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1.0 INTRODUCTION AND OBJECTIVES 

~-~-~~-~~~~--~~-~~-------~------~---~--~~-~~---~---~~-----~--~-~---

This docurrent describes the Virtual BASIC language. Virtual 
BASIC wlll be implemented on the CYBER 180 as a compiler end a 
runtime library. Virtual BASIC is Intended to provide a 
1~nguage which is 

tll similar to popular micro-computer BASICS, and 

t2l e~sy to us~, especially for c~suel users. 

Virtual BASIC is, in its· nature, not an optimlzable language. 
No ~ttempt to optimize Virtuat BASIC object code wi II be mAde. 
However, the langu~ge provides an escvpe to FORTRAN. Given 
the high au?lity object cod~ available from CYBER 180 FORTRAN, 
this escape should provide adequate perform~nce for eny 
epp!lcetlon likely to be, Hrltten Jn Virtu~t BASIC. 

Virtual BASIC wlt1 conform to the ANSI Standnrd for Minimal 
BASIC. It w111 not conform to the proposed ANSI Standard for 
(fu11l BASIC. 
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~~~~---~~~-~-~---------~---------~----~~-~~~------~--~-~----~~-----
2.0 REFERENCES 
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UL~f1 f£neg~£d Am~~l~~~ ~a1!~na! StaDdat~ 
!nL ~A~l~ (X3J2/82-J7), October i, 1982. 

Control DAte Corporation 



3-1 
Virtuet BASIC Externel Reference Specific~tion 

June 25, 1984 

3.0 FEATURE DESCRIPTION 

This section constitutes the l~nguage specifl~ation for 
.Virtual BASIC. It introduces· the notation used to describe 
synt~x end defines the lexical, syntactic, end semantic 
properties of the l~ngu~ge. 

3.1 tlOIAilQ.tl 

The notrtion used to describe syntax in this document is a 
v~rlent of BNF, specificnlty, the vAriant used In the Draft 
Proposed American National Standard for BASIC. The reader Is 
essumed to be comfortAble with et least one variant of BNF; 
the purpose of the present section is to explain the 
particulars of the variant used In this document. 

H~re is the gremmnr for BNF. It Is wrltten In BNF. In other 
words, whAt follows is 2 description of the formal aspects of 
a notttion. The notation in which the description is written 
Is the notation hein9 described. This sounds forblddlnq but 
is not. Re~ders who ore comfortable with BNF probably c2n 
tenrn all they need to know about the vnrient used In this 
document simply by glancing at the following grammar. Readers 
~ho ere uncomfortable shou1d reed the per~~raphs which follow 
the grnmmar; those paragraphs Pre an informal renderinp of the 
qrgmmar in everyday English. 

grammar = rule* 
rule = nama "=" alternPtion 
eltern~t1on = sequence ("/"sequence>* 
sequence = repetition repetition* 
repetition = primary ("?" I "*">? 
primary= name I quoted-string I "(" alternation ")" 

This gr~mmar consists of six rules. The first of these says 
that if you ha~e some rules and you f 9y them end to end, you 
pet a grammar. More precisely, it says thnt a sequence of 
zero or more objects which are, f-0rmolly, rules Is nn object 
Hhlch Is, formally, a grammar. or, If you like, that any 
object which ls1 formally, ~ grRm~ar c~n be decomposed Into s 
sequence of zero or more objects which are, formally, rules. 
The word "formally" appears above so many times because It is 
so import~nt. Form Is atl thPt we ~r~ ~ere concerned with. 
By no me;ns all of the objects which sre1 formally, grammArs 
are useful, senslble1 or even correct. BNF is a compact and 
precise notation for discussion of rratters of form but, by 
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-------------------------------------------------------------------3.0 FEATURE DESCRIPTION 
3.1 NOTATION 

Itself, it Is inadequate for a complete specification of BNF, 
much less of BASIC. 

The second rule of the grammar says that ~ rule ls a sequence 
of three thlngsi a name, an equat-~ign, and an alternatton. 
We do not yet know whet names and alternations ere, hut we 
know ~II there is to know about equa1-siqns. Quoted strings 
appear In rutes where exact matches are required. So we don~t 
yet know much about rules, but we know thist every rule 
contains ~n equnl-sfqn. 

Th@ third rule says that an alternation consists of a sequence 
followed by zero or more two-part things. These two-oert 
things consist of a stash followed by~ sequence. In other 
words, the third rule says t~at an ~lternPtion Is ff non-empty 
list of sequences separated by slashes. 

The fourth rule says th&t a sequenc~ consists of one or morE 
repetitions. 

The fifth says that a repetition Is a primary optionally 
fo11owed by either n question m8rk or en asterisk. Note the 
importsnce of the parentheses. If they had been ~mitted, this 
ru1e would h~v~ s~id thnt ~ repetition Is either a primary 
followed by a question mark or e1se a string which ·consists of 
a stand-alone asterisk if it Is not ~mpty. 

The sixth rule says that a primary Is on~ of three things: a 
name, a quoted-string, or an alternation enctosed tn 
pf'rentheses. 

The ~r~mm~r cont~lns two undefined te.rms: n2~e snd 
quoted-string. The undefined terms of a gram~ar are called 
Its pseudo-termintts. Usually, pseudo-terminals refer to 
clesses or objects whose form the reader of the prammar Is 
expected to knoH by some extra-grammatical means. 
Essentl~lly, the pseudo-t~rmlnnls of a gr~rnmer ere Its axioms. 

In this grammar, a name is an ordin~ry English word or a 
seri~s of such words s~parated by hyphens. A quoted-string Is 
9 chPrecter string enclosed In quotes.· E~~edded quotes In 
ouoted strings are lndlcnted by two successive quotes; thus 
the quoted string tthlch consists of 0 sinol~ quote is denoted 
by four .successive quotess """"• 

In summ~ry, 

9n asterisk in n 9rammsr indicates thst ~~ro or more 
Instances of something are permitted, 
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3.0 FEATURE DESCRIPTION 
3.1 NOTATION 

a question mark indicates that something Is optional, 

slashes indicate that any of several things might appegr, 

Juxtaposition in the orammar indicates Juxtaposition In 
whatever the grammar describes, and 

pnrentheses indicAte grouping. 

This section describes the lexical properties of Virtual 
BASIC. The tokens of the lanpuage ere defined. The 
significance of blanks and of alphabetic case Is discussed. 
In-propr~m commentary is described. 

3.2.1 TOKENS 

The tokens of Virtual BASIC gre Its lexicGI atoms. 

token = inte~er I re~l-number I quot?.rl-string I 
unquoted-string I name I Integer-name I 
reol-name I string-name I beg1nnlnq-of-llne 

No token may cross a line boundiry. No. token thet is neither 
a quoted-string nor an unquoted-string may contain an embedded 
h lenk. 

An 1ntPg~r is a decimal, hexadecim~I, or cctgf constant. 

lntep~r = diqit rl1Qit* I 
n~fl "H" hex-digit hex-digit* I 
" S " "0 '' ? o c t s:J I - d I g I t o c t s I - d i 9 i t * 

hex-dlqit = digit I "A" I "B" I "C" I "D" I "E" I "F" 
digit= octal-digit I "8" I "9" 
octal-dlplt = 110" I "1" I "2" I "3" I 

" 4 " I " 5 " I "6 " I ' 1 7 " 

InteQers ~ey contain any number of 1eadlnq zero digits. Their 
vslues cannot exceed 2A63-1 (about 9.2*10~18); If they do, a 
fatat diagnostic is Issued. (The caret lndicntes 
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-------------------------------------------------------------------3.0 FEATURE DESCRIPTION 
3.2.1.1 Int~gers .._._._ ___________ , _____________________ .. ._ _______ ,.._._. ... ___________________ ._ ........ _ .......... ,... ... _ 

exponentl~tlon. XAY meens X raised to the power Y.) 

A real-number Js either a pleln-reel-number optionally 
followed by sn exclamation point or a number sign or else fln 
Integer unconditionally followed by an exclamation point or a 
number sign. The value of a reat-number Is the ordinary 
decimgl value of the plain-rea1-numh~r or Integer to Hhlch the 
exclemetion point or number sign, if any1 1s appended~ 

real-number : plain-real-number ("!" I "#")? I 
integer C"l" I "ff") 

A pt~in-re~l-number contains ~ decima1 point, e decimal 
exponent, or both. 

plaln-real-number = Integer ("•" integer? 
decimal-exponent! I decimal-exponent> I 
"•TI Integer declmal-exponent? 

declmnl-exponent = "E" ("+" I "-"l? lnteqer 

Regl-numbers m~y contain any number of dipits. Their 
magnitudes must be less than 2A4095 (about 5.2*10Al232). 
Real-numbArs with extremely small mPpnitudes ~tll be treated 
as zero by the compiler; no error message will be given. 
Rent-numbers with maqnitudes qrenter th~n or equal to 2A4095 
wl 11 be diagnosed as fatal errors. 

Ouoted-strlnqs are cherecter strlnps enclosed in o.uotes. A 
quote embedded in a quoted-string is indicated by two 
successive quotes. 

quoted-strlnp = quote <non-quote I doubte-ouote>* quote 
double-quote = quote quote 

The syntR~ of 0 quoted-strJng could be more compactly, If more 
obscurely, presented uslno quoted-strings: 

q u o t e d- s t r 1 n Q = " " " " ( n o n- q u o t e I '""' " " " ) * " " n" 

A non-quote Is any character at all other th~n quote. The 
tenpth of g quoted-string Is limited only by the number of 
characters which cnn be contained on fl sinple 1 ine. 
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3.0 FEATURE DESCRIPTION 
3.2.1.3 Ouoted-Str1ngs ----....... -..... --.-----19----·--------------.-.-.__._ .... ____________ .. _. __________________ ._ ___ ....._..__.-_ 

(Apostrophes have nothing speciat to do with quoted-strings. 
Here is a quotet " • Here is an apostrophe: ' .> 

An unquoted-string is a run of characters which begins and 
~nds with on unquoted-string-char and which contains only. 
unquoted-strino-chcrs and blanks. 

unouoted-strlng = unquoted-string-char << 
unquoted-string-char I " ">* 
unquoted-string-char>? 

Any charecter other than blank, comwa, quote, or colon 1s an 
unquoterl-strlnp-chero 

Unquoted-strings are used only 1n data-stetemcnts. The length 
of en unquoted-string is limited only by the number of 
cher~eters In a I I ne. 

A nAme is a letter followed by a run of letters, dioits, ~nd 
periods. 

name : letter name-char* 
n~me-chqr = letter I digit I 11 ." 

N~mes m•y·be up to 31 characters long. Lonqer names are 
diagnosed; the error Is fat91. 

An Integer-name Is a name followed immedl~tely by a percent 
sign. A real-name Is a name fotlowcd immediately by either en 
exclamation point or a pound siQn. A strlnq-naroe Is a name 
fo11owed immediately by a dollar sign. 

Integer-name = name "t" 
re~l-nnme = n2me ("!" I "#") 
string-name = name ng;n 

Integer-, real-, and string-names m~y be up to 31 ch9racters 
lonn. LonQ~r inteqer-, real-, and strtno-nAmes are diagnos~d; 
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3.0 FEATURE DESCRIPTION 
3.2.1.6 Typed Names _ ... ______________ ,.., _______ ~ __ .. _______ .... ___ ,.. ___ ... ____________________ .... ___ .._._. _______ ,_ 

the error Is fatnt. 

Integer-, real-, and string-names are, as their names sugpest, 
n~mes with ~hich n partJcul~r dnts typ~ Is essocl~ted. 

(Plain) names can be used to denote objects of ~ny type and 
are always used to denote objects with which no type ls 
'SSSOClated. 

3. 2 .1. 7 11.e.2lnD.lD!!~:::.2!::Lln.e 

No formal definition of the bepinnlng-of-,lne token will be 
given. The reader's intuitive understanding of the beQinninp 
of e cod!d line is assumed to bn adeQuate for the expository 
purposes of this document. It should be noted1 however1 th~t 
begfnninp-of-lln~ Is D~1 2 character. 

3·2•2 BLANKS ANO THE LONGEST SCAN RULE 

Bl~nks cont~ined in quoted- and unouoted-strings are 
slgnifi~ant. Anyplace else, th~y ~re lnslqnlflcant, except 
where they serve as token separators. No token which Is 
neither a quoted- nor an unquoted-strinQ may contain a blank. 
Thus, 

FOR I 

Is ~ntokened as two names (FOR and I); 

1.0 ElO 

Is entokened as a real-number (1.0) and a name (ElOl. 

The compiler recognizes the lonoest token which begins et a 
given stortlng position. Thus, 12 is lnt~rpreted as a single 
Integer (twelve) r~ther than two (one and two). 

3.2.3 ALPHABETIC CASE 

Alphabetic case Is significant in Virtual BASIC onty within 
quoted- and unquoted-str I nqs. Toe comp I 1 er wi I I produce a 
source list which f~lthfut1y reproduces atph0hetlc case as it 
was In the Input flleJ however, Internally, lower-case 
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3.0 FEATURE DESCRIPTION 
3.2.3 ALPHABETIC CASE 

\ 

alphabetics will be translated to upper except in quoted- and 
unquoted-strings. Thus, for example, any variable name which 
eppears In e diagnostic will be rendered in upper-case, 
reoerdless of how it may h~ve appeared in the input file. 

In this document, upper-case letters are used uniformly 1n alt 
contexts in which case Is not signific~nt. Thus, the keyword 
FOR fs rendered simply as "FOR" in the syntex, not as the full 
set of eight equivalent speJIJnos: 

("F"/"f") ("0/"o") ("R"/"r") 

3.2.4 COMMENTARY 

Virtual BASIC programs may conta1n embedded commentsry. This 
co~~entery Is not properly Part of the progrnm and has no 
effect on its moanlnq. 

comment = "'" character* I 
statement-boundary "REM" character* 

statement-boundary= tieginning-of-lfne line-numbl?.r? I "t" 

The apostrophe, wherever It appe~rs outside of a 
quoted-strlnp, marks the end of the sl9niflcant portion of a 
tine. The name REM, when it cppeors as the first token after 
a statement-boundary, does the same. 

(In order to discuss line-numbers, we must lntroduc~ some 
t er m i no 1 o p y • A LU.Ytl!l!: i s e i th er e n I n t er n s 1 r out i n e o r ~ n 
external-routine. An lD1~tiln!-~2YtlOf Is an Internal-function 
or en internRl-subroutinc. An ni1EID!!-L2Y!lD~ is a 
roatn-program, an external-function, or an external-subroutine. 
Externcl-routlnes m~y contain embedded int~rns1 routines; 
internal routines m~y contain neither external- nor internal 
routines.) 

A Virtual BASIC program consists of~ series of tines. A tin~ 
contains pt most 255 chP.r~cters. It begins ~ith an optional 
tine-number ~nd conteins zero or more stAtements separated by 
colons. Wlth1n an external-routine, ·the first line-number, If 
any, must be oreater then zero; eac~ fo11ow1ng line-number 
must be oreater thPn a11 the preceding line-numters. 
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3.0 FEATURE DESCRIPTION 
3o3 LINES, LINE NUMBERS, AND STATEMENTS 

-------------------------------------------------------------------
Any routine which contains en explicit reference to e 
line-number must also contain the line-number. Any routine 
which contains a line-number must also contain al1 explicit 
references to it. Thus, code 1n an internal routine may refer 
expticttly only to those line-numbers which are defined in 
that Internal routine; code In an external-routine which Is In 
no internel routine may refer explicitly onty to those 
line-numbers which arc defined in that external-routine and in 
no internal routine. It J s1 In other words1 it 1ega I to enter 
or leave an Internal routine by means of an explicit 
tine-number reference. 

A line-number is associated with every statement of a Virtual 
BASIC external-routine. The associated line-number is that of 
the line which contains the statement If that line Is 
numbered; if not.1 it Is the I ine-number of the (lex icat ly) 
most recent numbered line, or zero 1f the statement precedes 
the first numbered tine. 

3.4 llAIA 

This section describes the types1 constants, and variables of 
Virtual BASIC. 

3.4.1 TYPES 

There are three types In Virtual BASIC: lnteqer, real, and 
string. Integer d~t~ are numbers with integral values. 
Integers ~re stored as 64-blt two's compl£ment blnary numbers. 
Real data are numbers whose fractional parts are not 
necessarily non-zaro. ReBI d~ta ~re stored ~s 64-blt 
fto~tlnp-polnt binary numbers. StrinQs are cher~cter date. 
Str lngs are stored, one ASCII character per byte, In es ·many 
contiguous bytes as are required to hold their current values. 

With one major exception, mixing of inteqer ~nd real date Is 
freely permitted. The exception is parameter pesslnn. Only 
Integer dsta may be passed to lnteger formal par~meters of 
user-written routines; only real data m9Y be pnssed to real 
formnl per~meters. Most Virtua1 BASIC library routines will 
accept either lntPper or real detg for numeric format 
p~rameters. For example, both SIN(lJ end SIN(l.0) sre lepelJ 
eech returns the real result which is (approximately) th~ sine 
of the nngle ~hose rAdien measure Is one. 

Virtual BASIC contains no double precision type. It does, 
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3.0 FEATURE DESCRIPTION 
3.4.1 TYPES 

however, contain certain vestiges of that type; these v~stl9es 
are designed to make migration of proqr~ms from microcomputer 
BASICs to Virtual BASIC easy. Amonp the vestiges are vnrlable 
names whrise fast character Is the number-sign (such variables 
are double-precision verlables In scme microcomputer BASICs; 
they are real, i.e., single-precision, verinb1es in Virtual 
BASIC), the DEFDBl spetllng of the defrea1-statement, and the 
library functions cvo, CDBL, and MKOS, which perform vnrious 
kinds of type conversions. The attempt is to make some syntax 
portable from micro BASICs to Vlrtu~1 BASIC .• ·since the real 
data of Virtual BASIC are about as precise as the 
double-precision det~ of many m1cro BASJCs, If the synt~x Is 
portable, the numeric algorithm pr6b9hly Will be port~ble too. 

3.4.2 CONSTANTS 

There are four kinds of constants In Virtual BASIC; they 
correspond to lnteger, real-number, quoted-string, and 
unquoted-string tokens. These tokens are d~scrlted In section 
3.2.1 above. As their names su9oest, Jnteqer tokens are 
const?nts of type inteqer, real-numbers are const~nts of type 
real, and quoted- and unquoted-strings are constants cf type 
string. 

There are no named constants in Vlrtuat BASIC. 

3.4.3 VARIABLES 

This snct1on describes the scolRrs and errsys of Virtual BASIC 
and defines the syntactic object variable, which Is a 
reference to gn 9rr3y element, a sc2tar, or a substring of an 
~rray-element or scaler. 

A scnl~r vsrieble Is a slngle1 named, typed datum which Is 
subject to modtf1catlon by the program. The values of Integer 
scelars must be gre~ter than or r,oual to -<2~63) and less than 
2A63. The values of real scalers must be greater than 
f-2A4095) and less than 2A4095. String scPlers may contain 
any number of characters between O 8nd 65,535, Inclusive. 
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~-~~~~---~--~-~-~---~---~~--------~-~~~------~-------------~~~~~----
~.O FEATURE DESCRIPTION 
3.4.3.2 Arreys 

---------------------------------------------------~---------------

An array is a named collection of data of llke type. Each 
array element Is subject to modification by the program. Th~ 
limits on the values or array tements are th~ same as those on 
sce1er variables of like type. 

Arrays in Virtual BASIC cen exptnd and contrect es the progrem 
executes. The number of dimensions of an array is fixed at 
the time the progrem is complied (up to 255 dimensions are 
permitted); the sizes and lower and upper bounds of the 
dimensions may vmry at execu~ion time. 

The lower bound of Bny dimension of an array must be less then 
or eQual to the upper bound of that dimension. Both lower and 
and upper bounds must be of magnitude less than 2A32. The 
total size of Rn array is limited by the amount of space 
availoblq In Virtual 8ASIC•s runtime heap; In no case mny en 
array have 2A2q elements. An attempt to create an srrey whose 
storene requirement exceeds the unused capacity of the runtime 
heap wil1 ceuse e fatal exception. 

The syntactic object variable def Ines the form of a reference 
to a Vlrtuet BASIC arrny element or scalar or to a substrln~ 
of either of these. 

A vsriable Is either a numerlc-var1ab1e or a string-variable. 

vnrl~ble =numeric-variable I strlnR-variable 

A numerJc-varioble is either a numeric-scal~r or g 

numeric-array-element. 

numerlc-varlab1e c numertc-~rroy-etement I 
numerlc-sc~lnr 

numeric-array-element= nu~erlc-arr~y-name subscript 
numPric-array-neme =numeric-Identifier 
subscript = "(" numeric-expr~ss1on 

f"1" numeric-expression)* ")~ 
numeric-scalar= numerlc-ldentlfJer 
numeric-Identifier = name I lnteoer-name I reel-name 

A string-vari9ble Is q whote-str1na-variable or s substring. 

string-variable= substring I 

Control D~ta Corpor~tlon 

• t 

: 
• ' I 
t 



3-ll 
Virtual BASIC External Reference Specific~tlon 

June .2.!5' l.984 
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3.0 FEATURE DESCRIPTION 
3.4.3.3 Verlnbte Ref~rences 

whole-string-variable 
whole-strlng-var1abte = strlnP-•rray-element I 

strinn-scalar 
strinq-array-etement =string-array-name subscript 
string-array-name : strlng-ldPntlfler 
string-scslpr = string-Jdent1fier 
string-Identifier ~ string-name I name 

Substrings rray be specified In two ~ays. 

substring= mid-substring I colon-substring 

MIDS Is ~ kind of ~ddressing function. It specjfles a 
substring of Its first parameter, w~ich m~y be either e 
~hole-string-variable or a non-trivial strinp-expression. If 
its first araurnent is ~ whole-strinp-varlablP' then the MIDS 
reference Is a legal left-hand side for an assignment. 

m I d-s u b st r J n 9 = "MID$" "C " who I e- st r I n g-v er i ah I e "," 
first ("'" len9th)? ")" · 

length= numeric-expression 

The optional length def~ults to 1. T~e mid-substring 
MIOS<vs,f,ll is Pxactty equivalent to the colon-substring 
y$(flf+l-1). 

