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1.0 INTRODUCTION AND NBJECTIVES

- I Y G . GV GRS SUS - WD W W P S e - -

1.,C INIRODUCTION_AND_OBJECIIVES

This document describes the Virtus! BASIC language. Virtual
BASIC wil) be implemented on the CYBER 18C as 2 compiler and 2

run¥time flbraryve Virtusi BASIC is intended to provide s
1angu2oe which is

(1) similar to popular micro-computer BASICS, and
{2) easy to usey especizally for casual users.

Virtual! BASIC iss in its natures net an optimizable lanauage,
No gttempt to optimize Virtus! BASIC object code will be made.
Howevers the langusage provides an escepe to FORTRAN. Given
the high auestity object code available from CYBER 180 FORTRAN,
this escape should provide adeaquate performance for eny
gpplicetion likely to be written in Virtuel BASIC.

Virtual BASIC wiit conform to the ANSI Standard for Minimal

BASICs It will not conform to the proposed ANSI Standerd for
{full) BASIC.
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3,0 FEATURE DESCRIPTIDN

3.0 EEATURE DESGRIPIION

This section constitutes the Isnguage specification for
VYirtuel BASIC, It introduces the notation used to describe
syntax and defines the lexicels syntactics snd semantic
properties of the lsnquage. :

3.1 NOIATION

The notstion used to describe syntax in this documant is s
variant of BNF, specificallys the variant used in the Draft
Proposed American National Standard for B8ASIC. The reader Is
gssumed to he comfortable with 2t least one variant of BNF3;
the purpose of the present section is to explain the
particulars of the variant used in this documente

Here is the gremmasr for BNF. It is written In BNF. 1In other
wordsy whet follows is 2 description of the formal aspects of
a2 notations The notation in wuhich the description is written
is the notation bheino describeds Thkis sounds forbidding but
is notse Reoders who sre comfortable with BNF probably can
fearn all! they need to know =2bout the varisnt used in this
document simply by olancing at the following grammare. Readers
vwho 2re uncomfortsble should read the perenrephs which follow
the arammar; those psragraphs ere an informa! rendering of the
grammar in svarydsy English.

grammar = rule¥

rujes = name "=" alternsation

sltarnation = sequenece (/"™ spquence)*

sequence = repetition repetition*

repetition = primary (v / v%9)?

primary = name / quoted-string 7 "™(" alternation ")"

This grammar consists of six ruless The first of these says
that if vou have some rules and you sy them end to ends you
pet 2 grammar. More preciselys it says that a sequence of
zero or mare objects which ares forma2llys rulas is san object
which Is» formallys a grammars. 0Ors if you likes thet any
object which Isy formally, 2 orammar can bte decomposed into =
sequence of zero or more objects which ares formallyy rulese.
The word “"formally" appears above so many times because It is
so important. Form Is 211 thet we ere hara concerned with,
By no mea2ans all of the objects which sres formally, arammars
are useful» sensiblay or even correct. BNF Is a compact and
precise notatlon for discussion of matters of form but, by

Control Dats Corporetion
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3,0 FEATURE DESCRIPTION
3,1 NOTATION

jtselfy, it Is inadequate for a cowplete specification of BNF,
much less of BASIC.

‘The second rule of the grammar says that 2 rule is 2 sequence
of three thingst a names an equal=-signs and an alternation.

We do not yet know what nemes and alternations zres but we
knov all there Is to know ahout s2qual-siagns. Ouoted strings
appear in rules where exact matches are requirede S0 we don't
vyet know much about ruless but we know thist everv rule
contains an erqual-sian.

The third ruie says that an alternation consists of a sequence
fellowed by zero or more two-pert thingse. Thase two=-psart
things consist of 2 slash followed hy 2 sequences In other
vordss the third rula says thkat an alternstion is a non—-empty
list of seguences separated by slashes,

The fourth rule says thet 2 seguence consists of one or more
repetitions, '

The Ffifth says that a repetition Is a primary optionally
follovwed by either a question merk or en esterisks. Notes the
importasnce of the psrentheses., If they hsd been omitteds, this
rule would have said that 2 repetition is either a primary
followed by a question mark or else a string which consists of
a stand-z2lone asterisk if it is not empty.

The sixth rula says that s primary is one of three things?: a
namey a quoted-strinas, or an alternation enclosed in
perentheses,

The orammar contains two undefined terms?! name snd
aucted=strings The undefined terms of a grammar are called
its pseudo—terminalss Usuzllyy oseudo-terminels refer to
clesses of objects whose form the resder of the grammar is
expected to know by some extra-grammatical means.

£ssentiallyy the pseudo=terminals of a grezmmer are fts axioms.

In this orammars 2 nome is an ordinary Encalish word or a2
series of such words saparated by hyphenss A quoted=string is
# charecter string enclosed In guotese Emhedded quotes in
auoted strings are indicated hy two successive quotes; thus
the aquoted string uwhich consists of @ single quote is denoted
by four successive quotess "wnen,

In summerys
2n asterisk in 8 grammsr indicates thst zero or more

Iinstances of something are permitted,

Control Dats Corporation
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3.0 FEATURE DESCRIPTION
3.1 NOTATION

a question mark indicates that something Is cptional,
slashes Iindicate that any of several things might appesr,

Juxtaposition in the grammer indicates Juxtaposition iIn
vhatever the grammar describes, sand

parentheses indicate grouping,

3.2 LEXICAL_MATIIERS

This section describas the texical properties of Virtual
BASIC. The tokens of the lanpuage ere defined, The
significance of blanks and of ailphabetic case Is discussed,
In-program commentary is described,

34241 TOKENS

The tokens of Virtual BASIC are its lexicsl atomse.

token = integer / rezl=number /7 guotad—-string /
unquoted=string / name / Integer—name /
real-name / string-name / beginning-of-line

No token may cross a line bounderye No token that is nelther
2 quoted=string nor an unquoted=string may contesin an embedded
hlgnks i !

3.2.1.1 Iptegers

An integer is s decimals, hexadecimely or ccta! constant.

fnteger = digit diagitx ¢/
ngw "un hex~digit hex-=digit* /
ngw ngn? octal-digit octsl~digitx
hex=diqgit = digit 7 "An / wpn y ugw y wpw 4 upgn / npn
digit = octal=-digit s van y ngn
octal=digit = wO" /J nin 7 non 4y ngn gy
"4" I "5!! / "6" , '17"

Integers mey contain any number of leadlna zero digitse. Thelr
values cannot exceed 2763-1 (about 9.2%10718)3 |f they do» =
fatal diagnostic is issueds {The coret Indicates

Controtl Data Corporation
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3.0 FEATURE DESCRIPTION
3e2+1+41 Integers

- - - . A S G P G G WIS S N A D A W S S W ANS G 4 Spu

axponentiatlon. XY meens X railsed to the power Y.)
342¢1.2 Real=Numbers

A real-numbar Is gither a plgin-resi-number optionally
followed by 2n exclamation point or a2 number sign or else an
integer unconditlionally followed by an exclamation point or @
nunher sione The value of 3 resl-number is the ordinsry
decimal vsiue of the ptltain-real-numbker or integer teo which the
exclametion point or number signs if anys is eppended,

reai=-number = plain=-real=number (ntn , ngu})y ¢y
integer (nin y nyu)

A p!qin-renl =numher contains 2 decimai pointy 2 decimal
exponenty or both,

plain-real-number = inteager (Y% integer?
decimal—exponent? / decimsl—exponent) /
"o jnteger declimal=exponent?

decimal—exponent = TE™ ("+" / "=")? Integer

Resl-numbers may contzin any number of dioits. Their
magnitudes must be less than 27409% (about 5,2%¥10%1232).
Real=npumbers with extremely small megnitudes nill be treated
ss zero by the compiler; no error messsace will be givan.
Resl=numhbers with maonitudes greater than or egual to 274095
will be diagnosed as fatal erreors,

3¢2+143 Quoted=Strinas

Quoted=strings are chergcter strinas enclosed in cuotes. A
quote embedded in 2 quoted—string is indicated by two
successive quotes,

quoted-string = quote {(non-quote / double~cuote)* quote
double~quote = auote quote

The syntax of 8 quotred=string could be more conpactlv, if more
obscurelys, presented using gquoted-strings?

quoted-string = """" (non-quote / "VNUNT)X Nnnn
A non-gouote Is any character at all other than quotes, The
length of 3 quoted—=string Is Jimited only by the number of
characters which can be contained on a single line,
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{Apostrophes have nothing special to do with quoted—strings.
Here is 2 auotet » , Here is an apostrophest ' ,)

3¢2+144 Upauoted-Strings

An unquoted=string Is a run of characters which begins and
ends with an unquoted-strinu—char 2nd which contains onty .
unquoted-strino-chers and blankse.

unguoted=string = unquoted=string=char ((
unquoted=string=char /7 " ")*
unquoted-string-char)?

Any character other than blanks commas quotes or coclon is an
unquoted-string=-chsar.

Unouoted=strings sre used only in dats-stgtements, The lenoth
of 2n ungquoted-string is timited oniy by the number of
characters in 2 line,

2eZ2+41s5 Names

A nsme is a letter followed by 8 run of letterssy digits, end
periods.

name = Jetter name-char*
name—char = tetter / digit 7 """

Names moy be up to 31 characters long. Longer names are
diagnosed; the error Is fatsl,

3.2.1.6 Iyoed Names

An Inteosr-name Is a2 name followed immedistely by a percent
signe A resi-name is a name followed immedintely by either on
exclamation point or a pound sion.s A string=-name is 8 name
followed Immedintely by a dojlar sign,

integer-neme = name "IN
resl-name = name (NIn y ugn)
string—name = name “$9

Inteqer—s regl-» and string-names may be up to 31 characters
lonf. Longer integer—, resl—y and strina-nemes are diaonoseds

- e s b
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the arror is fatal,

Integer=s reai=, and string—names arey as their names sugoests
noemes with which o particular deots type is sssociated,

{P12in) names can be used to denote objects of sny type and
pre always used to denote ohjects with which no type is
assoclated,

3e2¢1+7 Beglipnipas—of-Lipne

No formal deflinition of the beginning-of-1ine token wifl be
givene The reader's intuitive understasnding of the beginning
of 2 coded line is assumed to be adeauate for the expository
purposes of this documente. It should be noteds however, that
beginning—of-lin2 is pnot 2 character,

3¢2+2 BLANKS AND THE LONGEST SCAN RULE

Bianks conteined in quoted- and unquoted-strings are
significant. Anyplace elses they are Insianificant, except
where they serve 3s token separatorse No token which Is
neither a2 quotaed- nor an unquoted=string may contain 2 blank.
Thus,

FOR I
is entokened as two nemes (FOR and I);
1.6 E10Q
Is entokened as a real—=number {(1.C) and a2 name (E10).
The compller recoanizes the longest token which begins &t a

pgiven sterting position, Thusy 12 is interpreted as a single
Integer (twelve) rather than two {one and two).

3243 ALPHABETIC CASE

dlphabetic case is significant in Virtual BASIC only within
quoted- ond unquoted-strinags., The compliler wil]l produce =2
source 1ist which faithfully reproduces alphsbetic case as it
vas in the input file; howevers Internaltiys lower=case
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2¢243 ALPHABETIC CASE

alphabetics will be translated to upper except in quoted- and
unquoted-strings. Thuss for examples any variable name which
2ppears in 8 disgnostic will be rendered in upper—~case,
regerdiess of how it may have appesared in the input file,

In this documents upper—case letters are used uniformly In al!
contaexts in which case Is not significents Thuss the keyword
FOR is rendered simply 8s "FOR"™ in the syntexs, not es the full
set of eight equivalent spellings:

(NEN NEN) (upgsugn) (an,nfn)
3.2+4 COMMENTARY

Virtual BASIC programs may contaln embedded commentarye. This
comnmentary is not properly part of the program and has no
effect on its meening.

comment = "'Y character* /
stetement—-boundary "REN® charactcr*
stastement-boundary = bheginning-of—=tling line—-numbher? / """

The apostrophesy wherever It appeers outside of a
quoted=strings marks the end of the slgnificant portion of =
lines The name REMs, when it spopesrs ss the first token after
g statemant-boundarys does the same,

3.3 LINES, LINE_NUMBERS, AND_STATEMENTS

{In order to discuss }line-numherss we must introduce sonme
terminolooye. A foutine is either en internel routine or en
external-routinees An ipterpal=-routine is 2n Internal=function
or #n internal-subroutine. An exterpal-roytine is 9
main—programs an external—=functions» or an external=subroutine,
Externsl=routines may contain emhedded Internsl routiness
internal! routines may contgin neither externel- nor internsel
routiness)

A Virtus! BASIC program consists of 8 series of linese A line
contalins =t most 255 chesracters. It begins with an optional
lipe—=number and contains zero or more statements separated by
colonse Within an external-routines the first line=number, If
anys must be greater then zero; eachk following line—-numher
must be arester then all the preceding line-numters,

- me 4o
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Any routine which contains an explicit reference to a
line=number must also contain the line-=numbers Any routine
which contalins 2 line-number must altsc contain sll explicit
references to it. Thuss code in an interns! routine may refer
explicitly only to those line=numbers which are defined in
that internal routine; code In an external=routine which Is in
no interne!l routine msy refer explicitly onty to those
fine-numbers which are defined in that external-routine and in
no internal routinee It iss» in other weordsse illegal to enter
or leave 2n Internal routine by means of an explicit
line-number reference.

A line-number is associated with every statement of 2 Virtusi
BASIC external=-routines The associated line-number is that of
the 1ine which contains the statement i€ that line is
numbered: if nots it Is the line-number of the {lexically)
most recent numhered lines or zero if tha statament precedes
the first numbered f{ine,

3.4 DAIA

This sectlion describes the types» constantss and variables of
Virtual BASIC.

3+.4.1 TYPES

There are three types in Virtual BASIC: Integers resls and
string. Integer data are numbers swith integrat vatlues.
Integers pre stored as 64-bit tvwo's complement binary numbers,
Real datsz are numbers whose fracticnal parts are not
necessarily non—zesros Rest dats 2re stored as 64=-bit
flosting=-point binery numberse. Strinas are chsrecter date.
Strings are storeds one ASCII cherecter per bytes, in s many
contiguous bytes as are required to hold their current velues,

With one major exceptionsy mixing of integer 2nd real dats is
freely permittede The exception is paremeter pessinn., Only
Integer dsta may be passed to dnteger formal parameters of
user=written routiness only real datea mey be passed to respl
formal parsmeters. Most Virtuel BASIC tibrary routines witl
accept elther integer or resl data for numeric formal
parameterss For examples both SIN(1l) end SIN[1.0) sre {egels
each returns the real result which is (approximatety) the sine
of the angle whose radien measure Is one.

Virtual BASIC contains no double precision type. It doos,
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hovevers contain certain vestliges of that type; these vestiges
are desioned to make migretion of progrems from microcomputer
BASILs to Virtual BASIC easve. Among the vestiges are variszble
names whose last character is the number-=sign (such variables
gre double~precision varisbles In some micrecomputer BASICs:
they are resls i.209 single-precisions variasbhles in Virtual
BASIC)Ys the DEFDBL spelling of the defreal-=statements and the
iibrary functions CVD, CDBL», and MKD$%s which perform various
kinds of type conversions. The asttempt is to meoke some syntex
portable from micro BASICs to Virtusl BASIC., Since the real
data of Virtual BASIC are about as preclise as the
double-precision deta of meny micro BASICss if the syntax Is
portabtes the numeric algorithm probehly will be portable too.

3e4e2 CONSTANTS

There are four kinds of constants in Virtua) BASIC; they
correspond to integer, real-numbers quoted-strings and
unguoted-string tokense These tokens are described in section
3¢241 above. As their names sugoest, integ2r tokens sare
constants of type integers resl=-numbers sre constants of type
real» and quoted= and unquoted=-strings are constants of type
string. :

There 2r2 no named constants in Virtusti BASIC.,

3e4.3 VARIABLES

This section describes the scalsrs end errays of Virtust BASIC
and defines the syntactic object variables, which Is a
reference to an array selementy, 2 scelary or 2 substring of en
arrsy-element or scalar.

3e4e3e]1 Scalar _Vapliables

A sealsr variable Is 8 sinalesr named, typed detum which Is
subjJect to modification by the programes The values of integer
scelars must be greater then or ecus! to —-(2"63) and less than
2"63., The velues of real scalsrs must he oreater than
(-2°4095) a2nd less than 274095, String sc2lers may contain
any number of characters between 0 and €55535s inclusive.
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3444342 Arrayvs

An array is a2 named collection of data of 1lke type. Each
arrey element is subject to modificstion by the program. The
timits on the values of array lements ares the sa2me as those on
scelar varlables of like type,.

Arr2ys in Virtual BASIC con expand and contrect s the orogrem
executes. The number of dimensions of an arrgy is fixed at
the time the orogrem is compiled (up to 255 dirensions 2are
permitted);s the sizes and lower and upper bounds of the
dimensions may vary at execution time,

The tover bocund of any dimension of an array must be less thsn
or eosual to the upper bound of that dimensions Both lower 2nd
2nd upper bounds must be of mepnitude less than 2"32. The
totzl size of an array is limited by the emount of space
available in Virtust BASIC's runtime heapt in no case moy 2n
array have 2729 elements, An attempt to create an array whose
stornge requiremaent exceeds the unused capacity of the runtime
heap will cruse ¢ fatal exception.

B L el WD W as SS an SE S e

3¢40343 Vsrlable Referepnces

The syntactic object varliable defines the form of a reference
to 8 Virtue! BASIC array element or scetar or to 9 substring
of either of these,

A verizble is either a numeric=varliable or a string=variablee.
variehle = pnumeric-variable / string-variatble

A numeric—variable is either a numeric-scaler or 2
numer fc—array-eiement.,

numeric-variable = numerdic-srraoy—-element /
numeric-scalar
numer jc—array-element = numeric—array-name subscrint
numer ic=array-neme = numeric—identifier
subscript = "(" numerijc—expression
("s" pnumeric—expression)* "}"
numer ic=scalar = numeric-identifier
numeric—~identifier = name / Inteqer-name / real-name

A string—-variable is a whole~strina=variable or a substring.
string-variable = substring /
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whole=-string=variable
whola=string=-variahie = string-2rray—-element 7/
string-scalar
string-srray-element = string—array-neme subscript
string=array-name = string=identifier
string—scalesr = string—identifier
string-lidentifier = string-—name / nane

Substrings ray be specified in twc wayse
substring = mid-substring /7 colon-substring

MIDS is = kind of sddressing function., It specifies 2
substring of its first parameter, which mesy bhe either s
whole~string-~variable or 8 non-trivial string~expression, I¥
its first argument is 2 uhole-string-variahles then the MIDS
reference Is a legal Jleft-hand side fFor an assionment,

mid=substring = "MIDsg"» (" Hhole-strinn-variable ":"
first ("y," langthl)? m)v

fenoth = numeric-expression

The optional length defeults to 1. The mid=-substring
MIDS{v3sfsrl) is exactiy equivalent to the colon-substring
ve{fif+i-1),

A colon-suhstring specifies 9 substring In terms of first ond
last cheracter positions.

colon-substring = whole-=string-variabie "{" first
Hg“ lBSt ﬂ)"

first = numeric—expression

Jast = numeric—-expression

Let v$ be eny whole=string=variable. Number the characters of
vi 1 throuoh ny where n is the lenoth of v$. The
colon—-substring v${fitk) consists of chearacters r through s
inclusive of v$s uhere

r = cint{mintnax{fs1)sn))
and
s = cint{max{mintksn)»1))

{Cint is 8 function which rounds its sroument to an Integer,
Max and min are functions sbhich return the maximum and
minimumy respectivelyy of thelr arguments,)

If r is arester then s, the substring referenced is an empty

-
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suhstring which precedas the rth character of v$ andy, if the
{r-1)st character of v$ exists, follows the {r-1)st character.

3ebe4 SUPPLIED VARIABLES

Virtual BASIC suppligs two varisbles at run-time: DATES ond
TIMESs DATES and TIMES are string variables that may be both
rezd ond written and sre gveilable aiobelly,

string-suvpplied-variable = "DATESY / “TIMES™®
3efte4el DATES

DATES is s ten—-character string-varisble of the form
"mp=dd=yvyy"s where mm is a two-digit ordinal for the month,
dd Is 2 two-digit day of the months and yyyy Is s four-digit
yeer. For examples ¥ the value of DATES were "“07-04-2076",
we miaoht be celebrating the tricentennial of the first
American revolution.

If DATES Is never set by the user, its value is the current
dote known to NOS/VE. If the user sets DATE%s its value can
denote any day from 01-01-0000 through 12-31-99G69, If DATES%
is not a2t jts maximum velues it is sdvanced when the value of
TIMES passes Y00:00:00",

DATES may be set by mssioning tc it the velue of =n
string-—eXpression having the form "mm—dd=-yy%"s "mm/dd/yy"»
"mo-dd-yyyvy"s or "mm/dd/vyyy", If either the month or the day
is represented by 2 single dioity 2 leading zero is assumed,
If only two digits are used for the yesry the first two digits
are assumed to be "19%, If 2n impossible date is expressed or
If the string is improperiy formatteds, 2n exception is raised.

3.4.4.2 TINES

TIMES is an elght=-character string varisble of the form
"hhimm!ss*"s wher2 hh Is the hour in the range YGO" through
"23%, mm is the minute in the range "CO0" through "59", and ss
is the second in the renpe "OO"™ through "59%, 1If TIMES Is
never set by the users its value is the current time known to
NOS/VEe 0fnce the user sets the value of TIMES» its current
velue is slwerys the time to which it was last set added to the
time elapsed since it was last set,
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The value of TIME? may be set by sssigning to it the value of
a string of the form "™hh", "hhtmm", or "hhimmiss%, where hh,
mms and ss are as sbove. If mm or ss is not specifiedy, the
value "CO" is sssumed., If a single diglt is specified for eny
of hh» mm» or ss» a leading zero is assumeds An exceptlion Iis
raised |If any of hhs mmy or ss are out of range or if the
value of the string is improperly formatted,

3.5 GODE

This section describes the instructions aCcording to which 8
Virtual BASIC program manipulates its data.

3¢5+.1 EXPRESSIONS

An expression is a numeric=-expression or a string—expressione.

expression = numeric—expression / strinog—-expression

3¢5+41s1 Nuperic=Expressions

This section specifies the result types of the various
operators used in numeric—-expressionss describes the type
conversions to which their operands may be subjectedy, and
defines the syntax of numeric—expressions.

