABNORMAL
ISETS
1USES
IPOINTER
{ORDER
IRECURSIVE
ITIME
1SPACE
ILINKAGE
IINTERFERENCE
IFREQUENCY

1END

1= number

tableiname [ index ) [}
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page [(15)
24 APR 74
(eaqu6s)
661 9, 49, 166, 182, 205, 217
programginame
IN procedureiname
environmentalispecifier 1i1:= RESERVE
RESERVE
(equs9)
691 159
evaluationicontrol 3= @ [ descriptionjattribute ]
(equ?70)
701 207
exchangegstatement 1t3= variable == variable
(equ7l)
713 207
exitistatement 3t= EXIT statementjiname )
fequ72)
723 82

exrad ji=

count D count
count Z count
count Z »



JOVIAL 073

page [16)
(equ?73)
733 130
exradgfunctionscall 33= XRAD
(equ74)
743 132
exradgspecifier 1g:= number
(equ?s)
751 54
simpletitemsdeclaration
tabletdeclaration
datajblockideclaration
namejdeclaration
DEF

procedurejdeclaration
externalideclaration 3=
alternatesentrancetdeclaration

REF

simplesitemideclaration
tablejdeclaration

datajblockideclaration END
namejdeclaration
procedurejdeclaration

alternatesentranceideclaration

(equ76)
7613 87

fieldywidth ti= number

DLS 24=APRe74 12145

( numericiformula

BEGIN

30546
24 APR

)




DLS 24wAPR=74 12345 30546

page (17)
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. (equ?7)
771 157
number 0 E +
scale A + scale
fixediconstant =
- -
number M number
(equ78)
781 158
»
count f
integeripart |
. |
fractionipart :
l
' |
fixediformat 1= integeripart count

. R

count =

fractionipart

(equ?9)
793 160

tixedptunctionjcall 3= functionicall

fixedsgvariable namedivariable
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JOVIAL J73
(equBl)
B1s 157
number E
scajle
floatingiconstant 1= number N
M + scale
- scale
number a number
fequB2)
821 158
floatingiformat 11s= significand E exrad R
(equgl)
831 162
floatingifunctionicall 3= functionjcall
(equgd)
841 162
floatingivariable 113z namedjivariable
(equBs)
B51 141
forsgclause 3= FOR loopicontrol [}
(equBé)
861 19 127

form 33= formtname ( formula )
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24 APR 74 JOVIAL
(equf?)
873 54
formideclaration j:= FORM forminame B fieldiwidth
}
C
(eaurs)
B81 B6, B7
forminame (3= name
(equB9)
891 55, 170
formalidefinegparameter ii= letter
(equs0)
9013 9, 170, 182
statementiname
simplegiteminame
formalsinputiparameter 1= procedyreiname
tableiname
datajblockiname
(ecusl)
91 9, 170, 182

formajlioutputiparameter

simplegsitemtname




JOVIAL J73

(equ92)

923 95

format L

numericsformat

(equsgl)

93 14, 130

formatifunctionicall 1=
procedureiname

formatilist '’

(equd4)
943 93, 95, 96

formatjlist

(equgs)

951 93, 95, 96

formatslist

(equgs)

961t 14, 102, 247

formativariaple
sProceduregname )

formati:list

page [20)

nullisformat
insertiformat
skiptformat
characterjgformat
patterngformat

format

count ( £

183 FORMAT (

FORMAT

DLS 24=APR=74 12145

)

characterjformula

ormatilist )

characterjvariable

characterjformula

’

30546
24 APR



DLS 24=APR=74 12145

page (21)
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‘ (equs?)
973 5, 14, 20, 24, 33, 37, 40, 86, 119, 159, 192, 203, 20
242, 245
pointersformula
numericsformula
bitiformula
formula 1is conditionaliformula
charactergformula
valuesformula
numericgformula
constantiformula
(equsi)
981 78

count D count z

fractionipart 1=

. count D

(equs9)
99}y 130

fractiontpartifunctiongcall $i= FRAC (
numericiformula )

tequi00),Grabsn;
100 65

frequencysdirective g33= |IFREQUENCY character [

30546

JOVIAL
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JOVIAL J73 24 APR
(equill)
1013 30, 79, 83, 125
intrinsicifunctiongicall
functiontcall 1= procedureiname e
pointersformula
alternatejentranceiname
( actualiinput parameter )
(equi2)
103;: 248
formativariable
BYTE (
namedicharacterjvariable , numericiformula
functionalivariable 3= ¢ numericiformula )
BIT ( namedgvariable ,
numericsformula
¢ numericiformyla )
(equi0l)
103; 158
generalizedinumeric:formula 3i= count N R
(equild)
1043 207
goitogstatement 133= GOTO statementiname [ 1index
15749
(equi05)
1053 115