A coton-suhstrlng specifies a substring In terms of first and 
tast character positions. 

colon-substring = whole-string-variable "(" first 
n:tt lest ")" 

first = numeric-expression 
last = numeric-expression 

Let v$ be e.ny whole-string-variable. Number the characters of 
vi 1 through n, where n is the len~th of ~$. The 
coton-substring v$(flk) consists of ch~racters r through s 
1ncluslve of v$1 where 

r = clnt<~ln(max(f,1>,nll 

and 

s = clnt(rnax(mln(k,n),l)) 

(CJnt Is a function which rounds its Brpument to an Integer. 
Max and min are functions which return the maximum and 
minimum, respectively, of their arguments.) 

If r is gre~ter thnn s, the substrin~ referenced is ~n empty 
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3.0 FEATURE DESCRIPTION 
3.4.3.3 Vnriab1e References 
---~--~~-~--~~------~-~----~------~--~---~--~~~~-~-~-~-~~~~~~-~-~--

substring which precedas the rth char~ct~r of vs and1 If the 
<r-l)st character of vs exists, fol lo~s the <r-l>st character• 

3.4.4 SUPPLIED VARIABLES 

Virtual BASIC supplies tNo varl~bles gt run-time: DATE$ and 
TIME$. DATES and TIMES are string variables that may be both 
reed and written and are evnl1ab1e p1obel1y. 

string-supplied-variable = "OATE$n I "TIME$fl 

OATES is a ten-character strin9-variabte of the form 
"mm-dd-yyyy", where mm ts a two-digit ordinal for the month, 
dd Is e two-dtqlt day of the month, ond yyyy Is a four-digit 
yeer. For example, if the value of DATES were ~07-04-2076", 
we miQht he celebratlng the trlcentennia1 of the first 
Am~ricen revolution. 

If DATE$ Is never set hy the user, its value Is the current 
dote known to NOS/VE. If the user sets DATE$, Its value can 
denote any day from 01-01-0000 throunh 12-31-9Q99. If OATES 
Is not at Its maximum v~lue1 it is AdVRnced when the value of 
TIMES passes "OO:OOtOO". 

DATE$ may be set by asslpning tc lt the v&lu~ of a 
st r I n o- ex pr €: s s I on h av I n g th e f o rm "mm- d d-y y ", "rn m Id d I y y ", 
"mm-dd-yyyyn, or "mm/dd/yyyy". If either the rr.onth or the dfly 
Is represented by a single dlgft, a leading 2ero ls assumed. 
If only two digits are us~d for the yePr1 the ftrst two digits 
are assumed to be "19". If an impossible date is expressed or 
If the string is irrproperty formatted, en exception Is raised. 

TIMES Is an eight-character string varlable of the form 
"hhtmmiss", "ahere hh Is the hour In the ranpe "00" through 
"23", mm is the minute in the range "CO" through "59"' and ss 
is th~ second in the renpe "00" through "59". If TIME$ Is 
never set by the user, its value ts the current time known to 
NOS/VE. Once the us~r sets the v~lue of TIMES, its current 
value is alwPys the time to which it was last s~t added to the 
time elRpsed since it ~as last set. 
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3.0 FEATURE DESCRIPTION 
3.4.4.2 TIME$ 

The vatue of TIMES may be set by essigninp to it the value of 
a string of the form "hh", "hh:mm 11 , or "hhtmmtss", where hh, 
mm, and ss are as ebove. If mm or ss Is not specified, the 
value "00" ls assumed. If a single digit is spectfied for any 
of hh1 mm, or ss, a leading zero Is assumed. An exception Is 
r~lsed If any of hh, mm, or ss are out of ranae or If the 
value of the strino is improperly for~8tted. 

3 • 5 ~!:!!2.E 

This section describes the Instructions according to which e 
V1rtua1 BASIC program manipulates lts data. 

3.5.1 EXPRESSIONS 

An expression Is n numeric-expression or a string-expression. 

expression= numertc-expressfon I strtnq-expression 

This section specifies the result types of the various 
operators used in numer1c-express1ons1 describes the type 
conversions to which their operands may be subjected, and 
defines t~e syntPx of numeric-expressions. 

3.5.1.1.1 RESULT TYPES 

All the logical operators (AND, OR, and so forth) ~roduce 
Integer results. Alt the relational oper~tors produce Integer 
results. The MOO and integer division (\) operators produce 
integer results. 

The division (/) and exponentlAtlon (A) ~perstors olwAys 
produce real results. 

A1t the reamininp numeric operators produce real results if 
either of their operends 1s of type real nnd Integer results 
If both their operAnds are of type inteqer. 

Ccntrol Data Corporation 



Virtual BASIC External Reference Speciflcation 

3.0 FEATURE DESCRIPTION 
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3.5.1.1.2 OPERAND CONVERSIONS 
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The operands of the logical operators are never 
type-converted. These operators perform bit-by-bit operations 
on 64-hit operands; whether the operand is of type Integer or 
of type reel is of no consequence. 

The reat operands, if pny, of the integer division (\} and MOD 
operRtors are alweys converted to integers. 

The int~ger operands, if nny, of the division (/) and 
exponentiation <A> operntors ere ~1weys converted to type 
r ea I. 

For ell other operators' if the operends sre of like type, no 
conversion Is performed. If they are mlx~d, the integer 
operand ts converted to type regt. 

3.5.1.1.3 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 otherwise1 operators of highar precedence 
are applled before operators of lower precedence. If 
precedences 8re equal, operators on the left nre ~pplied 
before oper~tors on th~ right. Thus, for ~xsmp1e, 

-A+B+C 

Is equivalent to 

((-A)+Bl+C 

3.5.1.1.4 SYNTAX 

At th~ hlphest level, a numeric-expression ls a bit-by-bit 
logicat expression. In order of decr~esinq precedence, the 
toglcat operators are NOT1 AND1 OR, XOR, EQV, and I~P •. The 
correspondJnn operctlons arc defined in the following truth 
teble. 

p q NOTp pANDq pORq pXORq pEOVo pIMPq 

0 0 1 0 0 0 1 1 
0 1 1 0 1 1 0 1 
J 0 0 0 1 1 0 0 
l 1 0 1 1 0 1 l 
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3.0 FEATURE DESCRIPTION 
3.5.1.1.4 SYNTAX 

<A Virtunl BASIC operator never mey be followed 1mmedi~tely by 
another operator. This rule, combined ~Ith the rel~tlvely 
high precedence of the unary operetors (NOT and unary minus), 
gives rise toe peculiar distlnction between first nnd 
subsequent instances of syntactic constructs. Thus, for 
example, the first equivalence In e numerlc-expresslon ls a 
different syntactic object from subsequent equivalences. The 
diff~rence is that the first equivalence m~y begin with n NOT 
operator; subsequent equivalences may not.} 

numer·1c-elCpresslon c flrst-eqv {''IMP" subs-eqv)* 
f lrst-eqv = first-xor ("EOV" suhs-xor)* 
subs-eqv = subs-xor ft'EOV" subs-xor >* 
ftrst-xor = first-or ("XOR" subs-or>* 
subs-xor =subs-or <"XOR" subs-or>* 
first-or = first-end ("OR" subs-and)* 
subs-or = subs-and ("OR" subs-and)* 
first-and = logJcql-not <"ANQfl logicat-primeryl* 
subs-and= topical-primary ("ANO" logical-primary)* 
log1cal-not = "NOT"? logical-primary 
lo9lc0l-prlmary = reletionel-expresslon I 

~rlthmetic-axpression 

A relational-expression Is a comparison. All relational 
operstors have the same precedence. The result of a 
relational expression is an integer; the vnluP. Is -1 (f.e., 
ell bits set) lf the relatlonsh.Jp obtains, 0 (i.e., all bits 
ctesre.d) if' it does not. 

r~IAttonal-expresslon = strlno-expresslon relation 
strinn-~xpression (retat1on arithmetic-expression)* I 
erithmetlc-axpress1on re•~tlon arithmetic-expression 
(relation arithmetic-expression>* 

relation="=" I 
'1(" ">" I ">ti "<" I 
"> t1 "=" I "=" ">n I 
f1(" "=" l "=" "<" I 
">" I 
"<" 

An erithm~tlc-expresston1 for the most part, Is constructed In 
the usual way and obeys the usu~I precedence rules. 
Exponentiation ts indicated by a caret ("A"); integer division 
Is Indicated by a backslash ("\")• The precedence of Integer 
division is le.ss than that of multiplic9tlon and ordlnery 
division, greater than thet of eddition end subtraction. 
Negation Is somewhat unusual In that It has higher precedence 
th8n 9ddltlon and subtraction. The result of x MOD y Js the 
remninder left by division of x, rounded to the nearest 
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integer, by y, rounded to the nearest integer. There is no 
un~ry plus oPeretor. 

arithmetic-expression = first-mod (("+" I "-") 
subs-mod)* 

f Jrst-mod = first-sum {"MOD" suts-sum>* 
subs-mod = subs-sum ("MOO" subs-sum)* 
first-sum = first-Id (("+" I "-") subs-ldl* 
subs-sum= subs-Id (("+" I "-") subs-id)* 
f irst-ld : f trst-prod ("\" subs-prod)* 
subs-Id = subs-prod ("\" subs-prod>* 
f lrst-prod = neoRtlon (("*" I "I") exponentiation>* 

I' 

subs-prod = exponentiation (("*" I "I") 
exponentiation>* 

negation = "-"? exponentiation 
~xponentiation = numeric-primary ("A" numeric-primeryl* 

A numeric-primary is a numeric-varlable, a numeric-constant, 2 
reference to s function whose result Is numeric, a 
supp1ied-reed-only-varlable, or a numeric-expression enclosed 
In parentheses. Parentheses affect the order of evaluation of 
numeric-expressions In the usual way. · 

numeric-primary = numeric-variable I 
nurncric-const~nt I 
numeric-expression-function-ref I 
numeric-function-ref I 
tt(" numeric-expression ")" 

numeric-constant= Integer I real-number 

A numeric-expression-function-ref Is a reference to a numeric 
expression-function. A numeric-function-ref Is a reference to 
a numeric function which is Internal, external, or suppl led. 

numeric-expression-function-ref = numerlc-ldentif1er 
exp-fn-actu~l-param-llst? 

exp-fn-actua1-param-11st = "(" expression 
("-, 11 expression>*")" 

numerfc-function-ref = numeric-identifier 
ectual-p~rameter-list? 

Parameters are Passed to numeric-expression-functions by 
value; they are p~ssed to internal and external numeric 
functions by address. See sections 3.5.2.1.2 9nd 3.5.4 ror 
d et a I Is • 
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A string-expression Is a string-primary conc~tenGted with zero 
or more string-primaries. Concatenation is Indicated by a 
plus sign. 

string-expression = strlnc-prlmsry 
("+" string-primary>* 

A strinp-prim~ry is ~ strtnp-vnriabte, a reference to a 
strlng-vatued function, or a string-expression enclosed In 
pnrentheses. 

string-primary = string-variable I string-function-ref I 
string-expression-function-ref I 
"(" string-expression ")" 

A string-expression-function-ref Is s reference to a string 
expression-function. A string-function-ref Is e reference to 
e strln9 function which is Internal-, ~xternsl-, or supplied. 

string-expression-function-ref = string-Identifier 
exp-fn-actual-par8m-llst? 

string-function-ref =string-identifier 
ectual-parameter-llst? 

Porem~ters ~re PBssed to string-expression-functions by value; 
they qre passed to intern~I and external strinq functions by 
address. See sections 3.5.2.1.2 ~nd 3.5.4 for details. 

3.5.2 STATEMENTS 

Some of t~e declarative statements of Virtual BASIC are parts. 
of mu1tl-st~tement structures. (The external function 
statement is one of these.) Some stand alon~. This section 
describes the latter class. 

decl~ratJve-statement = common-statement I 
expression-function-definition I 
function-declaration-statement I 
option-base-statement I 
subroutine-declaration-statement I 
type-declaration-statement 
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3.0 FEATURE DESCRIPTION 
3.5.2.1 Decl~r?tlve Stetements 

All the statements described in this section are executable In 
this sense: If control re2ches one of these statements, It 
passas to the following statement. Ther~ is no requirement 
th~t these statements precede the executable statements, end 
they need not be grouped together. These statements have 
effrct '1hether or not they are "executed". For example, 

IF 0 THEN OPTION BASE l 

sets the default lower bound for array dimensions Just as 
surely es 

OPTION BASE 1 

does. 

The stetements described in this section are effective over 
the whot~ of their containing externel-routinP.. 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 Identifies arr~ys end scelnrs which are 
s~ared, either nmong routines of th~ same program or b~tween 
programs which invoke each other by mr~ns of ehain-staternents. 

common-statement= "COMMON" comrnon-ttst 
cornmon-tist =common-list-item <"'" common-llst-lteml* 
common- I i .s t-1 t em = i dent I f i er ( "< " "} "J ? 

A common-list-Item which consists only of en Identifier 
denotes the scalsr of that name; one which Includes 
pPrPntheses denotes the array whose name the identifier is. 
Order Is not Important in the common-statement; "COMMON A(}, 
8" Is e~nctly ~qulvalent to "COMMON a, A<>"• Both statements 
sny thet the arr~y A and the scntAr B ~re to be shared; 
neither says anyth1nq about any relationship between their 
addresses. fln fact, Virtu?I BASIC nrrays and strJnps do not 
have fixed eddrnsses -- they may be relocat~d from time to 
time ns their sizes change.> 

The common-statement Is unrelated to th~ COMMON statement of 
FORTRAN. If a FORTRAN subroutine ts to heve access to any of 
the data of a Virtual BASIC proqr~m, those detg must be passed 
as parameters of the callx-statement which Invokes the FORTRAN 
suhroutln~. 
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3.5.2.1.2 EXPRESSION-FUNCTION-DEFINITIONS 

3.5.2.1.2 EXPRESSION-FUNCTION-DEFINITIONS 

An expression-function-definition provides the archetype of a 
femily of closely related expressions. 

expression-function-definition = "DEF" ( 
numeric-expression-function I 
string-expression-function J 

numeric-expression-function = numer1c-1dentifier 
ex-fun-formqt-pqrnmeter-listi ":" numerlc-expr9ssion 

string-expression-function : string-ldent1fier 
ex-fun-formal-parsmeter-Jist? ":"string-expression 

ex-fun-formel-pnrameter-llst = tt(" ld~ntifier 

("'" I dent if Jer> ")" 

An expression-function may hPVe at most 255 pAr~meters. 
Expression-function parameters ere p~ssed by value. Real 
actuals may be passed to Integer formals; Integer actuals may 
be passed to real formals. Whole arrays may not be passed to 
expression functions. 

Changes made to forma1 parameters of expression-functions by 
functions which the expression-functions cB11 have no effect 
on th~ corresponding actual parameters of the expression 
function. For exam~Je, 

DEF BUMPl(X) = BUMP(X) 
FUNCTION BUMP(X) 

x = x + 1 
BUMP = X 

END FUNCTION 
A = 1 
PRINT BUMPl(A) 
PP.INT A 

would print "2" ~nrl "1" on successive lines of st~ndard 
output. 

3.5.2.1.3 FUNCTION-DECLARATION-STATEMENT 

The function-declaration-statement decleres names to be those 
of functions, either Internal or external. 

function-declaration-statement = 11 DECLARF." 
"EXTERNAL"? "FUNCTION" functlon-ngme-list 

function-nama-tist ~ function-name 
("'" function-namel* 

If "EXTERNAL" Popcers, the functlon-nemes Are decl~red to be 
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---------~~-~--~---~-------~--~~---~--~----~-------~---~--~--~-~-~-

those of external-functions; if not, they are declared to he 
those of internal-functions. <Not~ that the 
function-declaration-statement cannot be used to declare the 
names of expression-functions. Expression-functions must be 
defined before they are first us~d. It Is sometimes necessery 
to use an internal function before it Is defined (because of 
recursive calls); the functlon-decl;ratlon-statement allows 
that to be done. It also provides ~ me~ns of distinguishing 
an externnl-function from on undefined tnternol-function.> 

3.5.2.1.4 OPTION-SASE-STATEMENT 

The optlon-bese-statement defines the default lower bound to 
be used in dim-statements. 

option-base-statement = "OPTION" "BASE" ("0fl/"l") 

Defeult lower bounds gre limited to zero and one. In the 
absence of an option-base-statement, the defeutt tower bound 
Is zero. 

The option-base-statement has effect over the entire 
contntnlng external-routine. An extern~l-routine mey contain 
at most one option-base-statement. The option-base-statement 
~ust precede ell dim-statements Jn Its containing 
extern~t-routine. 

3.5.2.1.5 SUBROUTINE-DECLARATION-STATEMENT 

A subroutine-dec1erAtion-stBtement decleres one or more names 
to be those of external subroutines. 

subroutlna-declaration-stetement = "DECLARE" 
"EXTERNAL" "SUB" subroutine-narre-list 

subroutine-name-list= subroutine-name 
("," subroutine-name>* 

A subroutlne-declsratlon-statement ~hie~ declares an external 
subroutfne must precede the first call to that subroutine. 

3.5.2.1.6 TYPE-DECLARATION-STATEMENT 

The type-dec1~r~tlon statement establ lshes a connection 
between the first letter of ~ n~me ~nd the type associated 
with thPt name. 

type-doclarntlon-st~tement = defint-statement I 
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3.5.2.l.6 TYPE-DECLARATION-STATEMENT 

defreat-statement I defstr-statement 
defint-statement = "DEFINT" ietter-list 
defreel-statement = (11 0EFSNG" I "OEFDBL") 

letter-list 
defstr-statement = 11 0EFSTR" t etter-11 st .---~~· 
letter-llst = letter-I ist-ltem ("," ~-

letter-II st-item)* ~~· 
I etter-11 st-i tern = I etter-range I I etter ..... ,~~ 
letter-range = letter "-" letter ~ 
letter = "A" I "B" I "C" I "On I "E" I 

"F" I "G" I ttH" I "I" I "Jn I "K 11 I 
"l" I "M" I "N" I ·no" I "P" I "0" I 
"R" l n5u I 11 T0 I "U" I flV" I 11 W" I 
"X" I "Y" I "l" ~ 

The type essociated wit~ every letter of the alphabet Is real 
by default. For any letter of the elph~bet, the defAult can 
b~ confirmed by a defreal-statement or overridd~n by e defint-
or defstr-statement. No letter of the n1phabet may be 
referenced In more than one type-deciaratlon-statement in an 
external-routine. <We say that a letter Is L!!!t!nS~~ In a 
type-decf~ration-statement if it Js, by Itself, a 
tetter-Jlst-ltem in that statement or If it Is greater than or 
equrl to the first tatter, and less than or equ2t to the lest, 
of some letter-ranpe in th~t statement.) 

The type associated by default with names which begin with 
tetters referenced In a defrenl-, define-, or defstr-ststement 
Is real, inteaer, or string, respectively. 

Type-declaration-statements in an external-function apply to 
the funct1on-n~me Pnd to its formel-peremeters. 
lYpe-dectaration-statements in an external-subroutine apply to 
the formel-perPmeters of the subroutine. Except for 
references to names In external-sub- and 
externPl-function-st~tements, no type-deetaretlon-statement 
which follows a reference to a name may a1ter the default type 
associated wJth the letter with which that name begins. Thus, 

EXTERNAL FUNCTION Q 
OEFSTR 0 

Is lepet, while 

O = "How now, Brown Cow?" 
DEFSTR 0 

is not. 
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3.0 FEATURE DESCRIPTION 
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3.5.2.2.1 ASSIGNMENTS 

There are t~o ~ssignment statements in Vlrtuat BASIC: the 
let-statement and the swap-statement. 

essianment-stetement = 1et-statPment I 
sw ~p-s tat '?l!'e nt 

A let-statement sssl~ns nn·expressicn to a variable or 
supplied v~rlnble. The keyword LET Is optional. (It is the 
only initial keyword thet is.) 

let-statement = "LET"? (numeric-assignment I 
strlnq-assianment) 

numeric-•ssignment =numeric-variable"=" 
numeric-expression 

strlng-assiqnment = string-left-hand-side "=" 
string-expression 

string-left-hand-side = 
string-supplied-v~rl9ble I strlnn-variable 

If the left-hand side of a numertc-Psslgnment Is an Integer, 
the v~lue of the rlght-hend side is rounded to an inteQrel 
value before it Is stored. Thus, 

A't = -3.5 

A"l,. = -4 

hPve e~~ct1y the same effect. 

The swap-statement exchqnges the values of two variable. 

swnp-stAtement = "SWAP" (numeric-varlebJe tt'" 
numeric-variable I string-variable "1" 
string-vEtrlnble) 

The sem~ntics of 

SWAP vl, v2 
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are exactly those of 

temp = vl i vl = v2 : v2 ~ temp 

where t~rnp is R compf ler-generRted te~por0ry. The type of 
temp is the type of vl. If either vl or v2 Is a 
string-variable, both must he string-variables. 

3.5.2.2.2 CONTROL 

A control-statement Is one Hhlch Plters, or might alter, the 
flow of control in ~ program. 

control-statement = call-statement I 
celtx-stetement I 
chain-statement I 

, end-statement I 
error-statement I 
exit-function-statement I 
exit-sub-statement I 
gosub-stftement I 
goto-statement I 
on-error-statement I 
on-gosub-statement I 
on-goto-statement I 
resume-statement I 
return-st~tement I 
run-st~tement I 
stop-st~tement 

The on-error- and r~sume-ststements are intimately Involved In 
Virtual BASIC•s run-time error processing mechanism. See 
section ·s.2 for an overview of that mechanism. 

The c?ll-statement is used to call a Virtual BASIC subroutine. 

calt-st~tement ="CALL" suhroutlne-ne~e 
~ctu~l-pnrameter-list? 