3e5¢141+41 RESULT TYPES

Atl the logical operators (ANDy 0OR, and so Fforth) produce
integer resultss All the retational operstors produce inteager
resultse The MOD and integer division {\) opersators produce
integer results. < —_—

The dilvision {/) and exponentiation {") operstors always
produce real resultse © T

A1l the reamining numeric operators produce res! results if
efither of their opersnds is of type resl and Integar results
If both their operands are of type integer.
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3e5+41e1.2 DPERAND CONVERSIONS

The operands of the logical operators are never
type-converteds These operators perform hit-by-bit operations
on 64-hit operands; whether the operand is of tvype integer or
of type reasl is of no consequence,

The real operands, if any, of the integer division (\) and MOD

opaerators are always converted to integers.

The integer operandss iIf anys of the division (/) and
exponentiation (") operstors ere slways converted to type
rea.o

For 211 other operatorss if the operands 2re of 1like types no
conversion s performed. If they are mixeds the integer
operand is converted to type real.

34541143 ORDER OF EVALUATION

The precedence of operators Is indicated in the BNF and in the
surrounding prose of the following section. Except where
parentheses dictate otherwisey, operators of higher precedence
are applled before operators of lower precedence., If
precedences are eauals operators on the left 2re applied
beforz2 operators on the right. Thus, for exsmpley

-A+B+C
is equivealent te

{(-A)4+B)*C
3e5e1leled SYNTAX

At the highest levels a numeric-expression is o bit-by~hit
logical expressione In order of decrersing pracedences the
1ogical operators are NOTs AND» OR, XORs EQVs» and IMP. . The
corresponding operetions are defined in the following truth
tahle.

P a NOTp pANDg pORg pXORg pEQVg pIMPgq
¢ 0 1 0 0 0 1 1
G 1 1 ¢ 1 1 0 1
10 G 0 1 1 5 C
11 0 1 1 0 1 1
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{A Virtuat BASIC operator never mey be followed immediately by
another operators This rules combined with the relatively
hlgk precedence of tha unsry operetors (NOT and unary minus),
gives rise to 2 peculiar distinction hetween first and
subseaquant instances of syntactic constructses Thussy for
example, the first equivalence in 2 numeric-expression is @
different syntactic ohject from subsequent equivalences. The
difference is that the first equivalence may begin with o NOT
operator; subseaquent equlivalences may not.)

numeric—expression = flrst—eaqv (V"IMPY subs—eqv)*

first-eqy = first—xor {("EQV" subs—-xor)*

subs—eqv subs=xor {"EQV" subs-xor)*

first-xor = first—or ("XOR" subhs=-or)*

subs—xor subs—or {("XOR"™ subs-or)*

first-or first-and ("0OR"™ subs=—and)*

subs=or = subhs—=snd ("0R" subs=-and)*

first—=and = logical=not (Y"AND" jogical-primpry)*

subs-and = logicel=-primary ("AND" logicsl-primary)*

fogical=not = "NOT"? logical-primary

logical~primary = reletiongl—expression /
srithmetic—-axpression

A relational-expresslon Is a comparison, All relationsal
operators have the same precedence, The result of g
relational expression is an integer; the value Is =1 (..
21! bits set) if the retlationship obtainss O (leeey all bits
cleared) if it does note

relational—-expression = strino—expression retation
strinn-fxpression {retation arithmetlc—expresstion)* ¢
srithmetic~expression relation arithretic-expression
{relation arithmetic—-expression)=*

relation = "=t /
ﬂ(" ">" , ")" 'l<" ,
nyNn N=N 4 Nzn ayn g
NN N=0 4 wzn ugw g
")ﬂ I

"( ”

An arithmetic—expressions for the mest pert, Is constructed in
the usunl way and obeys the usus! precedence ruljes.,
Exponentiation is indicated by a caret ("*"); integer division
Is Indicated by 2 backslash ("\"), Tke precedence of integer
division is lass than thet of multiplicstion and ordinery
divisions greater than that of addition and suttraction,
Negatlon Is somewhat unusual in that It has higher preceadence
than »sddition and subtraction. The resuilt of x MOD y Is tbhe
remainder left by division of xs» rounded to the nesarest
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integers by ys» rounded to the nearest integer, There is no
unsry plus operator. - :

arlthmetic-expression = first=mod {({(vsn ;7 non)
subs—-mod)*

first-mod = first=sum ("MOD" subs—-sum)*

subs=mod = subs=sum {("MOD" subs=sum)*

first-sum = first=id ({"+" 7 v-w) guyubs-id)*

subs-sum = subs—id {(("+" 7 "-?) gybs—-jd)*

first-id = first=prod {"\" subs-prod)¥*

subs=id = subs=prod {("\" subs—-prod)¥

first-prod = negation {{vk" y w/n) eoxponentiastion)*

subs=prod = exponentigtion {(V%n 7 wywn)
exponentiation)*

negaation = "="? oaxponentiestion

axponentiation = numeric—orimary (""" numeric-primary)*

A numeric=primary Is a numeric—variables a3 numeric=constant, a
referance to 8 function whose result is numericy =2
supplied-rend~only-variablesy or a numeric—expression 2neclosed
in parentheses. Psrentheses affect the order of evaluation of
numer ic—expressions In the usual way.

numer ic-primary = numeric—varisbhle /
numeric-constant 7/
numeric—=expression=~function-raf /
numaric-function-ref ¢
"{Y" numeric—-expression ")*

numer ic=constant = integer /7 real-number

A numeric—expression-function-ref Iis a reference to 3 numeric
expression-function, A numeric—function-ref Is 8 reference to

a numeric Ffunctlon which is internal» externsals or supplied,

numar ic—expression-function-ref = numeric-ldentifier
exp—-fn—actuay-param—1ist?

exp—fn~actugl=-param—list = "(" expression
{"," oxpression)* w)n

numeric—function-ref = numeric-identifier
pctual-parameter-list?

Parameters are pgssed to numeric-expression-functions by
valuas they are passed to internal end externsl numeric ,
functions by addresse.e See sections 3.5¢24142 2nd 3,544 for
details.

- ww om
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3.54142 Strino-Expressions

A string-expression Is a string=primary concstensted with zero
or morte string—~primeriess Concstenstion is indicated by ¢
plus sign.

string—expression = string=primsry
{"+" string-primsryl)*

A string=primary is 2 strino-variable, a reference to a
string=-valued function, or a string-expression enclosed in
perentheses.,

string~-primary = string-variable /7 string=function=ref /
string—-expression-function=-ref /
"{" string~-expression ")¥

A string—expression=function=ref Is a2 reference to a string
expression~functions A string-function-ref Is 2 reference to
g string function which is internal—s external-s or supplied.

string-sxpression=function-ref = string-identifier
exp=fn—actusil=param=-list?

string-function-re¥f = string—identifier
actunl—-parameter—-1ist?

Persmeters sre pessed to string—expression=-functions by wvalues
they are passed to intarnz! and external string functions hy
address. See sections 345.2+162 8nd 3.5.4 For details,

o ww e

3e542 STATEMENTS

3e54201 Declorative Statements

Some of the declarative statements of Virtual BASIC are parts.
of multi-statement structures. (The external function
statement is one of theses,) Some stend slone., This section
descr ibes the latter class.

declarative-statemant = common~statement /
exprassion-function-definition /
function-deciaration~statement /
option-base~-statement /
subroutine~declaration-statement 7/
type—-declaration-statement
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All the statements described in this section are executabhle iIn
this sense: 1f controf rezches one of these statements, It
passes to the following statement. There is no requirement
that these statemeants precede the executable statementss and
they need not be grouped together, These statements have
effect whether or not they are "executed”., For example,

IF O THEN OPTION BASE 1

sets the default tower bound for array dimensicns Just as
surely 2s '

ODPTIDON BASE 1
does,

The stetements described in this section are effective over

the whole of their contsining externsal-routine. They have no

effect on other external=routines which happen to be contained
in the same source—-deck.

3.5¢2¢1.1 COMMON-STATEMENT

The common—=statement ldentifies arreys snd scelars which are
sharedy either amcng routines of the same program or between
programs which inveke each other by me2ns of chagin-statements,

commen=statement = YCOMMON" common-list
common~1ist = common=list—item (""" common-list—item)*
conmmon—dist—item = identifier {W(" w)¥v)?

A common=list=item which consists only of an identifier
denotes the scalsr of that names one which includes
parentheses denotes the Aarra2y whose name the identifier is.
Order is not important in the common=statements “"COMMON A()»
B" js exactiy equivalent to “COMMON B» A{)"., Both ststements
say thet the array A and the scelar B are to be shared;
neither ssys anything about any relationship between thelir
gddressess (In facty Virtusl BASIC arrays ond strinas do not
heve fixed sddresses == they may be relocated from time to
time as their sizes change.)

The common=statement Is unrelated to the CONMON statement of
FORTRAN. If a FORTRAN subroutine is to hszve access to any of
the dnts of 2 Virtual BASIC programs those dete must he passed
as parameters of the callx=-statement which invokes the FORTRAN
subroutine,

- w S Se W
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3.0 FEATURE DESCRIPTION
3¢5e2+142 EXPRESSION-FUNCTION-DEFINITIONS
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345424142 EXPRESSION-FUNCTION-DEFINITIONS

An expression=-function~definition provides the grchetype of 2
femily of closely related expressions.,.

expression-function-definition = "DEF™ (
numeric—expression-function /
string-a2xpression-function )
numer ic-expression-function = numeric=Iidentifier
ex—-fun-formal-parometer-tist? "=" pumeric—expression
string-expression=function = string~identifier
ex—-fun—-formal—-pargmeter—4ist? ¥=" string—expression
px-fun-formel—-parsmeter—list = "{" Jdentifier
{vyn jdentifler) )»

-l we

An expression—function may heve at most 255 parameters.
Expression-function parameters are passed by value., Resgl
actuals may be passed to integer formalss; integer actuals msy
be passed to real formalss. Whole arrasys may not he passed to
expression functions.

Changes made to formal parameters of expresslion-functions by
functions which the expression=functions c21l have no effect
on the corresponding actual paremeters of the expression
function. For esxamoles

DEF BUMPL({X) = BUMP(X)
FUNCTION BUNMP{X)
X =X + 1
BUMP = X
END FUNCTICN
A =1
PRINT BUMP1{A)}
PRINT A

vould print "2" and "1" on successive lines of steandard
output.
36542613 FUNCTIDN=-DECLARATION=STATEMENT

The function-declaration-statement declares names to be those
of functionsy either internel] or externsil.

function-declaration=-statement = "DECLARE"
REXTERNAL™? Y“FUNCTION®" functlon—-nsme~list
function-name-tist = function—-name
(s function=-name)*
If PEXTERNAL"™ appesrsy the function-names are decliared to bte
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3.0 FEATURE DESCRIPTINON
305424102 FHNCTIUN-DECLARATIBN-STATEMENT

those of externsi-functions; if nots they sre dec!ared to bLe
those of internal-functions. (Note that the
function-declaration-statement cannot be used to declare the
nemes of expression-functionse Exprassion-functions must be
defined before they are first useds It is sometimes necessary
to use an internal function before it is defined {because of
recursive calls); the functlion-declsration=-statement allows
thet to be done. It also provides » meens of distinguishing
an externsl—function from 2n undefined internal=function.)

3e5e2e104 DPTION=-BASE-STATEMENT

The option-base~staotement defines the default lower bound to
he used in dim-statements,

option=base-statemant = “OPTION® MBASLEY (nu(gu/uln)

Default lower bounds are limited to zerec and ones In the
absence of gn option-hase-~statement, the defeult lower bound
is zero.

The option—-base-statement has effect over the entire
conteinino externel=routines An externgi—=routine mey contain
at most one option-base~statement. The option~base-statement
rust precede sl dim—statements In its contsining
external-routine,

352015 SUBROUTINE-DECLARATION=STATEMENT

A subroutine-deciaration-statement decleres one or more names
to be those of external subroutinese.

subroutina-declaration-stastement = "DECLARE®
TEXTERNAL®™ "SUB" subroutine-nare-tlist
subroutine-name~tist = subroutine-name

{"y" gubroutine-name)*

A subroutine~declgration—-statement whichk declares an external
subroutine must precede the first call to that subroutine,

- B AE GB GS WO LG SO G GN GO G e B0 e

3e5e2e1e6 TYPE=-DECLARATION-STATEMENT
The type-~declaretion statement establiishes a connection
between the flrst Jetter of 2 neme and the type associated
with thast name.

type=daclarrstion-stetement = defint-statement /
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0 FEATURE DESCRIPTION
5e241+6 TYPE-DECLARATION=STATEMENT

defreal-statement / defstr-statement
defint-statement = "DEFINT"™ detter-list
defresl-statement = ("DEFSNG" / "DEFDBL")
letter-list

defstr-statement = "DEFSTR" letter-1list e

letter—-1ist = letter—~list=item ("," ~///m/w”’
letter—list-item)*
letter—list-item = letter-range / letter o

letter-range = letter "=" letter =

‘ ettar - "A" / "B" I ﬂc" / '10'” , "E " ,
“F 1] I "G " "H " , 'l'I ” I "’J " / “K n
"L " , "”" "N" , 'ﬂg" I "p“ , "Q"
"Rﬂ / ']S" 'lT"l I "U" / ”v" , "w.’
"X n , “Y'l "Zﬂ

T N
.

The type essociated with every letter of the alphsbet is real
by default. For any letter of the elphebets, the default can
be confirmed by a defreal-statement or overridden by 2 defint-
or defstr-statament. No letter of tha alphshet may be
referenced in more than one type-declaration=statement in an
externsli-routine. {We say thet a letter Is peferepced in @
type—~declaration-statement if it Iss by itselfy a
fetter~list—=item Iin that statement or If it Is oreater than or
eaurs]l to the first tettery, ond less than or eauzi to the last,
of some latter-rancge in that statement.)

The type associated by default with names which begin uith
{etters referenced in a2 defreal=s define-s or defstr-ststement
is reals integers or strings respectively,

Type=declaration-statements in an externai=-function appily to
the function—-name ond to its formel-psrsmeterse
Type~declaration—-statements in an externai-subroutine apply to
the formael—-paremeters of the subroutine. Except for
references to names iIn external=sub-~ 2and
externel-function-steatementsy no type-decliaretion-statement
which follows 8 reference to a2 name msy alter the defauilt type
pssociated with the letter with which that name begins. Thusy

EXTERNAL FUNCTION Q
DEFSTR 0

is legals while

Q0 = "How nows Brown Cow?"
DEFSTR 9

is not.

/
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3.0
3e542e2 Executeble Steotements
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3e5.202 Exacubfable Statemepts

- -~ "

345+202¢1 ASSIGNMENTS

There are two assipnment staoatements in Virtusl BASIC: the
let-statement and the svwap-statement,

assionment-statement = let-statemrent 7/
sHep—-statemrent

34542420141 Lat=Ststement

A let-statement assians an- expression to a variable or
supplilied variablae, The keyuword LET Is aotionale (It is the
only initial keyvword thet is.)

let-statement = "LET"? (numeric—-assignment /
string-assianment)

numeric—z2ssignment = numeric~veriable "a®
‘numeric—expression

string=assignment = string-left-hand-side "="
string—expression

string-jeft-hand-side =

string~supplied=variehle / string-variable

If the Jeft-hand side of 2 numeric—sessignment Is sn Integers
the value of the right—-bend side is rounded to an integral
velue before it Is stored. Thusy

AY = "305
and
A2 = =4

have exactly the ssme effect,

3¢5424241+2 SwapzStatement
The swap-statement exchanges the values o0f tvp variable,
sunap=statemant = "SWAP"™ ([numeric—variable ","
numeric—varjiable /7 string=variable ",*
string-varinble)

The semantics of

SWAP vl, v2
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are exactly those of
temp = vl ¢ vl = v2 2 yv2 = temp

where temp is a compiler—-generated témporary. The type of
temp is the type of vl, If either vl or v2 is @
strinog-varjiables both must be string-variables.

345424242 CONTROL

A control-statement is one which elterss or mioht aiters the
flow of control in 2 proorsame.

control-statement = call=statement /
celix=stzatement /
chein-stetement 7/

. end-statement /
error-statement /
exit-function-statement /
exit—-sub-statement /
gosub-ststement /
goto-statement /
on—error—-statement 7/
on—-gosub-statement /
on-gote=statement /
resume~statement /
return-statement /
run~-statement /
stop=-statement

The on=error= ond resume~stetements 2re intimately involved In

Virtual BASIC's run—time error processing mechanisme. See
section 5.2 for anp overview of that mechanism.

3052020241 Call=Stniement

The c21l-statement is used to call a Virtual BASIC subroutine.

call=stetement = PCALL"™ subroutine-nemre
actual—-parameter-1list?

If the called routine takes no parameterss the
actusl-perameter—1ist is omitteds 1If presents the
gectunsl-parameter—1ist consists of a list of actusl~parzmeters
seper2ated by commas and enclosed in parentheses,

actual=pzrameter=1ist = "(" actual-perameter
{("y" actual-parameter)* ")"
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3.0 FEATURE DESCRIPTION
2e¢5+24242:1 Cati~-Statoamant

An sctusl—-parameter s an expression cor an actual-arrey.

actual-parameter = expression / actual-array

actual=array = identifier "{(" Nyn% m)n

identifier = neame / intager-name / real-name /
string-name

-

With the exception of expressjion—-functionss parameter passing
in Virtusl BASIC is by naddrasse If the 2ctus! parameter Is en
erray or 2 scanlary the address passed is that of the actusl
perameters In all other casess the address pessed is that of
2 temporary into which the value of the 2ctus! parameter has
heen storeds The called routine Is Free to modify any of its
formal parzmaeters, Such modificationsy if they are made to
formal arrays or to formal scalars to which scalars have been
passeds are effective In the c2iling routine, Modifications
of formsl scalers to which constantss array elementsy
substringss or non-trivial exoressicons have heen passed are
vwithocut effect in the calling routine,

W NG G WS N B NS B LG A D se

If the called routine executes a dim— or an ersse-stotement
which effects a formal—erreys that staterent hss effect on the
corresponding actual—array In the caliling routine, 1If the
c2liled routina executes 8 clear-statement, any ectual-arrays
passed it by the calling routine sre erased.,

20502020242 Callx=Statepept

The ceglix—-statement is used to call a FORTRAN subroutine {or
any subroutine which conforms to the FORTRAN calling

saquence).

c2)ix-statement = "CALLX"™ exterpal-routine-name
external=parameter—tist?
external=routine—-name = letter {fetter / digit)*
external-parameter—list = "(" external-parameter
("s" external—parameter)x )"
external=-parameter = expression / external=srray
external=array = numeric=identifler uw{(n ny,ny u)mn

An externali-routine-name may not be more than seven characters
fonge

One mey not pnss a string srray as an external-parameter;
other than thats, externel—parameters are just {ike
actual-parameterse 1In particulars rarameters are passed in
the soame weye Thusy scelars and arrays are subject to
modification by the casllied routine; constents, srray elements,
substriness and non-trivie!l expressions are protected,

" Sl e e b
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3,0 FEATURE DESCRIPTION
3502026242 Collx=Stetepent

There is no mechanism by whieh the FORTRAN {or other external)
routine may slter the dimension-bounds of an actual=-arraye.

Virtus! BASIC cennot share dats with FORTRAM subroutines by
means of the common-statement; all data to be shared must be
passed as parameters,

3e5e2e24243 Chain=Statament

The chain=statement 2aliows one Virtual BASIC prograem to end
ftsel¥ a2t the same time that it invokes zanother.

| cheain=-statement = "CHAIN" file-=parme
file-name = string-expression

The file-name identifies the file from which the new program
is to come. An exceotion is raised if it is not the locel
file name of a Virtual BASIC object program,

-t =i

Wwhen a chain-statement is executed, the files of the old
program are {eft open for use by the nawe Varishbleas snd
arrays which are to be shared by the old and new proqrams must
appeer in common—-statements in both programs.

Ba5e202e204 EQQ:SS”; E

Execution of 2n end-statement terminates the execution of the
Progrom,

end=statement = "END™
The and-stestement Is an ordinary executagble statement. It hsgs
no speciegl lexicel or syntactic propertiese It need not be
the last statement in a maln—-program and it may appear any
nurber of times in any external=-routiney, internai-functions or

internal-subroutine. Execution of an end-statement closes gny
open files,

3e5e2e242.5 Error=3statament

The error—-statement raises an exceptione.
error-statement = "ERRORY numeric-expression
The numeric—-expressions rounded to an integer valuey Iis the
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RE DESCRIPTION
2«5 Error—Statement

N

number of the exception to be rarised. It is possible to reise
an undefined exception via an error-statement. When an
exception not known to Virtual BASIC is not clesred by a
resuma~statementy the disgnostic written to the standard error
file indicates egn unrecognized error.,

3e5 42420246 Exlt=Sub=_apd Exit=Fupctigp-Statements

The exit-function=- and exit—-sub-statements are used to return
from functions end subroutines, respectivelye The function or
subroutine may be either internal or external.

axit=-function-statement = "EXITY™ "FUNCTION®
exit=sub=statement = PEXIT® wnsSUB"

If there is an uncieared exception a2t thte time an

exit—function- or exit=-sub=-statement is executeds an exception
will be raised In the calling routine, The only way to cleear
an exception Is with the resume~statenrent.,

3e542424247 Ggsub=Siatement
The gosub—statement jumps to the statement which follows a

specifiad line-number andy in a senses remembers where it came
frome

gosub~statement = Y"GOSUBY line-number
At the time the Jump Is executeds the location of the
stetement following the gosub-stotement Iis saved on the gosub
stacke See also the return-statement.
{Gosub stacks are local to invocations of routiness Each time
s routine Is invoked, it begins axecution with en empty gosub

stacks Each time a routine terminates, any entrias remaining
cn its gosub steck are discarded,)

34542024248 Gotoz=Statemant

The goto-statement performs an unconditional branch to the
first statement associated with a2 specified line-number.

goto-startement = “GGTD" line-nurber

The line-number may be In a block which does not contein the
cotoe It Is lcasly if sometimes 1il=-advisedy to Jump into a
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32,0 FEATURE DESCRIPTION
Be5eZ24P202+8 Goto-Statement
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»

FOR toop or & block IF,

3¢5424242+9 Qpzfrror=3tatenpant

The on=-error—-statement estehliishes the line-number of the
current 2xception handling code for the contalning routine.

on=error=statement = ©QON" "ERRORY YGOTO"™ line-number

If the 1ine-number is zeroy default exception hsndling Is
enablad, Otherwise, user-supplied exception hendling replsaces
default exception handliinges When an exception is ralsed while
user—supplied exception handling Is in effect, an sutomstic
hrench §s mede to the statement following the 1ine-number
specified in the most recently executed on—-error-statement,
Typicellys though not necessarilys the code st the indicated
Jine—numbar wil! deal with thes exception end then execute gn
resume-stoatement.