highipoint 3:=

DLS 24=APRw74 12345 30546
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. (equi06)
1061} 233
+
/
%
\
[3
<
>
<=
>=
ideogranm 11= <>
.
’
!
!
!
n
’
(
)
[
]
@
AE
fequi0?)
107 43
incrementiphrase 3= BY numericiformula
numericivalueiformula
(equil8)
1081} 49, 168
independentioverlayideclaration 3= OVERLAY [(number

]

(
patterniconstant )
. independentioverlayjexpression
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page (24)
JOVIAL J73 24 APR

(equ109)

109 111
spacer
simpletiteminame

independentioverlaystelement §is tablegtname

dataiblockiname

(
independentioverlaytexpression )

(equil0)
1103 108, 109
independentioverjlaysexpression 1ii=

independentjoverlayistring
t independentioverlayistring

(equitl)

1113 110

independentioverlaysstring :=
independentioverlayielement

(eguil2)
1123 185
independentiprogramgdeclaration g3i= PROGRAM
programsname

( character ) 3 statement
declaration

(equill)

1133 41, 67, 104, 237

index 3:3= indexicomponent
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24 APR 74 JOVIAL

' (eguiléd)

114 113, 116

indexscomponent 13i= numericiformula

(equils)
1153 116

indexjcomponentirange 1= lowspoint H highsipoint

(equilh)
116 118, 155

indexirange 11i= {ndexicomponentirange
indextcomponent

. (eouii?)

1173 150
indexedtvariable (1= tablejvariable
entryivariable
(equilB)
118% 14

indexedjvariableirange 1=
{teminame [ index ) @ pointeriformula
tabletname

ALL ( {temgname @ pointeriformula )
tableiname

(equiiv)
119 43

‘ initialiphrase ii= formula
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JOVIAL J73 24 APR
(equl20)
1203 92
count S
insertsformat 3= count / numeral
letter
count " character "
|
|
(equi21) '
1213 182
instructionsallocationsspecifier 3= pointergformula
(equi22)
. 122 130

instructionisizejfunctionicall 3= ISIZE (
procedureiname ) ‘

alternateientrancejiname

(equi23)

123 157, 175

integersconstant 1313= number
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page [27]

24 APR 174 JOVIAL «

' (equi24)

1243 158

count Z count D
.
integer;format i:i=
R
count P count Z
(equi2s)
1253 160
integer:functionscall 3= functionjcall
(equi2b)
1263 78
count Z count D
integeripart 111=
count D
(equi2?)
127 130
integerspartifunctiongcall $:= INT ( numericiformula
)
(equi128)
1283 162

integerjvariable 1= namedjvariable
letterjcontrolgvariable
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JOVIAL J73 24 APR

‘ (equ129)

129; 63

interferencejdirective 3= [|INTERFERENCE datajname
t dataipame ’
(equiln)
1303 101

formatifunctiongcall

byteistringifunctionicall
bitsstringsfunctionicall

alternatejentrancesfunctionscall
numbersofsentriessfunctionicall
locationifunctionscall
shiftitfunctionicall
absolutegfunctionicall

. wordsiperjentrysfunctiongcall
intrinsicifunctionicall 1i:= exrad

significandsfunctionicall
signumifunctionicall
sizegfunctionjcall
typesfunctionycall

fracticnipartifunctionscall

integerspartifunctionicall

instructiontsizejfunctionicall
datajsizegfunctiongcall

(equill)

1313 51

simplejitemideclaration
itemideclaration s ordinaryitableiitemideclaration
specifieditablejitemjdeclaration
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I
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JOVIAL
(equii3?)
132: 9, 60, 166, 167, 182, 205, 217, 218
ftemsdescription 1=
c sizegyspecifier
F s R significandispecifier , exradispecifier