If the c~l•ed routine takes no parameters, the 
actuP.1-p~rarneter-tlst Is omitted. If present, the 
ectuRl-p~rameter-list consists of a I 1st of ectual-parametgrs 
sepergted by commss and enclosed in parentheses. 

actual-parameter-llst = "(" actual-P1?rr:imeter 
("," ~ctual-parameter >* ")" 
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An ectuql-param£ter Is an expression or ao actuat-arrpy. 

actu1t-parameter = expression I actual-array 
actual-array = Identifier "(" "'"* "l" 
Identifier= n~me I 1nteger-name I real-name I 

string-name 

With the exception of expression-functions, parameter passing 
In Vlrtuff1 BASIC Is by address. If the actus! parameter Is en 
errey or a scnlar, the address passed is that of the actual 
peremeter. In all other cases, the address pessed is that of 
2 temporary into which the value of the Pctual par~meter has 
been stored. The called routine Is free to modify any of its 
formal parameters. Such modifications, If they are rrade to 
for~al arrays or to formal scalars to which scaJars have been 
passed, ere effective In the calling routine. Modfflcatlons 
of forms• scalars to which constants, arrey elements, 
substrings, or non-trivial. expressions have been Passed are 
without effect in the calling routine. 

If the culled routine executes e dim- or an er~se-stetement 
which effects a form~t-rrrey, that steterrent has effect on the 
corresponding actual-array in the cal ting routine. If the 
c~lled routine execut~s a clear-statement, any actual-arrays 
pnssed it by the cglJlng routine are erased. 

The eel Ix-statement is used to ca11 a FORTRAN subroutine tor 
any subroutine which conforms to the FORTRAN calling 
sequence). 

callx-statement c "CALLX" external-routine-name 
external-parameter-list? 

~xterna1-routine-name = letter (letter I dioit)* 
external-p~rameter-llst m "("external-parameter 

("," external-parameter>* "l" 
external-parameter = expression I external-~rray 
extern~l-arrsy = numeric-ldeotlfler "(" n,~t ")" 

An extern81-routlne-name may not he more then s~ven characters 
long. 

One may not poss a string array as an externaf-p~rarneter; 
other thnn that, externel-parameters are Just like 
actual-parameters. In particular, parameters are passed In 
the s~me ~ey. Thus, scFlcrs and 0rrays are subject to 
modificBtion by the celled routine; constants, ~rray elements, 
substrings, and non-trivial expressions are protected. 
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3.5.2.2.2.2 Ca11x-Stete~ent 

There is no mech~nism by which the FORTRAN <or other externat) 
routine may elter the dimension-bounds of en actual-6rray. 

Virtual BASIC cennot share data with FORTRAN subroutines by 
means of the common-statement; all data to be shared must be 
passed as parameters. 

The chain-statement allows on~ Vlrtuat BASIC program to end 
Itself at t~e same time that it invokes another. 

chein-statement ="CHAIN" file-narre 
fl le-name= string-expression 

The file-name Identifies the file from which the new program 
ls to come. An exception ls raised if it Is not the loeel 
ff le name of a Virtual BASIC object program. 

When a chain-statement Is executed, the files of the old 
progrsm are left open for use by the new. Variables snd 
arrays which are to be shared by the old and new programs must 
appear In common-st~tements in both programs. 

Ex€cutfon of en end-stetement termin~tes the execution of the 
program. 

end-statement = "END" 

The and-ststemnnt Is an ordinary executable statement. It has 
no speciel lexicgt or syntactic prooertie.s. It need not be 
the last statement In a main-program and It may appear any 
number of times in any externa1-routlne, internet-function, or 
Internal-subroutine. Execution of an end-statement closes soy 
open fi •~s. 

3 • s • 2 • 2 • 2 • 5 .Et r.2.c.:~.t.a.t.am.eo1 

The error-statement raises an exception. 

error-st~tement = "ERROR" numeric-expression 

Th~ numeric-expression, rounded to an lnteQer vnlue, is the 
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number of the exception to be rffised. It is possible to raise 
an undefined exception via an error-statement. When an 
exception not known to Vlrtuat BASIC Is not cleared by a 
resume-statement, the di~gnostic written to the standard error 
file indicates sn unrecognized error. 

The exit-function- and exit-sub-stateroents are used to return 
from functions and subroutines, respect1ve1y. The function or 
subroutine may be either internal or extern81. 

exit-function-statement = "EXIT" "FUNCTION" 
exlt-sub-stete~ent = "EXIT" "SUB" 

If there is ~n unc1eared exception ~t the time en 
exit-function- or exit-sub-statement Is executed, an exceptlon 
.wltl be raised In the call Ing routine. The only way to clear 
~n exception ls with the resume-statement. 

The qosuh-statement Jumps to the statement which follows a 
specJffed line-number and, In a sense, remembers where it came 
ff Ofl'le 

qosub-statement = "GOSUB" tine-number 

At the time th~ Jump Is executed, the location of the 
ststement followlna the Qosuh-stotement Is saved on the 9osub 
st~ck. See also the return-statement. 

(Gosuh stocks Are local to invocations of routines. Each time 
P routln~ Is Invoked, it begins execution with rn empty riosub 
stack. Esch time a routine terminates, any entries rempining 
en its gosub stack are discarded.) · 

The poto-statement performs an unconditional branch to the 
first statement associated with a specified tine-number. 

ooto-stAtement a "GOTO" line-nurrber 

The line-number may be In a block which does not contain the 
9oto. It Is le~:rnl, if sometlrres 111-~dvlsed, to Jump Into a 
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3.5.2.2.2.a Goto-Stqtement 

-------------------------------------------------------------------
FOR loop or s block IF. 

The on-error-statemnnt establishes the· line-number of the 
current exception hnndling code for the containing routine. 

on-error-statement= "ON" "ERROR" "GOTO" line-number 

If the line-number is zero, default exception hBndling Is 
enabled. Otherwise, user-supplied exception handling replaces 
default exception handling. When an exception is raised while 
user-supplied exception hg~dlino Is In effect, an eutomstic 
branch is made to the statement followina the line-number 
specified in the most recently executed on-error-statement. 
TypfcFIJy, though not necessarily, the code at the indicated 
line-number will deal with the exception end then execute a 
resume-st~tement. 

At entry to any routine, default exception handling Is in 
effect for that routine. If a nonfatnl exception is relsed 
under default handling, an inform~tive ~rror message ffl11 be 
written to the standard error file and the routine will resume 
execution at the point of interruption. If the error is 
fatal, an error message will be queued for possib1e later use 
end the routine wlll terminate. If the routine Is the 
~aln-program, any queued error messages will be written to the 
standard error file and execution wil I endJ otherwise, en 
exception will be raised at the site of .the call 1n the 
cal I Ing routine. 

Thus, exceptions propnqate outward from called routines to 
calling routines untl I a routine with non-default exception 
handling Is found or there are no more callers. A side-effect 
of this propegation of exceptions is error trnceb~ck -- the 
messeges queued wilt Identify lines And routines where 
exceptions Here raised. If the exception cventuatly Is 
cleared by means of a resume-statement, the queue will be 
purQedJ If not, It will be written to the st~ndard error file, 
thus providing the usual sort of line-~nd-routine tr~ceback of 
fatal errors. 

The on-gosub-statement Is an lndnxed gosub-stntement. 

on-gosub-stet~ment ="ON" numeric-expression 
"GOSUB" I ine-number ("'" I lne-num~er >* 
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The numeric-expression is eve1uated and rounded to an Integer. 
let I be the value of thnt Integer. A GOSUB is ex~cuted to 
the ith 1ine-number in the list of line-numbers. If 1 is less 
than 1 or greater than the number of ltne-numbers in the list, 
no GOSUB Is executed; instead, the (lexically) foltowlng 
stetement is executed. ,, 

The on-goto-stntement is en indexed goto-statement. 

on-goto-statement = "ON" numeric-expression 
"GOTO" llne-nurrber ("1" line-number>* 

The numerlc-exoression is evatu~ted and rounded to an integer. 
let i be the value or that integer. A GOTO is executed to the 
Ith llne-number In the list of line-numbers. If I Is less 
then 1 or orenter than the number of 11ne-numbers In the llst, 
no GOTO is executed; instead, the (lexicBtly) following 
statement is executed. 

The resume-st9tement clears an exception, purges the error 
message queu~, end transfers control. It comes In three 
forms1 

resum~-statement = "RESUME" ( 
HNEXT" I 
line-number I 
"0"? ) 

All three forms clear the exception. The first form returns 
control to the statement Clexlcatly) following the one in 
which the ~xception was raised. The second tr~nsfers control 
to the statement fotlowlng the speclf led tine-number~ The 
third returns control to (the beq1nning of) the statement 
whose execution raised the exception. Note the possibility 
for loops using the third form. Not~ too the posslbltity for 
unpleasant surprises using the first. For example, If 
statement 100 In 

100 IF exp GOTO 200 
110 REM Could pet here via resume ••• 

raised ~n exception during evaluation of the expr~ssion exp, 
end if the f1rst form of RESUME Is used by the 
exception-handling code, then control Mill be transferred to 
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line 1101 not to lin~ 200, even though the value of exp may 
have been non-zero. 

An exception is raised if a resume-statement is executed when 
there Is no unresolved exception. 

The return-staternant undoes a gosub-statement. That Is, It 
pops the gddress of R statement off the gosub stack end Jumps 
to that statement. 

return-statement = "RETURN" 

The run-st9tement initiates the task denoted by the value of 
Its string-expression. 

run-statement c "RUN" string-expression 

The value of the run-statement's string-expression is passed 
to the NOS/VE System Comm~nd language Interpreter to be 
processed Just as though it had been read from the comm~nd 
file. If any error results from the execution of the velue of 
the string-expression as a command, an exception is rslsed. 

3 • 5. 2 • 2 • 2 .1 5 .S.t.2£::~.t.a.t.flm~nt 

The stop-statement suspends execution of the progrnm and 
trensfers control to the debupqer. 

stop-statement = "STOP" 

3o5•2•2•3 INPUT ANO OUTPUT 

Virtu~I BASIC has e number of lo-state~ents. 

lo-statement = close-statement I 
f1eld-stateme.nt I 
get-st~tement I 
input-statement I 
line-Input-statement I 
IPrint-statemcnt I 
lprint-using-statement I 
lset-stntement I 
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open-statement I 
prlnt-st2tement I 
print-using-statement I 
put-statement I 
rset-ststement I 
width-statement I 
~rite-statement I 
beep-st·atPment 

The Jo-statements are augmented by a cotlectlon of lo-related 
11tr~rY functions. Both the statements and the functions are 
described tn this section. 

A Virtual BASIC program can receive data from and send data to 
NOS/VE locgl fl tes. A 1ocel fl le msy be on either a moss 
storage or an Interactive device. The NOS/VE standard files 
SINPUT and SOUTPUT are ~lweys evaileble t-0 the program during 
execution. Other local flies can be ~ade available to the 
propr~m b~ specification In open-stntements. 

I/O with files Is either sequential or random. Virtual BASIC 
sequential I/O reads and writes coded records. Random I/O 
reeds ~nd writes fixed-length sequences of binary bytes. 
Whether ~file is opened for sequential or random I/O is 
controlled by the lo-mode speciflcetlon of the open-statement. 

Sequential I/O Is, Just as one might hope, strictly 
seauential. Records ere reed one et a time from the heginnina 
of the file. There Is no cnpablJJty for beckwnrd or forward 
skipping. A rewind Is effected only by closing and reopening 
the file. Unless a flle is ooened with an to-mode of append, 
sequentiel output overwrites all previously defined 
lnform0tion In e file. If a file is opened with an lo-mode of 
append, records are written after the last preexisting record. 
Every time a new record Is written to a seouentinl file, the 
end of the new r~cord coincides with the file's (logical) end 
of information. 

R'ndom I/O offers Prbltrnry posltlontng of data transfArs to 
nnd from a file and the improved performtnce of binary I/O. 
These benef Its come at the expense of more trouble on the part 
of the BASIC programmer. Random I/O aenerelly requires more 
speclficetf ons in the BASIC source text and more a Et!~t! 
information about the nature of one's data than does 
sequentl~I I/O. R~ndom I/O Is frequently Jn9pproprlate for 
date intended for interch2nqe with processors other than 
Virtual BASIC. Rondom I/O csnnot be used with termin~I files. 

The Virtual BASIC functions and statements CLOSE, EDF, INPUT, 
LINE INPUT., Loe, LPRINT, OPEN, PRINT, PRINT· USING, and WRITE 
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are used with sequential I/O. The functions and statements 
CLOSE, cvo, cvr, cvs, FIELD, GET, Loe, LSET, MKO!, MKI$, MKS$, 
OPEN, PUT, end RSET are used with r.andom IJO. 

The open-stetement makes a NOS/VE file available to a Virtual 
BASIC progrorr for I/O, establishes the lo-mode, sets the 
ehenncl number for references to the fl le in subsequent I/O 
stetements, ond a1focates e buffer essocieted with the flte. 

open-statement = TIOPEN" (openl I open2) 
openl: file-neme ("FOR" lo-mode)! "AS" 

"If."? numP.ric-expression 
<"LEN""=" numeric-expression)? 

open2 = string-expression "'" "f.f"? 
numeric-expression n,fl file-name 
C"," numeric-expression)? 

lo-mode = "INPUT" I "OUTPUT" I "APPEND" 

If specified, the Jo-mode or the openl form of the 
op~n-statement specifies the wode of access for a sequential 
flle. If the lo-mode Is defaulted, RANDOM access Is assu~ed. 
For the open2 form of this statement, the f lrst character of 
thP string-expression specifies the access mode as foJ!ows: 

I denotes sequential INPUT 
O denotes sequential OUTPUT 
R denotes RANDOM I/O 

Any other character will raise an exception. An exception 
will result also from An lo-moda that is not conformable Hitt 
the NOS/VE nccess mode of e preexisting file. An attempt to 
open an Interactive device as RANDOM wlll raise an exception. 

A fllc creoted cs a result of n Virtual BASIC open-ststement 
""Ith t"n Io-mode of RANDOM is assigned the NOS /VE f i I e 
organization attribute BYTE ADDRESSABLE. A flte created by an 
open-statement with an lo-mode of INPUT or OUTPUT Is esslpned 
the file orgAnlz~tion SEOUENTIAL. A preexistino fl le to be 
opened ~s RANDOM may have a file organization of either BYTE 
ADDRESSABLE or SEQUENTIAL. A preexisting flle to be opened es 
INPUT or OUTPUT must have a file org~nization of SEOUENTIAL. 
An exception is r~lsed if the flle organization of ~ 
preexisting file Is not compatible Mith the lo-mode. 

The fite-n~me specified on the open-st~temcnt is the NOS/VE 
"fi1e ref~rence" Indicating the device or fil~ to be opened. 
Device types and f I le' connections are easl ty es tab I ished in 
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the NOS/VE System Command Languege snd readily inferred by 
Virtual BASIC. 

The first num~ric-expression denotes the channel number to be 
used for subsequent references to the f lie or device. The 
optlonel preceedlng "#" is of no semantic consequence; it is 
e 1 I ow e d o n 1 .Y f o r comp at 1 b i I I t y • Th e v r. I u e o r t h e e x p r .es s I on 
rounded to the nearest Integer must I le bet~een 1 and qq, 
lnctuslve. An exception Is raised if the value or the channel 
numher is out of bounds or if it is the value of a currently 
open ch?nnel. 

The second numeric-expression Is optlonet for both forms. Its 
vslue, rounded to the nearest Integer, establishes the record 
size in bytes. If this Is defaulted for a preexisting 
sequential file, the file's record length Is used. If this Is 
defaulted for any other file, e record length of 128 Is used. 
If n velue less then one is specified, en exception is raised. 
If a vnlu~ is specified greater than the record length of a 
preexisting file, an exception Is raised. 

Multlpte concurrent opens of a device or fi1e are possible, 
but each must use ~ distinct channel number. Some 
combinations of concurrent opens of a file may have 
troublesom9 side effects. It is the responsibility of the 
programmgr to provide appropri~te access Attributes for files 
Intended to be so used. 

A flte or device other th~n default Input or output must be 
opened in order to be accessed by any statement requiring a 
eh~nnel number. 

If the file is not attached and the lo-mode Is INPUT, gn 
exception Is raised •. If the file Is not attached ~nd the 
io-morle is OUTPUT, APPEND, or RANDOM, a new file is created. 

Opening a flle with an lo-mode of OUTPUT overwrites enY 
pree.xtstlng Information· 1n the fl le. Where the intent is to 
add datn. to a file while preserving the existing data, the 
APPEND lo-mode should be specif led. 

The Virtu~I BASIC statements: 

100 OPEN flSESAME" FOR INPUT AS #42 

:and 

lC,O OPEN "INSCRUTABLE"' #42, "SESAME" 

have thP ldentica1 effect of ooenlnq ~ fit~ named "SESAME" for 
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INPUT, and establ1shinQ the ehAnnel number 42 for subsequent 
access to the f1 le. 

The close-statement terminates access to n fl le or device 
through the channel number assipned to It nt the time it was 
opened. 

close~ststernent ="CLOSE" ftle-nurnber-llst? 
file-number-tist: "#"? numeric-expression 

("'" "#"? numeric-express1onl* 

A numeric-expression used In a file-number-list of a 
cfose-stntement, when rounded to en integer, must be the value 
of s channel estabtished by a previously executed 
open-st~tement. If no file is open for this value, an 
exception is raised. If no numeric-expression is specified on 
th~ close-statement, nl1 open channets other th~n default 
1nput and output are closed. 

OncP f close-statement Is executed for a chflnnel, the file or 
device Is no longer avail9ble to the progra" through that 
channel number. Output pending for .the channel Is flushed 
from Its buff!r at the time of the close. 

The VI r tu~I BASIC statement: 

100 CLOSF 

closes ~11 oPen channels other than the defeutt input and 
output files or devices. 

The Virtual BASIC statement: 

200 CLOSE #2, 4, 6, #8 

closes the files or devices denoted bY the channet numbers 2, 
4, 6' 2nd a. 

The EOF function Is used to detect an end-of-file status. A 
reference to the EDF function appears In s Virtual BASIC 
program as: 

"EOF" "(" numeric-expression ")" 
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The numeric-expression of the EOF function denotes the channel 
number of the instance of open for which the Inquiry is made. 
If the value of the expression, rounded to the nearest 
Integer, is not that of an open channel, an exception ts 
rRised. 

The value returned by the function is an Integer. If the fife 
open to the Indicated channel has reached Its end-of-f1te, the 
int~ger value -1 is returned. Otherwise, ttie integer vn1ue 
zero is return~d. ·Interactive devices 9nd files opened for 
OUTPUT or APPEND are always at end-of-f 11e. A file opened as 
RANDOM is never at end-of-file. 

The fol towing Virtual BASIC propram ltlustretes the use of th~ 
EOF function In a relational expression (see the section on 
~xpresslons> to d~tect an attempt to read b~yond a fi1e•s 
dnta. 

100 OPEN "MIND" FOR INPUT AS #9 
110 IF EDF( 9 > THEN END 
120 LINE INPUT #91 LINSTR$ 

• 
• 
• 

200 GOTO 110 

By the use of the EOF function on tine 110, this orogram 
avoids the exception that would result from reading beyond the 
detn in flle MINO. 

The fietd-stnte~ent estAbllshes fields In a rnndom file's 
buffer that can be used for d~ts extr2ction end insertion. 

field-statement = "FIELD""#"? numeric-expression"'" 
f I e I d- 1 ls t 

field-list= field-1tem <"'"field-Item>* 
field-lt~m = numeric-express1on "AS" 

whole-strlng-varleble 

The first num~ric-e.xpression in q f1eld-stetement denotes e 
chennet number. Th~ value of the expression, rounded to an 
Integer, Is the channel assJQn~d by a previous open-statement. 
If no channel of the specified valuP is open, or if th~ open 
channel Is not a r9ndom fife, ~n exception is relsed. 

Each subsequent numeric-expression Jn g fleld-st~tement 
denotPs the 1enpth in bytes of the Associeted string-vnrlebte. 
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Bytes In the buffer are ~laocsted in the order specified on 
the field-statement. If the sum of the bytes ~•located 
exceeds the record length that was determined at the time the 
ff le was opened, an exception is raised. There Is no limit to 
the number of fiPld-ststements th~t can be executed for a 
given huffer. The user is free to crefte ftS ~any different 
formats to reference his buffer as Is convenient, but shou1d 
keeo In mind thRt careless use of overlapping fields cen lead 
to unlnte11 igfble. results. 

The NOS/VE numeric representations used by Virtual BASIC all 
require eJpht bytes to contain ~ numeric value. A 
string-variable defined in e field-statement thet Is meant to 
be used with numeric data should have a length cf eight bytes. 

No data are moved as e result of the execution of a 
field-statement. The field-statement defines string-variabtes 
that coincide with pieces, or fields, of a random buffer. 
These string-varlsbles ere used as arguments of the CVI, cvs, 
or CVO functions for extrecting numeric dAt~ from a buffer, as 
parts of e string-expression for extracting string data fro~ a 
buffer, or as destln~tion strlnps in 1set end rset-stetements 
for lnsprtlon of datQ into A buffer. T~ey roey also be used ~s 
strfng-vqrJ~bles in their own right, thouqh they can be, In 
some sense, unstable. 

A strlnQ-vBrleble that hns been defined by the ~xecution of e 
fleld-st~tero~nt which is later used on the ltft-hnnd-side of a 
string let-statement, In the variable ltst of an Input- or 
reAd-stvtement, or as n formal parameter loses Its restdenc~ 
in P buffer. A preexisting string-vnriRble th~t Is redefined 
by ~ppeerfnp in a newly executed flPld-statement loses Its 
former value. 