At entry to any routina, default exception handling is in
effect for that routine. If » nonfate) exception is reaised
under default handlings an informetive error messape will be
written to the standard error file and the routine will resume
execution rt the point of interruption. If the error is
fataly an error messsgs wWill be queued for possible later use
end the routine witl terminate. If the routine is the
rain=programs gny aqueuad error messsages will be written to the
standard error file and execution will ends otherwiser 2n

exception will bhe raised at the site of the call in the
caliing routine.

Thuss exceptions propaqaate outward from called routines to
caliing routines until g routine with non-default exception
handling is found or there are no more callerss A side-effect
of this propeoation of exceptions is error tracebsck -— the
messeges queuad wWwill identify lines and reutines where
exceptions were raiseds If the exception eventusally Iis
cleared by means of a resume—statement, the queue wili be
puraed; If noty it will be uritten to the standard error files
thus providing the usual sort of line-and-routine tracebsck of
fatal errors,

3¢5¢24242+10 (Opz=Gosubz3tatement

" The on-gosub=statement is an indexed gosub-statement.

on—qgosubh=stetement = "ON" numer ic—expression
"GOSUB™"™ tine-number ("y" |ine-number)*
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3.0 FEATURE DESCRIPTION
309020202010 ONn=Gosub=Statemrent

The numeric—expression is evetuated and rounded to an integera
Let i be the value of that Integer. A GOSUB is exacuted to
the ith line-number in the list of tine-numbers. If i is less
than 1 or greater than the numbher of line=numbers in the list,
nc COSUB {s executed; Iinsteads the {lexically) following
stetement is executed, y

3e5+424242411 Op-Goto=Stztepent
The on~goto-stotement is en indexed goto-statement.

on—goto—statemant = "ON" numeric—esxpression
"GOTO" 1ine-number ("»" lline-=pumber)*

Tke numeric—-exoression is evaluated and rounded to an integer.
Let i be the value of that integer. A GOTO §s executed to the
fth fine=number in the Jlist of tine=numbers. If | Is less
then 1 or greater than the number of line-numbers in the list,
no GOTO is executed; insteads, the {1axicatly) following
statement is executed.

3e5424242412 RasumezStatement

The resume-ctatement clears an exceptions purges the error

message queuey onNd transfers controls It comes in three
forms?

resume-~statement = "RESUME" ({(
ONEXTY /
line=number /
"0"? )

All three forms clear the exception. The first form returns
control to the statement {lexically) ¥following the one in
vwhich the axception was reisede The second transfers control
to the statement following the specified line=number. The
third returns control to (the becinning of) the statement
whose exscution raised the exception.s, Note the possibility
for loops using the third forms. Note too the possibitity for
unpleasant surprises using the firste For exampley Iif
statement 100 In

100 IF exp GOTO 200
110 REM Could net here via resume oo

raised &n exception during evaluation of the exprassion exp,
and if the first form of RESUME is used by the
exception-handling codas then contrel will be transferred to
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2e2¢12 Resume=~Statement

jine 110y not to line 20Cy 2van though the vatue of exp may
have been non-zero,

An exception is raised if a resump-statement is executed when
there Is no unrasclved exception.

245420202013 Returpn=Sintepent

The raturn-statemant undoes a gosub=-statement. Tﬁat Iss» it
pops the gsddrass of a statement off the gosub steck end jumps
to thst statement.

return-statement = "RETURN"

305424242414 Ryn=Statemept

The run—statement initistes the task denoted by the value of
its string=expression.

run-statement = "RUN" string-expression

The value of the run-statement?s string—expression is passed
to the NOS/VE System Commend Lanoguage interoreter to be
processed Just as though it had been read from thas command
files If ony error results from the execution of the vsiue of
the string—-expression as a commands an exception is rsised,

3e5¢202+2415 Stop=Statepment

The stop~statement suspends execution of the program snd
trensfers control to the debupger.

stop=stetement = "STOP"®

2.542+2¢3 INPUT AND OUTPUT
Virtual BASIC has a number of io—statementse.

Jo-statement = close~statement /
field-statement 7/
get-statement /
input=-statement /
!ine~input-statement /
Iprint-statement 7
Iprint-using—statement /
Iset-statement /
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3.0 FEATURE DESCRIPTION
23.5424243 INPUT AND DUTPUT
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ocpen—statemant /
print-statement /
print=-using-stetement /
put-statement 7/
rset=-statement 7/
Wwidth=-statement /
write-statement 7
beep-statemant

The jo=-statements are augmented by s collectlion of lo~-related

1itrary functionse Both the ststements snd the functions are
described in this section.

A Virtual BASIC program can receive data from and send data to
NDS/VE local filess A locel file may be on either a8 mass
storage or an interactive device. The NOS/VE stendsrd files
$INPUT end 20UTPUT are slweys availeshle to the program during
executions Other local flles can be made availasble to the
prooram by spacification in open—-strtements.

I7/0 with files is either sequentiesl or random. Virtusl BASIC
seoguential I/0 reads and writes coded recordss Random I/0
rencs snd writes fixed=-length sequences of binsry bytes.
Whether a2 file is opened for sequential or random I/0 is
controllaed by the io-mode speciflicetion of the copen-statement.

Sequential I/0 iss» Just as one might hopes strictiy
seouentiale Records 2re read one ¢t g time from the bheginning
of the file. There is no capability for heckward or forward
skippings A rewvind Is effected only by closing and reopening
the files Uniess 2 file is opened with an io-mode of append,
sequentiesl output overwrites all previously defined
information in & files IT a file is opened with an lo-mode of
appends records are written after thke last preexisting record,
Every time 2 new record Is written to a seaquentia! file, the
end of the new racord coincides with the file's (logical) end
of information.

Random I/0 offers orbitrary positioning of dats transfers teo
and from a2 file and the improved performance of binsry I/0.
These beneflits come at the expense of more trouble on the part
of the BASIC prograemmers Random I/0 cenerelly requires more
specifications in the BASIC source text and more g priori
information 2bout the nature of one's data than does
sequentiel I/0, Rendom 1/0 Is frequently insppropriate for
dete intended for interchange with processors other than
Virtual BASIC. Random I/0 cannot be used with termineil files,

The Virtual BASIC functions and statements CLOSEs EQDFs INPUT,
LINE INPUT, LOC, LPRINT, OPEN, PRINT, PRINT USIMG, and WRITE
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3.0 FEATURE DESCRIPTION
32s542+20.3 INPUT AND GQUTPUT

are used with sequentiat I/0. The functions and stetements
CLOSE» CVDy CVI» CVSy FIELDy GET» LUCs LSET» MKDE» MKIS» MKSS)
OPEMy PUTs and RSET are used with rendom I/0,

3¢502.2+3.1 [Opep=Sistement

The open-strtement makes a2 NOS/VE file available to a Virtual
BASIC prograr for I/0» establishes the lo-modes sats the
cha2nnel number for references to the file in subsequent 1/0
stetements, ond esllocetes o buffer essocieted with the file,

open-statement = MOPEN" (openl / openz)
openl = file-neme ("FOR" jo-mode)? MAS®
"#"?  pumeric—expression
{"LEN" "=" pnumeric—expression)?
open?2 = string—expression "," »yn?
numeric—expression "s% file-name
{"y" numeric-expression)?
fo=mode = "INPUTY™ / "OQUTPUT"™ / “APPENDM

If specifiedy the To-mode of the openl form of the
opern=-statement specifies the mode of access for a sequential
files If the jo-mode Is defpulted, RANDOM access is assumed.
For the open2 form of this statement, the first character of
the string—expression specifies the access mode ss follows:

I denotes sequential INPUT
0 donetes soaquential DUTPUT
R denotes RANDOM I/0

Any other character will raise an exception. An exception

Will result 21so from an io-mode that is not conformable withk
the NOS/VE access mode of ¢ preexisting files An attempt to
open an Interactive device as RANDOM witl ralse an exception,

A file created os a result of a Virtual BASIC open—stestement
with on fo-mode of RANDOM is assigned the NOS/VE file
organlization attribute BYTE ADDRESSABLE. A fltle created by an
open—stetement with an fo-mode of INPUT or COUTPUT is essigned
the Tile organization SEQUENTIAL. A preexisting file to be
opened s RANDOM may have a file organization of either BYTE
ADDRESSABLE or SEQUENTIAL. A praexisting file to be opened gs
INPUT or QUTPUT must have 3 file organization of SEQUENTIAL,
An exception Is reised if the flile organization of ¢
preexisting file Is not compatible with the lo~mode,

G BN L S8 e e SO an v S e

The file-name specified on the open-statement is the NDSIVE
"file reference” Indicating the device or file to be opened.
Device types and file connections are easily established in
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-ATURE DESCRIPTION
2+3:1 Dpen=Statement

the NOS/VE System Command Languege end readlly inferred hy
Virtusl BASIC. ‘ ' ‘

The first numeric—expression denotes the channel number to be
used for subsequent references to the flle or device. The
optlongl preceeding "4" is of no semantic consecuence; it is
eliowed only for compatibillity. The velue of the expression
rounded te the nearest Integer must Jie between 1 and 99
Inclusivae An exception Is raised if the value of the chennel
number is out of bounds or if it is the value of s currently
open chennetl. :

The second numer jc—-expression is cptional for hoth forms., Its
valuey, Ttounded to the nearest integery, establishes the record
size in bytes., If this is defaulted for ¢ preexisting
sequential files the file's record fenath is usedos If this Is
defaulted for any other filey 9 record length of 128 is used,
If 2 velue less then one is specified» en exception is raised.
If & value is spoecified grester then the record length of &
preexisting files an exceptlion Is ralsed,

- B W R swm B

Fultiple concurrent opens of a device or file are possible,
hut each must use @ distinct channel number. Scome
combinations of concurrent opens of a file may have
troublesome side effects. It is the responsibility of the
programmer to provide appropriste maccess attributes for €files
intended to be so used,

A file or devige other than default input or output must be
opened in order to be accessed by sny statement requiring s
channel numter.
If the file is not attached and the io-mode Is INPUTs an
excention iIs raisede If the file is not atteched and the
io-mode §is QOUTPUTs APPEND, or RANDOMs & new file is creanted.
Opening 3 file with an io-mode of QUTPUT overwrites eny
preexisting Information in the file. Where the intent is to
add datn to 5 file while presarving the existing datas the
APPEND jo-mode shouid be specified, .
The Virtus] BASIC statements:

leO OPENM TMSESAME®™ FDR INPUT AS #42
and

1C0 DPEN "IMSCRUTABLE'"™, #42, “SESAME™®
have the identical effect of ooening 2 file named "SESAME"™ for
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3,0 FEATURE DESCRIPTIDN
345e242¢3.1 Open=Stotement

INPUTs and pstablishing the channel number 42 for subsequent
access to the file,

34542+2+3.2 Close=Statement

. v

The close~statement terminstes access to o Tlle or device
throungh the channel number assigned to it at the time it wes
opened.

close=-ststement = "CLDOSE" file-nunmber-1ist?
file=number—1ist = "#"? numeric—-expression
{nyn "gn2 numeric—expression)*

A numeric-expression used in a file-number—-list of a
close-statements when rounded to sn integers must be the value
of g channel estabiished by a previcusly executed
opan—-Statement, JTf no file is open for this walues an
exception is roalseds If no numeric-expression is specifiad on
the close-statements 2l open chonnels other than default
input and output are closed,

Once 2 close-statement Is executed for 2 channely, the file or
device is no longer gvajlsble to the prograr through that
channel numbers. QOutput pending for the channel is flushed
from its buffer at the tlme'of the close,
The Virtues! BASIC statement:

100 CLOSF

closes 211 open channels other than the defsullt input and
outpout files or devices.

The Virtua! BASIC statement:
200 CLOSE #2y 4y 6y #8

ctloses the files or devices dencted by the channel numbers 2»
49 £y 2nd B,

3e5¢2+2+3.3 EOE_FEupgction

The EQOF function Is used to detect sn end-of=File status. A
reference to the EOF function appesrs In &8 Virtual BASIC
program ass? :

WEQF" "(Y numeric—expression ")*
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3,0 FEATURE DESCRIPTION
34542424342 EOF Function

The numeric—expression of the EQF function denotes the channel
number of the instance of cpen for which the inquiry is made.
If the value of the exoressions rounded to the nearest
Inteognrs is not that of z2n open channels gn exception is
raisad.

The velues raturned by the function is an integer. IF the file
open to the indiceated chennel has reached Its end=of-files the
integer vatue =1 is returneds ODtherwises the integer value
zero is returned. Interactive devices end files opened for

DUTPUT or APPEND are always at end-of-file, A file opened =as
RANDOM is never at end—of-file.

Tha following Virtual BASIC program i1lustrates the use of the
FOF function In a relational expression {(see the section on
axprassions) to detect an attemplt to read bevyond a file's
dete.

1C0 OPEN "MIND"™ FDR INPUT AS #9
116 IF EOQFU 9 ) THEN END
120 LINE INPUT #9, LINSTR%

L
2C0 6DTD 11¢C

By the use of the ECOF function on line 11Gs this orogram
avoids the exceptlon that would result from reading beyond the
deta in file MIND.

345e242+344 Eilold=Statement

The field-statement establishes fields Iin @ rendom file's
buffar that can he used for dats extra2ction 2and insertion,

field=statement = "FIELD"™ "#"? numerlic—expression Y,"
fietd-list '

Field=list = field-item (V" field-item)*
field=item = numeric—expression "AS"™

whole-string-variahle

- e ws

The first numeric—-expression in a field-statement denotes a
chennet number., The value of the expressions rounded to an
Integers, Is the choannel assigned by a previous open=statement.
I? no channel of the specifind value is opens or if the open
channel is not & reandom filey 2an exceotion is reised,

Fach subsequent numerlic—expression Iin a2 field-stetement
denotes the ltenpth in bytes of the associeted string-variable.
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3,0 FEATURE DESCRIPTIDON
305:2+203.4 Fiald=Statepont
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Bytes in the buffer are sliocated in the order specified on
the field-statements, If the sum of the byies =ilocated
exceeds the record length that was determined at the time the
file wes opened, an exceptlion §is reised. There Is no 1imit to
the number of field-statements that cen be executed for =
given bhuffers The user is free to creete ns meny different
formats to reference his buffer as is convenlients but shoutd
keep in mind that careless use of overlapping fields can lesd
to uninteltligible results.

The NOS/VE numeric reoresentations used by Virtue! BASIC all
recuire eloht bytes to contsin s numeric value. A
string-variable deflned in 2 field-steterent thet is meant to
be used with numeric dats should have a length of eight bytes,

No dets are moved 2s 2 result of the execution of a
field~statements, The fielid-statement defines string-variables
that coinclde with piecess or fleldssy of a random buffer,
These string-varlisbles are used as arguments of the CVIs CVS»
or CVD functions for extracting numeric deta from a buffer, as
pearts of a9 string-expression for extrecting string datas from =
buffery, or 2s destinmstion strings in 1set and rset-stoatements
for insertion of data into a buffere They mey 2lso be used as
string-variebles in their oun right, though they can be, in
some senses unstablie,

A strino-variable thet has heen defined by the exscution of ¢
field—statement uhich is later used on the left-hand-side of 2
string let-statementy, In the variable 1ist of an Input=- or
read-stetements or a2s 2 formel parameter loses Its residence
in 2 hbuffer. A preexisting string-veriable that is redefined
by appegring in a nevwly executed field-statement Joses Its
former value,

The folloxing Virtual BASIC program illustrates the use of
fields in a random Filels buyffer:

100 DATA 50

110 READ N :

120 OPEN MSECRET"™ AS #7 LEN=28

13C FIELD #7, 20 AS COUNTYS, 8 AS POP%
140 FOR I =1 TO N

150 GET #7

160 POPZ = CVI(POPS)

170 PRINT USING ™ & COUNTY HAS A POPULATION OF ###H#R#H#R_"3
COUNTY%,P0OP? :

180 NEXT I

190 END

The field-statement at 1line 130 deflines two string-variables
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3.0 FEATURE DESCRIPTIDON
30502026208 Flpld=Statement

thet reside in the buffer for the randonm fite YSECRET™ open to
channel number 7, The flirst of these string=verishles,
COUNTYS%y coingcides with the first twenty bytes of the buffer,
and the second, POP%$, coincides with the next eight hytes.
With every executicn of the get~statement at line 150 the
values of these string-veriebles 2re ligble to change. MNote
that even though the valugs of POP% is numericy it can ke
referenced In the random buffer only as a strings To be used
as a numeric value In the program, it is first converted by
the CVI function.

3e54242+345 LNI» CYSs _apd CYD_Eunctions

The CVIs CVSs and CVD functions are used to interpret vslues
of string variables as numeric. Peferences to these functions
in 2 Virtust BASIC progrsm sppegr gs?

nCYIY® v{" string-varirbhle ")
"Cys" "(n gstring-variable ")"
nevpn (v string=-variabhle ")"

A strino verishle that is spacified in g field=-statement may
have 2 numeric velues, Before the value is avallable to. the
progremr as a numhbhar, it must be converted by one of these
functions., CVI convaerts the strinag to on inteocer. CVS
sonvarts the string to 2 reeal number. CVD is equivalent to
CvSs it is inctuded onty for compatibilitys The conversion
effected by these functions is a3 conversion of the
interpreteticons not of the date. Thot is» the reoresentastion
Js not changedsy but the type is.

An erithmetic exception results when an erqument of one of
these funections cannot be interpreted as £ number of the
appropriate type by NOS/VEe. The numeric representations of
inteaers and floeting—-point numbers are ejight bytes in tenath,
b strino~variabkle specified as the argument of one of these
functions must heave a lenaoth of eight bytes.

3e5¢204243.6 Getz3tnlenmant

The aet-stetement fetches a2 byte secuence from a random file
intc the buffer establlished for it by an open—-statement.

get-statement = "GETY "#Y"? numeric—expression
{("s" numeric—expression)?

The first numeric-expression in o2 get staterent denotes the
channat number essianed to the device or file by » previously
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3.0 FEATURE DESCRIPTION
3056202936 Get=Statement
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executed open~statement. The value of the expression is
rounded to an integere If the specified channel Is not open
to o rendom filey en exception is reised.

The second numeric-expression denotes the ordinal of tha byte
sequence to be reads The value is rounded to an integer. If
no such deots are aveilables an exception is reiseds If no
ordinal is specifiedy the next byte sequence after the last
get or put operation Tor this channel is read,

The get-statement fills a3 random flle's huffer for subsecuent

dets extraction by raferences to the string-variasbles defined
in field-statements.

3e5e2e2e347 Inout=Statament

The input—-statement reads coded data from a secuential dewvice
or file and sssigns them to proarsm variables.

input—-statement = "INPUTY™ n;n?
("4#” numeric—expression “y*)?
{string=constant {(n3n/v,1))?
variable-{ist
varigshle-list = variable-tist—itenm
(""" varlable~list-item)*
variable-1list-1tam = numeric-varishle /
whole-string-verisble

The optional numeric—expression of an input—-statement denctes
the chsnnel number established for the file or device nt the
time it wes ops2neds The value is rounded to the nearest
integers If a value is specified that does not correspond to
an open channels an exception Is raiseds If no channel lis

spacifieds or if the vplue of the numeric—expression rounds to

zeros the proqgram's default input file or device is assumed.
If the chennel is not open Wwith an io-mode of INPUT, en
exceptlion iIs raised, :

If the channel from which input is requested is open to an
interantive devices the operating systemr supplies the string
u? w a5 a3 prompt to indicate that data are expected, The

options! string-constant of the input-statement mey be used to

repiace this default prompt. The programmer often finds it
helpful to provide a prompt that is meaningfu} (“ENTER ID
NC.2") or asmpathetliec (YPLEASE TELL ME WHAT®S WRONG") in the

context of an lnquirye. 1If the user—specified prompt string is
followed by a semicolons the system default prompt Is 2ppended

to ite If it is followed by a commas the system default

prompt Is suppressed, The meximum lenoth used for o prompt is

27
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3.0 FEATURE DESCRIPTION
Be5e2e2+347 Input-Stetement
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31 chersascterss If the velue of a user-soecified prompt
exceeds this lengthy ontly the first 31 cheraters are useds IFf
a prompt string is specified for a channel that is not open to
an interactive devices the prompt string is lgnored,

Progrem varigbles jnto which dats are to be read are specified
In the input=staterent?!s variable~tlists The Input=statement
csuses the next record to be reed into the channel?s buffer.
If the channel is open to something other then an interactive
device and no record is availables an exception is raised, If
the device Is interactives a prompt Is Iissued and the systenm
will wait for s reply.

The date of an input reply must bhe sepsrated hy commase The
numbter of data In the reply must equatl the number of ltems in
~the input-statement?!s verieble~list., Deta which sre to be
assianed to numeric variables must be valid numeric
representations: data which are to be assioned to string
variables may contaln any characterss Data may be quoted or
unquoted In the input reply regardiess of the types of the
variables to which they are to he 2ssigned. Data received by
integer variables are rounded to integrel values bhefore they
are stored,. ' )

A W S B B we W aw

-

Note that substrings are not permitted in variable=listss
Neither the read-statement nor the input—statement msy be used
directly to assign a value to a substring.,

e W e so

An unquoted-string In an input reply differs stightty from the
unauoted-string described in the previous secticn on tokens.
An input unquoted string Is a maximal run of characters on a
sinale line wvhich contains no leading hlanks (it mey contain
amhedded blanks) and no commes. A1l other chersacterss
inctuding colons 3and sapostrophess are permissible. Any datum
that hegins with a quote is gssumed to be 2 quoted stringe
Only 3 auoted string detum can contain commas or leading or
treiling hlanks. A quote embedded in a quoted string is
specified by two adJacent quotes,

If 2n erroneous input reply is furnished from an interactive
devices Virtual BASIC will attempt to recover. The prompt
"ERRNOR IN INPUT REPLYs PLEASE RESPECIFY®" uwill be issueds and
the system will wsit for the antire input reply to he
reentered.