S
¢+ R sizesspecifier
precisionispecifier
U

(equ133)
133: 52, 60, 118, 167, 187, 205, 218,

lteminame i1t= name

statusglist
statusjlistiname
*

229, 237,
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. (equi34)
134 1, B9, 120, 135, 136, 145, 197, 221
A
2
(o
r.
E
P
G
i
1
J
K
I
letter 3= M
N
P
P
0
R
i
T
U
v
W
X
Y
Z
(equi35)
1353 44, 128, 233, 248
letterjcontrolsvariable 1= Jetter
(eaul13b)
136 140
letteriloopicontrol 3i= letter ( controliclause )
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page (31) .
24 APR 174 JOVIAL
. (eogu13?7)
1373 63
linkagegdirective 1i= [LINKAGE character ]
(equi3sg)
1381 130
statementiname
namedgvariable
locationifunctionscall 13t= LOC ( tableiname

datajblockiname
procedureiname

alternategentrancejiname

(equi139)

. 1393 130

logicalioperator i

AND
OR

EQV
XOR

(equl40)
140 85
logicalioperator ii= namediloopicontrol
jettersloopgicontrol
(equidl)

141 207
loopistatement 1= forjclause contolledistatement




JOVIAL 073

(equi42)

1423 115

lowgpoint i3
(equidl)
1433 61

lovweribound

(equidd)

144; 197

mark LR

e osmmm WUAVDSNEX LS

Nt~

- "
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page [(32)

numerjciformula

number
simpletiteminame

plusisign

minusgsian

asterisk

slash

packislash

ampersand
greaterithangisiagn
lessithanisian
equalsisign

atisiagn

decimalipoint

colon

comma

semicolon

space
leftiparenthesis, parenthesis
rightiparenthesis, parenthesis
leftibacket, bracket
rightibracket, bracket
prime

quotationgmark
dollarssign
exclamationgpoint

30546
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. (equids)
1453 11, 34, 35, 50, 56, B8, 133, 183, 186, 206, 220, 221,
233, 236, 249
letter
name j§ts letter numeral
s $
L

(equid6)
146 54, 75

namegtdeclaration 1iis NAME statementiname (]

procedureiname
(equid?)
147 31, 102
. namedicharacterivariable 1= namedivariable

(equ148)
1481¢ 140

namedgloopicontrol 3= namedivariable (

controliclause )

(equid9)
149; 219

namedistatement s statementiname 3 statement

30546

JOVIAL

225,
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JOVIAL J73

. (equi50)

1503 21, 44, 80, B84, 102, 128, 138, 147, 148

namedivariable 1= simplejvariable
indexedivariable

(equibi)
151 54, 164, 215
NULL H
nullideclaration ;1=
BEGIN END 3
(equi52)
152 92
nullsformat 3=
(equis3)
1533 219
NULL ’
nullideclaratjion =
BEGIN END '
(equ154)

154; 7, 19, 22, 47, 66, 74, 76, 77, 81, 108, 123, 143, 169,
177, 189, 194, 201, 210, 214, 223, 232, 233, 243, 249, 250

number $t= numeral

30546
24 APR
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24 APR 74 JOVIAL

‘ (equiss)
1553 130
numbersofsentriestfunctionscall 3= NENT ( tablegname
(indexirange) )
(equis5s)

1561 120, 145, 154, 197

numeral 1=

VNPTV LSsEWN-O

. (equis?7)

1573 39, 159

integericonstant
fixediconstant
numericsiconstant s floatingiconstant
statysjconstant
gualifiedistatusiconstant

(equib8)
158¢ 92

generalizedinumericiformat
numericiformat 113= integergformat

fixediformat

floatingiformat
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JOVIAL J73 24 APR
(equis59)
1593 3, 18, 20, 21, 23, 31, 73, 97, 99, 102, 105, 107, 114,
127, 142, 159, 161, 175, 196, 198, 200, 202, 232
numericsiconstant
numericgvariable
numericifunctionjcall
+ numericiformula
numericsformula
arithmeticioperator
nurericsformula 3=
eyvaluationicontrol
numericiformula
formula evaluationicontrol

attributejassociation

( numericiformula
bitiformula

fequi60)
1603 159
integerivariable
numericivariable ;= fixedivariable
floatingivariable
(equibl)
1613 97, 107

numericgvaluesformula 3= [ numericpformula )

(equi162)

1623 159, 176, 247
integerivariable
numericivariable 1= fixedivariable
floatingivariable
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24 APR 74 JOVIAL

. (equi6ld)

1631 63

orderydirective gt= |ORRER

(equibd)
164¢ 165
nullsdeclaration
ordinarvitable:itemsdeclaration
ordinary:tableibody 1=
BEGIN
ordinaryitabletitemsdeclaration END ?

subordinatejoverlayjdeclaration

(equ165)

. 1653 235

ordinarvitablejdeclaration $3= ordinaryitabletheading
ordinaryitabletbody

(equibs)
1661 165
ordinarvitablesheading 1is
TABLE tableiname environmentalispecifier
allocationispecifier
1 allocationgincrement dimensionglist

structuresspecifier packingispecifier

itemgdescription = constantjlist [}




DLS 24=APR=74 12145 30546
page ([38)
JOVIAL J73 24 APR

‘ (equie?)