The foltoMlng Virtual BASIC proQram illustrates the use of 
fields in a random r11e•s bufferi 

100 OATA 50 
110 READ N 
120 OPEN "SECRET" AS #7 LEN=28 
130 FIELD #7, 20 AS COUNTY$, 8 AS POP! 
140 FOR I = 1 TO N 
150 GET #7 
160 POP% = CV!(POPS) 
170 PRINT USING " 6 COUNTY HAS A POPULATION OF ########_•"J 
COUNTY$1POP~ 
180 NEXT I 
190 END 

The f1eld-statement at line 130 defines two string-variables 
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th9t reside in the buffer for the random file "SECRET" open to 
channel number 7. The first of these strlng-v~riabtes, 
COUNTYS, coincides with the first twenty bytes of the buffer, 
and the second, POPS, coincides with the next eight bytes. 
With every execution of the get-statement at line 150, the 
v~lues of these strlng-vartables er£ liable to chanpe. Note 
that even though the value of POP! Is numerJc, it can be 
referenced Jn the r~ndom buffer on1y as ~ str1"9• To be used 
as a numer1c value Jn the program, It Is first converted by 
the CVI function. · 

The CVI, cvs, and CVD functions are used to lnterp~et values 
of strinq variables as numeric. References to these functions 
In a VlrtuRI BASIC program ~ppear ass 

"C \I I" " f" st r i n p-v a r i e b I e "> " 
"CVS" 11 C " s tr i n g-_v a r I a b I e " ) " 
" c V D " ' 1 

( " s t r I n p - v a r I a b I e " ) " 

A strinn veri9hle that is specified in a fietd~statement may 
have e numeric vPlue. Before the value Is available to the 
propre~ as a number, it must be converted· by one of these 
functions. CVI converts the strin9 to en Jnteper. CVS 
converts the string to a re~I number. CVO is equivalent to 
CVS; it is Included only for compatlbtl ity. The conversion 
effected by these functions is a conversion of the 
interpretetion, not of the dat?. Thnt is, the representation 
Js not changed, but the type is. 

An rrithmetlc exception results when en ergument of one of 
these functions c8nnot be interoreted as f number of the 
appropriate t~pe by NOS/VE. The numeric representations of 
lntep~rs and ftoetinq-polnt numbers are elpht bytes In length. 
A strlnp-vgriable specified as the argument or one of these 
functions mu~t hRve g length of eight bytes. 

The Qet-statement fetches e byte seauence from a random file 
Into the buffer ~stabtlshed for It by nn open-statement. 

get-statement ="GET""#"? numeric-expression 
("1" numeric-expression)? 

The first num'!ric-expresslon Jn a get st~terrent denotes the 
chennel number esslgned to the device or file by a previously 
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executed open-statem~nt. The value of the expression is 
rounded to an Integer. If the specif led channel Is not open 
to P random file, €n exception Is reised. 

The second numeric-expression denotes the ordinal of the byte 
sequence to be read. The value Is rounded to an Integer. If 
no such d~ta ~re :avellablE;, an e)tcoption Is rr:lsnd. If no 
ordin~I is specified, the next byte s~quence ~fter the last 
get or put operetlon fdr this channel is reed. 

The get-statement fills a random file's buffer for subseouent 
datA extr,ctlon by references to the strinp-v~riables defined 
in field-statements. 

The tnput-stetement re3ds coded data frow a seauentlal device 
or file and asslgns them to program v~rlables. 

Input-statement s "INPUT" ";"? 
ft' 11" nu 111 e r I c-ax p r es s I on ", tt ) ? 
(string-constant ( 11 ;•1 /",") )? 

v a r I ab I e- I I s t 
v~ris~le-list = varlatle-llst-ttem 

("," variable-list-Item)* 
vgr•eble-list-1t9m = numerlc-varfsble I 

whole-string-vari~ble 

The optional numeric-expression of an Input-statement denotes 
the ch~nnel number established for the file or device at the 
time ft WRS opened. The value is rounded to the nearest 
lnteper. If a value is specified thet rioes not correspond to 
an open channel, an exception Is raised. If no channel is 
specified, or if the vclue of the numeric-expression rounds to 
zero, the program's default input file or device Is assumed. 
If the ch2nnel is not open with an io-mode of INPUT, An 
exception Is raised. 

If the chennet from which Input is requested is open to an 
int~r~~tive device, the operatinp systerr supplies the string 
"? " as a prompt to indicate that data are expected. The 
option~I string-constant of the lnput-stqtement mey be used to 
replace. this default prompt. The programmer often finds it 
helpful to provide a prompt that Is meanfnqful ("ENTEP ID 
NO.:") or empnthetlc ("PLEASE TELL tl.E WHAT 1 S WRONG") In the 
context of an Inquiry. If th~ user-specified prompt strinq is 
followed by a semicolon, the system default prompt Is ~ppended 
to It. If It Is followed by a comma, the system default 
prompt is suppressed. The m8xlmum lenpth used for e prompt Is 
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31 ch~racters. If the value of a us~r-specified prompt 
exceeds this lenpth, only the first. 31 ch1raters are used. If 
a prompt string is specJf ied for a channel that is not open to 
nn tnteractive device, the prompt string is Ignored. 

ProarAm variabtes into which dstA are to be rend nre speclfied 
Jn the input-statement's varJable-f lst. The Input-statement 
c9uses the next record to b~ read Into the chflnnel 1 s buffer. 
If the chennel Is open to something other than en interqctive 
device Rnd no record Is nvailabte, Bn exception is raised. If 
the dev1ce Is Interactive, a prompt Is Issued arid the.system 
Hiii wait for a reply. 

The dat~ of an input reply must be seP8rsted by commas. The 
number of data In the repty must equal the number of Items in 
the input-statement's verfeble-llst. Dstn which are to be· 
assfnned to numeric variables must be vet Id numeric 
repr~sentntions; det~ which are to be assigned to string 
variables may contain any characters. Data may be quoted or 
unquoted Jn the input reply repardless of the types of the 
variables to which they are to be pssianed. Data received by 
integer verf~bles are rounded to integrel v~lues before they 
are stored. 

Note thAt substrinPs are not permitted in variable-lists. 
N~ither the reAd-statement nor the input-statement may be used 
directly to assign a value to a substring. 

An unquoted-string In an input reply differs slightly from the 
unQuoted-str1nq described 1n th~ previous section on tokens. 
An Input unquoted string Is a maximal run of characters on a 
sinote llnP which contains no le~dino btRnks (It may contain 
embedded blanks) and no commes. All other charncters, 
including co1ons and apostrophes, ere permissible. Any datum 
that begins with a quote Is ~ssumed to t~ q quoted string. 
Only a quoted string datum c~n cont~ln commAs or leedinq or 
treif ing h1anks. A quote embedded In a quoted string is 
specified by two adjacent quotes. 

If gn ~rroneous Input reply Is furnished from an interactive 
device, Virtual BASIC will attempt to recover. The prompt 
"ERROR IN INPUT REPLY, PLEASE RESPECIFY" will be Issued, and 
the system ~Ill Halt for the entire Input reply to be 
reentered. 

The I ine-input-statem~nt reads en entire 1 ine from a device or 
file into a string-variable. 
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f fne-Jnput-stBtement ="LINE" "INPUT"";"? 
("#" numeric-expression ", 91 )? 
(string-expression ";"l? 
whole-strinp-variabte 

The optional numeric-expression denotes the channel number 
from ~hlch the line is read. The optional string-expression 
is used to replece the system's deffutt pro~pt if the channet 
Is open to an Interactive device. Both of these optional 
psremeters behBve ex9ctly the same as those on the 
input-stetemP.nt. 

If the length of a llne read by the execution of a 
tinP--inPut-statement Pxceeds the maximum string length, en 
exception is rAised end no assignment occurs. Otherwise, thP 
entirR line is assigned to the whof~-strJnq-variBb1e. 

3.5.2.2.3.9 LOt_fynstlno 

The LOC function returns the ordinal of the current record of 
an open flle or device. A reference to the LOC function 
appears In e Virtual BASIC program as: 

"LDC" "(" numcric-exoresslon ") 11 

The nurnPric-expresslon used as the argument of the LDC 
function d~notes the channel number of the instance of open 
for ~hlch the inquiry is made. If the value of the · 
express Ion, rounded to the nearest 1nteger, Is not thot of £ 
currently open channel that was ~ssigned by an open-statement, 
an exception Js r~ised. 

If the channel Is open as RANDOM, the LOC function returns the 
ordlnRI of the byte s~quence th~t hos been read or written by 
the most recently executed get~ or put-statement for the 
channel. If no byte sequence has been read or written, the 
value zero Is returned. 

If the chPnnel is open for INPUT, the function returns the 
number of the line most recently read. If It Is open for 
OUTPUT or APPEND, the function returns tht number of the line 
most recently wrltteri since the channel was opened. If no 
line hP.s b~en r€ad or written since the channel was opened, 
the value 1 ts returned. 
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--------·---------------- ..... .-----------.-.----------..-.------------------.-..----.-.--~---------------
3.0 FEATURE DESCRIPTION 
3.5.2.2.3.10 lprint- and lprint-UsJng-Statements 
----~~-·------~--~---~~--~---~~--------------~-~~---~-~~~~--~~~~~~-~ 

The lprint- nnd lprlnt-usinq-statements write coded dete on A 

loc·a' f"lle named "PRINT". 

tprlnt-statement = "LPRINT" print-list? 
Jprlnt-using-.statement = "LPRINT" "USING" 

string-expression";" print-using-list";"? 

The lprlnt- and Jprlnt-uslng-statements function the same as 
the print- and print-using-statements except thst data so 
written are written to a locat file named "PRINT". These 
statements are Included in Vlrtual BASIC onty for 
corrpg,tl bl If ty. 

The lset- nnd rset-statements insert the value of a 
strinq-expresslon into a strinn-var1able. 

lset-statement = "LSET" string-variable"=" 
string-expression 

rset-stetement = "RSET" strinp-name 11 =" 
string-expression 

For e~ch of thes~ statements, the vmlue of the 
string-expression becomes the value of the strinp-varlable. 
lset ~nd rset differ from normal string Asslgnwents in thet 
the length and location of the destination string are 
preserved. If the value of the string-expression hAs s length 
that is less th~n the len~th of the strina-variFhle, lset 
left-Justifies end blank-fllts the value and rset 
right-Justifies and blank-fl lls the value. If the lenpth of 
the value of the string-expression Js longer, the value Is 
truncated on the right before the assiqnment. If the lennth 
of the destination string is zero, no assignment occurs. 

If the strinq-vArinhle Is a field (see the fleld-stfltementl of 
?. r~ndom fl le's buffer, the vatue of the strlnp-e~presslon Is 
inserted Into the buffer. Numeric values must 6e Interpreted 
as strlnn VAiues for Insertion into random buffers by lset or 
rset-stFtements (see the MKIS, MKS$, and MKDS functions>. For 
the s~nse of q numeric representation to he preserved~ a 
string-variable used as a numeric field must be eight bytes In 
tength. 
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3.0 FEATURE DESCRIPTION 
3.5.2.2.3.12 MKIS, MKS$, and MKO$ Functions ----------------------------..-------._.._,,_ ___ ....... _____ ,.. _________ ._.. ____ .., _____ ,... ___ ..._ ... _..__. . ._.._ 

The MKI$, MKss, and MKOS functions are used to interpret 
numeric values as string values. Ref~rences to these 
functions in a Virtuat BASIC program appear ass 

"MKI$u "("numeric-expression ")" 
tt M K S $ " " < " n u m e r i c- P x p r e s s i o n " ) " 
"MKDS" "<" numnrlc-expression ">" 

To Insert a datum into a random file's buffer, the datum is 
assiqned to a st·rinq varinble that resides in the buffer as ~ 
result of ~ field statement. If the value to bp Inserted is 
numeric, one of these functions must be used to cause the 
value to be treated ~s s string. 

These functions do not convert the values of their ~rpuments 
in any way; they only convert the way Virtual BASIC treats the 
values. Since the representations of the NOS/VE numeric types 
used by VlrtuAI BASIC are eight bytes in length, eaeh of these 
functions returns the internal representation of the value of 
its argument as an eight-byte string varloble. The three 
distinct n~rnes for this slnqle capahi 11ty are provided for 
comp at I bi I 1 t y. 

The print-statement writes coded data to a sequential flle or 
device. 

prlnt-st;1tement ="PRINT" ("#"numeric-expression"'">? 
Pr I n t- I i s t ? 

p r 1 n t- 1 I st = p r l n t- I I s t- I t em 
( ( ","I"; 0 l? Pr i n t-1 i st-it em ) * (";"I",") 'l 

print-list-Item= format-function I exPression 
format-function= 11 SPC" "("numeric-expression")" I 

"TAB""(" numeric-expression ")" 

The optional numeric-expression of 3 print-statement denotes 
the ch~nnet to which the data are written. The value of the 
expression Is rounded to the nearest Integer. If no velue Is 
specified, or if a spe~ifled value rounds to z~ro, the default 
output channe1 ts used. If ~specified VP.lue is not th~t of e 
channel open with an lo-mode of OUTPUT or APPEND, an except1on 
Is raised. 

T~e print-I ist is a I 1st of axpre.ssions the vP1ues of which 
2re to be written to the ff le or device open to the Indicated 
chcnnel. The print-list-items may be separnted by blanks, 
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-~---~----~--~-~-~-----------~-~-~~~----~-------~~-~---~~--~----~~~ 
3.0 FEATUPE DESCRIPTION 
3.5.2.2.3.13 Print-Statement . 
~-~~~------~----~------------~---~--~----~----~-~-~----~~---~~-~~~-

commas, or semicolons. If the print-list Is not specified, 
the print-statement has the effect of wrltlnq e· blank line to 
the device or flte. 

Virtual BASIC print lines ere divided Into 14-character print 
zones. The positioning of the values printed is control1ed by 
the use of Punctuation and format-functions In the prlnt-11st. 
A comme In the print-list positions the next value printed flt 
the bepinning of the next print zone, blenk-fitling any 
Intervening print positions that otherwise would have been 
unspecified. A semicolon In the print-tlst posltlons the next 
velue printed tmmediately ~fter the •~st one. Any number of 
spaces between print-11st-lt~ms functions exactly the same as 
a semico1on. 

Th~ format-function SPC may be used In A prfnt-Jlst to insert 
speces (blank characters} into the printed line. The number 
of spac~s inserted is CINT(numeric-expression) MOO w+l, where 
w Is the page width of the device or flle. If this vnlue Is 
negative' an exception is r91sed. If this value is greater 
then the number of print positions remnining on the current 
line, an end of tine Is generated, and the next value printed 
Is Positioned et the beplnnlng of the next line. 

The formet-function TAB may be used in a print-list to set the 
print ocsition of the next value printed. The left-most print 
position Is numbered l. The print pos1tion used Is 
CINT(numeric-expression) MOD w+l, where w is the page width of 
the file or devlee. If this vnlue Js not greater t~an zero, 
an exception 1s raised. If the current tine Is a1reedy 
positioned beyond this value, an end of line fs genereted, Pnd 
the print position Is set to this v~lue on th~ following IJne 
with the Intervening positions blank-fllled. 

If ~ prlnt-11st ends with a comma, semlcoton, or 
format-function, no end of line is generated, ~nd th~ next 
print to the same channel will begin 2t the curTent print 
position of the same line. Otherwise, the end of a Print-list 
generates an end of line. Partlnl lines generated for 
inter~ctive devices Are transmitted ~hen the end of the 
Print-list is encountered. Partial I Ines destined for files 
and othPr devices ~re not transmitted until en rnd of line is 
generetPd either by encounterlnp en end of a print-list ~Ith 
no com~a, semicolon, or format-function or by c1oslng the 
chP.nnel. 

When the length of ~ value to be printed Is oreeter then the 
number o~ print positions left to fll I In the current llne but 
IP.ss than the page width or the device or ff I~, &n and of tine 
Is generated and t~e value is printed at the beginning of t~e 
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3.0 FEATURE DESCRIPTION 
3.5.2.2.3.13 Print-statement 
_.., _____ .. _ ... ___ ._ _______ ._~ ... --.. -------.--------.-~---._ ___ ... ______ .... ._. _________________ ~--.-...--

followinq line. If the length of the v~lue to be printed Is 
orePter than the Page ~ldth, as much of It as will flt on the 
current line Is printed, and it ls continued on es many tines 
as necessary. 

A printed numeric v~l~e Is always preceded by a space if It Is 
positive ~nd by a minus s1pn If It Is negative. A printed 
numeric value is always followed by g space unless It is the 
In.st item on a tine. If It Is the fast Item on a I ine, it may 
be followed by an end of line. Numeric expressions whose 
v0tues ere lnteoers are printed as Integers. 
Numeric-expressions whose values cen be represented no fewer 
accurately In a seven tor fewer) digit fixed-point format than 
fn ~n exponential format are printed ln 3 fixed-point formnt. 
All other numeric-expressions e.re printed in exponentiel 
·form~t. 

The print-using-statement ~rites data to a sequential device 
or fl le according to the specified format string. 

print-us1nq-st8tement = "PRINT" 
("#"numeric-expression"'">? 
"USING" strlnn-expresslon ";" 
print-uslng-t ist 

print-using-list= ~xpression ((","/"J"l? expression>* 
(","/";")? 

The option!f numeric-expression of a prlnt-using-st~ternent 
denotes the channel to which the deta ere Printed and ls 
processed exactty the same as on the print-statement. 

EndinP P print-using-list with a comma or semicolon surpresses 
the pener~tlon of 9 1 ine feed and cerri8ge return in the sawe 
way as on a pr1nt-tlst of a prlnt-state~ent. It makes no 
sem~ntlc differ~nce whether expressions of e print-usinp-llst 
are sepPrated by e comma or by a sernicoton. The 
print-usinq-list must contain at lesst one e~pression. The 
v~lues of the expressions tn the tlst 2re formatt~d according 
to the strlno-expressfon fotlowlnp the "USING" keyword of the 
print-usJno-statement. 

The string-expression fellowing the "USING" krvword 1s 
rPouJred. Certeln characters thgt rnay appear in the value of 
the string-expression have porticular m~aning for data 
form~tting and are described below. Other characters that do 
not h~ve sl~nlflc~nce ns formatting cheracters are reptic~ted 
to the fl le or device as I Jterf:'tls. If the value of ttie 
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3.0 FEATURE DESCRIPTION 
3.5.2.2.3.14 Print-Using-Statement 

June 25, 1984 

string-expression is ill-formed for use as a format string, en 
exception Is raised. 

When the expression being printed Is a string, the format 1n 
which the value Is printed is controlled by the ePPearance of 
"f", "\ ••• \", or "6" within the for~at string. Alt of these 
control the length of the field in Mhlch e string vstue Is 
printed. The character "1 11 indicates that only the first 
nh~racter1 if sny, of the string-expression's value is to be 
printed. If the value of the string is null, a blank Is 
prlnt~d. The appeerance of two beckslashes separgted by zero 
or more blanks indicates that the field lenoth is the number 
of ch1racters from the first backsl~sh throuQh the second (the 
number of blanks p1us two.) If the value of the 
string-expression Is longer, the value prlnt~d Is truncated on 
the rlpht. If the va1ue of the strinp-expresslon is shorter, 
the value Js Printed left-Justified and blank-fllled. The 
cher~cter "£" Indicates thgt the value of the 
string-expression is to be printed in a field the length of 
which is exactly equal to the length of the value. 

When the expression to be printed according to a format string 
I s n um e r i c, t h e f o r m ~ t s t r i n Q s " tJ .. , " • " , "+ ·", "- "_, n * * '', " $ $", 
"**$", n,e:, end "A•••A" me.y be usP-d to control the display of 
the value. The values printed are rounded to flt the fields 
if necessnry. If a value overflows R specified fleld, the 
truncated value is printed with the c~aracter "~" immedietety 
to Its tert. 

The eppearance of P number sign ("#") denotes a digit position 
to be filled. The number of digit positions in a numeric 
field is th~ count of the number si~ns in the format substring 
that controls the field. If the display of the value requires 
f~w~r positions than are specified, the fleld Is bfenk-fltlerl 
on the left. One decimel point mey appegr in any position 
within th~ string of number signs. Its position Indicates the 
position of the decimal point In the printed fietd. If the 
decimal point is not In the left-most position of the field, 
2t le~st one digit Is printed to the left or the decimal 
point. 

The representation of the sign of a numeric value is 
control led by the characte-rs "+" end "-"· If a "+" appettrs os 
the teft-rnost or right-most character of 9 numeric format 
field, the sign of the value is printed Immediately to the 
left or right, respectively, of the vslue. If a fl-" eppears 
as th~ right-most character of s numeric form~t fletd, a mlnus 
sign Is printed to the right of a negative value. If n~lther 
"+fl nor "-" appears and the value Is negative, 9 minus sign Is 
printed immedigtely to the left of the va1ue. 
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3.5.2.2.3.14 Print-Using-Statement 
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Beglnninp a numeric format field with two gsterisks (n**") hss 
the effect of specifying two additional digit positions for 
the prlnte~ field ~nd of flllin9 the l@adlng blanks of the 
printed field ~ith asterisks. 

Beginning a numeric format field with two dollar signs ("$$") 
has the.effect of specifYlng two Arldltlonsf diplt positions 
for the printed field and causes the position Immediately to 
the left of the 1eft-most digit printed to be fllted with n 
doltar sign. The only sign specification that Is allowed with 
the dollnr siqns is the trel11np minus variation described 
~hove. Exponentlel formats (see betow) cennot be combined 
~Ith dollar signs. 

Beginning a numeric for~at fletd with the string "**S~ 
combines the two Previous specifications. This specifl~s 
three 8ddltional digit positions for the printed field. The 
Position immediately to the left of the left-most digit 
print~d is filled with~ dollar sign, and any blank positions 
to its I e ft fl r ~ f i I I e d w Ith ~ s te r is ks. 

A comma specified Hi thin th~ digit positions of a numeric 
format fletd has the effect of adding commas to the printed 
representation of the numeric value. A comme is Inserted to 
the left of each third digit to the left of the decimal point 
if there ls nnother significant diQlt to its left. A cowme 
th~t app~ers ~t the beginning or end of~ formst fl~ld Js 
rapllcat~d es a literal. A comm~ used In an exponenttal 
format has no effect. 

Thr~e or more c~rets (""'") may be placed efter ttie dlpit 
position spaclflcetion of a numeric format fletd to indicate 
an exponential format. Each caret specified 1ndlcates a 
char~cter position of the exponent field. Three carets are 
sufficient to specify a minimat exponent field of the form E!n 
or D±n• If the exponent to be printed overflows the field 
specified, the v?lue is printed with the charncter "~ 11 

1mrredirtP.IY to the left. 

Any of the chorecters enumerated ~bove ~s hflving signiflcPncc 
~s formet sp!cific0tions may be used as g llter~I in~ formet 
string by orenedlnp it by the underscore character. The 
literal character appears In the formatted llne; the 
underscore does not. 