3¢54242¢348 Line=Ipput=Statement

The line-input-statement reads an entire tine from a device or
file into a string=variable.
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3,0 FEFATURE DESCRIPTION
2050422038 Linp=Input=~Statement
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line=input=statement = "LINE" ®"INPYT" m;3n?
{"#" numeric—expression ",")?
{string~axpression ";")?
whole—~strino-variable

The optional numeric-expression denotes the channel number
from which the line Is read. The optional string-expression
is used to replece the system's defeult prompt if the channel
Is open tc an interactive devices Both of these optional
peremeters heheve exactly the ssame ss those on the
input-statement,

If the length of a line read by the execution of a
bine=input=statement exceeds the maximum string lengths en
exception is raised and no assignment occurs. Othervisey the
entire line is assigned to the whole=string=-variable.

- e

3e542e243.9 LQQ_EuQasign

The LOC function returns the ordinal of the current record of
an open file or devices A reference to the LOC function
appears in a Virtual BASIC program ss$

"L acn (" numerlc—exoression ")"

The numerjic~expression used as the argument of the LOC
function denotes the channel number of the instance of open
for which the inquiry Is mades If the value of the
expressions rounded to the nearest Integery, Is not that of ¢
currently open channel that was assigned by an opan-Statement,
gn exception is raised.

If the channel iIs open as RANDOMy the LOC function returns the
ordingl of the byte ssquence thet has been read or written by
the most recenttly executed get— or put-statement for the
channels If no byte segquence has been read or writtens the
value zero §is returned,

If the chennel is open for INPUT, the function returns the
nurkber of the line most recently reads If it Is open for
DUTPUT or APPEND, the function returns the number of the line
most recently written since the channel wes openeds If no
line hes heen read or written since the channel was opened,
the value 1 is returned.
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The lprint- and Jprint—-usingo-statements write coded dete on a
locz! file named "PRINT™,

Iprint-=statement = Y“LPRINT" print=-list?
Iprint—using-statament = “LPRINT" "USING"
string—expression "3" print-using=tist "3"?

- we e we

The tprint= and lprint=-using=-statements function the same as
the print- asnd orint-using-statements except thet dsts so
written ara written to & local file named "PRINTY, These
statements are included in Virtus! PRASIC only for
corpatibitity. '

345424243411 Lset=_and Rsef=Sistements
The Iset- and rset-statements insert the velue of a
string—expression intp a string—-variable.

Iset=-statement = "LSET" string-variable Y=V
string-expression

rset-statement = "RSET" string-name "="
string=-expression

For each of these statementss the value of the
string—expression becomes the value of the strinpg-veriable.
lset and rset differ from normal string sssignments in thaet
the length and locatlion of the destination string are
preservedes If the value of the string-expression has & length
that is less then the tenath of the string-varisble, Iset
left=justifies eond blank-fills the velue and rset
rlght=justifies and blank=fills the values If the length of
the value of the string-expression is lengery the value is
truncated on the right before the sssiaonments If the length
of the destination string iIs zero» no assignment occurs,

If the string-verisble is a8 field (see the field-statement) of
2 rendom file's buffers the value of the strinp—-expression is
inserted Into the buffer. Numeric values must be interpreted
as strino values for Insertion into random buffers by Iset or
rset—-strtements (see the MKI3$», MKS3%» and MKD% functions). For
the sanse of a numeric rerresantstion to bte preserveds a
strina-variable used as 2 numerle fleld must be eight bytes In
ienoth,. '
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3¢5424243.12 MKI%s MKSS, and MKDS_Fupctions

The MKI$» MKS$s and MKDS functions are used to interpret
numeric values 2s string values. PReferences to these
functions in 2 Virtus) BASIC program appear ass

BMKISY (Y pumeric-expression ")"
UMKSEY "% numer ic—expression ")"
"MKDEY ™" nuperlic-expression Y )v

To insert s datum into 3 random file's buffers the detum is
assiqgned to a string variable that resides in the buffer as a
result of 2 field statemente If the value to be inserted is
nurerics one of these functions must be used to cause the
value to bhe trested as a string.

These functions do not convert the values of their arouments

in any way? they only convert the way Virtual BASIC treats the

yveglueses Sincs the representations of the NOS/VE numeric type
used by Virtual BASIC are eight bytes in length, each of thes
functions returns the internail representstion of the value of
its argument as an eight=byte string variables The three
distinct noames for this singie capahility ere provided for
compatibhility.

3e542e203413 Print=Statement
The print-statement writes coded data to a sequentiatl file or
device,

print-statement = "PRINTY {"#" numeric—expression Y,")?
print-list?
print=tist = print=list-itenm
(("y"/";m)? oprint=list=item)s (V3" /",")2
print—list—item = format-function /7 expression
format=-function = U“SPC®"™ "(" numeric~expression ") ¢/
n"TABY "{" pumerijc—expression ")"

The optional numeric—expression of 2 print-stetement denotes
the channel to which the data are writtens The value of the
expression Is rounded to the nesrest integere. If no velue is

s

e

spacifiasds or if a5 specified value rounds to zeroy the default
output channel is useds If a specified value is not that of a
channel! open with an lo~mode of DUTPUT or APPEND», an exception

Is raised.

Thke print-list is a2 tist of expressions the velues of which
are to be written to the flle or device open to the indicated
chennele The print-tist-items may be separated by blanksy
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3,0 FEATURE DESCRIPTIDN
3e542¢23412% Print=Statement

commass or semicolonss If the print-list is not specified,
the porint-statement has the effect of writing 2 blank §ine to
the device or files :

Virtua! BASIC print ltines ere divided into l4-character print
zoness The positioning of the values printed is controlled by
the use of punctuation and format-Ffunctions In the print=list,
A comme In the print-1ist positions the next vslue printed nt
the beginnino of the next print zoney blenk=-fitting any
intervening print positions that othkerwise would have been
unspeclifledes A semicolon In the print-1ist positions the next
velue printed immediately after the Jast one. Any number of
speces between print-list-items functions exactly the same ss
8 semicolon. '

The fermat=function SPC mavy be used in a8 print=list to insert
speces (hlank characters) into the printed {tine. The number
of spaces inserted is CINT{numeric—~expression) MOD w+ls where
Ww Is the page width of the device or fltle, If this value Is
neagsative, an 2xception Is ralseds. If this velue is grester
then the number of print positions remsining on tha current
line» an end of Jine Is generatedsy and the next vatlue printed
Is posltionad at the beginning of the next line.

- H® S

The format—-function TAB may be used in 2 print—-list to set the
print oosition of the next value printeds The left=-most print
position Is numbered le The print position used is
CINT{numeric—expression) MOD w+ls where w is the page width of
the file or device.s If this value is not greater than zero,
an exception Is raiseds If the current line Is atlreedy
positioned beyond this values an end of line is generetedsy end
the print position is set to this value on the feollowing line
with the Intervening positions blank=filled.

- e ww

If 2 print—=list ends with a comma, semicolonsy or
format—functions no end of line is generated, and the next
print te the same channel will begin 2t the current print
position of the same line. OQOtherwises the end of 8 print-list

. generates an end of lines Partial lines generated for
intersctive devices are transmitted when the end of the
print=1list is encountered, Partis! lines destined for files
and other devices are not transmitted until 2n end of line is
generanted either by encountering en end of a print=list wuith
no commay semicolony or Fformet=-function or by closing the
chennel. :

When the tength of 2 value to be printed is grester then the
number of print positions left to Fill in the current line but
less thsn tha page width of the device or filas sn end of 1ine
is oenerated and tte value is printed at the beginning of the
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3,0 FEATURE DESCRIPTION
30542293512 Print=Statement

folloving Jines If the length of the value to be orinted is
areprter than the page widthy as much of It as will fit on the
current line Is printad, end it is continued on es many lines
85 NRCRSSAryY. ' '

A orinted numeric velue is always preceded by a space if It is
pesitive and by a minus sign If It Is negatives A printed
numeric valtlue is always followed bty ¢ space unless it is the
Tost item on 3 line., If it iIs the tost ftem on 2 fines it may
be follovwed by an end of line. Numerlic expressions whose
yvatues are Integers 2re printed as integers.
‘Numeric~expressions whose values can be representad nc fewer
accurately In 2 seven {or fewer) digit fixed=-point format than
in an exponentisl format are printed in 2 fixed-point format.,
A1l other numeric—expressions are printed in axponentirl
format.

3e542¢243e14 Pript=Usipno=Stataepent

The print-using-statement writes data to 3 seaquential device
or Tile according to the specified format stringe

print—-using-steatement = "PRINT®
{("#" numeric—expression ",")?
"YUSING" string-expression "3"
print-using-{ist
print-using—-list = expression {{(", "I"'“)? expression)*
(“ ﬂ/" -")?

LT Y WY

The optionsi numerlc-exéresslon of a print-using-stetement
denotes the channel to which the deta esre printed and is
processed exactly the same as on the print=statement,

Endino & print-using~list with a2 comma or semicolon surpresses
tbe ceneretion of a Vine feed and coerricesge return in the sare
way as on a print=iist of & print-statement, It makes no
sementic difference vhether expressions of o print—-using-list
are seperated by 9 comme or hy 2 semicolon. The
print-usino=list must contain at lesst one expressions The
values of the expressions in the list gre formatted according
to the string—expression following the "USING" keyword of the
print-usjing-statement.

The string=-expression Fellowinag the "USING” kevword is
reaqulred. Certein choracters theat may appear in the value of
the strino-expression have particulsr meanino for data
formatting and are described below. Other characters that do
not have siconificance as formatting cheracters nre reolicated
to the file or device as litero2iss 1¥ the value of the
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3.0 FEATURE DESCRIPTION
3e542e2+s3el4 Print-Using=Statement
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string=e2xpression is i11~formed for use as g format strings @n
exception is raised,

When the expression belng printed is a strings the format in
vhich the value Is printed is controlied by the sppearance of
"Iy "\ see A", or "EY within the format string. All of these
centrol the tength of the field in which & string velue is
printeds The character "!" jndicates thet only the first
charactery if anys of the strino-expression's value is to be
printeds If the value of the string is nully, a blank Is
printad. The sppeserance of tvo beckslashes saperated hy zero
or more blanks indicates that the field length is the number
of characters from the first backslssh through the second {(the
numbher of blanks plus two.) If the value of the
strinc-exoression is longer» the veluse printed is truncated on
the right. IFf the value of the strinn-expression is shorter,
the vatue iIs printed left=justified and blank-flileds The
chargcter "&" indicates that the value of the
string—expression is to be printed in a field the tength of
which is exectly squaf to the length of thke value.

When the expressien to be printed according te 2 format string
is numericsy the format strings Mty Mty PN, won, nxkn, wggn,
wEkGHM, Myn, apnd ", .. mey be used to contrel the display of
the values The values printed are rounded to fit the flelds
if necessorye If 2 value overflows a2 specified field, the
truncated value is printed with the ckaracter "2 immediately
to Its left,

The appearance of 2 number sign ("#") denctes # digit position
to be fitleds Thbe number of digit positions in o numerie
field is the count of the number signs in the format substring
that controis the fields If the display of the value requires
fewer positions than are specifiedy the fiald is blenk-filled
on the left. O0One decimal point mey sppear In any position
vithin the string of number signse Its position indicates the
position of the decimal point In the printed fields If the
decimal point is not in the left-most position of the Tields
a2t least one digit is printed to the left of the decimal
point,

The represantation of the sian of a numeric value is
controlled by the characters “+" gnd "=-v, If s “+" gppesars ns
the left=most or right-most character of 8 numerlc format
fields the sign of the value is printed Immedistely tc the
laft or rights respectively, of the volue. If a "=" appears
gs the right=most character of s numeric format fietd, 8 minus
sign Is printed to the right of a negative value, If neither
"y nor "-" gppears and the value Is negatives, 2 minus sign Is
printad immediately to the teft of the value.
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345024243414 Print=-Using=-Statement

Beginning ¢ numeric formet field with two asterisks ("¥%") has
the effect of specifying two additional digit positlions for
the printed field and of Fllling the lrading blanks of the
printed fieid with asterisks.

Baginning a numeric format field with two dollar signs ("337)
hes the effect of specifying two sdditionel diait positions
for the printed field and causes the position immediately to
the 1eft of the teft—most digit printed to be fllted with o
dollar sign.s The only sign specification that Is alliowed with
the dollar signs is the treiling minus variation described
sbove. Exponential formats {(see below) cennot be combined
with dellar signse

Beaginning 2 numeric format Field with the string "k¥gvw
comhines the two previous specificstions. This specifies
three additional digit positions for the printed fielids The
position immediately to the l{eft of the teft-most dligit
printed is filled with ¢ dollar signy and any blank positions
to its Ia2ft are fillad with 2sterisks., .

A commae specified within the diglt positions of & numeric
format fleld has the effert of adding commas to the printed
representation of the numeric vatlue. 24 comme is inserted to
the left of each third digit to the teft of the decimal point
if there is sanother silonificant digit to its lefts, A comme
thet appears at the beginning or end of a3 format field is
replicoted £s 9 titeralse A comma used in an exponential
format has no effect,

Three or more carets (""") may be placed efter the digit
position specificstion of a numeric forma2t field to indicate
an exponential formate Fach caret specified indicates a
character position of the exponent Tield. Three carets are
sufficient to specify a minimal exponent field of the form Etn
or Dine If the exponent to he printed overflows the field
specifiedy the value is printed with the character “Z"
irmedistely to the left,

Any of the charecters enumersted ebove #2s having sianificance
as formet specificetions mey be used as e literel in 2 format
string by pnreceding it by the underscore characters The
literal character appears in the formatted line; the
underscore do2s not.

3:5e2¢243.15 Pyt=Statemapt

The put-statement writes the data In a random Ffile's buffer to
the File,
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3.0 FEATURE DESCRIPTION
3e5e292e3e1% Pyt=Statement

put-statemant = YPUTY Y#"2? numer ic—expression
("," numeric—-expression)? ’

The first numeric—-sxpressjion of the put-statement is reauired.
Its value rounded to an integer denotes the chasnnel number for
which the buffer is to be uwrittens IFf no such channel s
oprny or if thz chennel is opan with an lo—mode other than
RANDDMs on exception is ralsed,

The optional second numeric—expression of the put-statementyif
presenty, denotes the position In the file ot which the detsn
are to be writtens Its value rounded to the neasrest iInteger
rust be within the range z2llowed by NOS/VE Access Methods for
2 file!'s record timit {type amtsrecord_Ilimit)s If the value
Is outside this renge, 2n exgeption is raised and no data are
uritten. If no number is specifiedy the dets are written es
the next byte sequence after that accessed by the last
executed get or put operation for the same channel.

3+5424243.16 Width=Statement
The width-stotement sets a pace width for an output File,
width-statement = "WIDTH®

{{9#"?2 numeric—expression /7 file=name) ",™)?
numeric—expression

- i

The optional numeric—expression of the width-statement denotes
the channel number for which a page width is to be set, 1If
its value roundad to to the nsarest Iinteger does not denote ¢
ctkannel open ¥for sequential outputs 2n exception is raised. A
chenoe nade by 8 reference to the channel number is In effect
only for the instance of open denoted by the channel number.

A pege width mz2y also be set for & file-neme. A file—-name
specified on a width-stetement is & NOS/VE "file-reference®,
An exceptlion Is raised iIf the user references 2 file over
vwhich his control is insufficient to allow » chagnge of the
paoe width gtitribute.

Setting the page wldth by fife=name has no effect on any
current open of s file or device indicnted by 8 file-names but
is used for all subseaquent opens., If neither & channel number
nor 2 file-name s present in 8 vwidth-stetements or iIf a
channel number that rounds to zero Is specifieds, then the
current default output channel is 2ssumed.

The value of the regquired numeric-expression is used for the
new page widthe If the value Is less than fourteen (the
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FEATURE DESCRIPTION
e202+3:.16 Width=Statement

3.0
3.5

fength of a print zone)s an exception Is ralsed, DOthervises

the value used Is CINT{numeric—expression) MOD 256 The pacge
width determines the maximum number of cherscters that can be
printed before a 1ine feed and carriage return ar2 generated,

305024243417 Write-Statement

The write~statement writes lines of coded data to 2 segquential
device or filea, .

urlte—=statement = "WRITE®™ ("#"Y numeric-expression ",“)?
urite=-list?
mrite—~list = expression ((Y","/"3") expression)*

The optione! numeric—expgression of the write~-statement denotes
the channel to which the tine Is to be writtens The value of
the expression is rounded to the nearest integer. If no
channel is specifiedr or if the value specified rounds to
zeros the default output channel is usede If a value Is
speclified that corresponds to no channel ocpen with asn io-mode
of "ODUTPUTY or "APPEND", an exception is rsised,

The list of expressions is optional. If none is specifieds
ocnly an end of line is transmitted to the channel. The value
of each expression specified is formatted and transmitted in
the monner of 9 print—-statement's print-tist thast conteins
ftems 211 of which are separated by semicolons except thsat
commss are printed to seperate the valuessy quotes are printed
to detimit string valuesy quotes embedded in strings sre
doubleds and 3 positive numerlic value Is printed without 3
leading blenke An end of line is always trensmitted to the
channel ofter the values of the expression-list sre written.

3¢54242+3418 Beep=Statement

The beep-statement trensmits the ASCII bell character to o
terminatl, ‘

heep=statement = "BEEPW
The beep-statement is included in Virtus! BASIC only for
competibilitye It is equivalent to "PRINT CHRs{(7)3",.
Fe5e202e4 DATA INITIALIZATION

Uninitlialized numeric—-variables hasve the value zeros
uninftiatized string-variables are nulle. Variables may be
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3.0 FEATURE DESCRIPTION
3e5eZ2e2+4 DATA INITIALIZATION

initialized from an external=-routinel's data table. Values are
established in zn external-routine's date tahle by ‘
datz—-statements. Variables are initislized from an
externai-routine's data table by read-statements. A datum
from a data table may be selected for a subsequent
reed-statement by 2 restore-statement.

data-initistization-stetement = data-statement 7/
read-statement / restore=-statement

The dats~initiatizaetion-statements of Virtusl BASIC =are
described Iin more detzil in the remeinder of this section,.

3e5+24244.1 Daota-=Stetement
Dztn statements are used to establish an ordered set of data
for an external-routine. A date—-ststement contsins a list of

dets seoarated by commas.

data-stetement = T"DATA" datum (""" datum)*
datur = unquoted=-string /7 quoted-string

- s BB e aw oW

All the dots-statements of an external-routiney, taken
togethery define a single collection of datas From which
dets=stetement 2 particular datum msy hsve come is of no
significeances The single data=-statement

DATA 15 2
is exactly equivalent to the pair
DATA 1 ¢ DATA 2

The data In the collection defined by externat-routine?s
dete~statements are accessed by means of resd-stetements.

Deta In date-statements are all trested as strings of
chargcterses They need not be quotzd uniess they conteain
apostrophess colonss commasy or significant teading or
trailing blanks.,

- e e

3e502e20b02 Eﬂﬁﬁzﬁﬁﬁkﬂmﬁni

The resd=statement assigns values fromr the. external=routinel's
data tgble to the variables of the statement?s verieble liste

read-stetement = YREAD™ varisble~tist
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3.0 FEATURE DESCRIPTION :
34502024442 Read=Statament
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The varisble~list of A repd-statenment must be non-empty. The
date to be read reside in the data table of the ‘
external-routine as a result of heving 2ppegred in
date—~statementse If the data remeinina in the
externatl=routinet's data tahle are teoo few to sztisfy the
variable=1listsy an exception Is raiseds Values in the data
tebte cen be made avallable for reuse by the
restore-statement,

The values of the data table are sssianed to the variazbles of
the read~statement?'!s varisble-1ist In sequentiel order. Any
value msy be assigned to & string; only daste which 2re valid
nureric representations may be assigned to numbers. Quoted
data are treated no differently from unguoted data., Values
assioned to integers are rounded to integrel vejlues hefore
they are stored. If an sttempt is made to assign a detunm
which is not a valid representation of 2 number to a

numer ic=variable, an exception is ralsed.

D ME SN we S S sn S oW

3e5424244.3 Rastore=Statement

The restore~statement Is used to reset the externsl=routine?’s
pointer into its da2ta tebtes. Se2 zlso the read-statement.

restorea=-statement = "RESTORE"™ {ine-nurnher?

I1f the line=-number is omijtted, the pointer is reset to the
beginning of the dete tehie; the next READ will get the first
constant on the first date-statement in the external=routine,
If the 1ine=number Is presents the polnter is reset to the
first constant of the first dgta-statement whose line-number
is 2t least 8s lsroe p8s the line-nurber specified by the
restore~statement, '

3e542¢245 MISCELLANEOUS EXECUTABLE STATEMENTS

This section describes the executahle statements which do not
fit naturally into any of the groups previously described,

miscellisnsous—executable~statement =
clegr-statement /
dim-statement /
eregse~statement /
randomize-statement

Control Data Corporation



Vi

3=-50

rtuasl BASIC External Reference Specification

June 25» 1984

3.
3.

C FEATURE DESCRIPTIOM
52026501 Clear=Statement

305¢2424541 Clezp=Staktament

The clerr—-statement discards the data of the externsl-routine
in which it appears.

clear-statement = YCLEAR"

Numeric scelars are set to zeroj strino scalars are set to the
null stringe Arrayss whether numeric or strings are erased,
{See also the erase—statement.}

The clear-statement applies to all srreays knouwn to the
containing external—-routines In particulers it 2applies to
arrays in common and to formal=arrays. If a called routine
executes 2 clear-statements any arrays it declares in common
and any sctual-errays pessed it by its caller sre eraosedes The
eresures are immediately effective in both the callied and the
calting routine.

3e5e2e245.2 Dim=Statemept

The dimensions of arreys are estabiished and chasnged by mesans
of the dim-statement.,

dim-statement = "DIMY" array-declaration (","
srray-declaration)*

arrasy~declaration = array—-name "{¥ dimension-bounds
{"s" dimension-bounds)* ¥)» '

arrey-pname = [dentifier

dimension—hounds = {(numeric—expression M":i")?
numeric—expression

If the dimension-tounds for some dimension of an array
consists of s sinpgle numeric—expressions the velue of that
expression Is th2 upper bound of the dimension; the lower
bound Is that speclified in the option=base~statement of the
contalining external-routines or zerc if no
option—base—statement is present.s Thus, in the ebsence of en
option~-bese-statement, "DIM A(1C)Y makes A an ll=-element array
whose subscripts sre zero throuch ten.