167 131, 164
oradinaryitablesitemsdeclaration 1=

ITEM iteminame itemjdescription packingispecifier
= constantitlist ]

(equissg)
1683 51

overlayjdeclaration =
independentjoverlayjdeclaration

subordinatestoverlayideclaration

(equib9)

1693 9, 166, 167, 182, 205, 217, 218

packingispecifier 3= M number

(equi70)

1703

actuvaljdefineiparameter
formalidefinesparameter
paramveter gti= actualiinputiparameter
formaljinputiparameter
actualioutputiparameter
formaltoutputiparameter
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. (equi?73)
173: 92
1
2
patterntformat 3= 3 B count P
4
5
(equi74)
1743 63
pointergdirective 1= IPOINTER pointersformula H
gatainame !
(equi?5)

1753 5, 8, 67, 97, 101, 118, 121, 174, 180, 208, 237

‘ integersconstant
pointersformula 1= simpletintegerivariable
( numericsformula )

(equi?6)
1763 247

pointersivariable i1 numericivariable

(equi1?77)

177 132

precisionsspecifier g33= number




24 APR 74

(equ178)

178¢ 221, 233

primitive &=

(equl?79)
1793 181

proceduresbody 1=

DLS 24=APR=74 12:45
page [41)

ABS

ALL

ALT NENT
AND NOT
BEGIN NULL
FIT NWDSEN
BLOCK OR

BY OVERLAY
BYTE PROC
DEF PROGRAM
DEFINE REF
DIRECT REMGQUO
DSIZE RESERVE
ELSE RETURN
END SHIFT
ENTER SIG
EQV SIGNED
EXIT SIGNUM
FOR S1ZE
FORM STATUS
FORMAT STOP
FRAC SWITCH
GOTO TABLE
IF TEST
IN THEN
INT TYPE
ISIZE UNTIL
ITEM WHILE
JOVIAL X0R
Loc XRAD
NAME ZAP

declaration
statement

30546

JOVIAL o




JOVIAL J73

(equl

180

(equl

1813

(equ1l

182}

page [42)

80)

207

remguoiprocedurescallistatement

@ pointersformula

alternatesentranceiname

procedure:callistatement :1®

actualiinputiparameter )
actualiinputiparameter :
actualioutputsparameter )
81)
59, 75, 184
proceduregdeclaration 113z p

proceduresbody

82)
181
procedureiheading 1=
PROC procedureiname e

! instructiontallocationispe

( formalsinputiparameter
formalioutputsiparanmeter

environmentalispecifier
allocationgspecifier
packingispecifier [ pitin

s .

constant )

DLS 24=APR=74 12345 30546
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proceduyregjname

roceduresheading

nvironmentalispecifier
datajallocationispecifier

cifier

itemjdescription

umber )
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24 APR 74 JOVIAL
(equisl)
1831 5, 10, 53, 68, 90, 96, 101, 122, 138, 146, 180, 182, 167,
193
proceduregname $3= name
(eguisd)
1843 54
programideclaration
processingjdeclaration 1= procedurejdecjaration

alternatetentrancesdeclaration
(equiBs)
1653 184

programideclaraton 1=
independentiprogramsdeclaration
dependentiprogramjdeclaration

(equiBb)

1861 68, 112

programiname t1§4= name

(equl1s?)
187 157
statusilistiname
iteminame
qualifiedgstatussconstant i= V( tablegname

§ status )
procedureiname

alternatezentrancejiname
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(equign)
188 63

recursivesdirective 3= IRECURSIVE 3

(equis9)
1893 16, 211

reference $14= number

(equ190)

1903 24, 33, 246

< less than
= equal
relationalsoperator 3= > greater than

>= greater than or
egual, not less than

<> less than or greater
than, not equal

<= less than or egual,

not greater than

(equi9t)
191; 180
remquoiprocedurescallystatement jis
REMQUO ( actuajljinputiparameter ,
actuvaliinputiparameter
i actpalioutputiparameter , act