The out-st~tcmnnt writes the data In a random f11e•s buffer to 
t~e file. 
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3.0 FEATURE DESCRIPTION 
3.5.2.2.3.15 Put-Statement ._ ____________ 4ml'_ .. _ _.. _______ ... ____ ._ __ ...,,._ _____ .._. ___________________ .._.. ______ . ____________ .__ 

put-statement = ·"PUT" "#"? numer le-expression 
("," nu mer I c-express ~1 on>? 

The first numeric-expression of the put-statement is reau1red. 
Its V9lue rounded to an integer denotes the chgnnel number for 
~hlch the buffer is to be written. If no such channel 1s 
open, or If the channel is OP=rtn with an lo-mode other then 
RANDOM, an exception is r~lsed. 

The option~• second numeric-expression of the put-statement,lf 
present, denotes the position In the fl le et which the detR 
are to be written. Its value rounded to the nearest Integer 
must be within the range ~I lowed by NOS/VE Access Methods for 
a file's record 11mlt (type amtsrecord_tlmlt). If the value 
Is ~utsfde this rgnge, an exception Is raised end no data ere 
writt~n. If no number is specified, the d~t~ are written es 
the next bYte sequence after that accessed by the last 
executed get or put operntlon for the same channel. 

The width-statement sets a page width for ~n output file. 

~idth-st~temcnt = "WIDTH" 
({tt#"?' numeric-expression I file-name) ","i? 
numeric-expression 

The option~1 numeric-expression of the width-statement denotes 
the channel number for which a page width Is to be ·set. If 
its value roundAd to to the ne8rest Integer does not denote e 
eh9nnel open for sequenti91 output, en exception Is raised. A 
change rrede by a reference to the channel number Is In effect 
onty for the Instance of open denoted by the channel number. 

"' page i,tJ dth may also be set ·for a file-name. A file-name 
specified on a width-stetcment is a NOS/VE "file-reference". 
An exception Is raised If the user references a file over 
which his control Is insufficient to allow n change of th~ 
peoe width attribute. 

Setting the page width by ft le-name has no effect on any 
current open of a file or device indicated by q ftle-neme, but 
is used for sll subsequent opens. If neither e channel number 
nor ~ flte-nAme Is present in e width-statement, or If a 
channel number that rounds to zero ls specified, then the 
current defeu•t output channel is ~ssumed. 

The v~tue of the rc~ulred numeric-expression Is used for the 
new page width. If the value Is less than fourteen (the 
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3.0 FEATURE DESCRIPTION 
3.5.2.2.3.16 Width-Statement 

tength of a print zone), an exception Is raised. Otherwise, 
th~ vatue used ts CINT(numerlc-expression> MOD 256. The.page 
~idth determines the maximum number of cher9cters that can be 
printed before a line feed and carriage return are generated. 

The wrlte-state~ent writes lines of coded data to a seQuentlel 
device or file. 

wrlte-stAtement = "WRITE" ("#" numeric-expression "'")? 
write-list? 

"' r I t e- I I s t = e x p r ~ s s I on ( ( '', " I" ; " > ex p r es s I on ) * 
The optlonel numeric-expression of the write-statement denotes 
the channel to which the line Is to be ~ritten. The value of 
the exprPssion Is rounded to the neerest inteoer. If no 
chonnel is specified, or if the vatue specified rounds to 
zero., the default output channel Is used. If a value is 
specified that corresponds. to no channel open with an lo-mode 
of "OUTPUT" or "APPEND", an exception is raised. 

The list of expressions is optional. If none is specified, 
only an end of line is transmitted to th~ channel. The value 
of eac~ expression specified is forrratted And transmitted in 
the ~qnner of a Prlnt-stetement•s print-list that contains 
Items all of which are separated by semicolons except that 
co~m~s ~re Printed to sepsrate the values, quotes are printed 
to delimit strln9 values, quot~s embedded In strings sre 
doubled, and a positive numeric value Is printed without a 
le~dlnp bt~nk. An end of llnc is always transmitted to the 
channel after the va1ues of the expression-list are written. 

3.5.2.2.3.1a a~.e2:S.ta.t~m.eo1 

T~e beep-statement trensmits the ASCII bell ch•racter to a 
terminP1. 

heep-statemrnt = "BEEP" 

The beep-ststement is included in Virtu~I BASIC only for 
coropatlhillty. It is equivalent to "PRINT CHRS(7)J"• 

3.5.2.2.4 DATA INITIALIZATION 

UntnitlnlizPd numerlc-v9riables heve the volue zero; 
uninltlallzed string-variables are nu11. Variables may be 
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3.0 FEATURE DESCRIPTION 
3.5.2.2.4 DATA INITIALIZATION 

Initialized from an external-routine's data table. Values are 
established in an external-routine's da~~ table by 
dat2-st~tements. Variables are initialized from en 
extern~l-routlne's data table by reed-statements. A datu~ 
fro~ a data table may be selected for a subsequent 
read-st~tement by ? restore-statement. 

data-lnitiatizatlon-st2ternent =data-statement I 
read-statement I restore-stntement 

The data-Initialization-statements of Virtual BASIC Bre 
de.scribed in more detel1 In the re.m6inder of this section. 

01tg stetements are used to establish an ·ordered set of data 
for an external-routine. A dat~-st~tement contains a list of 
datR separ~ted by commas. 

d~ta-stetement = "DATA" datum ("'" datum)* 
dnturo = unquoted-string I quoted-string 

All the d~ta-stetements of an ~xternat-routine, taken 
together, define a slngle collection of data. From which 
det~-stEtement n particular datum may h8ve come is of no 
signific~nce. The single d~ts-statement 

DATA 1, 2 

Is exectly equf vafent to the pair 

DATA l : DATA 2 

The data In the collection defined by external-routlne•s 
dstP-st~tements are accessed by m~~ns of re~d-stet~rnents. 

D~ta In dat~-statements are all treated as strings of 
characters. They need not be quoted unless they contain 
apostrophes, colons, commas, or significant leading or 
tralllng blanks. 

The re~d-stgtement asslpns values frorr the.external-routine's 
data table to the variables of the statement•s verleble list. 

reed-stetement ="READ" variable-list 
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3.0 FEATURE DESCRIPTION 
3.s.2.2.4.2 Rend-Statement 

The v~riPble-list of a re~d-statement must be non-empty. The 
dat~ to be read reside in the data table of the 
external-routine ~s g result of having appeared In 
data-statements. If the data remainin~ in thP. 
extPrn01-routine 1 s data tnhle are too few to setlsfy the 
variable-list, an exception Is raised. Values In the data 
teb1e cen be mgde eveil&ble for reuse by the 
restore-statement. 

The values of the data table are assigned to the varlables of 
the read-st~tement 1 s v~rinb1e-11st Jn sequentlel order. Any 
value mqy be assigned to a strinq; only data which ere vattd 
numeric r~present~tlons may be assinned to numbers. Quoted 
data are treated no differently from unquoted d~ta. Va1ues 
3ssJqned to integers ~re rounded to integret v~lues before 
they are stored. If 9n attempt is made to 9ssign a d~tum 
which is not a valid representation of a number to a 
numeric-variable, an exception Is raised. 

The restore-statement Is used to reset the externel-routine 1 s 
pointer Into its data table. Se~ 9Jso the reed-statement. 

restore-statement = "RESTORE" I lne-nu~her? 

If the 11ne-nu~ber Is omitted, the pointer ts reset to the 
beginning of the dP,tg tsh1e; the next READ will get the 'irst 
const~nt on the first data-statement in the external-routine. 
If the line-number Is present, the pointer is reset to the 
first const9nt of th~ first data-statement whose line-number 
is Pt least ~s tsrpe as the lin~-nu~ber specified by the 
restore-statement. 

3.5.2.2.5 MISCELLANEOUS EXECUTABLE STATEMENTS 

This section describes the executable state~ents which do not 
flt naturat ly into· any of the groups previously described. 

mlscell~neous-executable-statement = 
cleer-statement I 
dim-statement I 
erese-st~tement I 
r~ndomize-ststement 
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3.C FEATURE DESCRIPTION 
3.s.2.2.5.1 Cfeer-Ststement 

3.s.2.2.s.1 t!~~t.:Stat.Jlmf..D.t. 

The clePr-stetement disenrds thP- data of the external-routine 
in which It appears. 

clear-statement = "CLEAR" 

Numeric scalers are set to zero; strin~ sctl~rs ere set to the 
null string. Arrays, whether numeric or strlna, are erased. 
(See also the erase-statement.) 

The clear-statement applies to all arr~ys known to the 
containing external-routine. In particuter, it applies to 
arrays In common and to formal-arrays. If a caJled routine 
executes a clesr-statement, any arrays tt declares In common 
and any sctual-r-rrays passed it by Its caller are erased. The 
erPsures. are immediately effective in both the called and the 
calling routine. 

T~e dimensions of arreys ere established end ~h~nged by means 
of the dlm-stetement. 

d I m- s t a t e me n t = " D I M " a r r a y-d e c I a r a t I on ( '' , " 
Arr9y-decl~ratlon>* 

array-declqration = array-neme ti(" dimension-bounds 
C"," dlmenslon-boundsl* ")" 

arrey-nPrne = Identifier 
dimen~ion-bounds : <numeric-expression ":")? 

numeric-expression 

If the dlmPns1on-bounds for some dimension of en array 
consists or o sinple numeric-expression, th~ VPlue of that 
expression Js th~ upper bound of the dl~ension; the lower 
bound 1s that specified In the option-base-statement of the 
contalnlnQ external-routine, or zero If no 
option-hase-stetement Is present. Thus, in the ebsenee of en 
option-bese-statement, "DIM A(10l" makes A an 11-element array 
whose subscripts arc zero throuph tP.n. 

ThP dim-stqtement is nn executable statement; It changes the 
size, but not the ran~, of an array. <The LBDh of ~n array Is 
th~ number of Its dimensions.> Before rny dim-statement has 
~een executed, the lower bound of each dimension of every 
~rr~y is thet specified in the option-bese-stAtement of the 
containing external-routine, or :zero if no 
optlon-br:se-stntement Is present; the upper bound of eac~ 
dimension of every array is 10. Thus, depending on option 
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3.0 FEATURE DESCRIPTION 
3.5.2.2.s.2 Dim-Statement 

bsse, ~ach n-dimensionnl array is inlti~lly of size lOAn (bese 
1> or llAn (base 0), where n Is the number of dimensions. The 
lower end upper bounds of each dimension are lnittally 0 and 
10, respectively. 

Execution of a dim-statement preserves values wherever 
subscripts are preserved. That is, If A Is an ri-dlrnensional 
arrpy end S Is a list of n numeric-expressions separated by 
commas, end if A(S) ls a legal reference to the array both 
before and after the execution of a dim-statement, then 
execution of the dim-statement wl II n-0t chanqe the value of 
ACS). 

If ·a 'forJra1-arr~y is redimens1oned by a catted routine, the 
dimension hounds or the correspondlno ~ctual array ere chanoed 
In the C?llinQ routine. The redlmensioninps of both the 
2ctual- and the format-arrays are effective Immediately. 

The erase-statement frees storage occupied by arrays. 

er~se-statement = "ERASE" arrgy-neme ( 
", .. array-name>* 

The arrav-names are thfl names of thf err~ys whose storage Is 
to be freed. After the erase-statement has executed, both the 
lower end uopar bounds of each dimension ere zero or one1 
depending on opt1on base. The value of the single element of 
each er~sed ~rray Is set to 7.ero or null 9ccorclnq es the 
arrgy ls ~ numeric or strinp-~rray. 

If a formal-array is erased, so Is the actual-array which was 
passed to It; the chanq~s are immedtate1y effective. 

The rendomlze-st~tement reseeds the rnndom number generator. 

r~ndomiz~-stntement = "RANDOMIZE" numeric-expression? 

If the nurnerlc-exPresslon ts provlded, It Is used to Qenerete 
the seed. Sequences of pseudo-random numbers mey be 
reproduced by reseeding with an invsrlant numeric-expression. 
If the numeric-expression Is omitted, the standard Input 
source Is queried for e seed. A randomize-statement wJthout n 
numeric-expression is equiv91ent to 
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3.0 FEATURE DESCRIPTION 
3.5.2.2.5.4 Randomize-Statement 

INPUT "Random Number seed? ",SEED t RANDOMIZE SEED 

3.5.3 BLOCKS 

Virtual BASIC includes several multi-stetement structures. 
This section describ9s those structures. 

A block Is e sequence of block-clements separated by 
stgtem~nt-boundaries. 

block = block-element 
(statement-boundary hlock-elementl* 

A block-element is either an unstructured-statement or a 
complete structure like a FOR loop er an Internal-function. 

block-element = unstructured-stntement I 
line-if-statement I 
for-block I 
If-block I 
fnternel-functlon I 
internel-subroutina I 
i~ h i I e- h I o ck 

unstructured-statement = assignment-statement I 
control-statement I 
declarativ~-statement I 
io-stetement I 
data-ln1tlallzatlon-statement I 
miscellaneous-executabte-ststement 

A lln~~lf-statement Is an IF whose effects ~re confined to a 
single source line. 

line-if-statement.= "IF" numeric-expression ("THEN" 
<tine-block I line-number) I "GOTO" 1ine-number) 
<"ELSE" ( 11 ne-b I ock I I I ne-nurnber l J? 

The consequent of the IF begins elther with "THEN" or with 
"GOTO". If the cons~quent begins with "GOTO", it Is a single 
unconditional Jump to the Indicated line-number. If the 
consequ~nt begins with "TH~N"' the "THEN" Is followed either 
by a line-number, in which case it Is o single unconditional 
Jurrp to the Indicated line-number, or efse by a llne-block1 
which Is a non-empty sequence of bf ock-e1ements sep~rrxted by 
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3.5.3.1 Line-If-Statement 
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colons. 

tine-block a block-element (":"block-element>* 

The alternate or a line-if-stetemPnt begins with ttELSE"l what 
follows the else has the same syntax es what follows the 
"THEN" vnrf tlnt of the consequent. 

A 11ne-if-statement is executed as fo1tows. The 
nu~erlc-expression Is evalutad. If It Is non-zEro, the 
consequent of the if is executed. Otherwise, the alternete is 
executed. 

It is a consequence of the syntax t~at If any pert of e block 
appeors In either the consequent or the alternate of ~ 

I ine-if-statement1 then all of it must appear there. In other 
words, line-If-statements must be well nested with the other, 
potentistly multl-11ne, structures of Vlrtunl BASIC. 

A for-block consists of a for-statement, the corresponding 
next-statement, ~nd all the code in between. 

for-block = for-statement 
delimlted-optional-blk next-stp.tement 

dalimited-optionol-blk = st~tement-houndarv 
(block statement-boundary)? 

A for-staterrent specifies the control-variable, its initial 
VBlue, the limit value, and, either explicitly or by default, 
the step. 

for-stntement ="FOR" control-variable"=" 
numeric-expr~ssion "TO" numeric-expression 
("STEP" numeric-expression)? 

control-v9rl~ble = numerlc-scnlar 

The first numeric-expression is the initial velu~, the second 
is the 1 lmit value, and the third, If present, Is the step. 

The next-statement ctoses one or more FOR loops. 

next-stetement = "NEXT" control-vnrtable-list? 
control-varlable-11st = control-var1able 

("1" control-v~riable)? 

A next-st~tement which specifies no controt-v~ri9ble closes 
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3.0 FEATURE DESCRIPTION 
3.5.3.2 For- ~nd Next-statements ______________ ,.. __ .. ______ ... ___________ ._, _______ ._.. _________________ .... _____ ~------~-----------· 

the most recent unclosed FOR loop. If contro1-verlab1es ere 
specified on a next-statement, they must be the 
control-variables of the most recant unclosed FOR loop, the 
next most recent, and so on, In that order. All the FOR loops 
whose control-variables are mentioned on e next-statement ere 
closed by that next-statement. 

The stetements between a for-statement and its next-statement 
rre execut~d repeatedly. After eech execution, the 
control-variable of the loop Is Increased by the step value. 
Barring other nlteration of th~ value of the control-v~rlable, 
the loop is executed 

msx((I + s - i) \ s, 0) 

times, where I Is the tlmit vatue, s Is the step, and I Is the 
JnitiPI value. In any case, execution of the loop ends after 
the first pass which leaves 

(control-variable~ l)*SGN(s) > 0 

wher~ SGN returns -1, o, or 1 according as its argument is 
IP.ss th~n, eauRI to, or greoter than zero. 

Note that the expressions for limit va1ua and step are 
~velueted once on entry to the loop; alteretion wlthin the 
loop of variables used In these expressions has no effect on 
the number of executions of the loop. 

An 1f-b1o~k consists of the keyword IF followed by an if-body. 
An if-body is ~ numeric-expression~ the keyword THEN, o 
conseouent, and an if-ta I I in that order. 

f f- b J o ck = n IF" I f- ho d y 
If-body= numeric-expression "THEN" consequent if-tail 

An if-tall Is either the keyword ELSEIF followed by ~n If-body 
or else ~n optional ELSE and alternete followed 
unconditioneJty by 9n ENDIF. 

if-tall = "ELSEIF" If-body I ("ELSE" alternate)? "ENDIF" 

Consequents and nlternates ere Just blocks. They may be 
empty; they include their delimiting statement-boundaries. 
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consequent= delimited-optional-blk 
a1ternPte = detlmited-optlonat-btk 

Execution of an if-body proceeds as fotlows. The 
numeric-expression is evaluated. If it is non-zero, the 
consequent Is executed end control p~sses to the statement 
fotlowinq the if-body; if it Is zero, the if-t~ll 1s e~ecuted 
~ccording to the rule given in the fottowing paragraph. 

Execution of an If-tall proceeds as follows. If the If-tall 
begins with an ELSEIF, the if~bodY following ttie ELSEIF is 
executed according to the rule piven tn the preceding 
paragraph. Otherwise, the alternate, If any, Is executed and 
control passes to the statement following the If-tall. 

A w~ite-block begins with the keyword WHILE and ends with the 
key~ord WEND. In between are a numeric-expression and a 
whl •~-body In thDt order. 

whl le-block a: 11 WHILE" numeric-expression while-body "WEND" 

A while-body Is a (possibly empty) block together with its 
delimltinq statement boundaries. 

while-body~ dclimited-optional-blk 

Execution of a white-block proceeds as fo11ows. The 
num@rlc-expresslon Is evatu~ted. If It Is non-zero, the 
while-body is executed and the whl1e-b1ock is re-executed. 
Otherwise, controt Passes to the statem~nt following the 
whl 1e-b.lock. 

3.5.4 ROUTINES 
. iJ't -:::. 

In this document, the word "routlne" is e generic term which 
encompasses Internal and external functions and subroutines. 
It does not inr.lude expression functions. 

Routines are either lnterna1 or external. Internal routines 
h~ve access to all their host's date and, excepting only 
certain formel ppremeters1 have no local data of their own. 
Internal routines may not contain embedded lnternai routtnes. 
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Functions may have side effects. Recurs1ve ca11s are 
permitted. Entire arrays may be passed as sctu~t parameters. 

I 

' A routine may heve at most 255 parameters. Routine pgrameters : 
are Passed by address In Virtual BASIC. Corresponding actual : 

A
.nd formPI perameters of user routines must be. of I Ike type •.. .c:::;0s 
In particular, it is an error to pass an Integer actual 
perameter to e user routine's re~I formal pgr~mcter or to pass 
a r ea I actua I to an Integer forma 1. 

Any formal p11remeter may be modifle~-;:;-;;~:-----­
If the corre.sponding actuel para.meter is an nrray or a sc£llar, 
the modification Is effective in the calltng routlneJ 
otherwise, it Is not. The presence of parentheses «ill not 
protect Pn actusl parameter from modification by a called 
routine. x is equally liable to modification by sua, whether 
the c~ll Is. 

CALL SUB(X) 

or 

.CALL SUB Co:)) 

If nn sctual parameter Is a non-trivial expression, an array 
element, a substring, or constant, Its value in the cat ling 
routine wit I be unaffected by any modifications which the 
C$lfed routine may make to the correspondlno form31 p~rameter. 

Thus, returning to the Immediately precedino example' 

CALL SUBf X+O.Ol 

would heve protected the va1ue cf X in the c~tling routine. 

When par9meter passing creates aliases, the order of 
modiflcBtlons Is preservgd. Thus, 

SUB SUB(X,Yl 
PRINT x,v., A 
x = 2 : PRINT x,v,A 
Y = 3 : PRINT X,Y,A 
A = 4 PRINT x,v,A 
END SUB 

' A = 1 
CALL SUB(A1A> 

would result in 

1 1 1 
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3.5.4 ROUTINES 

2 2 2 
3 3 3 
4 4 4 

on the standard output file. 

If the dimension-bounds of a formal-arrey ere altered in e 
calted routine, the dimension-bounds of the correspondlnp 
actual-array are aftered In the calling routine. In other 
words, clear-, dim-, ~nd erese-statemcnts executed by the 
celled routine are effective in the celling routine. 

To sumroerize, routine parameters are passed by address. 
Corresponding ~ctu91 and formal peremeters must be of like 
type. Actuals which are arrays or sc9l2rs 9re subject to 
modificetion (including, in the c~se of 9rreys, modification 
of dimension bound~) by the calJed routine. Actuals which are 
constPnts, ~rray elements, substr1nas, or non-trlvlal 
expressions are not. Parameter pessinp cen create eliases; 
however, the user c~n count on the order of r~ferences 
re~~inlng as specified In the source code. 

A Vlrtu~I BASIC source-deck consists of a sequenc~ of 
external-routines separated by stetement-boundarias. The 
sequenc~ is optionetty preceded hy e line-number. 

source-deck = line-number? extern~l-routlne 
<statement-boundery externct-routlne>* 

A llne-numher is an lntPger. Leading zeros in line-numbers 
are insignificant. 

line-number = Integer 

Externel-routlnes ~re contained fn no other routine. They 
share data with each other by ~eans;of par~meters and COMMON 
only. Ext~rnal-routines are sepnrete1y comp11ahle. The 
sem~ntlcs of external-routines nre unaffected by other 
externat~routines ~hlch may be part of the same source-deck. 
In port1cuJar, compl,~tion defaults gre relnltlPlized for each 
extern~l-routine. Thus1 for example, the OPTION BASE Is 
initial Iv 0 In nn external-subroutine, even though It may have 
been 1 In the Immediately precedlno external-routine. 

external-routine c main-program I 
external-function I externe1-subroutlne 
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3o5o4ol External-Routines 
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A mPin-prngram is a block. 

main-program = block 

If the lest statement of a m8in-program is executed and does 
not cause a transfer of control, then execution of the program 
terrnlnetes. 