The dim—statement is an executable statement; it chenges the
sizes but not the ranks of an arrey. (The fank of an array is
the number of Its dimensionse) Before rny dim—-stestement has
been executeds the lower bound of each dimension of every
array is thet specified in the option=bgse-~statement of the
containing external=routines or zero if no
option-besse-statement is present; the upper bound of each
dimension of every array is 10. Thusy depending on option

“ s W ew
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3.0 FEATURE DESCRIPTION
30542424542 Dim=-Statement
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kasey each n~dimensional arrsy is initially of size 10"n (bese
1) or 11°n (base 0)s» where n Is the number of dimenslionse The
fower end upper bounds of esch dimension are initialtly 0 and
1Cy» reaspactively.

Execution of a dim=statement preserves values wherever
subseripts sr2 preserved,s That is, if A Is en n=dimensional
grrey and S is 8 list of n numeric—~expressions separsted by
commasy and If A(S) is 5 legal reference to the arrsy both
before and after the execution of a dim=statement, then

execution of the dim-statement wiil not change the value of
AlS).

If 2 formal~array is redimensioned by a called routines the
dimension bounds of the correspondino actual array ere changed
in the cailing routine, The redimensioninos of hoth the
sctual= and the formal=—arrays are effective Immediatelye.

3e5e242¢5.3 Erase-Statement

The erase-statement frees storage occupliad by arrays,

arase—stetement = YERASE"Y arrsy-neme
Ny array-name)*

The array=names are the names of the grr2ys whose storaqge is
to be freed., After the erasse-statement has executed, both the
fover end upper bounds of each dimension 8re zero or ones
derending on option bases The value of the single element of
each erased orray Is set to zero or null gccording &s the
array is 2 numeric or strinp-2rray.

If a formal—array Is eraseds so is the actual-array which was
passed to it; the chsnoes are immedistely effective.

3e542¢245.4 Rapdoniza=3Stalemant
The rendomize~-stotemant reseeds the random number generstore.
randomize~statement = "RANDOMIZE" numeric—expression?

If the numeric~expression §is provided, it Is used to generete
the seede Sequences of pseudo~random numbers may be
renroduced by reseeding with an inveriant numeric—-expression,
If the numeric—-expression is omitteds the standard input
source js querlied for = seeds A rondomize-stetemant without »
numer ic—expression is equivalent to
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3¢54¢2420544 Randomize=Statement
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INPUT "Random Number seed? Y,SEED t RANDCMIZE SEED

3e543 BLOCKS

Virtual BASIC includes several multi-stetement structuras.
This section describes those structures.

A block iIs # sequence of b!ock—e!ements separated by
statement-boundaries,

block = block-element
{stetement~boundary block-¢element)*

A block—-element is either an unstructured-statement or 2
complete structure 1ike a2 FOR loop or an Internal=functione

block=element = unstructured-stetement /
line-if-statement /
for=block /
if=-block /
internel-function 7/
internel-subroutine /
whije=block

unstructured=-statement = assignment-statement /
control-statemant 7/
daclarative-statement /
io-stetement /
date=initialization=statement /
niscellaneous—executable~statement

3¢5+3.1 Line=If=Siatapept

A line—~if-statement is an IF whose effects sare confined to =
slngle source line.

line—-if-statement. = "IF" numeric—-expression {(“"THEN®
{line-hlock /7 line=-number) 7 "“GOTO" line-number)
[{"ELSE" {{ine=block / tine=-number))?

The consequent of the IF begins edither with "THEN®" or with
"G0TO"s If the consa2quent begins with "GOTO"s it Is a single
unconditional Jump to the indicated 1ine-numbers, If the
consequent begins with PTHEN", the "THEN" Is followed elther
hy 2 line=numbery, in which case it is a single unconditional
jurp to the indicated line-number, or else by a line=block,
which Is a non-empty sequence of block—elements separsted by
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2,0 FEATURE DESCRIPTION
354241 Line=-I¢=Statement

colons.
1ine-block = block~element ("3 b!ockFelement)*

The altarnate of a8 line-if-statement begins with "ELSE"S what
follows the else hss the same syntax #s whet follows the
UTHEN" variant of the consaquent.

A 1ine—if-statement is executed as foliows. The

numer lc=expression is evalutad, If It is non-z€ro, the
consequent of the if is executed. UOtherwise, the alternate is
executed.,

It Is 2 consequence of the syntax that If any pert of e block
appeors §in either the consequent or the alternate of 2
fine-if-stotement, then all of it must appear there. In other
wordsy line-if-statements must be well nested uwith the other,
potentiatly multi=-lines structures of Virtual BASIC.

3.5.3.2 Eor-_and_Next=Statemants

A for—-block consists of a for—-statements the corresponding
next—-statementy, and all the code in between.

for-block = for=-statement
delimited—optional=blk next-steatement

deltimited—-optionni=-blk = statement-boundary
{block statement=boundary)?

A for-statement speclifles the control-varighlies its initial
values the 1limit values 2nds either explicitly or by defaulty
the step.

for-statement = "FOR" control=-variable "=n
numeric—expression "TO0" numeric—expression
{"STEP" numerlic—expression)?

control=variesble = punmeric-sceolsar

The first numeric—exprassion is the initial velues the second
is the timit vatues, and the thirds If presents Is the step,

The next-statement closes one or more FOR loopse
next—-statement = YNEXT" control—-variable-1ist?
control=variable=1ist = control=variable

("s" control=varijable)?

A next—st2tement which specifies no control-varisble closes
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the most recent unclosed FOR loop., If control-varisbles are
specified on a next-statement, they must be the v
conptrol=-veriables of the most recent unclesed FOR loops the
next most recenty, and so ons in that order. All the FOR loops
vhese control=variables are mentioned on 2 next—statement are
clesed by that next-statement,

The stetements between 2 for-statement snd its next-statement
ere axecuted repentedly. After erch executiony the
centrol-=variable of the loop Is Incressed by the step value,
Begrring other slteration of the value of the control—vsriable,
the loop is executed

max({1l + 5 = i) \ s» G)

timess where | js the limit values s is the stepy and | Is the
initisl velue. In any cases execution of the loop ends after
the first pass which lesyes

{control=variable = 1)%SGN{s) > O

vwhern SGN returns =1y Oy or 1 according as its argument is
less thans eaqusl tos or grenter than zero.

Note that the expressions for limit vsiue and step 2re
eveluasted once on entry to the loop3? alteretion within the
fcop of varishles used in these expressions has no effect on
the number of executlons of the loop,

3454343 Blﬂﬁk:lfz-&lﬁzli‘: Elsez,_and Endif-Statements

An (f-block consists of the keyword IF followed by an if-body.
An if-body is s numeric—expressions the keyward THENy ¢
conseauent, and an if=tail in that order.

I f=hlock = VIFY |jf-body
if-body = numeric—expression “"THEN" consequent §if-tall

An jf=tail is elither the keyword ELSEIF followed by an if-body
or else an optional ELSE and alternste followxed
unconditiqneily by an ENDIF.

if=tall = "ELSEIF" |f-body / ("ELSE" alternate)? TWENDIF"®

Consequents and nslternnates ara Jjust blocks.e They may be
empty; they include their delimiting stetement—boundaries.
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3
3

consequent = delimited=-optional=bik
alternpte = detlimited-optional=-hik

Execution of an [f-~body proceeds as follows. The

numer ic-expression is synlusteds If it is non-zeros the
consequent is axecuted end control passes to the stetement
following the if-bodys if It is zeros thes if~tajil Is executed
according to the ruta aiven in the following paragraph.

Execution of an If-tail procends as followse. If the if-tall
hegins with an ELSEIF, the if-body following the ELSEIF is
executed according to the rule givan in the preceding
paragraphs DOtherwises the altternates If anys Is executed and
control pssses to the statement following the if-tail.

3e5+4344 Whjle=_apd UWepd-Statementis

A while-block begins with the keyword WHILE and ends with the
keyword WEND., In between are a numeric-expression and a
while=body in thet order,

while=block = "WHILE" numeric—expression while~body "WEND®?

A while=body Is a (possibiy empty) block together with its
delimiting statement boundariese.

while-hody = delimited-optional-blk

Execution of a while=block proceeds as fotlows. The
numaric—expresslion Is evaluated. If It Is non—-zero, the
while—body is executed snd the while-hlock is re-executed,
Otherwises control passes to the statement follewing the
white=biock., '

3.5.4 ROUTINES

In this documents the word "routine"™ is a8 generic term which
encompasses internal and externel functions snd subroutines.
It does not include expression functions,

Routines are either Internal or externel. Internal routines
kave access to 211 their host's dste ands excepting only
certaln forme!l paremeterss have nco tocal dete of their owne
Internzl routines may not contain embedded iInternad routines.
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3
3o

Funétions may have side effectse Recursive ealls are
permitteds, Entire arrays may be pessed as actuzl parameterse.

A routine mey hsve at most 2%5 paremeters. Routine parameters
are passed by address in Virtuail BASIC. Corresponding actual

S i e

In particulary it is an error to pass an integer sctusl
perameter to 8 user routine's real formel parsmeter or to pass
2 real actual to an integer formal.

and formel perameters of user routines must be of llke tyce. oo —

Any forma) parameter may be modif!ed/by’7¥s declaring routine.
If the corresponding actusl paramefer is an array or a scalsry
the modification Is effectlve In the calling routines
otherwises it Is nots The presence of parentheses will not
orotect an actual parameter from modification by 2 called
routine, X is equally liable to modification by SUBs whether
the call is. ‘

CALL SUB{X) P

L
or

--

CALL sus({{x))

If an actual parameter Is a non-trivisl expressions an array
elementsy 3 substrings or constants Its value in the calling
routine will be unaffected by sny modifications which the
called routine mesy make to the corresponding formal perameter.
Thuss returning to the immediately preceding exsmples

- me we

CALL SUB({X+0,0)
would hsve protected the value of X in the celling routine.

When porometer passing creates allasess the order of
modificetlons Is preserveds Thusy

SUB SUB(X,»Y)

PRINT X»YsA

X = 2 ¢ PRINT XsYsA
Y = 3 ¢ PRINT XsYsA
A = 4 : PRINT Xas¥YsA
END SUB
'

A =1
CALL SuB(A,A)

would result in
111
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5.4 ROUTINES
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A 0 Ny
DWW
BN IO ]

on the standard output file.

If the dimension-bounds of 2 formsl—-arrey are sltered in »n
celied routiney the dimension-bounds of the corresponding

actual=array are altered in the calling routines In other
weordss clear—~, dim=s and ersse-statements executed by the

called routine are effective in the c2lling routine,

To summerizes routine parameters are passed by address,
Corresponding 2ctuzl and formal psremeters must be of like
types. Actunls which are srrays or scalars are subject to
modificetion (includings in the case of 2rreys, modification
of dimension bounds) by the called routine., Actuals which are
constantsy array elementss substringsy or non-trivial
expressions 2re not. Parameter p2ssing cen creste gliasess
howevers the user can count on the order of references
reraining as specified in the source code, :

B OB W MW S BB wS e

3e5e4e1 Exterpat-Routines

A Virtuel BASIC source-deck consists of a sequence of
external=routines separated by stetement-boundsasriass.s The
sequence is optionelly preceded by &8 line=numrber,

source~deck = line=pumber? externaj=-routine
{statement=-boundery externei-routine)*

A line=numher is an integer. Leading zeros in line=numbers
are insianificant,

line—number = Integer

Externel=routines are containad in no other routine. They
share data with each other by means of paremeters and COMMON
only. External-routines are separstely compilables The
semantics of external-routines are unaffected by other
external=routines which may be part of the same source=deck,
In porticulers compilation defaults are reinitielized for esch
externsi—-routine. Thus, for exemplie, the OPTION BASE is
initially O in en externgl=subroutine, even though it mavy have
been 1 In the immediately preceding sxternal=routine,

external-routine = main-program /
external=function / externet=subroutine
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3,0 FEATURE DESCRIPTION
3e%e4%:1 Externszi=Routines

—— - - - v —— - -

A mein=proaram is 2 block SR
» MM

s
-
I

mein=program = block

If the 1ast stetement of 8 mein-program is exscuted and does

nct cause a transfer of controls then execution of the program
terrinetese

An externzl-function consists of gn

external=function-staterent, a non—-empty bodys and an
end=-function—-ststement,

axternal=function = external-function-statement
delimited=-block end-functlon=-statement

delimited-block = statement=boundary hblock
statement—-boundary

{The body of an externzali-function is non—-empty becauses at the
minimums, on assignment te the function neme Is required,)

An axternal-subroutine consists of an external—sub-stetement,
¢ possibly emonty bodys, and en end-sub=-statement.

external=suhroutine = external—-subt-stetement
detimited-optional=-hbik end-sub-statement

There is no program—-statement In Virtual BASIC.
Externsi=-functions begin with 2n externsl-function—-steztement
snd end with an end-function-statement. Externsl-subroutines
begin with an externai-suh-statement and end with an
end=sub=statements If an end=function=- or end=-sub-statement
is executeds It betkaves as 2n exit-function- or
exit-subh-statement respectively.

external=function=statement = "EXTERNAL"™ "FUNCTION"
function-name formal-paremeter—-tist?
axternal—=sub—statement = YEXTERNAL"Y™ "SuUB"
subroutine-name formal=-pz2rameter~Jist?
formal=parameter—=1jst = "{" formal-parrameter
("s" formal—-parameter)* ")®
end=function-statement = "END" "FUNCTION'
end-sub-statement = Y“END" "SUB" -

A formal-parameter Is either 8 formgl-scalar or a
formel—arra2ys The number of dimensions of 2 formel=array is
one more than the number of commas between the parentheses,
The dimension=hounds of a formal-erray ere those of the
corresponding actuel—-erray.

formal—-parameter = formal-scalar / formal=array
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3 ¢ FEATURE DESCRIPTION
2450401 Externzl-=Routines

formal=-scaler = jdentifier :
fermal=array = fdentifier "{(® n,ng n)n

Subroutine-names must be plains unadorned names.
Function-names may he pre—typed names.,

subrouting=neme = neme

function-name = string-function-name / .
numeric=function=-nanme

string-function=-name = string—identifier

numeric—function—-name = numerlic—identifier

3e5¢442 Ipterpal _Routines

Internal-routines 2re embedded within externsl-routines. An

' internsl routine may not contain another internal routine,
Internal=routines have access to all the data of the
externsl=routines in which they ara embedded. They have no
focal data of their owne Onily formsl pegrameters to which s
non=-trivial expressions array element, substring or constant
was passed are truly locatl to an internetl routine.

-t S win

The definitions of internel-functions and internal—-subroutines
lock like those of externel-=functions and =subroutines except
that the "EXTERNALY is omitted from the routines?! headers and
internal routines are prohibited in their bodies,

internai-function = internsal=-function-statement
statement=-houndary Internal-block statement—houndsry
and—-function-statement

internal=-subroutine = internal—-sub-statement
statement=boundary (internal=biock
stotement—-boundary)?
end-sub-statement

internal=function=stetement = "FUNCTION" function-name
formal=parameter~|list?

Iinternal=-sub=-statement = "SUBY subroutine-name
formal-paramater—1ist?

Internal=block = iInternal-block=-element
(statement—-boundery internei-block-element )*

internal-block—element = unstructured-statement /
fine={f=statement /
for=-block /
jf-block 7
while=block

Declarative statements in effect in the host external=-routine
remein In affect in 2n Internal routine; declarstive stastement
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¢ FEATURE DESCRIPTION
S5s4+2 Internzl Routines

which 2re contained within an internal-routine sffect not just
the internai-routine but the entire containing
external-routine. '

If control reaches the first statement of an internal routine
when the routine has not been Invokad by name, it passes
directly to the statement following the last of the internsal
routines The statements in the Internatl routine are not
gxecuterde If the last line of the internatl routine is the
last line of a msin-programs execution of the progream
terminates,

3.6 LIBRARY

This sectijon describes the functions avesilable in the Virtual
BASIC runtime librarv, Assignments of the values of the
functions to program wvarisbles are shown to 1llustrate
function referencess These examples #re not intended to be
part of the definition of Virtual BASIC syntax.

3e6+.1 MATHEMATICAL FUNCTIDNS
3.6¢1e1 ARS

The ABS function returns the absolute vaiue of its arqument.
numeric-variable = ABS( numeric—-expression )

Any numerjc-expression may be used es ttre sroument of the ABS

function. An exception is raised if the aroument is machine

indefinite or Infinite, The type of the value returned Is the
type of the argument,

3.€6s1.2 ACOS
The ACOS function raturns % r2a! number the value of which is
the inverse circuler cosine of its argument.

numer ic~-variahle = ACOS{ numeric—expression )
The argument of ACOS may be any numeric—expressions but the
function is alwavs evaluated as reals If the shsolute vslue

of the sroument of ACOS is not less then or equsel to 1 or is
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3etslez ACOS

— i —-—

indefinites an exception is raised, The srqgument is presumed
to be in radlanse

3.6.1.3 ASIN

The ASIN function returns a real number the vaiue of which is
the Inverse circular sine of its esroument.

numer ic—variable = ASIN{ numeric—-expression )

The argument of ASIN may be any numeric-expressions but the
function is always avalusted #s real, If the shsolute value
of the argument is not less than or equzl to 1 or is
indefinites an exception iIs raisede The argument is presumed
to be In radians,

3e601e84 ATN

The ATN function returns & reel number the velue of which iIs

the inverse circulsar tangent of its a2roument.
numeric-variabie = ATN( numeric-expression )}

The argument of ATN may be sany numeric—-expressions but the

function is saluways evaluated as realts If the argument is

indefinite» an exception is raised,s, The srgument is presumed
to be in radianse.

3.6.1.5 CDBRL
The {DBL function returns a real representation of the value
of Its argurente.

numerjic—=variable = CDBL( numeric-expression )
The CDBL function Is Included in Virtual BASIC c¢only for
compatihilitye This function Is identical to the CSNG

function (see the section of this document discussing data
types),

Control Dnta Corporstion



3-62
Virtual RASIC External Reference Specification

June 25, 1984

3.0 FEATURE DESCRIPTION
2e641.6 CEIL

- - .o v - - e on -

Bebalab CEIL

Tha CEIL funection raturns an integer the value of which s the

smallest integer not fess than the value of its argument.
numeric—variable = CEIL{ numeric—expression )

The aroument of CEIL may be e2ny numer ic—sxpressione. An

exception Is raised If the smallest integer not tess thean its

araument cennot he represented by s NOS/VE intecer or if the
value of the argument is machine indefinite or infinite.

3ebolas7 CINT

The CINT function returns an integer the vatlue of which is

that of its argument rounded to the nearest integer.
nureric=variable = CINT( numeric—-expression )

The araument of CINT may be any numeric—exoression. An

exception Js ralised if the value of the argument Is indefinite
or outside the renge representsble by a NOS/VE integer.

3.6.1.8 COS
The C0S function returns 2 res! number the vslue of which Is
the circular cosine of its earaqument.

numer ic-variabie = COS{ numeric—expression )
The aroument of COS may he any numeric—expressiony but the
function is alwesys evaluated as real, An exception iIs raised

if the value of the argument is machine indefinites, infinite,

or has an absolute value greater than or equal to 2™47. The
aroument is presumed to be in radianse.

3e6+149 COSH
The COSH function returns a rea! number the value of which is
the hyperbolic cosine of its argument,

numer ic=variable = COSH{ numeric—expression )
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3:.6.1.9 COSH

The argument of COSH may be any numeric—expressiony but the
function is always evaluated as real. An exception is raised
if the value of the argument is machine indefinites infinites
or hes an rbsolute value greater than or =quail to 4095 *
LOG(2). : :

34641410 CSNG

The CSNG function reaturns the real representation of the value
of its erqument. »

numer ic-variable = CSNG{ numeric-axpression )

The argument of CSNG may be any numer ic—expression. If the
velue of the argument iIs intearaly, the function converts It to
2 real value, If the value of the argument is real, the
function returns that value. An exception is reised If the
value of the argument is machine indefinite or infinite.

3.60111 DEG

The DEG function returns 2 resl numbher the velue of which is
the number c¢f degrees in Its radian argument,

numerjc—variable = DEG{ numeric-expression )

The araoument of DEG may be any numeric—expressions but the
function is alwayvs evaluated as real, An exception is ralsed
if the yvelue of the aroument Is machine indefinite or if the
absotute value of the srgument multipiied by (180/P1) cannot
he represented by a NOS/VE fioating-pocint number,

3+601.12 EXP
The EXP function returns a real number the value of which Is
the exponential of its argument.

numeric-varieble = EXP{ numeric—expression )
The arqgument of EXP may be any numeric—expressiony but the
function is slways evaluated as real. An exception is raised
if the value of the argument is machine indefinite or if the
absolute value of the argument is greater than or equal to

4065 * L0OG(2).
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3.0 FEATURE DESCRIPTION
3ebe1s12 FP

3.601.13 EP

The FP function returns 2 res2!l number the velue of which is
the fractione! part of its srgument.

numeric—variable = FP{ numeric-expression )

The argument of FP may be any numer ic—expressions but the
function is alwsys svajuataed as real, If the velue of the
argument is Integrats the function returns zero., The
frectional part of & resl arcoument with an sbsolute value
oreater than 1G™18 is always zero. An exception is raised if
the value of the arqument is machine indefinite or Infinlite.

3e6ele14 EIX

The FIX function returns an integer the value of which is its
argument truncated to an integer.,

numeric—variable = FIX{ numeric—-expression )

The argument of FIX may be any numeric—expressiocnes IF the
expression Is integrels the function returns the value of the
expressions If the expression is reals the function returns
the value of the sxpression truncated te &n integer. An
exception Is ralsed if the value of the argument Is machine
indefinite or |f the ebsolute vaslue of the arcgument is outside
the rangs representable by NOS/VE integers.