An extern~l-function consists of an 
extern~1-functlon-statement, a non-empty body, 2nd an 
end-function-statement. 

external-function = extern~l~function-statement 
dellmlted-block end-function-statement 

dellmlted-bfock = statement-boundnry block 
st9tement-boundnry 

(The body of an external-function Is non-empty because, at the 
minimum, nn assignment to the function name Is required.) 

An axterna1-subroutine consists of an external-sub-statement, 
P posslbly emoty body, and en end-sub-statement. 

oxtcrn~l-subroutlne = external-sub-ste.tement 
delimited-optionnl-blk end-sub-statement 

There is no program-statement In Virtual BASIC. 
External-functions begin with an extern~l-functlon-statement 
9nd end ~Ith an end-function-statement. Extern~l-subroutines 
begin with an external-sub-statement and end with an 
end-sub-statement. If an end-function- or end-sub-statement 
Is executed, It behaves as an exit-function- or 
exit-sub-statement respectively. 

external-function-statement = "EXTERNAL" "FUNCTION" 
function-n~me formal-psr~meter-llst? 

external-sub-statement = "EXTERNAL" "SUB" 
suhroutine-name formal-p2rameter-list? 

form~l-parameter-tlst = "(" formql-parf'lme.ter 
("," formal-parameter>*' ")" 

~nd-function-statement = "END" ~FUNCTION" 
end-sub-statement = nEND" "SUB" 

A formal-p2rameter is either e formel-scalar or a 
formel-nrrPY• The number of dimensions of a form~l-arrny Is 
one more than the number of commas between the parentheses. 
The dimension-bounds of ·a formal-errny ere those or the 
corresponding actual-~rray. 

form~l-parameter = formal-scalar I format-array 
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formal-scalar = identifier 
for~al-arrsy = Identifier "("·n,n* ")" 

Subroutine-names must be p1ain, unodorned names. 
Function-names may be pre-typed names. 

subroutine-name = neme 
funct ion-n~me a string-function-name I . 

nurneric-function-name 
string-function-name = string-Identifier 
numerle-functlon-nnme =numeric-identifier 

Internal-routines ure embedded within external-routines. An 
lnternel routine may not contain another internal routine. 
Interna1-routlnes have access to at1 the data of the 
ext~rn~l-routlnes In which they are embedded. They have no 
local det~ of their own. Only formal perameters to which a 
non-trivial expression, flrray element, substring, or constant 
was passed are truly local to en Internal routine. 

The definitions of internal-functions and internal-subroutines 
look like those of externel-functions and -subroutines except 
that the "EXTERNAL" Is omitted from the routln~s• headers and 
Internal routines are oroh1bited in their bodtes. 

int~rn~1-function = interna1-functfon-statement 
statement-boundary lnternal-htock statement-boundary 
e.nd-function-statement 

lnternql-suhroutlne = internal-sub-statement 
st~tement-boundary (Internal-block 
st~tement-boundary)? 
end-sub-st~tement 

intern~1-function-st9tement = "FUNCTION" function-name 
formal-parameter-II st? 

lntern~1-sub-statement =''SUB" subroutine-neme 
formal-p~rameter-ltst? 

Internal-block = internal-block-element 
<stntement-bound~ry lnternel-block-element)* 

internel-block-element = unstructured-statement I 
line-if-statement I 
for-btock I 
If-block I 
wh i I e-b Io ck 

Declarative statements In effect Jn the host external-routine 
rern~Jn In effect In ~n lntern~I routine; declaretive stetement 
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3.5.4.2 Internal Routines 

which 2re contained within an lnternPl-routine affect not Just 
the internet-routine but the entire containing 
external-routine. 

If control reaches the first statement of an internal routine 
when th~ routine hes not been Invoked by n~me, it pesses 
directly to the statement following the IPst of the Internal 
routine. The statements fn the Internal routine are not 
executed. If the last line of the intcrnnl routine is the 
l3st line·of a main-program, execution of the program 
termin8tes. 

3 • 6 1.1 . .!lBAB! 

This section describes the functions avettable in the Virtual 
BASIC runtime library. Assl~nments of the values of the 
functions to program variables ore shown to 11tustrate 
function references. These examples ere not intended to be 
part of the definition of Virtual BASIC syntax. 

3.6.l MATHEMATICAL FUNCTIONS 

The ABS functlon returns the absolute VRlue of its argument. 

numeric-variable = ABS( numeric-expression ) 

Any nurn~rlc-express1on mgy be used ~s t~e ~rgument of the ABS 
function. An exception is rnised if the arpument is machine 
indef 1nlte or lnf1nite. The type of the value returned Is the 
type of the argument. 

The ACOS function rnturns a real nuwber th~ v~tuc of which Is 
the Inverse circular cosine of its erpument. 

numeric-variable = ACOS( numeric-expression ) 

The nrnument of ACOS m~y b~ any numeric-expr~sslon1 but the 
function is always evAluated RS real. If the absolute v'lue 
of the ar~ument of ACOS is not less than or equ~I to 1 or Is 
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indefinite, an exception is raised. ~The argument is presumed 
to be In radians. 

The ASIN function returns a real number the value of which ts 
the Inverse circular sine of Its Prpumcnt. 

num~ric-variable = ASIN( numeric-expression ) 

The argument of ASIN may be any numeric-expression, but the 
function Is always ev~luated ~s real. If thf ~bso1ute v~lue 
of the ~rqument is not less than or equ~I to 1 or is 
indefinite, an exception Is r~ised. The 9rgumcnt is presum~d 
to be Jn r~dians. 

The ATN function returns a reffl number th~ v~lue of which Is· 
the inverse circu1@r tanqent of its ar9ument. 

numeric-variable = ATN( numeric-expression > 

The argument of ATN may be any numeric-expression, but the 
function is always evaluated as real. If the argument is 
fndef inite, an exception is raised. The argument is presumed 
to he 1n radians. 

The CDBL function returns a real representation of the value 
of Its :irgurrent. 

numeric-vari~ble = CDBLC numeric-expression l 

The CDBL function Is Included In Virtual BASIC only for 
compstlhilfty. This function ts identical to the CSNG 
function (see the section of this document discussing data 
types). 
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The CEIL funetion returns An integer the value of which is the 
smallest Integer not less than the value of Its argument. 

numeric-variable =CEIL{ numeric-expression ) 

The arpum~nt of CEIL may be eny numeric-expression. An 
exception ts raised If the smallest Integer not less then its 
nr9ument cPnnot be r~presented by a NOS/VE Integer or if the 
vnlue of the argument is machine indefinite or lnfinite. 

3.6.1.7 tltll 

The CINT function returns an integer the v~tue of which is 
that of its argument rounded to the nearest Integer. 

numeric-varl9ble = CINTC numeric-expression ) 

The arqum.~nt of CINT may be any numeric-exoresslon. An 
exception Is raised if the value of the argument Is Indefinite 
or outside the r2nqe representable by a NOS/VE integer. 

The COS function returns g rent num~er the value of which is 
the circu1Ar cosine of its ergument. 

numeric-variable = cos< numeric-expression ) 

The ~rpum~nt of COS may be any numeric-expression, but the 
tunction Js alwsys evaluated as real. An exception Is raised 
if tha value of the argument is machine lndeflnite, infinite, 
or has an absolute value greater than or equal to 2~47. The 
argument Is presumed to be In radians. 

The COSH function returns A re~I number the value of which is 
the hyperbolic cosine of Its ~rgument. 

numeric-variable: COSH( numeric-expression ) 

Control Data Corpor?tion 



3-63 
Vf rtuol BASIC External Reference Spectf ication 

June 25, 1984 

-------------------------------------------------------------------3.0 FEATURE DESCRIPTION 
3.6.1.9 CDSH 

-------------------------------------------------------------------
The argument of COSH may be nny numer1c-expresslon, but the 
•unction is always evaluated ~s real. An exception is r~ised 
If the value of the argument is machine indefinite, Infinite, 
or h~s ~n ebsolute value ~r~ater thnn or equAI to 4095 * 
LOG(2). 

The CSNG function returns the real represent~tion of the value 
of its ernument. 

numeric-variable= CSNG( numeric-expression ) 

The argument of CSNG may be any numeric-expression. If the 
vetue of the argument ls inteorel, the function converts It to 
2 real value. If the value of the argument Is real, the 
function returns thnt value. An exceptlon is r~lsed If the 
v~tue of the ~rgument Is machine indefinite or Infinite. 

The DEG function returns a real number the velue or which is 
the number of degrees in its radian argument. 

num~ric-variable =DEG( numerlc~expression ) 

The Prgument of DEG mny be ~ny nu~erlc-exp~esslon, but the 
function Is always evaluated as real. An exception Is raised 
If the vefue of the arpument Is mAchlne indefinite or if the 
~bsolute valu~ of the DrQument multiplfed by (180/Pl) cqnnot 
be represented by a NOS/VE floating-point number. 

The EXP function returns a real number the value of which Is 
the exponPntlal of its erpument. 

numeric-v9riable =EXP( numeric-expression > 

The argument of EXP may be any numerlc-~xpresslon, but the 
function Is always evaluated as reel. An exception Is raised 
ff the vnlue of the Arpument is machine indefinite or if the 
absolute value of the argument Is greater than -0r equal to 
40'15 * LOG(2}. 
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3.6.1 • .13 FP 

The FP function returns a re~I number the value of which is 
the fractional part of Its •rgument. 

numeric-variable = FP( numeric-expression ) 

The ~rgument of FP may be any numeric-expression, but the 
function is always evaluated ns real. If the ve1ue of the 
argument Is lntegrat, the function returns zero. The 
frectlonal part of a reel ar9ument ~Ith en absolute value 
greater than 10Al8 is always zero. An exception is raised if 
the value of the argument is machine Indefinite or Inf inlte. 

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 he any numeric-expression. If the 
expression Is integral, the function rrturns the value of the 
expression• If the expression is real, the function returns 
the. vnlue of the ~xpression truncated to sn integer. An 
exception is raised if the value of the argument Is machine 
Indefinite or If the obsolute value of the argument is outside 
the ranpe representable by NOS/VE inteoers. 

3.6.1.15·It:II 

The INT function returns en Integer the value of which is the 
lnrgest Integer not greater than the v~1ue of Its arpument. 

numeric-variable = INT( numeric-expression ) 

ThB argument of INT may be any numeric-expression. If the 
expression is inteoral, the function returns the value of the 
expression. If the expression is real, the function returns 
the largest Integer that Is not qrezter thnn the value of the 
ergumflnt. An exception is raised If the value of the arpument 
Is m~chlne Indefinite or if the 9bso1ute vntue of the argument 
Is outside the range representable by NOS/VE Integers. 
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3,0 FEATURE DESCRIPTION 
3.6.1.16 LOG 

The LOG function returns a real number the value of which is 
the nnturat loqarlthm of its aroument. 

numeric-variable =LOG( numeric-expression ) 

The nrgument of LOG may be nny numeric-e~presslon, hut the 
function is always evaluated as real. An exception is raised 
If the value of the argument ts machine indefinite, inf1nite, 
or not prenter then zero. 

The LOGlO function returns ~ real number the v~lue of which is 
the common log~rithm of its argument. 

numeric-variable = LOGlO( numeric-expression > 

The erpu~ent of LOGlO mny be nny numertc-expresslon, but th~ 
function is always ev~luated as re~1. An exception is raised 
if the v~lue of the arqument Is machine indefinite, inf1nlte, 
or not greater than zero. 

The MAX function returns the algebralcalty larger of the 
v~1ues of its ergu~ents. 

num~ric-variable =MAX( numerlc-~xpression, 
numeric-expression ) 

T~e 9rpuments of MAX may he any numerlc-exoresslons. An 
exception is rAised If the value of ~n argument is ~achlne 
lnd~f lnite or infinite. The type of the value returned Is 
re~1 If either operand is real, inteper If both operands ~re 
of type 1ntener. 

The MIN function returns the algebralca11y smaller of the 
v0Jues of Its arguments. 
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3.0 FEATURE DESCRIPTION 
3.6.1.19 MIN 

nuweric-varlable = MIN( numeric-expression, 
numeric-expression ) 

The erpuments of MIN may be eny numeric-expressions. An 
exception is raised If the value of an ~rgument is rn2chtne 
lndef inlte or Infinite. The type of the value returned Is 
real If either operand Is real, Integer If both 9pcntmds t'ro 
of type Integer. 

The RAD function returns a real number the value of which is 
the number of radiens fn the va1ue of its ~rqument. The 
argument ls oresumed to be In degrees. 

numeric-variable =RAO( numeric-expression > 

Th~ argument of RAD mny be any numeric-expression, but the 
function Is al~ays evaluated as real. An exception Is rRlsed 
If the value of the grgument ts mgchlne indefinite or if the 
ebsolute value of the argument muttiplied by (Pl/180) cgnnot 
be represen.ted by a NOS/VE floating-point number. 

The RND function returns a random real number the value of 
which is between zero ~nd 1.0. 

num~rJc-variable = RNDt numeric-expression ) 
or 

numeric-variable= RNO 

The RND function m~Y be called with or without an argument. 
If specif led, the ~rgument mey be any numeric-expression, but 
the function Is evaluated as real. 

If RND is called with e negative argument, the r~ndom number 
pener~tor is reseeded. (The random number 9enerator also mey 
be reseeded by the randomf ze-statement.} A given negative 
~roument alwAys Induces the same pseudo-random sequence. To 
Induce v~riation in th9 randomness of the seouence, a muteble 
seed (such ~s -VALtRIGHTSlTIME$,2))) should be specified. 

If RNO is called with no ~rQument or an argument greater then 
2ero, the next VAiue of the pseudo-random sequence is 
r~turned. If 0n arnument equal to zero is specified, the most 
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3.6.1,21 RND 

recently returned result of the function is repeated. 

T~e SGN function returns the sign of Its erpument. 

numeric-variable= SGN( numeric-expression ) 

The ~roument of SGN may be any numeric-expression; the value 
returned is always an integer. If the value of the argument 
is greater than zero, the value 1 Is returned. If the vatue 
of the Prpument is ecuat to zero, the value O is returned. If 
the value of the argum~nt is less th~n zero, the vnlue -1 Is 
returned. An exception ts raised If the value of the argument 
Is machine Indefinite or Infinite. 

The sin function returns e reel number the value of which is 
the circular sine of its arqument. 

numer1ri-vqriab1e =SIN< numeric-expression 

The Prgument of the SIN function may be eny 
numeric-expression, but the function is 2lweys evaluated as 
reAJ. An exception is raised If the argument is m~chine 
lndef lnlte or if the absolute value of the argument Is greater 
th~n or equal to 2A47. The ~rgurnent is presumed to be In 
rad1ans. 

The SINH funct1on returns e re~I number the v~tue of which is 
the hyperbolic sine of Its argureent. 

numerlc-variabte = SINH( num~ric-expressfon > 

The ~rgument of SINH may be any numeric-e~presslon, but the 
function Is always evaluated as real. An exception is relsed 
If the v~fue of the ar9ument is machine Indefinite or If the 
Absolute value of the araurnent is gre~ter th~n or eque1 to 
4oq5 * l0G(2). 
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3.0 FfATURE DESCRIPTION 
3.6.1.25 SOR 

The SOR function returns a rea1 numher the value of which is 
the souare root of Its argument. 

nu~erlc-v~rlable = SQR{ numerlc-e~press1on ) 

The nrpument of SOR may be any numeric-expression, but the 
function Is always evaluated as real. An exception Is raised 
If the v~lue of the arqument Is machine indefinite, less thPn 
zPro, or Infinite. 

The TAN function returns a reel number the va1ue of which Is 
the circular tangent of Its argument. 

numeric-variable •TAN< num~rlc-expresslon ) 

The erpument of TAN may be any numeric-expression' hut the 
function Is always evaluated as real. An exception is raised 
If the velue of the arqument Is machine indefinite or If the 
~bsolute value of the arpument Is grenter thPn or equal to 
2A47. The arqument is presumed to be In rgdf ans. 

Tho TANH function returns a rest numher the value of which Is 
the hyperbolic tangent of its argument. 

numeric-v~rlable =TANH( numeric-expression } 

The argument of TANH may be 9ny numer1c~expresslon, hut the 
function Is always evaluated as real. An except1on Is rnised 
If the vatue of the argument Is mschine Indefinite. 

3.6.2 .STRING ANO MISCELLANEOUS FUNCTIONS 
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-------------------------------------------------------------------

The ASC function returns an integer the value of which Is the 
ASCII ordinP1 of the first character of its arpument. 

numeric-variable = ASC( string-expression ) 

The arpument of ASC m~y be nny string-express1on. The value 
returned is an integer in the range zero throuah 255. An 
exception is raised If the value of the aroument is null. 

The CHRS function returns the tlterel character whose ASCII 
ordinal 1s the value of the argument. 

strlnq-varlnhle = CHRS( numeric-expression > 

The Rrgument of CHRS m1y be any numeric-expression, but the 
value used Is rounded to the nearest Integer. An exception Is 
rslsed If the rounded value of the argument Is not In the 
range zero through 255. The value returned by the function Is 
a single-character string. 

The ERL function returns the integer va1ue associated with the 
11ne whose execution raised the most recent exception. If no 
exception h9s been raised in the current invocation of the 
routine, ERL returns zero. 

Note that If qn exception Is relsed by a statement which 
Precedes th~ first numbered line in an external-routine, ERL 
will return zero. 

The ERR function returns the ordinal of the current exception 
In an external-routine. Upon entry to any routine, the value 
of ERR Is z~ro. ERR Is set to 20 Integer code denoting the 
pRrtlcular error condition when en exception Is raised. Its 
non-zero value persists until it Is cleared by the execution 
of a resume-statement. An attempt by the user to store to ERR 
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3.6.2.4 ERR 

yields a compltatlon error. 

ERP, tonether with ERL, frequently Is useful In user-specified 
exception hand I inp code. (See the on-error-goto-statement.) 

The HEXS function returns the prlntabte representation of the 
hexadecimal value of Its argument. 

string-variable = HEX!{ numeric-expression ) 

The arpument of HEX$ may be ~ny numeric-~xpressicn, but the 
value used Is rounded to the nearest integer. An exception Is 
raised If the rounded value cannot be represented as a NOS/VE 
integ~r. Negative values sre shown in two's complement 
representation. The length of the string returned by the 
function 1s the shortest representation that 9llows the most 
significant digit of a positive ygfue to be less than eight or 
the most slgnlficant digit of A neg~tiv~ value to be greater 
than seven. 

The INSTR function searches for the occurrence of one string 
within another snd returns the posttion et whJch the first 
"1Stch is found. 

or 

numeric-variable= INSTR( numeric-expression, 
strtnq-expression, 
strinp-expression > 

numeric-variable= INSTR( string-expression, 
strlng-expr~sslon ) 

The optlonel numeric-expression denotes the beginning 
ch~racter position for the search. If none Is specified, the 
first string is sesrched from J.ts beginning. Any 
numeric-expression may be speeifled, but the value used is 
rounded to the nearest Integer. If ~ specified vslue rounds 
to Jess than 1 or greater than the maximum string lenpth, an 
exception Is raised. 

If a beqinninq position Js specified that Is b~yond the length 
of the value of the first string-expression, the value of the 
first string-expression Is null' or the v~lue of the second 
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3.6.2.6 INSTR 
-------~~~~-----~-----~--~~---~--------~-~-~-~~---~~---~~----~~~~~-

strlnq-expr~ssion Is not found, the function returns zero. If 
the value of the second string-expression is nu11, It Is 
"found" At the first position searched, and the function 
returns the ordinal of thet position. If the value of the 
second string-expression is found within the value of the 
first string-expression, its bepinnlng character position is 
returned by the function. 

The LBOUNO function returns the minimum value of an array's 
suhscript. 

or 

numeric-v~riable = LBOUND ( ~rray-neme, 
numeric-expression ) 

numeric-variable = LBOUND < arrsy-n~me ) 

The numeric-expression parameter mAy be any 
numeric-expression, but the value used ls rounded to the 
ne~rest integer. An ~xcePtlon is raised lf the rounded v~lue 
of the numeric-expression cannot be represented as a NOS/VE 
inte~er1 if ft is tess then one, or If It Is greater than the 
number of dimensions of the array denoted by ~rrsy-neme. 

The function returns nn integer whose v~lue is the minimum 
v~lue of the array's n-th subscript, where n is the rounded 
value of the numeric-expression. If the array has only one 
dimension, the numeric-expression parameter may be omittedJ a 
value of one is inferred. 

Th~ LCASES function returns a string equal in length And value 
to Its argument except that each uppercase alphabetic 
ch~recter Is repteced by its lowercese homoloQue. 

strlng-vfriable = LCASE$( strlnp-expresslon ) 

The argument of LCASE$ may be any string-expression. 
Chsracters of the vstue of the argument th~t are not upperc~se 
alphabetic nre not substituted ln th~ returned value cf the 
function. • 
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3.6.2.9 LEFT$ 

The LEFT$ function returns a strinn whose vnlue is the 
left-most n characters of the value of the strlng-expres~ion 
passed It, where n Is the velue of the numeric-expression 
passed 1t. 

strtnp-varlable = LEFTS( string-expressJon, 
numeric-expression ) 

The tirst arqument of LEFTS may be any string-expression. The 
second argu~ent m9y be any numeric-expression, but the value 
used Is round~d to the nearest Integer. If the value of the 
numeric-expression Is neRatJve or cannot be rounded to a 
NOS/VE integer, en exception ls r~lsed. If the v2lue of the 
numeric-expression Is greater than the length of the value of 
the strlnq-expresslon, the entire veJue of the 
string-expression is returned. If the v2tue of the 
numeric-expression Is zero, a null strlng is returned. 

The LEN function returns the length in char~cters of Its 
arpument. 

numertc-variab1e = LEN( strlnQ-expression ) 

The argument of LEN may be any string-expression. The value 
returned Is n non-negntlve lnte~er. 

The MIO$ function returns a substring of 1ts first arpurnent es 
specified by its numeric arguments. 

or 

strinq-varlab1e = MIDS( string-expression, 
numeric-expression > 

string-v•rl~b1e = MIDS( string-expression' 
numer1c-expresslon, 
numeric-expression > 

Note that MIO$ is e peculiar function in that it may 2ppear on 
either side of an equal sign. In either case, It ts used to 
lndfctte ~kind of substrlnQ addressing. When MIDS appears on 
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the right-hand side of an assignment, It behaves es a function 
r~turning 1 string value. When it ~ppears on the left-hand 
side of An assignment, it indicates that the assignment is to 
he to a substring of Its er~ument, which must be either a 
strlnq-expr~sslon or ~string-array-element. 

The first 1roument of the MIDS functton may be any 
string-expression. The numer1c pere.metP.rs of the function may 
be enY numeric-expressions; the velues used· are rounded to the 
neerest integers. If the rounded vP1ue of either numeric 
Parameter c~nnot be represented by a NOS/VE Integer, an 
exception is rgf sed. If the value of the first 
numeric-expression is less than i, or If the Y81ue of the 
second numeric-expr~ssJon Is less than zero, an exception Is 
raised. 

The first numeric-expression indicates the beginning character 
position of th~ substring to be addressed In the value of the 
string-expression erqument. If th~ votue of this 
numeric-expression is greeter than the length of the value of 
the strlnq-expression1 the MIDS function uses a nul I strlnQ. 

The second numeric-expression lndicotes the lenpth of the 
substring to be addressed. If this pnrameter is omitted, or 
if it is ore~ter than the number of characters from the 
specified beginning position through the end of the source 
strlnq, then all the chsrecters from the beginning position 
throuqh the end or the source string ere addressed. If this 
p~r~metPr is specified, but rounds to zero, a null string is 
addressed. 

The OCT$ function returns the printable representation of the 
octal vPlue of Its argument. 

strlnn-variahte = DCTS( numeric-expression > 

The argument of OCT$ may be any numeric-expression, but the 
vPluq used for the function is rounded to the nearest Integer. 
An exception is rslsed If th~ rounded value cannot be 
rePresented as a NOS/VE Integer. Negative values are shown In 
two's comp1ement representation. The l~ngth of the string 
returned by the function is the shortest repres£ntation that 
etlows th9 ~ost significant digit of a positive value to be 
less thgn four or the most slgnif lcant digit of a negative 
VPlue to be greater than thre~. 
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3.6.2.13 RIGHT!· 
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The RIGHT$ function returns a string whose value Is the 
right-most n cheraeters of the value of Its string-expression 
argument, where n is the value of its numeric-expression 
argument. 

string-variable = RIGHT$( strlnp-expressfon, 
numeric-expression > 

The string-expression orgument of RIGHTS may be any 
string-expression. The numeric-expression ergument may be any 
numtrlc-expresslon, but the vatue used is rounded to the 
nearest Jnt~ger. An exception Is raised if the value of the 
numeric-expression Is negative or if It cannot be represented 
as 2 NOS/VE inteQer. 

If the VA1ue of the numeric-expression is gre1ter than or 
eoual to the length of the value of the string-expression, the 
function returns the VAiue of the strlnp-expresslon. If the 
value of the numeric-expression is zero, the function returns 
P. nut I string. 

The SPACE$ function returns a string of blank characters. 

strinp-varlabte = SPACE!( numeric-expression > 

The ~rgument of SPACES rnny be any numerlc-expresslon, but the 
value used Is rounded to the nearest integer. An exception Is 
rnlsed If the rounded value Is negntlve or areater than the 
m~ximum string ienpth. The lenpth of the string returned by 
the functi~n is the rounded valu~ of th~ numeric-expression. 

T~e STR$ functJon returns a string the value of which is a 
prlntnhle representation of the vfllue of its ~rqument. 

strina-var1~hle = STRS( numerlc-exPresslon ) 

The argument of STR$ may be any numeric-expression. An 
exception is rsised If the value of the numeric-expression Is 
mechlne indefinite or Infinite. The vnlue of the strln~ 
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3.6.2.15 STR:t 

-------------------------------------------------------------------
returned by the function is the same representetion of the 
numeric v~lue tha~ would result from the specification of the 
numeric-expression In e print-llst of a prlnt-st~te~ent. 

T~e STRING$ function returns a uniform strlno of ch~rncters. 

or 

string-variable = STRING$( numeric-expression, 
numeric-expression > 

strlnn-varl2blE = STRINGS( numeric-expression, 
string-expression ) 

A num~rln-expression passed to the STRINGt function may be any 
numeric-expression, but the value used Js rounded to the 
neerest Integer. If the value of any numeric-expression is 
neottive or cannot be represented es a NOS/VE Integer, an 
exception Is raised. If the value of the first 
numeric-expression Is greater thnn the rrgxlmum string lenpth, 
sn exception is raised. If the function is called with n 
second numeric-expression parameter and the value of the 
numeric-expression Is greater than 255, ~n exception Is 
raised. The string-expression parameter m~y be any 
string-expression. If the vatue of the string-expression is 
nuH, an exception is raised. 

The V;9fue of the first numeric-expression parameter· determin~s 
the l~nqth of the value returned. If the second parameter Is 
a numeric-expression, the string returned by STRING$ Is f1tled 
with the ASCII character Mhose ordinal ts the v~lue of the 
numeric-expression. If the second parameter is a 
strfnq-expression1 the string returned Is filled with the 
first character of the value of the strlng-~xpression. 

3 • 6 • 2 • 1 7 !!!HH.!!Hl 

The UBOUND function returns the maximum value of an erray•s 
subscript. 

or 

numeric-variable = UBOUND ( array-name, 
numeric-expression > 

numeric-variable a UBOUND < grray-name ) 

The numeric-expression parameter may be any 
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3ote2ol7 UBOIJND 

numeric-expression, but the value used is rounded to the 
nearest Integer. An exception Is rEised If the rounded velue 
of the numeric-expression cannot be represented as a NOS/VE 
integer, If It is less then one~ or if it Is greater than the 
number of dimensions of the array· denoted by the array-name. 

The function returns nn Integer whose value is the minimum 
value of th@ array's n-th subscript, ffhere n is the rounded 
vatue cf the numeric-expression. If the array has only one 
dimension, the numeric-expression may be omitted; a value of 
one Is t'ssumed. 

Tho UCASES function returns e string equal In 1enqth Rnd value 
to its argument except that each lowercase alphabetic 
chtracter Is rcolaced by its uppercese homoloaue. 

strinp-varieble = UCASE$( string-expression ) 

The argument of UCASES may be any string-expression. 
CherActers of the v~1u~ of the strinp-expression that are not 
lowercase alphabetic ~re not substituted in the returned value 
of the funct1on. 

The VAL function returns the numeric vetue of a 
string-expression. 

numerlc-varfable =VAL( strlnq-exprcssion ) 

The ~rgument of VAL may be any strinn-expression. The 
function returns the value of the f lrst nonblank character 
seQuence of the value of the string which can be Interpreted 
gs ~ number. If th~ vglue of t~e strinR-expresslon is null, 
or If no leading substring of the value after nny leading 
blanks can be Interpreted as a number, the function returns 
t he v a I ue z e r o • 

3 • 7 1Qf~!lflffLQf~!:AaAI1Q~ 

Jdentlfl~rs in Virtual BASIC progrqms frequently are declered 
by defgu1t. A sinple Identifier refers to a sing1a object, 
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3.0 FEATURE DESCRIPTION 
3.7 IDENTIFIER DECLARATION 

except th9t arreys and scalars of the seme name rnay coexist. 

The genernt rule about decl2retlons in Vlrtu2t BASIC is this: 
An ohJ~ct must be fully declared at or before its first use. 
Mor~ precisely, an object must be fully declared In the 
substring of the source text which begins with the beginning 
of the conteinlnq external-routine end ~hf ch ends with, end 
includes, the first use. Inclusion of the first use in the 
dec1ertnq substring is Important since most declaration In 
Virtual RASIC Is by default. For exampl~, 

A(5) = 5 

sensibly may be the first line of a program. If It ls1 It 
declares, by default, th~t A Is a one-dlmens1onal reel array 
of size 11 whose elements nre subscripted 0 through lC. 

There Is no r~qulrement that declarat1ve statements be grouped 
tog~ther or that they precede executable st~tements. The 
compiler wi fl gather dee.laretive informt:tion as It consumes 
source text and updnte the declarotlon status of identifiers 
as It does so. Table 3.78 below describes the effects of 
v~rlous appearences of en Identifier on the declaration status 
of the identifier. 

The declaration status of the ldentlf ier Is represented by an 
elqht-element vector. The first seven elements of the vector 
conts,in veluns which ere denoted by n+n, "?n, ''-","+?",end 
"-?fl. These values mean, roughly, "is"' "might be", "can't 
be"' "1s unless knoHn not to be".' and "Isn't unless known to 
he.. 0 ·Th~ el ghth element of the ·vector contains either "?", 
me A n I n g " d o n • t kn o w ~', o r a t h i n o -c e I I e d a p er a rn e t e r I I s t 
characterization, optionally followed by a question mark. A 
parnmeter list charncterlz~tion can be thought of as a 
character strlnp constructed according to the following little 
Qremmnrt 

parameter-llst-characterization = "(" pernmeter-ltst? "l" 
p~,rameter-1 ist = parameter ("," pt1rameter>* 
par~meter = expression I array 
expression = "E" ("%" I "?" I "$")? 
a r r e Y = " A " ( " % " I " ! •• I .. $ •1 > " ( " ", .. * .. > " 

A p~rarn~ter list cheracterization Is a straiphtforward 
representation of what the legal parameters (or subscripts) of 
An Identifier ere. "E" represents en expression; "A" 
represents an array. If an "E" or an "A" Is followed bye 
p~rcent siqn, then the expression or array Is of type lntegerJ 
If by Pn exclametlon point, then of type resl; if by a doll~r 
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3.0 FEATURE DESCRIPTION 
3.7 IDENTTF!ER DECLARATION 

sign, then of type string. If an "E" Is fo11owed by none of 
these charecters, then ~ither an Integer expression or a real 
expression is acceptable. The number of dimensions of an 
array parameter Is one more than the number of commas between 
the parentheses. 

A perarneter list ch~ractcrization followed by a o,uestion mark 
meens, roughly, "parameters are as shown unless they are known 
to be otherwise." 

The eight elem~nts of the vector represent attributes of the 
identifier. The attributes of the identifier are, In order, 
"is a scs1ar", "is an array", "Is a function"' "is an 
expression-function", "Is a subroutine", "non-array referent 
Js internal"' "arrey referent is interneJ"' ~nd "parareeters 
are as shown•" The initial value of the vector, for any 
-Identifier, Is"? ? ? ? ? ? ? ?"; this says, ns you might 
expect, that nothing is known about the id~ntifier. 

Fer a giien appearance of an identifier A, T~ble 3.78 gives an 
eight-element v~ctor. The 1 declaretlon status vector of A and 
the vector from Table 3.7B are combin~d, element by element, 
to yield en updated declaration status vector. The 
combination operator Is defined in Table 3.7A. 

T~bte 3.7A: 
------------

+ + .. + ? + + x + p • 
? + + ? 2 ? ? ? p p 

+ x ? p • 
+? + + +1 ? + +? - +? p • 
-? + + -? ? -? - -? p • 
p + • p ? p p • p p p p 0 x 
P? + • P? ? ? P? - • P? p p P? (.) Q 

The first value In aach triplet Is the value from the tsble; 
It reflects what h2s Just been legrned about the identifier. 
The sP.cond is the v~1ue from the deel~r~tlon status vector for 
the ldentlf lerJ it reflects what has been learned about the 
Identifier heretofore. The thtrd represents wh~t can be 
Inferred from what was known heretofore and what was Just 
1~arned. An X ns a third element indicates some kind of 
error. Thus1 for example, the entry "+ - X" (middle of first 
llnr.) sPYs that If an Appearance of an Identifier Implies that 
it hss a some ettrlbuta, ~nd the identifier Is already known 
not to have that attribute, there Is some sort of error In the 
program. A dot as the third element of a trlp2et means that 
there is no Hay thet a situation can arise which requires 
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combination of the first and second elements of the triplet. 
P and O represent parameter lfst charactertzattonsJ they are 
assumed to be distinct. 
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Her~, fin a 'J I y, i s Table 3.7B. 

Table 3.7B: 
-------------

Appe2rance of A Status Vector Update for A __ ._ ______________ ... _ 
.......... __ . ______ ---.-.~--.--.... ---... --._ 

I 
s E N 
c A x T 
A R p 
L R s I A p 

A A f f u N R t 
R y N N B T R c 

COMMON A + 1 ? ? 
COMMON A() ? + ? ? 
DECLARE FUNCTION A + + ? ? 
DECLARE FXTERNAL ••• 
••• FUNCTION A + ? ? 
FUNCTION A,(X! ( ),Y$()) + + ? CA!(),A$()) 
OEF A(X!,S$)=X%+LEN(5$) + + + ? ( E, E$) 
DIM A(4,4) ? + ? ? (E,E) 
LET A :: 5 + ? +? ? ? 
LET A<1,2,3) = 0 ? + ? +? (E,E,El 
lfT x = A(l, 11 ") + -? - +? ? (E%,E$>? 
CALL A + +? ? () 

CALL A(}<,Y!(,,}) + +? ? (E! ,AI(,,)) 
CALL XCA l +? ? -? -? - +? ? ? 
CAllX(A(5,3)) ? +? -? -? - +? ? fE,E)? 
CALL X<A(5,"3")) + -? - +1 ? (E%,E$)? 
READ A + ? +? ? ? 
PRINT A +? ? -? -? - +? ? ? 
READ A(l) ? + ? +? (E) 
PRINT A (1) ? +? -? -? - ? +? <El? 
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As an example of the use of Tables 3.7A and 3.7e, consider 
their appllcatlon to the following program. 

COMMON A() 
lET At3,5) ::: 0 
LET A= A(3,5) 
CALL A 

Here is the progra~ again, this time includinq the declnrntlon 
status of the ldentlf ler A before and after each statement. 

REM ? ? 1 'l ? ? ? ? (Nothing Is known) 
COMMON A() 

REM ? + - ? - 1 (Known common array l 
LET A(3,5) :: 0 
REM ? + - ? - (E,E) ("Parameters 11 k notrtn) 
LET A = A(3,5} 
REM + + - + - ( E, El <Scalar; defaut t I oc a I ) 
CAll A 
REM x x - - x + - x <Error -- can't be a subl 

The compiler has acquired knowledge about A In the following 
way. The COMMON statement tells It that there Is an array 
whose name Is A and that th?t arr~y ls in common. It still 
does not know how many dimensions A hss (I.e., ~het its. 
"perametersfl are), 3nd It does not know whether there ls also 
a scalar narred A. It knows that there Is neither A function 
nor e subroutine n~med A. The first assignment statement 
tells It that A is a two-dlmensionat Frrey (i.e., that its 
"parameter" list consists of two numeric expressions). It 
stl II knotts nothing about a posslbte sc&lflr A. 

The s~cond assignment tells it that there Is 9 scglar ns~ed A. 
Nothing the compiler has seen heretofore tells It whether the 
sc?lar A is loeril or In common, so tts residence defaults to 
loc~I· At this po1nt, there Js no longer ~ny uncertainty 
about A; there are no question msrks in its vector. 

The tast statement Is doubly ltlegat. Use of Ass the nGme 
alt~er of a scalar or of gn array precludes its use as the 
name of a subroutine. 

Words which have synt~ctlc meanlnp in Virtual BASIC are 
reserved; they may not be used to denote program-defined 
objects. The reserved words are 
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ANO, APPEND, AS, BASE, BEEP, CALL, CAltX, CHAIN, CLEAR, 
ClOSE1 COMMON, DATA, DECLARE, DEF, DEFOBL, DEFINT, DEFSNG, 
OEFSTR, DIM, ELSE, ELSEIF, ENO, ENOIF, EQV, ERASE~ ERROR, 
EXIT, EXTERNAL, FIELD, FOR, FUNCTION, GET, GOSUB, GOTO, IF, 
IMP, INPUT~ LET, LINE, LSET, MIDS, MOO, NEXT, NOT, ON, OPfN, 
OPTION, OR, OUTPUT, PRINT, PUT, RANDOMIZE, READ, REM, 
RESTORE, RESUME, RETURN, RSET, SPC, STEP1 STOP, SUB1 SWAP, 
TAB, THEN, ro, WEND, WHILE, WIDTH, WRITE, end XOR. 

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

Names of Virtual BASIC library routines mey be used to denote 
objects def lned by the program. In any external routine, such 
nemes rofet either to librsry routlnes or to progrnm-deflned 
objects; they never refer to both. The generel rule is this: 
If the first use of such a name is consistent with a reference 
to thp, llbrerv routine, then every use must be consistent with 
a r~ference to the library routine, and every use will he so 
interpr~ted. If the first use of the neme is Inconsistent 
with a reference to the library routine' then each use must be 
consistent with the first, And none of them ~Ill be 
interpreted as a reference to the llbr~ry routine. 

The fot towlnp program, therefore, Is It legal. 

L = LFNCS$) 
FUNCTION LEN(S$) 
LEN = 2 
F.ND FUNCTION 

The first use of LEN is consistent with a reference to the 
library r~utine of thet name. It is so interpreted. The 
second use ls 1nconslstent with this Interpretation; the 
program conteins an error. (If the first line of the program 
~ere mede Its lsst, the program w~uld be lenal. LEN would 
refer to the program-def lned function.) 
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4.0 PRODUCT-LEVEL DESCRIPTION 

~-~--~--~-~~-----~-----~--------~----~-~-~~---~-~~~---~---~--------

Virtual BASIC has Important lnterfeces to CMML tthe 18C Math 
Library) and to NOS/VE. CMML provides the bulk of the Virtual 
BASIC math library. NOS/VE provides operating system support 
services, notably linking, input/output, end task man2gement. 

The product catl command for Virtual BASIC ~ill be as defined 
In section 2.2 of the SIS. Input and output formats will be 
es described in sections 2.3 and 3.3 of the SIS, except that 
the source file must conform to section 3 of this ERS as 
r~gards line numbers. 
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5.0 ERRORS 

s.o fB.BDE.S 

On entry to any routine, default exception handling Is In 
effect. The Vlrtuol BASIC programmer mey elect to take 
control of exception h~ndlinp by cx·ecuting an 
on-error-statement. 

Exception h~ndling code selected by an on-error-statement need 
not handle ·exceptions. The code is characterized as exception 
h9ndl1np by virtue of its selection, not by Its function. It 
Is possible to· execute exception hand I Ing code that does 
nothing about the exception thBt cgused it to be executed. It 
is Plso possible to execute exception handling code that is 
exRct1y the same code thAt caused the exception In the first 
place. Whl le sound programming practices might be abetted If 
exception handling code were executed only as s r~sult of an 
exception, Virtual BASIC does not require this to be so. 

To assist a user's exception handling, each Virtual BASIC 
externnl routine ·SUPPiies two integer-velued functions a ERL 
@nd ERR· ERL returns the value of the line number associated 
with the statement for which the routine's most recent 
exception was raised. The initial stete of ERL Is zero. ERR 
rrturns the ordinal of the current exception. A value of zero 
dPnotos either nn Initial or redeem~d (see the resume 
statement) state of grace. 

If ~n exception is raised while user-specified exception 
hend1 lnQ is in effect, ~n autometic branch to the exception 
handling code occurs. The exception Is unresolved until the 
execution of ~ resume-statement. If n routine executes an 
ex1t-sub- or ~xlt-function-st~tement while ~n exception is 
raised (i.e., et any tirnA when ERR would return a non-zero 
value), the diagnostic Information ebout the unresolved 
exception Is saved in nn error status queue, snd an exception 
indicating an error in the celled routine 1s raised ~t the 
site of the call In the calling routine. If a routine 
executes en end-stetement white ~n exception Is raised, or If 
a mein-progrsm terminates while en exception is unresolved, 
diagnostics describing the current exception and any others 
thnt may have queued ~re written to the standard error flle. 
If An sdditfonsl exception is raised ~h11e A previous 
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exception 1n the same routine remeins unresolved, the progrem 
is termln~ted. 

If a nonfatal exception Is raised while default exception 
h9ndlln9 Is In effect, an lnformntlve message Is written to 
the standard error file and the program resumes execution 2t 
the point of interruption. If a fatal exception Is raised 
white default excePtlon handling Is In effect, diagnostic 
Information describing the except•on ls stored In the error 
status oueue. If the fatal exception w~s raised In a routine 
other than a main program, an exception indicating an error on 
the cql I Is raised is rPlsed ~t the site ofl the eel 1. If the 
exception wns raised in e main proQram, the diagnostic 
inform~tf on in the error status queue is written to the 
standard error f Ile and the program Is terminated. 