3.6.1 .151!‘!1

The INT function returns 2n integer the velue of which is the
largest integer not areater than the velue of its argument,

numer ic=variable = INT( numeric-expression )

The argument of INT may be any numeric—expression. If the
axpression is integrals the function returns the value of the
expressions If the expression is reals the function returns
thke Yargest integer that is not gregter than the value of the
ergument., An exception is rsised iIf the value of the argument
is machine indefinite or if the 9obhsolute value of the argument
Is cutside the range representable by NOS/VE integers.,
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3eb01.16 LOC

The LOG function réturns a resl number the value of which is
the natural looarithm of its arpument.

numer ic-variable = LOG{ numeric-~exprassion )

The sarqgument of LDG may be any numeric—expressions hut the
function is aluwsys evaluated as reals An exception is rsised
If the value of the argument 1s machine indefinites infinite,
or not areater than zero. '

3e6.1.17 LOG1D
The LDG1lC function returns £ real number the value of which is
the common logarithm of its srgument.

nureric—=variabhle = LOGLO{ numeric—expression )
The arcumrent of LOG1l0 mey be any numeric-expressions but the
function is always evaluated 2s reals An exception is raised

if the value of the aragument is machine indefinitas, infinite,
or not greater than zero.

3ebelelB MAX
The MAX fupction returns the algebraically larger of the

vealues of its argumrents,

numeric—-variabte = MAX{ numeric-expressions
numer ic—-axpression )

The erqguments of MAX may be any numeric—exoressions. An
exception is raised if the value of an aroument is machine
indefinite or infinites The type of the value returned is
renl if elither coperand is reals integer if both operands sare
of type integer.

3461619 MIN

The MIN function returns the sligebralcally smaller of the
voalues of its srouments,
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numer ic—-variasble = MIN{ numeric—expressions
' numer ic-expression )

The arguments of MIN may be 2ny numeric—expressions. An
exception is raised if the velue of an eroumant is machine
indefinite or Infinites The type of the value returned is
real If either operand iIs renls; integer If hoth operands ore
of type Integer. ‘

3+.641420 RAD

The RAD function returns e real number the value of which is
the nunker of radiens in the vslue of its arqument. The
argument Js presumed to be In degreess.

numeric—-varisble = RAD{ numeric-expression )

The eroument of RAD may be any numeric—expressions hut the
function is always evaluated as reals An exception Is ralsed
It the value of the 2roument Is machine indefinite or If the
zhsolute value of the argument multtiplied by (PI/18C) csnnot,
be represented by 2 NOS/VE floating=point number,

3e€41.21 RND

The RND functlon returns a random real number the value of
which is beatween zero and 1,0,

numer ic—variable RND{ numeric-expression )

or

numer ic=varjable RND

The RND function mey be called with or without an argument.
If specifiads the srgument mey be any numeric—expressions but
the function Is evaluated as real.

If RND is celied with ¢ negative grgumenty the random number
penergtor is reseededs (The random number ocenerator also may
be reseeded by the randomize-statements,) A given negative
sroument always induces the same pseudo-random sequence. To
induce variation in the rendomness of the secuences a mutable
seed (such 2s =VAL{RIGHTS(TIMESs2))) should be specifieds.

If RND is called with no argument or an argument areater than
zeros the next value of the pseudo-random sequence is
returned. If an argument equal to zero is specifiedy, the most
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recently returned result of the function is rgpeated.
Be6el1e22 SGN

The SGN function returns the sign of its eroument,
nuﬁaric-variable = SGN( numeric=exprassion )

The aroument of SGN may be any numeric—expression; the value
returned s always an integer. If the vatue of the argument
is greater than zeros the value 1 Is returneds, 1If the value
of the sroument is ecual to zeros the vslue § is returnede. IF
the value of the arqument is less than zeroy the value -1 is
returned. An exception is raised if the vatue of the argument
is machine iIndefinite or infinite,

3e641.23 SIN

The sin function returns £ res! number the velue of which is
the circulsar sine of its sroument. -

numeric=variable = SIN( numeric-expression )

The argument of the SIN function may he any
numeric—expressions hut the function is 2lways evaluated sas
resls An exception is reised if the aragument is machine
Indefinite or If the absolute value of the argument is greater
than or equzl to 2”47. The srgument is presumed to be in
radians.

3.6.1.24 SINH
The SINH function returns 2 reel number the value of which is
the hyperbolic sine of its argument.,

numeric-variable = SINH{ nureric-expression )
The sroument of SINH may be any numeric—expressions but the
function §is always evaluated as real, An exception Is realised
i* the value of the aragument is machine Indefinite or If the

absolute value of the argument is greater then or equal to
40085 % LOG(2). .
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3ebe1.25 SOR

3ebele25 38R
The SOQR function returns 2z real numher fhc value of which is
the sauare root of its argument,

numerig-varlable = SQR{( numerlc~expression )
The argument of SOR may be any numerlic—expressions but the
function Is always evaluated as reale An exception is raised

¥ the velue of the srgument Is machine indefinites, less than
zeros or iInfinite.

3efele26 IAN

- - -

The TAN function returns & real number the value of which is
the circular tangent of its argument.

numeric=varisble = TAN({ numerlic—expression )
The sroument of TAN may te 2ny numeric—expressions but the
function Is always evaluated as real. An exception Is ralsed
iIf tha value of the aroument is machine indefinite or If the

sbsolute va2lue of the aroument is aqrester thean or equal to
2°47. The araument is presumed to be in radians.

3efe1427 IANH

The TANH function returns 2 resl number the vajue of which is
the hyperbolic tangent of its argument,

numeric—-variable = TANH({ numeric—expression )
The arqgument of TANH may be any numer ic-expressions hut the

function Is always evaluated as real, An exception is reised
if the value of the z2rgument is mechine iIndefinite.

3e642 STRING AND MISCELLANEQUS FUNCTIONS
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Tha ASC function returns sn integer the velue of which is the
ASCII ordine2l of the first character of its sroument.

numer je-variable = ASC{ string-expression )

The arpument of ASC may be 2ny string—evpressions The value
returned is an integer in the range zero throuch 255, An
exception is raised if the value of the arcument is null,

Jebe2+2 CHRS

The CHRS function returns the literel chorescter whose ASCII
ordinal Is the value of the argument. _ '

string-varighlie = CHR${ numeric-expression )

The Aargument of CHRS m2y be any numer ic~a2axpressionsy but the
value used is rounded to the nearest Integer. &An exception is
reised If the rounded value of the srqument is not in the
range zero through 255, The value returned by the function is
a singlte-character string.

3464243 ERL

The ERL functlion returns the integer value associated with the
line whose execution raised the most recent exception. If no
exception has heen reised in the current invocation of the
routines ERL returns zero.

Note that | ¥ an exception Is relsed by g stetement which

precedes the first numbered line in an external-routine, ERL
will return zero.

3e6a2.4 ERR

The ERR function returns the ordinal of the current exception
in an external=routine. Upon entry to any routines the value
of ERR Is zero. ERR Is set to en integer code denoting the
perticular error condition when an exception is raised. Its
non~zero valua persists unti) it Is cleared by the execution
cf o resupe-statements An attempt by the user to store to ERR
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vields a compilation error,

ERPs together with ERLs freaquently is useful in user-spacified
exception handling code. {See the on—error—qgoto-statement.)

3e6e245 HEXZ

The HEX$ function returns the printebile representation of the
hexadecimal value of Its aroument,

string-variable = HEX3{ numeric—expression )

The 2raument of HEX$ may be any numeric~axpressions but the
value used Is rounded to the nearest integer, An exception Is
reised If the rounded value cannot be represented gas a2 NOS/VE
integar. Negative vglues are shown in two's complement
representations The length of the string returned by the
function is the shortest representation thst allows the most
significant digit of a positive value to be less than eight or
the most significant digit of a2 negetive value to be greater
than seven.

3064246 INSIR

The INSTR function searches for the occurrence of one string
within another snd returns the position 2t which the first
meteh is found.

numeric—-variabie INSTR{ numer ic—expressions
string—expressiony
strino—-expression )

or

numer fc=variable INSTR{ strino—expressions

string-expression )

The optional numeric—-expression denotes the beginning
character position for the searche If none is specifieds the
first string is searched from Its heginning. Any

numer ic—expression may be specifieds but the value used is
rounded to the negrest integer.s If 2 specified value rounds
to 3Jess than 1 or greater than the maximum string length, an
exceprtlion is rsised,

If a beginning position is specified that is beyond the length
of the value of the first string—expressions the value of the
first strino-expression Is nulls or the vatue of the second
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3:60246 INSTR

string—expression is not found» the function returns zero. If
the valus of the second string—expression is nully It is
"found" at the first position searcheds and the function
returns the ordinal of that positions If the velue of the
second string—expression is found within the value of the
first string—expressions its beginning charscter position is
returned by the function,.

3e6e2.7 LBOUND

The LBOUND function returns the minimum value of an array's
subscripte,

fl

numer ic—variahle LBOUND { array—-narge;
" numer ic-expression )

or

numeric—-variable LBOUND { arrsy-name )

The numeric-exprassion parameter may be any

numer ic—expressions but the value used Is rounded to the
nesrest integer. An exception is reised If the rounded vslue
of the numeric—-axpression cennot bte represented ss s NOS/VE
integery if It is tess then ones or if it is greater than the
number of dimenslions of the array denoted by arrav-name.

The function returns an integer whose velue Is the minimum
velue of the array's n~-th subscripty, where n is the rounded
vatue of the numeric—=expressions If the array has only one
dimensions tha numeric—-expression parameter may be omitted: ¢
velue of one is inferred,

264248 LCASES

The LCASES function returns 8 string equel in length and value
to Its aroument except that each uppercase alphagbetic
cheracter is repleced by its lowercese homologue.

string-verieble = LCASES{ strine-expression )
The argument of LCASES may be any string=-expression.
Cheracters of the velue of the argument thet are not uppercese

alphabetic are not substituted In the returned volue cof the
function, .
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3e6e2.9 LEFTS

3e64249 LEETS

The LEFTS function returns a strinao whose value is the
feft—-most n characters of the value of the string—-expression
passed ity where n is the vaslue of the numerjc—exoression
passed it.

strino—varizable = LEFT${ string—expression,
numeric—exprassion )

The first araument of LEFTS may be any string—-expression. The
second argument mey be any numeric—expressions but the value
used Is rounded to the nearest integers If the value of the
numer ic-axpression is negative or cannot be rounded to a
NDS/VE integers an exception is raiseds If the value of the
numer Ic-exoression Is greater than the length of the value of
the string—expressions the entire velue of the
string—expression is raturneds If the value of the

numer ic-expression Is zero, a null string is returned.

3.642+10 LEN

The LEN functlion returns the length in characters of its
arcument.

numeric-variasble = LEN( string—expression )
The argument of LEN may be any string—expressions The value
returned Is a non-negntive integer,

3.6.2.11 MIDS

The MIDS function returns s substring of'its first srgument es
specified by its numeric srguments.

string-variable MID$( string—expressions

numeric—-expression )
or

string-variable MID${ string—expressions
numer ic=expressiony

numeric—expression )
Note that MID% is 2 peculisr function in that it may eppear on
either side of an equal) signe In elther cases it Is used to
Indicote » kind of substring addressing, When MID$ appears on
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the rioht—-hend side of sn a2ssignmenty it behaves as 2 function
returning 2 string value, When it appesrs on the left-hand
side of an assignments it indicates that the assignment Is to
ke to a substring of lts sroument, which must be elther o
strino~expression or 2 string—array-element..

The first aroument of the MID$ function may be any
string=-expressione The numeric paremeters of the function may
be any numeric—expressions; the velues used are rounded to the
neerest integerse If the rounded velue of either numeric
parameter cannot be represented by a NOS/VE integers 2n
exception 1s raiseds IFf the value of the first

numer ic—expression is less than 1, or if the value of the
second numeric-exprassion is less than zero» an exception iIs
raised,

The Tirst numeric—expression indicates the bteginning character
position of the substring to be addressed Iin the value of the
string-expression 2rgument, I€ the veoluz of this

numer {c-expression is greeter than the {ength of the value of
the string—expressions the MID% function uses a null string.

The second numeric—expressiocn indicates the lencth of the
substring to be addressede. If this parameter is omitted, or
if it is oreater than the number of characters from the
speciflied beginning position through the end of the source
strings then ail the characters from the beginning position
through the end of the source string are addressed., If this
parameter is specifieds but rounds to zeros 5 nuill string is
addressed.

3.6.2.12 OCIS

The 0CTS$ function returns the printable representation of the
octal velue of iIts arqgument.

string-verigble = 0OCT${ numeric—expression )

The argument of OCTS$ may be any numeric-expresslion, but the
velur used for the function is roundad to the nearest integer.
An exception is raised If the rounded value cannot be
represented as a NOS/VE Integere. Negative values are shown in
two's complement representatione The length of the string
returned by the function is the shortest representation that
21lows the most significant diagit of a positive vatue to be
less than four or the most significant diglt of 2 negative
volue to be grester than three.
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3.6.2.13 RIGHIS

The RIGHT% function returns a string whose value is the
right=-most n cheracters of the value of iIts string-expression
erguments where n is the value of its numeric-expression
arqument.,

strino=-variable = RIGHTS${ string—expressiony
’ numer ic—expression )

The string—-expression argument of RIGHTS may be any
string-expressicns The numeric-expression aroument may be any
pumer i c-expressionsy but the vatue used is rounded to the
neorest integer. An exception is rsised if the velue of the
numer jc—expression is negative or If it cannot be represented
as a NOS/VE inteager.

If the value of the numeric—expression is grezter than or
equal to the length of the value of the string-expressions the
function returns the value of the string—-expression. If the
value of the numeric—-expression is zeros the function returns
2 null strinn,

3.642414 SPACES

The SPACES$ function returns 2 strino of blank characterse.
string—variable = SPACE$( numeric-expression )

The argument of SPACES may be eny numeric-=expressiony but the

value used Is rounded to the nearest integer., &n exception Is

roised If the rounded value is negative or grester than the

maximum strino Yencths The lenoth of the string returned by
the function is the rounded value of the numeric—-expression,

2.602.15 SIRS

The STR$ function returns a string the value of which is a

printable representation of the value of its argument.
string-variasble = STR${ numeric-exoression )

The argument of STR3 may be any numer lc—expressione. An

exception is rzised |If the value of the numeric—expression is

rechine indefinite or infinite. The value of the string
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returned by the function is the same representation of the
numeriec vslue that would result from the specification of the
numer ic~expression in 2 print=list of a2 print-stetament.

Je6.2.16 STRINGS

The STRIMNGS function returns a uniform strino of cheracters.

strino-variable = STRINGS{ numeric—expressiony
numer lc-expression )

or ‘
strino-variable = STRINGS( numeric-expressions
string-expression )

A numeric-expression passed to the STRING% function may be any
numer lc—expressions but the vslue used Js rounded to the
nearest integer. If the velue of any numeric-expression is
neoative or cannot be repraesented es a NOS/VE integers an
exception is raliseds If the value ¢f the first

numer jc—expression is greater than the maximum string tengath,
en exception is raiseds If the function is called with n
second nurerlc-exnression parameter and the value of the
numerjc—axpression is aoreater than 255, an exception Is
raisedes The string—expression parameter may he any
strino-expressions If the value of the string-expression is
nulls an exception is raised.

The value of the first numeric—expression parametar determines
tte lenath of the value returned., If the second parameter is
a numer ic—~expressions the string returned by STRINGE is fitled
Wwith the ASCII character whose ordinal is the velue of the
numer ic—expression.s If the second paremeter is =2
string-~expressions the string returned is filled with the
first character of the vajue of the string=expression.

3.64.2.17 UBOUND
The UBOUND function returns the maximum velue of &n erray's
subscript,
numer ic=variable = UBOUND ( array~-name)
numer ic-expression )
or ' ‘
numeric—-variable = UBOUND ( array-name )

The numeric—-expression parameter may be any
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numer ic~expressions but the value used is rounded to the
nearest Integer. An exception Is reised If the rounded velue
of the numeric-exprassion cannot be represented as a NOS/VE
integery, if It is less then ones or if it is orester than the
number of dlmensions of the array denocted by the array-name.

The function raturns an integer whose value is the minimum
value of the array's n—th subscripts where n is the rounded
value of the numeric—expressions If the array has only one
dimensions the npumeric-expression may be omitted; a value of
one is sssumed,

Jebe2.18 UCASES

The UCASES function returns a string equal In lenath and value
to its argument except that each lowercase alphabetic
character is repltaced by its uppercese homoloque,

string-varieble = UCASE${ string-esxpression )

The argqument of UCASES may be any string-expression.,
Cheracters of the value of the string-expression that are net
lovwercase alphebetic are not substituted in the returned velue
of the function.

30602019 VAL

The VAL function returns the numeric velue of g
string—expressions

numeric—variablae = VAL strinq-expression )

The argument of VAL may be any string—expressions The
function returns the value of the first nonbtank character
sequence of the value of the string which can be Interpreted
as ¢ numbers If the yalue of tbhe string-expression is null,
or if no lasding substring of the value after any leading
blanks can be interpreted as a numbers the function returns
the value zero.

3.7 IDENTIEIER_DECLARATION

Tdentifiers in Virtual BASIC programé frequentiy are declered
by defeult. A single identifier refers to a singla object, H
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except that arrays and scalsrs of the seme neme may coexist. '

The ceenernl rule shout declarations in Virtus? BASIC is this:
an ohjenct must be fully declared at or before its first uses
More preciselys an object must be Tully deciared in the
substring of the source text which begins with the beginning
of the containing external—-routine gnd which ends withy and
inctudess the first use. Inclusion of the first use in the
declaring substring is important since most dectlaration in
Virtua! BASIC is by dafault. For exampls,

AlS) = 5

sensibly may be the first tine of 2 programe If it is» It
declaress by dafault, that A is 8 one-dimensions! resl arrsy
of size 11 whose elements are subscripted 0 through 1¢.

There is no requirement that declarative statements be grouped
together or that they precede exscutshle stetements. The
compiler will gather declarative informetion as it consumes
source text and updnte the declaration status of identifiers
as It does so. Table 3,78 below describes the effects of
vorfous appesrences of en identifier on the declaration status
cf the Identifier.

The declaration status of the ldentifier is represented by an
ejght=elerent vector. The first seven elements of the vector
contsin values vhich a2re denoted hy M+4, W, v_w, H:21, and
n-2%, These values means roughlys %is", "might be?, "ecantt
be'"s "is unless known not to be"™, and "iIsn't unless known to
beos" The alghth element of the vector contains elither n7n,
meaning "“don't knou", or @ thing celled 2 parameter 1list
cheracterizations coptionally Ffollowed by a question marks. A
perameter list cheracterization con be thought of as @
character string constructed according to the following little
oremmar?

parameter—-list-characterization = "{" perameter-list? ™)»
parsmeter—{ist = parameter ("s" psremeter)*

parameter = expression / array

expression = "E" (MW" /7 MV /7 ©§N)?

array - V!A" ("z'l I "!N / "$ﬂ) ll(!l ﬂ,ll* “’ﬂ

A parsmeter list cheracterization is 8 straightforwsrd
representation of what the legal parameters f{or subscripts) of
en Identifier are. ME" represents en expressions "A"
represents en arrave. If an "E" or an "A" is followed by @
percent siansy then the expression or array Is of type integer?
[f by en excliamstlion points then of type resls if by o dolier
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signs then of tvpe stringe If an "E" js followed by none of
these cherecterss than either an integer expression or s resl
expression is scceptables The number of dimensions of an
array parameter Is one more than the pumber of commas between
the parentheses.

A perameter list charscterization folloxked by a guestion mark
meansy roughlys "parameters are as shown unless they are known
to he otherwises”

The eight elements of the vector represent attributes of the
identifiers The attributes of the identifier ares» In orders
is a8 scelar®y, Yis an array"s "is a function"s “is an
expression—-function", "is a subroutina", "non-array referent
is internalYs, "grrey referent is internel™, and "parameters
are as showne” The initial value of the vectors for any
ddentifiers, Is "2 2 2 2 2 2 2 ?"; this sayssy as you mioht
expects that nothing is known sbout the identifier,

Fer a oiven appearance of an identifier Ay Table 3,78 glves an
efght=eierent vector. The declarstion ststus vector of A and
the vector from Tabie 3.7B are combineds element by elements
to vield an updsted declaration status vector. The
combination operator Is defined in Table 2,7A,

Table 3.7A:

- X +

+ 4+ 4 + ? ¢ + P W
7+ % [ T { ?7 - - ?2 P P
- + X - 7 - - - - - P .
2 0+ 0+ +7. 7 4+ +?7 - - +2 P .
-2+ 4 -2 7 - -2 - - -2 P .
P+ . P 7 P P - P P P P 0 X
P2 + . P? 2 P P? - . P2 P P P2 0 Q

The first vsliue in sach triplet is the value from the table;
it reflects what has just been learned about the identifier.
The second is the vatue from the decisretion status vector for
the Identifiery it reflects what has been learned about the
jdentiflier heretefore. The third represents whet can be
inferred from what was known heretofore and what was just
fearned. An X 8s a third element indicates some kind of
errore Thussy for exampies the entry "+ = X" (middle of first
1ine) savs that 1f an appearance of an identifier impliias that
it hgs & some attributey, snd the identifier Is already known
not to have that attributes there Is some sort of error in the
proprame A dot as the third element of a tripiet means thsat
there is no way thet 2 situstion can arise which requires
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combinetion of the first and second elemants of the triplet.
P and 0 represent parameter Jist characterizations; they are
assumed to te dlstinct.
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Here, finallys is Table 3,78,

Table 3.78:

Appezrance of A Status Vector Update for A
1

S E N

cC A )4 T

A R P

L R S I A P

A A F F U N R L

R Y N N B T R €
COMMON A + - - - - 7 7
COMMON AL) + - = - 7 -
DECLARE FUNCTIDON A - = 4 = = o+ 2 ?
DECLARE EXTERNAL se
s e FUﬂCTION A - - + - - - ? ?
FUNCTION A(X!{)sY3()) - = = o=+ 7 (AY{)sAS())
DEF AIX7»SE)=XT+LENISE) = = + + = 4+ 7 (E»E3)
DIM Al4,4) ?2 + - = = 2 7 AESE)
LET A = 5 + 2?2 - - = #2727 ? ?
LET A(1»253) = O ?2 + = = = 72 472 {EyEsE)
LET X = A{l,"™) - = + =7 = +72 2 [(ET,ES$)?
CALL A - = = = 4+ +? 7 ()
CALL AlXsY!{ss)) - = = = + +2 7 {E!'»Al{s))
CALL X(A) +2 7 =2 =7 - +?2 7 2
CALL X{A(5,3)) ?2 47 -7 -2 - +2 ? A{EsE)?
CALL X{Al(5,n3%)) - = + =2 - $+7 2?2 (E7sE%)?
READ A + 17 = = = +?2 %7 7
PRINT A +2 2 =7 =2 - 42 7 7
READ A(1) ? + - = = 7 +7 (BE)
PRINT A(1) ? #7 -2 -2 - 7 +? {E)?

Control Data Corporetion



Virtusl BASIC Externel Reference Specificetion

3-81

June 25» 1984

S . S S — VS S G W S NS S U W S WIS e W S

3,0 FEATURE DESCRIPTION
3.7 IDENTIFIER DECLARATION

. S S - Y

——— —— ——

As an example of the use of Tables 3,7A and 32.78B» consider
their aspplication to the following program.

COMMON A()
LET A(3,5) =
LET A = Al3,3
CALL A

0
)

Here Is the program agsins this time incfudinn the decisration
status of the identifier A before and after each statement.

REM 7?7?7717 °?122? {Nothing is knowun)

COMMON A()

REM 2?4 == =17 =272 (Known common array)

LET A(3,5) = ¢

REN 2+ - = =17 = (E»E) ("Parameters® known)

LET A = A(3s5)

REM + 4+ = = = + = {EsE) (Scalar} default local)
CALL A

REM ‘ XX = =X + =X : {Error == can't be 3 sub)

The compllier hes scquired knowledge 2bout A in the following
vwaye The COMMON statement tetls It that there is an srray
vhose name is A 2nd that thz2t arrey is in common. It stild
does not know how many dimensions A hgs (l.e.» whet its.
"oorameters™ are)s and it does not know whether there is also
2 scalar named A. It knows that there is nelther a function
nor & subroutine nsmed A. The first assionment statement
tetts 1t thst A is 3 two—dimensional srray (i.e.» that its
"parameter” list consists of two numeric expressions). It
stlll knows nothing about 2 possihble scelar A.

The second assignment tells it that there is 2 secalar nemed A
Nothing the compller has seen heretofore tells it whether the
scelar A is locoal or In commons so its residence defaults to
locele At this pointy there is no longer any uncertainty
2about As thera are no question merks in its vector,.

The t2st statement is doubly Illegals Use of A g8s the neme
efither of 2 scalar or of an array precludes its use as the
name of a subroutine.

3+8 RESERVED_MWORDS

Words which have syntectic meaning in Virtual BASIC are
reserved: they may not be used to denote progrem—defined
objects. The reserved words are

W R wE NS GO e
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ANDs» APPENDs AS» BASEs, BEEPs» CALL,» CALLX», CHAIN» CLEAR»
CLOSEs COMMON, DATA, DECLARE»s DEFs DEFDBL, DEFINT, DEFSNG,
DEFSTRy DIM, ELSE, ELSEIF, ENDy ENDIF, EQVs ERASE» ERRDR,
EXITy» EXTERNALs FIELDs, FORs FUNCTIONs GET» GOSUBs GOTO» IF,
IMP» INPUT» LETs LINE» LSET» MID%» MODs NEXTs NOT» ON» DPENy
OPTION, DR, QUTPUT, PRINTs PUT, RANDOMIZE», READs REM,
RESTORE, RESUMEs RETURNs RSET» SPCy» STEP, STOP», SUBs SWAP»
TABs THEN, TO» WEND» WHILE» WIDTH» UWRITE, and XDR,

The names of library routines are not reserved. See the
following section for rules governino their use.

3.6 NAMES _DE_LIBRAEX_ROUTINES

Names of Virtusl BASIC tibrary routines may be used to denote
objects defined by the programes In any externaf! routines such
namas refer elther to library routines or to program—defined
ohjectss they never refer to both, The general rule is this:
if the first use of such a name is consistent with a reference
to the {ibrery routines, then avery use must be consistent with
a reference to the librsry routines 2and every use will bhe so
interpreteds If the first use of the neme is inconsistent
Wwith a reference to the iibrary routines» then each use must be
consistent with the firsts and non? of them will] bhe
interpreted 8s a reference to the library routine,

The followinpo proagram, thereforey is Iitlegsal,.

L = LFN(S%)
FUNCTION LEN(SS)
LEN = 2

END FUNCTION

The first use of LEN is consistent with 8 reference to the
fibrary routine of thet namass. It is so interpreted. The
second use is inconsistent with this Interpretation; the
program conteins an error. (If the first tine of the program
were made Its lasts the program would he legat. LEN would
refer to the program—defined function.)

G BN S en WS e ws
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4,0 PRODUCT=LEVEL_DESCRIPILON

Virtuasl! BASIC hes important interfaces to CMML (the 18C Math

Library) and to NOS/VE. CMML provides the bulk of the Virtusl
BASIC math tibrarys. NOS/VE provides operating system support
servicess notably 1inkings input/outputs, 2nd tesk menggement,

The product call command for Virtual BASIC #will be @s defined
in Section 2.2 of the SISs Input and output formats wil} be
as described in sections 2.3 and 3.3 of the S$SIS», except that
the source fite must conform to secticen 3 of this ERS as
regerds line numbers.
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5.0 ERRORY

5.1 COMPILE-TIME ERROR_PROCESSING
5.2 BUNC-TIME_ERROR_PROCESSING

On entry to any routine, default exception handiing is in
effecte The Virtuasl BASIC proorammer mesy elect to take
control of exception handling by executing an
on—error—statement.,

Exception handling code selected by 2n on—error=-statement need
not handie exceptions. The code is characterized as exception
handling by virtue of its salections not by its function. It
Is possible to execute exception handling code that does
nothing about the exception that coused it tc be executed, It
is olso possible to execute excepticn handling code that is

"exgctly the same code that caused the exception in the first

places While sound programming practices might be abetted |f
exception handlino code were executed only as & result of an
exceptiony Virtual BASIC does not require this to be s0.

To assist a user'!s exception handlings each Virtual BASIC .
externai routine .supplies two integer-valued functionst ERL
and ERR. ERL returns the vatue of the line number assoc¢iated
with the statement for which the routinet's most recent
exception was rziseds The initinal stete of ERL is zeros ERR
returns the ordinal of the current exceptions A value of zero
denotnes either an initial or redeemed {(sea the resume
statement) state of grace.

If sn exception is ralsed while user—specified exception
hendling is in effecty sn automptic branch to the exception
handling code occurss The exception Is unresolved untjil the
execution of a resume-statemants. If 8 routine executes an
exit=sub- or exit-function-statement wbile an exception is
raised {i.2s» 2t any time when ERR would return a non=-zero
value)s the diagnostic Information rbout the unresolved
exception Is saved in an error status queuey and an exception
indicating 2an error in the called routine is rsised at the
sjte of the call in the catling routine, If a routine
exacutes an end-stetement white an exception is raisedy, or if
a2 mein=-proaram terminates while an exception is unresolved,
diagnostins describing the current exception and 2ny others
that may have queued are written to the stsndard error file.
If an additional exception is raised while » previous
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exception Iin the same routine remeins unresoclved, the proarem
is terminated,

If a nonfatal exception Is ralsed while default exception
handiing is in effects an informative message Is written to
the standard error file and the program resumes execution at
the point of interruption, If 8 fatal exception is raised
white default exception handling is In effect, diagnostic
informatlion dascribing the exception iIs stored in the error
status oueue. If the fatel exception was raised in a routine
other than 2 maln programsy an exception indicating an error on
the ¢91! is ralsed is relsed at the site of the call. If the
exception wos rsised in & main programsy the diagnostic
informstion in the error status queue is written to the
standard error flle and the program is terminated,

5.3 EXCERIION_CODES

{(to be furnished)

Control Data Corporation
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600 APPENDIX A GRAMMAR

6.0 APPENDIX_A: GRAMMAR

Whet follows is the proceeds of extracting the crammar
embedded in this document and processing it with the Bunter
Parser Generatores It Is Included here ¢ provide a cross
referoence to the embedded grammar,

Contro! Date Corporation
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1
2 ! PAGE 3-3
3
4 token = integer /7 real-number / quoted-string 7
5 unguoted-string / nems / integer—-name /
&6 reat—name / string=name / beginning-of=1line
7 integer = diaglt digit* /
8 neEM MM rex-digit hex-diglitx /
9 ngn ngn? getal-diait octal-digit*
10 hex=digit = digit /7 WAw /7 mB%w y wCcwn ; npn y ups 4 wpw
11 digit = octel-digit 7 ma» 7 ugn ‘
12 octal—=digit = »Qgm 4y n)v 4 wan 4 n3n g
13 ﬂ[‘,H / ﬂ5" 7/ nbn ] u7"
14 :
15 ! PAGE 3-4
16
17 real=number = plain=reaf{=-number (%in y nin)2 g
18 Integer (Min  ngn)
19 plain-real-number = integer {("."” integer?
20 decimal=-exponent? [/ decimal=exrconent) /
21 "," Integer decimal—exponent?
22 decimal—exponent = YEV (V4" 7 "=")2 jnteger
23 quoted-string = quote {(non-cuote 7/ double~quotel)l* quote
24 double-auote = guote quonte
25 quoted-str‘ng - LiRiRiR1] (non_quOte I "H“ﬂﬂ"’* TN
26
27 ! PAGE 3-5
28
29 unquoted=string = unquoted=string=cher ((
3¢ unquoted-string—char 7 " 9)x%
31 unguoted-string=-char)?
32 name = letter name=char*
33 name=char = letter /7 digit 7 ",
34 integer—-name = name “I"
35 real=-name = name {WiIn ; win)
36 string=name = name %"
37
a8 ! PAGE 3-7
39
40 comment = "% gharacterx /
41 statement-boundary "REM" character*
42 stoatement-houndary = beginning-of~line tine-number? / ¥
43
44 ! PAGE 3=-10
45
46 varisble = numeric~variable / string—-variable
47 numeric=variable = numeric—-array—-element /
48 numer ic-scalar
49 numeric—array—-element = numeric-arreay-name subscript
- 50 v numeric—array-name = numeric—identifier
51 subscript = "(" numerlic-expression
52 ("s"” numerlc—expression)* )"
53 numeric—scalar = numeric-identifier '
54 numeric—identifier = name / integer-name / real=-name
55 string=varighle = substring /
56

57 I PAGE 3-11
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58

59 vhole=string=-variabie

60 whotle=string=-vaeriable = string-array-etempent /

61 string-scealar

62 string-array-element = string—array-name subscript
63 string—array-name = string=-identifler _

64 string-scalar = string=identifier '

&5 string—identifier = string-nsme / name

66 substring = pid=substring /7 colon=-substring

67 mid=substring = "MID$"™ "{" whole=string=variahie ",n
68 first (“y," fjangth)? m)* ‘ ‘
69 length = numeric—-expression

70 colon=substring = whole=string=variakbie "{" first
71 } "x" 'ast ")",

72 - first = numeric—expression

73 test = numeric—-2xpression

T4 '

75 ! PAGE 3-12

76

77 string-supplied-veriable = "DATES™ /7 "TIMEs®

78

79 ! PAGFE 3-13

80

8l . expression = numeric—expression / string—expression
82

83 ! PAGE 3-15

84

B85 numeric—axpression = first-eqy ("IMP" subs—eqv)*
86 first-eqv = first-=xor ("EQV" subs=xor)*

87 . subs~a2qv = subs=xor ("EQV"™ subs-xor)*

88 first-xor = first—-or ("XOR" subs—-or)x*

8% subs-xor = subhs=or ("XOR" subs-or)*

SC first—=or = first-and (Y0ORY subhs-and)*

91 subs—or = subs=-and {"DR"™ subs—end)*

92 first—-and = logical-not ("AND" 1Joglicsal=-primaryl)*
93 subs=and = logical=primary ("AND"™ loglcal=primary)*
94 fogical=-not = "NDT"? logicel=primery

95 logical=-primary = refationsl—-expression /

96 arithmetic—expression

Q7 relationai=axpression = string—expression relation
98 string-exprassion (relation arithmetic—expression)* /
99 2rithmetic-expression reletion 2rithmetic-expression
100 {relation arithmetic—-expression)*

1C1 relation = =% /

102 t|<" ﬂ)" , ")!l "(" /

103 . ﬂ)" M= , Mo ﬂ>" /
104 ngn nvzn 4 uwzn ngn g

105 nyw g4
106 ng
167 '
108 ! PAGE 3=-16
109
11¢ arithmetic—expression = first-mod ((w+0 s Mown)
111 subs-mod)*
112 first=mod = first=sum ("MOD" subs—=sum)*
113 subs-mod = subs=-sum ("MOD" subs—-sum)*

114 first-—sum = first—=id {(("+" /7 "-9) subs-id)*
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1

2 ! PAGE 3-3

3

4 token = integcer / real-=number 7/ quoted=string 7
5 unauoted-strino / neme / integer-name /

6 reaj—-name / string=name / beginning=of=line
7 integer = digit digit* /

8 nen WU rex-digit hex—diagltx /

9 ngw wgn? ogetaj-dinit octel—-digit*
10 hex=digit = digit / WA®" [ WmBw y nuCcw y 8pn 4 ngn 4 opw
11 digit = octal-digit /7 wg" /7 n9n .

12 octal=digit = nwgn 7 wmin 4y nan ;7 n3zn y
13 1![’" I "5" , "6!’ , 07'!

14 '

18 ! PAGE 3-4

16

17 real=number = plain=real=number (Min J njn)2 g
18 Intager (min ¢ ngn)

19 plsin-raal-number = integer {(".”" integer?

20 decimal=exponent? / decimal=exvonent) /

21 ", Integer decimal—-exponent?

22 decimal—exponent = WEV (v+W 7 "=™)2  jnteger

23 quoted-string = quote (non-guote / double—-quotel)* quote
24 double=-quote = guote quote

25 quoted_strlng = Ny (non-quOte / "N‘!“l"l)* N
26

27 ! PAGE 3-5

28

29 unquoted=-string = unquoted-string-—cher ((

3¢ unquoted-string—char /7 " %")*

31 unquoted-string=char)?

32 name = letter name=char*

33 name—char = letter 7 digit 7 ", "

34 integer-name = name Y79

35 real=name = npame {("iIn / wyn)

36 string=name = name "%

37

38 ! PAGE 3-7
39

40 comment = "' characterx /

41 statement—bound2ry Y“REM" character*

42 statement-boundary = beginning-of-~tine line-number? / "M:¥
43

44 ! PAGE 3=10

45 ’

46 varisble = numeric~varieble / string-varisble

47 numeric-variable = numeric—array—-element /
48 numeric=scalar

49 numeric-array—element = numeric—arrey—-name subscript

50 A numerlic~array-neme = pumreric—identifier

51 subscript = "(" numeric-expression

52 ("s" numerlc-expression)® ")

53 numeric—=scalar = npumeric-identifier
54 numeric—identifier = name / integer-name / real=-name
55 string=varighie = substring /

56

57 ! PAGE 2-11
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58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

1]

PAGE

PAGE

PAGE

PAGE

3=12

3-13

3=-15

3-16

Source Code

whole=-string=-variable o
whole=-string=-variable = string—-array-element /
string-scalar
string~array-element = string-array-name subscript
string-array-name = string-identifier
string-sealar = string—identifier
string—identifier = string-name / na2me
substring = mid=-substring / colon-substring
mid=substring = "MIDS" "{" uwhole=string=variahle %,"
first (Yy" fenath)? w)n ’
length = numeric—expression
colon-substring = whole~string-variabie "{" first
":ﬂ ‘ast ")ﬂ X
first = numeric—expression
last = numeric—-2xpression

string~-suppliied=veriable = "DATESY / WTIMES"

expression = numeric—expression / string—expression

numer ic—axpression = first—eqv ("IMP" syhs—-eqv)*

first-eqv = first=xor ("EQV" subs=xor)*

subs-aqy subs=xor (YEQV" subs-xor)*

first—xor = first—or ("X0OR" subs—or}*

subs=-xor subs—or ("XOR" subs-or)*

first-or first—and (YOR" subhs=and)*

subs=or = subs—and {"OR" subs—-end)*

first—and = logical-not ("AND" jogicel=primery)*

subs=and = logical=primary ("AND" {ogical=primary)*

logical=-not = “"NDT"? loglicel-primeary

fogical—-primary = retationsl—expression /
arithmetic-expression

relationai-expression = string—expression relaticn

H

string-exprassion (relation arithkmetic~expression)* /
2rithmetic—nexpression reletion zrithmetic—-expression

{relation arithmetic—expression)*
relatjon = "=v /

"<ll ﬂ)ﬂ , ")l! "(" /

NnYN N s Nz nyn gy

ngn N=m 4 Nzt ngw g

ﬂ>" ’

"(H

arithmetic—expression = first-mod ((%w+® 7 tnawn)
subs-mod)*

first=mod = first-sum ("MOD" subs-—sum)*

subs-mod = subs-sum ("MOD" subs—-sum)*

first-sum = first=id (("+" / "-9) subs—-id)*

Page

2
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115 subs—sum = subs—id ({"+" / "=") gyuhs=-id)*

116 first=id = first-prod {"\" subs=prod)*

117 : subs—=jd = subs=-prod ("\" subs-prod)*

118 first-prod = negation ((%k® / wyv) exponentiagtion)* ,
119 subs=preod = exponentiation {((nxvw 7 nyn)

120 exponentiation)*

121 negnrtion = "-"? exponentistion

122 exponentiation = numeric-primary (""" numeric-primery)*
123 numeric=primary = nureric-variable /

124 ' numeric—constant /

125 numeric-expression-function-ref /

126 numeric~-function-ref /

127 ’ "(” numeric-expression ")"

128 numeric-constznt = integer /7 resl—-nurber

129 numeric—expression—-function-ref = numeric~identifier
13¢ exp-fn=actual-param=1ist?

131 exp=fn-actusl=-param=list = Y{(" expression

132 ("y" poxpression)* ")

133 numeric-function=-ref = numaric—identifier

134 actuai-parameter—-{ist?

135

136 1 PAGE 3-17

137 ‘

138 : string=expression = string-primary

139 {"+" string~primary)*

140 . strino=-primary = string-varisble / string-function-ref /
141 string—-expression=-function=ref 7/

142 (" string—expression "}»

143 string-expression—function-ref = string-identitier

144 exp—fn-actual-peram=-1ist?

145 string=function=-ref = strinag-identifier

146 sctuatl=-parameter=1ist?

147 declarative-statement = common—-statement /

148 expression=function=dafinition /

149 function—-decliaration~statement /

150 optlon-base-statement 7/

151 subroutine~decisration-statement /

152 type-declaration-statement

153

154 ! PAGE 3-18

1558

156 commen—~stetement = “COMMON® common=-1ist

157 commen—1ist = common=list=item ("»" common—tist—item)*
158 common=list—item = identifier {(n{n v)n)?

159

16¢C ! PAGE 3-19

161

162 expression-function-definition = YDEF" ({(

1632 numer ic—expression-function /

164 string=-expression=function )

165 numer fc-axpression—-function = numeric-identifier

166 ex—=Ffun-formal—-parameter-1list? "=" pumeric—expression
167 string—expression=function = string-identifier

168 ex=fun-formel-perameter-1ist? "=" string-expression
169 ax=fun—formal-parameter—list = (v jdentifier

17¢ {"s" jdentifier) ")

171 function—-declaration—-statement = "DECLARE"
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172 UEYTERNAL®"? TFUNCTION" function—-name-iist
173 C function-name-1list = function-name
174 {"s" function—-name)*
175
176 ! PAGE 3-20
177 :
178 option-base-statement = "OPTION®™ MBASEn (wprn/nin)
179 subroutine—declaration-statement = "DECLARE"
180 ’ PEXTERNAL®Y "SUBY subroutine-neme-list
181 ' subroutine~name = subroutine-nsamsa
182 ‘ {("s" subroutine~name)*
183 type~declaration-statement = defint-statement /
184 ‘
185 ! PAGE 3-21
186 ’
187 , defreal-stetement /7 defstr-statement
188 defint-statement = "DEFINT" f{etter—list
189 : defreai—-statement = ("DEFSNG" / "“DEFDBL"™)
- 160 letter-1ist
lel defstr—-statement = "DEFSTRY fetter-list
192 letter—-tist = fetter—-list—item {¥w,"
163 fetter-list-item)* :
194 Jetter=list-item = letter-reonge /7 jetter
195 letter-range = {etter "=% Jetter
196 ,ettﬂr - QIA" , ﬂB" ! ﬂcn / "Dﬂ ] l‘E" l
197 ﬂF" I "G" / an / "I" l "J" , !lKﬂ ,
198 "IL“ , ”M" I "N" I "n“ / “?I'ﬂ , "Q" ,
199 ’ "R" / IIS" / "T" , "U" / "VI! l "wn /
200 "xll , "Y" I HZ"
201
202 ! PAGE 3-22
203
204 sssionment-statament = jet=-statement 7/
205 swap~stetement
206 let-statement = "LET"? (numeric—assignment /
207 string~-assignrent)
208 numer ic=assignment = numeric—=variable ="
209 numer ic-expression
21GC string-assignment = string-left-hand-side "=z=®
211 string—-expression
212 string~left~hand~-side = ‘
213 string-supplied-variable / string-veriahle
214 suap-statement = "SWAPY™ (numeric—-verieble ",n
215 numer jc=variable / string=veriahtie ","
216 string=variabte)
217
218 1 PAGE 3-23
219
- 220 control-statement = call-statement 7/
. 221 cajix-statement /
222 chein=-statement /
223 _ end=statement /
224 error-statement /
225 exit-function-statement /
226 exit=-sub=-statement / '
227 aosub-stetement 7/

228 v goto-stetement ¢

Page
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229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
278
276
277
278
279
280
281
282
283
284
285

PAGE

PAGE

PAGE

PAGE

PAGE

PAGE

3-24

3-27

3-28

Source Code

on—-arror—-statement /
on—-gosub-statement /
on~-ao0to-statement /
resume-stetement 7
return—-stetement /
run=statement /
stop-~stetement
call-statement = "CALL" subroutine-name
actual=-parameter—-1ist?
actusi=-parameter-1ist = "{" actual—-parameter
{"y" actusl-paremeter)* ")¥

actusl-parameter = expression /7 actusil-arrzsy
actual-array = jdentifier {0 n,nmk v)n
Identifier = name / Integer-name / real=name /
string=-name
callx~statement = "CALLX"™ external—-routine-name
external—-parameter-tist?
extarnal=routine—name = letter (letter / digit)#*
gxterneli-parameter—tist = "(" externei-pasrameter
{"sy" external-psremeter)* " )" :
external=-parameter = expression / externazl=array

external=array = numeric-identifier (v ","x mn

chain=statement = "CHAIN" flle~-name
file—-name = string—-expraession

end-statement = VEND®

error-statement = "ERROR"™ numeric—expression

exit=function-statement = "EXIT" "FUNCTION®
exlt=sub=statement = "EXIT® »"SUBR"
gosub—statement = "GOSUB" line~number
goto—-statement = "GOTO"™ line=number

on-error—-stetement
on-gosub=statement "OM" numeric-exprassion
“"GASUBY tine=number {(%," line-number)¥*

nou

on=goto-statement = "ON" numeric-expression
uGNTOD" jine=number (""" tine—number )*
resume-statement = "RESUME™ {
WNEXTY /
line-number 7/
nan?. )

"ON WERROR™ "GOTOM™ | line—number

Page

5



Bunter Source Code o Page 6

286 : return-statement = “RETURN"

287 run-statement = YRUN*" string-expression

288 ' stop~statement = "STOP™

289 fo-statement = close-statement 7/

2990 : field-stetement 7

291 gat-statement /

292 Input=-statement 7/

293 line=input-statement /

294 ierint-stetement 7

295 iprint-using—statement /

296 ' Iset-stetement /

297

298 1 PAGE 3-30

299 ‘

300 open-statepent /

301 , print—-statement ¢

02 print-using-statement /

303 put-statement /

304 rset=stetement /

305 width=-statement 7/

306 Write-statement /

307 beep-statement

308 '

309 ! PAGE 3-31

31¢
- 311 open-statemant = "OPEN" (cpenl / open2)

31z openl = file~nsme {YFORY jo~morde)? WAS®

313 "§%? numeric-expression

314 : {YLEN" "=" nupmeric—expression)?

315 open?2 = string-expression V,®" nwgn?

316 numer fc—axpression "," flle-name
1317 {"y"” numeric—expression)?

318 fo-mode = "INPUT™ /7 "OQUTPUT"™ / WAPPEND"™

319 : :

320 ! PAGE 3-33

321

322 close=stetement = PYCLOSE"™ fille-number—=1ist?

323 file=number=list = "4#"? numeric-expression

324 (vym g2 numeric—expression)*

325 .

326 ! PAGE 3=-34%

327 _ ’

328 fiald-statement = "FIELD" "#%}? numeric-expression ","

329 field=-tist

330 field=1list = Field=item ("s" field=jtem)*

331 field=item = numeric—expression "AS"

332 whole-string-variable

333

334 ! PAGE 3=-36

335 .

336 get-stetement = Y“GET"™ "#%"? numeric—expression

337 {"y" numeric—expression)?

338

339 ! PAGE 2-37

340 :

341 Input—-statement = n“INPUT® n;n?

342 {("#" numeric—expressicn "»")?
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343 , {string=constant (37 /n,m})?

344 verlable-llist

345 variasble-list = variable-list-itenm

346 (""" variable—tist=-item)*

347 varfable=list=item = numeric=variable /

348 nhola=string~vyerisbhle

349 :

350 ! PAGE 3-39

351

352 : line~-input~statement = PLINEY mINPUTw n3n?
- 353 {"#" numeric—expression ",")?

354 {string—expression ";")?

355 whole=string-variable

356

357 ! PAGE 3-40

358

359 iprint-statement = "LPRINT" print-tist?

360 Iprint-using=statement = YLPRINTY "USING"

361 string-expression "3;" print-using=list "3;"?
362 Iset-statement = MLSET® string-veriahie %=w

363 string~-expression

364 : rset-ststement = "RSETY string-ngame "="

365 : ‘string—-expression

366 .

367 ! PAGE =41

368 :

369 print-statement = "PRINT® {("#" numeric—expression ", "})?
370 print-1list?

371 print—tist = print=-{ist-itenm

372 ({("ym/v51)?2 print=list—item)* (nznyn,n)?
373 print-list=item = formst-function / expression
374 format=-function = "SPC*" "{" pumeric—exprassion ") /
375 WTAB® "™{"Y numeric—expression ")"

376

377 ! PAGE 3=43

378

379 print-using=stetement = WPRINT®

380 ‘ ("#" numeric—expression ",")?

381 "USING" string-expression "3i"

382 orint-using-list

383 print-using=list = expression ((","/*";")? expression)*
384 [(nyn/n;n)? ‘

385 :

386 ! PAGE 3=46

387

388 put-stetement = "PYT" "f"? numeric—expression
389 {"»" numeric—expression)?

390 width=-statement = "WIDTH"

391 {("#"? numeric—expression /7 file-name) "o")?
392 numer jc—expression

393

394 ! PAGE 3=47

395

398 virite-statement = "YRITE® {(MFEM pnumeric-expression "s")?
397 write~-tist?

398 urite-iist = expression ((","/"3") expression)*

399 hepp—statemant = “BEEP"

Page
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400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
4133
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
- 453
454
455
456

I PAGE

! PAGE

! PAGE

! PAGE

! PAGE

! PAGE

Source Code

3-438

data=initiatization-statement = detzestatement /
read-staetement 7/ restcre-statement

data—-statement = "DATA™ datum ("," datum)*

datum = unguoted=-string / guoted=string

read—-stateament = “READ"™ varisble-list

3=49

restore-statement = Y"RESTORE"™ {ine-number?
miscellansous~executable-statement =
clear~statement /
dir=-statement /
ergse-statement 7/
randomize-statement

3=-50

clear-statement = "CLEAR"™

dim-statement = "DIMY array~declaration (","
array=decisration)*

arrey-declioarstion = arrayv-name "{" dimension—-bounds
{"»" dimension=bounds)% ")n

arrav-name = jdentifier

dimension-bounds = (numeric—expression ":")?
numeric—expression

3-51

ersse-statement = VERASE"®™ array-neme (
My M array-namel)*
rendomize~statement = "RANDOMIZEY numeric—expression?

3-52

block = block=element
{statement—boundary block—eiement)*
hlock—element = unstructured-statement /
line=jf-statement /
for-block 7/
if-block /
internal=function /
internaj=-subroutine 7/
while=block
unstructured-stetement = gassiaonment-statement /
control-statement /
declarative-statement /
jo-stetement /
deta~-initialization~statement /
miscellaneous~executable-statement
line-if-statement = "IF" numeric—-expression ("THEN"
{line~-block 7/ line=number) /7 "GOTO"™ line=number)
{"ELSE"™ (line-block / line-~number))?

3-53

Page
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457
458
459
460
461
462
463
464

- 465

466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
496
491
492
493
494
495
496
497
498
499
560
501
502
503
504
505
506
507
508
509
510
511
512
513

e

o

PAGE

PAGE

PAGE

PAGE

PAGE

Source Code

tine-block = block-element (1" bhilock-element)*
for=-hlock = for=-statement
delimited-optionsi=blk next-staotement
delimited-optional~bik = statament-houndeary
{block statement-boundary)?
for-statement = "FORY controcl~-variable "a®
numer ic-expression YTO" numeric—expression
{"STEPY numeric—-expression)?
control=voariehle = numerin=-scalar
next-steotemant = "NEXT" control-variesble-1list?
control-varisble~-list = control=varisghle
{"s" control=variable)?

3=-54

if-block = "IF" jf-body

if=hody = numeric—~expression "THEN" consequent { f~tsail
ff-ta2it = WELSEIF" jf-hody /7 (VELSE"™ aiternate)? WENDIF®™

3=55

conseouent = delimited-optionai=-hlk
alternate = delimited-optional—-blk

while=block = "WHILE"™ numrerlic=-expression white-body "wFND"

while=hbody = delimited-optional=-hlk
3-57

source-deck = |ine-number? externsl—routine
(statement-boundary external=routine)*

line=-number = Integer

extarnal=routine = moin-program /
externat=function 7 external=subroutine

3-58

main-program = block
external=function = external—-function=stegtement
delimited=-block end=function=statement
delimited-block = statement—boundsary block
stetement-boundary
extarnsl-subroutine = externel-sub-stetement
delimited-optional~blk end-sub-statement
extarnal=function—statement = “EXTERNALY™ "FUNCTION®
function-name formal—-perameter-list?
extaerngi=-sub-statement = "EXTERNAL"™ "SUB"
subroutine-name formal-parometer=1ist?
formal-parameter—list = (" formal—-parameter
{"y” formal—parameter)*® M)7
end=-function-statement = "END" "FUNCTIDN"
end=-sub=-statement = "ENDY™ "SUB™
formel—-parameter = formel-sceler / formal—-array

3=-59

formel—scaler = identifier

Page
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514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
526
530
531
532
533
534
535
536
537

Source Code

formal-grray = identifier "{n nynf n)u
subroutine-name = name
function-name = string=function~name /
numer ie~function—-name
string=-function-name = string~identifier
numeric=function-name = numerlic—~identifier
internsgi-functijon = internal=-function-statement
statement-boundary internsi-block statemant—houndery
end=function—statement
interngat=subhroutine = internsi-sub—-stsatement
statement~boundery (internal-block
steatement-boundoary)?
end=sub=statement

~internal-function-ststement = "FUNCTION" function-name

formal-parameter—-list?
internal-sub-statement = "SUB"™ subroutine-name
formal-parameter—-list?
internal-block = internal-block~element
{stetement-boundary internal-block=-element)*
internal-biock=-eiement = unstructured=statement ¢/
ling=-if-statement /
for~block /
if=-block ¢/
vhile=block

Page
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307

" 257
nn
# 177
3247
3807
36T
347
8T
407
51T
1587
3747
) 527
1587
3747
1187
227
’ 527
1747
2447
3167
3427
3727
396T
4697
2271
197
1187
127
127
127
127
137
137
137
137
117
117
427
3417
3727
1027
1017
1687
, 4637
> 1027
A 107
AND
APPEND
AS
8 i0T
BASE
BEEP
c 10T
CALL

—~ -y N B

+ *

ws oo DD JOMDWNRONS

U A

187
257
257
187
3287
3887

oT

67T
1697
3757

68T
1707
3757
1197
1107

677
1827
2517
3177
3437

3807

398T
506T
1107

217
1197
1787
1787

717
3437
3727
1027
1627
2087

1027
1967

92T
2187
3127
1967
1787
3997
1967
2367

Cross

357

357
3367
2917

707
2387
4237

717
2397

4247

1147

68T

1927
2537
3247
3467
3837
4057
5147
1147

337

2827

4267
3527
2817
1047
1037
2107

1037
927

3317

Reference

3137
3427

3967

4587
3547
3837
1047
1047
3147

1037

3157
3537

1317
2507
5147
1327
2517
5147

1397

1577
215T
278T
3307
3697
389T
4247

1217

3617
384T
106T
1047

‘3627

1057

{G=potish elements N=npon=terminals P=pseudo-terminal, Q=predicates T=terminsal)

3237
3697

1427
2537

142T
2537

17CT
2397
3157
337T
3727
391T
4327

1957

361T
398T

1667
364T

CALLX
CHAIN
CLEAR
CLOSE
COMNMDN

D 107
DATA

DATES

DECLARE

DEF

DEFDBL

DEFINT

DEFSNG

DEFSTR

DIM

E 107

ELSE

ELSEIF

END

ENDIF

EQV

ERASE

ERROR

EXIT

EXTERMAL

F 107

FIELD

FOR

FUNCTION
5277

G 1977

GET

GOsSuA

GOTC

H 87

I 1977

IF

IMP

INPUT

J 1977

K 1977

L 1987

LEN

LET

LINE

LPRINT

LSET

M 1687

MIDS

MGD

N 1987

NEXT

NOT

0 ST

ON

OPEN

DPTION

2477
25771
4207
3227
156T
1967
4057

777
1717
1627
1897
18871
1897
1917
4217

227
4547
4757
2597
4757

867
4317
2607
2647

1977
3287
3127

3367
266T
2677
1977

4527
85T

3187

3147
206T
3527
3597
3627

677
1127

2807

947
1987
2717
3117
1787

1797

1967
4757

507T
87T
2717

2657
1727

4637
1727

2737
2717

4737
3417

360T

1137

4€7T

2727

508T

1807

2647

2787

3527

2777

5017 5037
01T 5677
4537

bR 907 91T
JUTPUT 3187

P 1687

PRINT 3€9T 3797
PUT 3887

0 1987

R 1997

RANDOMIZE 4337
READ 4077

REM 41T
RESTORE 4117
RESUME 279T
RETURN 2867

RSET 3647

RUN 2877

S 1997

SPC 3747

STEP 4657

sTOP 2887

SuB 180T 2657 5037
SWAP 214T

T 1997

TAB 3757

THEN 452T 4747
TIMES 777

T0 . 44T

u 1997

USING 30T 381T
v 1907

W 1997

WEND 4817

WHILE 4817

WIDTH 360T

WRITE 3967

X 2007

XOR 88T 89T
Y 2007

z 2007

\ 116T 1177

~ 1227
sctustl=array {(244%) 243N

nctusl-paremeter (243)
ectuel=-perameter—-1ist (238)
146N 237N
slternate (480) 475N
erithmetic—expression (110)
G8N 99N 99N 10CN
array=declsarotion {(423)
array-name (425) 423N
assignment-statement (204)
beep=statement (299) 307N
beginning-of-1line 6P

block (437) 462N 494N
block=element (43G) 437N
: 458N

coll-statement (236) 220N

calix=statement (247)

Pasge
508T 52967
23BN 239N

134N
96N
421N 422N
431N 432N
446N
42p
497N
43BN 458N
221N

11



Bunter Cross. Reference

chain—-statement (2%57) 222N
character 4GP 41Pp
clear=-statement {420) 413N
close-statement {322) 2B9N
colon~-substring {(70) 66N
comment {(4C)
common—-list (157) 156N
common=list-item {158) 157N
common-statement {155) , 147N
consequent (47%) 474N
control—-statement (220) - 447N
control=-vyariable {(466) 463N
469N
control=varishle~list {468)
date~-initislizetion=stetement [403)
450N
data~statement (405) 403N
datum (406) 405N 405N
decimal=exponent (22) 20N
21N
declarative~-stestement (147)
defint-ststemant (1288) 183N
- defreal-statement {189) 187N
defstr-statement (191) 187N
delimited-block {497) 496N
delimited-optional=hlk (461)
479N 480N 482N 500N
digit (11) 7N ™ 10N
249N
dim-stotement (421) 414N
dimension—bounds (426) 423N
double-=auote (24) 23N
end~function~statement (507)
522N
end-statement (259) 223N ,
end-sub=-statement {508) 500N
erase=statement (431) 415N
arror—-statement (260) 224N
ex=fun~-formal=-perameter-list (169)
166N 16EN
exit—function-statement {264)
exit-sub-statement {265) 226N
exp=fn—actual=-param=list (131)
144N
axponentiation {122) 118N 119N
121N
expression (81) 131N 132N
252N 373N 383N 383N 398N

4 148N

external—arrey (253)

external-function (495) 490N

externai=-functlon=statement (501)
495N

252N

external=-peramater (252) 250N
externsl=parameter-list (250)
externa!—routlne (489) 4 BEN

{G=polist elements N=non-terminnal,

157N

468N

467N

20N

448N

460N

33N

424N

496N

526N

225N
130N
120N

243N

398N
expression-function=dafinition (162)

251N
248N
487N

external-routine-name (249)
external=-sub=statement (503)
externsi=subroutine {499)

field-item (331) 33GN
firtd=-1ist (330) ‘329N
field=statement (328)
fite—name (258) 257N
391N

fllie-number-list (323)

first (72) 68N 70N
first-and (92) SON
first-eqv {86) 85N
first=-id (11e6) 114N
first-mod {112) 11CN
first-or (9C) 8N
first=-prod (118) 116N
first=sum (114) 112N
first-xor {88) 86N
for-block (4%59) : 441N
for-statement (463) 459N
formal-erray (514) 509N

forrmal=parameter (509)
formal=—parameter—tist (505)
504N 528N 530N
formatl=sceler {513)
format-=function (374)

509N

function—-declaration-statement (171)

149N
function-name {516) 173N
521N
function-name-1list {(173)
net-stetement (336) 291N
gosub=statement (266)
gpoto—-stetement (267) 228N
hex-digit (10) 8N 8N
identifier {245%) 158N
244N 425N 513N 514N
if-block (473) 442N 536N
if-body (474) 473N 475N
1f=tail (475) 474N
input—-statement (341)
integer (7) 4N 18N
21N 22N 128N 48B8N
Integer~name (34) SN
internpi-block (531) 521N

Iinternal=block=element {(533)
532N
internel—-function (520)

Pzpsaudo~terminels O=predicetes T=terminei)

490N
330N

290N
312N

322N

535N

505N

373N

174N
172N

227N

169N

292N
19N

54N
524N

443N

internasl=function-statement (527)

" 520N
internal—sub=-stetement (529)

internal=subroutine (523)
jo~mode {(318) 312N
{o~statement (289) 449N
last (73) 71N
length (69) 68N
let-statement (2€6) 204N

444N

247N
499N

31€&N

506N
502N

502N

170N

16N
245N

531N

523N

tetter (19¢) 32N 33N
195N 249N 249N
jetter-list (192) 188N
fotter—tist=item (194)
jetter—-range (195) 164N
Yine—-hlock (4%58) 453N

line-if-stetement {(452)
fine-input=-staotemant (352)

{ine-number (488) 42N
271N 273N 273N 278N
411N 453N 453N 454N

foglcal=not (94) 92N

logical=-primsry {95) 92N

94N
Iprint=-statement (359)
{print=using=-stestement (360)

Iset-statement (362) 296N
main=-program {494) 489N
mid=-substring (&7) 66N

p

194N

190N
192N

454N
440N
293N
266N
278N
486N

93N

294N

miscellaneous—executabie~-statement

451N
name (32) 5N 34N
54N 65N 245N 515N
name-char (33) 32N
negetion (121) 118N
next-stetement (4&7) 46CN
non—-auote 23°P 25pP

nureric=-arrsy=element (49)
nurmerlc~array-name (50)
nunmer fec—-sssianment (208)
nureric-constant (128)
numer ic-expression (85)

69N 72N 73N 81N
209N 260N 272N 277N
31eN 317N 323N 324N
33N 337N 342N 353N
375N 3BON 388N 389N
396N 426N 427N 433N
464N 465N 474N 481N

35N

47N

49N
206N
124N

51N
127N
313N
328N
369N
391N
452N

numer ic-expression-function (165)

163N

age

195N
191N
193N
534N
267N
281N

93N

295N

- {412)
36N

52N
166N
314N
331N
374N
392N
464N

nurer ic=expression=-function-ref (129)

125N
numeric~functicon—name (519)
numeric~-function~-ref (133)
nurer fc=identifler (54%)

129N 133N 165N 253N
numeric-primary (123)
numer ic=scalar (53) 48N
numerlic-varishle (47)

20BN 214N 215N 347N
octel-digit (12) 9N

on=error-statement (271)
on=gosub-statement (272)
on—goto-stetement (277)

cpen=statement (311)
openl {(312) 311N

300N

517N

126N

50N
519N
122N
466N
46N

9N

229N
23CN
231N

53N
122N
123N

11N
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Bunter Cross Reference {G=polish elements N=npon-ternminal, P=pseudo-terminal, Q=preadicate, T=terninal) Page 13

open2 (315) 311N ' subs=-mod (113) 111N

option-besg~statement (178) 15CN subs=-or {91) 88N 89N 8ON
plain-real-number (19) 17N subs=-prod {119) 116N 117N 117N
print=1tist (371) 359N 370N subs=sum (115) 112N 113N 113N
print=list-item {373) 371N 372N subs-xor (89) 86N 87N 87N
print—-statement (389) 301N subscript (51) 49N 62N
print-=using=-tist (383) 361N 382N substring {66} 55N
print-using=-statement (379) 302N swgp=stetement {214%) 205N
put-statement (388) 303N token {4)
auote 23P 229 249 249 type-declarstion=-statement {183) 152N
quoted-string (23) 4N 406N unquoted-string (29) 5N 406N
randomize-stetement (433) 416N uvnquoted-string—-char 299 el
read-statement {407) 404N 31p
real—-namre (35) 6N 54N 245N unstructured-statement (446) 4 3GN
real=number (17) 4N 128N 533N
relstion {101) Q7N 98N 99N 1QCN variable (46)
reistional=-expression (97) 95N variable—-tist (345) 344N 407N
restore-statement {411) 464N yariable=list=item (347) 345N 346N
resume~statement (279) 2328 while—-block (481) 445N 537N
return-statement (286) 233N while~body (482) 481N
rset-statement (364) 304N whole-string=variable {60) 59N &7TN
run—statement {(287) 234N 70N 332N 348N 355N
source—deck {(48¢6) Hidth~-statement (39Q0) 305N
statement-boundery (42) 41N 438N urite=-1ist (398) 397N

461N 462N 487N 497N 498N 521N HWrite=statement (396) 306N

521N 524N 525N 532M
stop-stoatement {(288) 235N
string=-sorray—-element (62) 60N
string=array-name (63) 62N
string—assignment (210) 207N
strino-constsnt 343Pp
string—expression (138} 81N 97N

G8N  142M 168N 211N 258N 287N
315N 354N 361N 363N 365N 381N

string-expression=function (167) 164N
string-expression—=function—ref (143)
141N
string=function=-name {518) 516N
string=Ffunction-ref (143) 140N
string=identifier (65) 63N 64N
‘143N 145N 167N 518N
string-teft-hond-side (212) 210N
string—name {36) 6N 65N 246N
364N
string=primary {14QC) 138N 139N
string-scalar (6&4) 61N
string—supplied=-variable (77) 213N
string=variable (55) 46N 140N 213N

215N 216N 362N
subroutine-declisr2tion-statement (179)

151N
subroutine=-name (181) 181N 182N
236N 504N 529N
subroutine-name-1list 180P
subs—and {(G63) 90N 91N 91N
subs=-eaqv (87) B5N

subs-id {117) 114N 115N 115N



Bunter Cross Reference , {G=polishk glegmant, N=npon-terminals P=pseudo—terminal, Q=predicate; T=terminal) Page 14

The pseudo~terminals of the orammar are beginning~of-line, cherncter, non-quotes cquotep string-constant, subroutine—-name-list and
unquoted=-strina—char,