<to be furnished) 
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6.0 APPENDIX Ai GRAMMAR 

------..... ------------------,..-----~-----------------.---..... --------... ---... --------~-·----

Whet follows is the proceeds of extracting the ararnmAr 
embedded In this document and processinQ it with the Bunter 
Parser Generator. It Is Included here to provide a cross 
ref~rence to the embedded gr~mmar. 
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10 
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14 
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44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
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! PAGE 

PAGE 

! PAGE 

! PAGE 

PAGE 

I PAGE 

3-3 

3-4 

3-5 

3-7 

3-10 

3-11 

Source Code 

token = lnteper I real-number I quoted-string I 
unquoted-strinq I neme I lntener-name I 
reat-name I string-name I beginning-of-line 

integer ; digit digit* I 
11 £•1 ''H" hex-digit hex-d I g It* I 
"E" "0"? octnl-diqlt octal-digit* 

hex-dJgit = digit I nA" I flB" I "C" I "D" I "E" I "Fn 
digit= octal-digit I ···a" I "9" 
octal-digit = "0" I ".l" I "2" I "3" I 

"4" I "5" I "6" I "7" 

real-number = olaln-reaJ-number ("!" I "ti")? I 
lnteper ("!" I "t") 

plsin-real-number = integer ("•" integer? 
decimal-exponent? I decirna1-exponent) I 
"•" integer decimal-exponent? 

decimal-exponent = "E" (fl+n I "-~)? integer 
quoted-strinQ = quote <non-quote I double-quote>* quote 
double-Quote = quote quote 
quoted-str I np = ""'"' <non-quote I '""rn"" >* nnnn 

unquoted-string = unquoted-string-char << 
unquoted-string-char I "">* 
unquoted-string-char)? 

name = letter name-char* 
narne-ch~r = letter I digit I "•" 
lnteaer-n0me = name "%" 
real-name = name ("!n / "#") 
strlnp-n~me = name: •1$" 

comment = "'" ch~recter* I 
statement-boundery "REM" char~cter* 

stqtement-boundary =beginning-of-line line-number? I "t" 

variable= numeric-variable I string-variable 
numeric-variable =numeric-array-element I 

numP.ric-scelar 
numeric-array-element = numerlc-9rray-ngme subscript 
numeric-array-name= numeric-identifier 
subscript = fl(" numeric-expression 

("," numeric-expression)* ")" 
numeric-scalar =numeric-identifier 
numcrlc-ld~ntifier = name I integer-name I real-name 
strlnp-v~rlcble =substring I 
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108 
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110 
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113 
114 

PAGE 3-12 

! PAGE 3-13 

! PAGE 3-15 

PAGE 3-16 

Source Code 

whole-string-variable 
whole-strinn-varlable = strlng-err~y-element I 

st r In g-s c ~I a r 
strlng-grrav-element = strinp-array-name subscrlpt 
string-array-name = string-identifier 
string-scaler = string-Jdentifler 
string-identifier = string-name I name 
substring= mid-substring I colon-substring 
mid-substring ="MIDS" n(" whote-string-vnrlahte n,n 

first <"1" length)? ")" 
length = numeric-expression 
colon-substring= whole-string-variable "<"first 

"1" I est ")" · 
first =numeric-expression 
lost = numerir.-express1on 

strino-supplied-veriabte = "DATES" I "TIMES" 

expression =numeric-expression I strin~-expression 

numeric-expression = first-eqv <"IMP" suhs-eqv)* 
f lrst-eqv = f irst-xor ("EQV" subs-xorl* 
subs-eqv = subs-xor ("EOV" subs-xorl* 
f i r s t-x o r s: f i r s t-o r P 1 X DR " s u b s-o r > * 
subs-xor = subs-or ("XOR" subs-or)* 
first-or = first-and ("OR" subs-and)* 
subs-or s: subs-qnd ("OR" subs-end)* 
first-end = logjcal-not ("AND" log1cal-pri~ery)* 
subs-and = logicat-prirnary ("AND" toglcal-prlmary)* 
togicnl-not = "NOT"? loplcal-prlmary 
loglc~l-primary = relatlonal-express1on I 

arithmetic-expression 
retationat-~xpresslon = str1nq-expresslon relation 

string-expression <relntlon arithmetic-expression>* I 
2rithmetlc-expression re1etion ~rithmetic-expression 
(relation arithmetic-expression)* 

relation = "=" I 
"<" ">" I ">" "<" I 

">" "=" I "=" ">" I 
"<" "=tJ I "=" "<" I 
">" I 
"<" 

arlthmetlc-el'Prcssion c: first-mod (("+" I "-") 
subs-mod>* 

first-mod = first-sum ("Moon subs-sum>* 
subs-mod = subs-sum ("MOO" subs-sum>* 
first-sum =first-id (("+" 1. "-") subs-Id)* 
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28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
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! PAGE 

PAGE 

! PAGE 

t PAGE 

PAGE 

I PAGE 

3-3 

3-4 
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3-7 
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Source Code 

token = interer I real-number I quoted-string I 
unquoted-strinq I neme I integer-name I 
real-name I string-name I beginning-of-line 

integer ; digit digit* I 
"£fl "H" hex-digit hex-digit* I 
0 £" "0"? octal-dfglt octal-digit* 

hex-digit = digit I "A" I "B" I "C" I "D" I "E" I "F" 
digit = octal-digit I vatt I "9" 
octal-digit = "0" I "1" I "2" I "3" I 

"4" I "5" I "6" I "7" 

real-number = Pla1n-reaJ-number ("!" I "#")? I 
Integer ("!" I "t") 

plsin-real-number = integer ("•" integer? 
decimal-exponent? I decimat-exponent) I 
"•" Integer decimal-exponent? 

declm0l-exponent = "E" (tt+n I "-~)? integer 
quoted-strinQ = quote <non-quote I double-quote>* quote 
double-quote = quote quote 
quoted-str I np = """" <non-quote l "'""11

"' >* ttnnn 

unquoted-string = unquoted-string-char (( 
unquoted-string-char I "")* 
unquoted-string-char>? 

name = letter name-char* 
name-char = letter I digit I "•" 
inteoer-neme = name "%" 
real-name = name ("•" I "#"} 
strlna-name = name: "$" 

comment : "'" ch8racter* I 
statement-boundery "REM" charecter* 

stAtement-boundary =beginning-of-line line-number? I"'" 

variable= numeric-variable I string-variable 
numeric-variable: numeric-array-element I 

numP.ric-scelar 
numerlc-arr~y-element = numerlc-~rray-ngme subscript 
numeric-array-name= numeric-identifier 
subscript = "<" numeric-expression 

("," numerlc-(~xpressionl* "l" 
numeric-scalar =numeric-identifier 
numcric-ld~ntifler =name I integer-name I real-name 
strfnQ-v~rlable = substrlnQ I 

Page 1 



Bunter 

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 
qi 
qz 
93 
94 
95 
96 
en 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 

PAGE 3-12 

PAGE 3-13 

PAGE 3-15 

PAGE 3-16 

Source Code 

whole-string-variable 
whole-strinn-varlahle = strlng-arrey-element I 

st r in o-s c fl I a r 
strlng-~rrny-element = string-array-name subscrlpt 
string-array-name = string-Identifier 
string-scalar = string-Identifier 
strinp-identifier = string-name I name 
substring= mid-substring I colon-substring 
mid-substring= "MIDS""(" whote-strlng-vnrlnhte "," 

first ("," 1ength)? ")" 
length = numeric-expression 
colon-substring= whole-string-variable "("first 

"1" I as t ")" · 
first = numeric-expression 
test = numerir.-express1on 

string-supp1ied-vsriab1e = "DATE!" I "TIMES" 

expression = numeric-expression I strin~-expression 

numeric-expression = first-eqv ("IMP" suhs-eqv)* 
flrst-eqv = first-xor ("EQV" subs-xor>* 
subs-eqv = subs-xor t"EOV" subs->l'orl* 
first-xor =first-or ( 11XOR" subs-or>* 
subs-xor = subs-or ("XOR•• subs-or)* 
first-or = first-and ("OR" subs-and)* 
subs-or = subs-~rnd ("OR" subs-t'ndl* 
first-end = logical-not ("AND" logical-primary)* 
subs-and= logJcal-prlmary ("AND" toglcat-prlmary)* 
togJcal-not = "NOT"? log1cal-primary 
logicql-primary = relat1onal-expression I 

arithmetic-expression 
relntionat-~xpresslon = strinp-expresslon retatlon 

string-expression <relation arithmetic-expression>* I 
2rithmetic-expression re1ntion ~rithmetlc-expresslon 
(relation arithmetic-expression)* 

relation = "=" I 
"<" ")" I ">" "<" I 
")" "=" I "=" ">" I 
"<" ":1J I "=" "<" I 
">" I 
"<" 

a r 1 th m a t i c-e >C p r e s s I o n c f i r s t-m o d < ( "+ " I 11 - " ) 

subs-mod)* 
first-mod = first-sum ("MOD" subs-sum>* 
subs-mod = subs-sum <"MOD" subs-sum)* 
first-sum = first-Id (("+" 1. "-") subs-Id)* 
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122 
123 
124 
125 
1.26 
127 
128 
129 
13C 
131 
132 
133 
134 
135 
136 
137 
138 
139 
.140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 

! PAGE 

! PAGE 

PAGE 

3-17 

3-18 

3-19 

Source Code 

·subs-sum = subs-id ({"+" I u-"l subs-Id)* 
first-id = first-prod ("\" subs-prod)* 
subs-Id = subs-prod ("\" subs-prod)* 
first-prod = negation <<~*" I "!") exponentiation)* 
subs-prod = exponent1ati~n {("*" I "l"l 

exponentiation)* 
negntion = "-"? exponentiation 
ex~onentiation = numeric-primary ("Afl numeric-primary}* 
numeric-primary= numeric-variable I 

numeric-constant I 
numeric-expression-function-ref I 
numeric-function-ref I 
" ( '' n u m e r I c - e x p r e s s I o n " ) " 

numcrlc-constent = Integer I re~l-nurnber 
numarlc-expression-functlon-ref ~ numeric-identifier 

exp-rn-actua1-param-list? 
exP-fn-ectual-perAm-llst = "<"expression 

("1" expression>* ")" 
numeric-function-ref= numeric-identifier 

actual-parameter-I I st~ 

string-expression = string-primary 
("+" string-primary>* 

strJng-prirn~rY = strino-varisble I string-function-ref I 
string-expression-function-ref I 
" ( " s tr I n g-e x p r e s s I on '' ) " 

strfnq-expression-functlon-ref = string-Identifier 
exp-fn-gctual-peram-llst? 

strlnQ-functlon-ref = string-identifier 
sctual-parameter-llst2 

declarative-statement • common-stetement I 
expression-function-definition I 
function-declaration-statement I 
option-base-statement I 
subroutine-declaration-statement I 
type-declaration-statement 

common-statement= "COMMON" common-t1st 
common-list= common-list-Item (","common-list-Item>* 
common- I i s t- i t em 1: i dent I 'f 1 e r (" ( " " > "l 'l 

~xpress1on-functlon-deflnitlon = "DEF" ( 
numeric-expression-function I 
strlng-express1on~functlon > 

numeric-expression-function = numeric-Identifier 
ex-fun-formal-parameter-list? ~="numeric-expression 

string-expression-function = stTing-ldentlfler 
ex-fun-formet-p~rameter-llst? fl=" string-expression 

ex-fun-for ma I -par am et er- I I st = " <" I dent I f i er 
("'" Identifier) ")" 

functton-dec1aration-staternent = "DECLARE" 
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172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 

PAGE 

! PAGE 

PAGE 

! PAGE 

3-20 

3-21 

3-22 

3-23 

Source Code 

"E XTERNAL 0 ? "FUN CT JON" fun ct I on-name-I I st 
function-name-list= function-name 

("," function-name>* 

option-base-statement = "OPTION" flBASE" ("0"/"l") 
subroutine-declaration-statement = "DECLARE" 

"EXTERNAL" "SUB" subroutine-name-list 
subroutine-name = subroutine-name 

("1" subroutine-n~me>* 
type-declaration-statement = def Int-statement I 

defreal-st~tement I defstr-str.tement 
defint-ststement = "OEFINT" letter-list 
defreat-st~tement = C"DEFSNG" I "DEFDBL") 

letter-I I st 
defstr-statement = "DEFSTR" tetter-tlst 
letter-fist= letter-list-item("," 

tetter-list-1tem)* 
letter-list-Item= letter-rnnne I letter 
I et t er- r an g e = I et t er "- t: I et t er 
tettor = "A" I "B" I "C" I "D" I "E" I 

"'F" I "G" l ttH" I n1n I "J" I "f<-" I 
"L" I "M" I "N" I "0" I "P" I "0" I 
"Ru I "S" I "T" I "U" I "V" I "W" I 
"X" I "Y" I "Z" 

assignment-statement = let-statement I 
swap-st~tement 

let-statement = "LET"1 (numeric-assignment I 
string-assignment) 

numeric-assignment = numer1c-varlable "=" 
numeric-expr~sslon 

strinq-essignment = strlng-1~ft-hand-slde "=" 
string-expression 

strlnQ-left-hand-slde = 
string-supplied-variab1e I strinp-v~riahle 

swap-statement = "SWAP" (numerlc-veriable "1" 
numeric-variable I strlnq-vsr1eble "," 
strlng-varlable) 

control-statement • call-statement I 
ca11x-ststement I 
chain-statement I 
end-stRtement I 
error-statement I 
exit-function-statement I 
exit-sub-statement I 
gosub-stetemcnt I 
9oto-stetement I 

4 



Bunter 

229 
2-30 
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 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 

! PAGE 3-24 

l PAGE 3-25 

I PAGE 3-26 

! PAGE 3-27 

I PAGE 3-28 

PAGE 3-29 

on-error-statement I 
on-gosub-statement I 
on-goto-st9tement I 
resume-statement I 
return-statement I 
run-statement I 
stop-stftement 

Source Code 

call-statement= ncALl" subroutine-n~me 
actual-p9r~meter-11st1 

actuat-parameter-1 ist = "f" ~ctuat-parameter 
<"'" actual-parameter)* ">" 

actual-parameter = expression I ~ctu~l-array 

actunt-~rray = JdentifJer TI(" n,"* ")" 
ldenttf ier = name I Integer-name I real-name I 

string-name 
cellx-statement: "CALLX" external-routine-name 

extern~l-parameter-11st? 
external-routine-name = letter <tetter I digit>• 
externgl-peramtlter-f 1st = "< 0 extern2t-per~:ureter 

("'" external-pDrBmeterl* ")" 
external-parameter = expression I external-array 
external-array= numeric-Identifier "(" "'"* ")" 

chain-statement= "CHAIN" flle-name 
flle-nerne =string-expression 
end-st~tement = "ENO" 
error-statement = "EPROR" numeric-expression 

exit-function-statement = "EXIT" "FUNCTION" 
exlt-sub-st~tement = "EXITfl "SUB" 
gosub-st~tement = "GOSUB'' Ii ne-numher 
goto-st~t~ment = "GOTO" ting-number 

on-error-stetcment ·= "ON" "ERROR" "GOTO" 1 lne-number 
on-gosub-statement = "ON" numeric-expression 

"GOSUB" tln~-number ("1" line-numberl* 

on-goto-statement ="ON" numeric-expression 
"GOTO" llne-number ("1" tine-number>* 

resume-stPtement = "RESUME" < 
"NFXT" I 
llne-numher I 
"0"? ) 
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286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 

.! PAGE 3-30 

PAGE 3-31 

! PAGE 3-33 

! PAGE 3-34 

PAGE 3-36 

! PAGE 3-37 

Source Code 

return-statement = "RETURN" 
run-statement = "RUN" strtng~exp~ession 
stop-statement = "STOP" 
lo-stntement = close-stnternent I 

field-statement I 
get-statement I 
Input-statement I 
1ine-1nput-statement I 
lprlnt-st~tement I 
lprint-uslng-statement I 
lset-stntement I 

open-stetewent I 
print-statement I 
print-using-statement I 
put-statement I 
rset-stf.tement I 
width-statement I 
write-statement I 
beep-statement 

()pen-stetement = noPEN" (open! I open2l 
openl =file-name ("FOR" lo-mode)? "AS" 

"#"? numeric-e><pression 
("LEN" "=" numeric-expression)? 

open2 = string-expression "," "#"? 
numeric-expression"'" flle-nnme 
tn,n numeric-expression)? 

lo-mode = "IMPUT" I "OUTPUT" I "APPEND" 

close-stetement ="CLOSE" file-number-list? 
f J 1 e-numher-1 I st = "#"? numt'!r f c-express 1 on 

("1" "#"? numaric-expression>* 

f I a I d-s t at em e n t = " F I E LO " 11 # 1 ~ ? n um o r i c- e x pr e s s I on u , " 
f I e I d-1 Is t 

fleld-lfst = fleJd-ltem (","field-item>* 
fleld-lt~m = numeric-expression "AS" 

whole-strin~-variable 

pet-stetement = "GET" "#"? numeric-expression 
("'" numerle-expresslonJ? 

input-statement = "INPUT" n;rt? 
("#" numeric-expression 11 , 11 >? 
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343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 

"362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
3qo 
391 
392 
3q3 
394 
395 
396 
397 
398 
399 

! PAGE 3-39 

! PAGE 3-40 

PAGE 3-41 

PAGE 3-43 

! PAGE 3-46 

t PAGE 3-47 

(string-constant (";"/"1"))? 
v~rlable-llst 

variabl:e-llst =variable-list-item 

Source Code 

("1" vgriahle-1ist-iteml* 
varlabte-llst-ttem =numeric-variable I 

whole-strlno-varf abte 

I I n e- I n put-st at e me n t = " l I NE" " I NP UT,, 0 ; t• ? 
("t" numeric-expression ",")? 
(string-expression n;tt)? 
whole-string-variable 

tprlnt-statement = "LPRINT" pr1nt-tlst? 
lprlnt-using-statement = "lPRINT" "USING" 

s t r i n g-e x p r es s i on " ; 11 p r i n t-u s I n ~ - I i s t 11 ; "? 
tset-state~ent = "LSET" string-variah1e "=tt 

string-expression 
rset-stst~ment = "RSETtt string-name "=" 

strinQ-expression 

print-statement = "PRINT" ("#" numeric-expression "1"l? 
pr Int- I 1 st? 

prlnt-1ist = prlnt-list-1tem 
((","/";">? print-list-Item)* (";"/",">? 

print-llst-item = form~t-function I expression 
format-function = "SPC" "( 11 numertc-f'.xpre.sslon ")"I 

11 TAB 11 "(" numeric-expression °) 11 

print-uslnq-stetement = "P~INT" 
("#" numeric-expression "'")? 
"USING" string-expression ";" 
print-usfng-ltst , 

print-using-list= expressfon ((","/fl;"l? expression)* 
("1"/"J")? 

put-statr:ment = "PUT" "flt'#? numeric-expression 
{"1" numeric-expression)? 

width-statement= "WIDTH" 
( ( "#"? nu mer i c-e x press i on I f I I e-n am e > ", '1 l ? 
numeric-expression 

write-statement= "WRITE" ("#!" numerlc-expression "'">1 
write-list? 

wrlte-11st =expression ((","/";") ~xpresslon>* 
beep-st~tement a "BEEP" 
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400 
401 
402 
403 
404 
405 
406 
'•07 
408 
409 

. 410 
411 
'tl2 
413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
43"? 
436 
437 
'138 
439 
440 
441 
442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
452 

. 453 
454 
455 
456 

! PAGE 3-48 

! PAGE 3-49 

t PAGE 3-50 

PAGE 3-51 

! PAGE 3-.52 

1 PAG:E 3-53 

Source Code 

data-lnltiallzatlon-stat~ment = dete-stntement I 
read-statement I restcre-statement 

d~ta-statement = "DATA" datum f"'" datum>* 
datum = unquoted-string I quoted-string 
read-st1'tament ="READ" variable-list 

restore-statement = "RESTOREtt line-number? 
miscellaneous-executable-statement= 

clear-statement I 
dlrr-str.tement I 
erase-statement I 
rondomize-sta.tement 

clear-statement = "CLEAR" 
dim-statement = "DIM" array-declaration ("'" 

array-declaration)* 
arrey-dec1~ration = array-name "(" dimension-bounds 

("'" dimension-bounds)* "l" 
array-name = Identifier 
dimension-bounds = <nurt'eric-expression 11 :")? 

numeric-expression 

erase-statement = "ERASE~ nrrfty-neme t 
", " a r r a y- n a me > * 

randomize-stetement ="RANDOMIZE" numeric-expression? 

block = btock-elernent 
(statement-boundary block-element>* 

block-element = unstructured-statement I 
line-If-statement I 
for-block I 
if-block I 
internal-function I 
lnterna1-subroutlne I 
whil~-block 

unstruetured-st~tement : asslgnm~nt-statement / 
control-statement I 
declarative-statement I 
lo-statement I 
d~ta-1nitlalization-staternent I 
mlscelleneous-executabte-statement 

line-lf:..stetement ="IF" numeric-expression <"THEN" 
(llne-bloek I line-number) I "GOTO" line-number) 
("ELSE" tllne-b1ock I line-number})? 
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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 
49q 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 

PAGE 3-54 

PAGE 3-55 

! PAGE 3-57 

PAGE 3-58 

PAGE 3-59 

Source Code 

tine-block= block-element (":"block-element>• 
for-block = for-stetement 

delimited-optionat-btk next-statement 
delimited-optional-blk = statement-boundary 

(block statement-boundary)? 
for-statement = "FOR" control-variable "a" 

numeric-expression nron numerlc-~xpression 
("STEP" numeric-expression)? 

control-v~r1eble = nurner1e-scalar 
next-statement = "NEXTfl control-variable-list? 
control-varieble-list =control-variable 

("1" control-variable)? 

if-block = "IF" if-body 
if-body= numeric-expression HTHEN" consequent If-tail 
lf-t9i I = "ELSE IF" -if-body I (''ELSE" elter-natel? "ENOIF" 

consequent = delimited-optiongl-blk 
alternate= d~limited-optional-blk 
whlle-b1ock ="WHILE" nureerlc-expresslon white-body "WEND" 
while-body= del1mlted-optlonal-blk 

source-~eck = line-number? external-routine 
(statement-boundary externaf-routinel* 

line-number = Integer 
external-routine = m~in-progrem I 

external-function I extern~l-sub~outine 

main-program = block 
external-function = external-funetlon-stetement 

dellmlted-block end-function-statement 
dP.limlted-block = statem~nt-boundery block 

stetement-boundery 
externa1-subroutine = externel-sub-stetcment 

dettmlted-optlonal-blk end-sub-statement 
external-function-statement = "EXTERNAL" "FUNCTION" 

function-name formal-p2r3meter-list? 
externst-suh-statement = "EXTERNAL" "SUB" 

subroutine-name forrral-pnrameter-llst? 
formal-parameter-list="(" formal-parameter 

("1" formBl-parameter)* ")" 
end-function-statement = "END" "FUNCTION" 
end-sub-statement = "END" "SUB 11 

formel-psr~meter = form~l-sceler I formal-~rray 

formel-scal~r = identifier 
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514 
515 
516 
5.17 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
534 
535 
536 
537 

formal-array = identifier "t" "'"* ")" 
subroutine-name = name 
function-name = string-function-name I 

numeric-function-name 

Source Code 

string-functton-nsme = strino-tdentifier 
numerJc-functlon-name = numeric-Identifier 
internal-function = fnterne1-function-statement 

stetement-boundary internal-block statement-boundary 
end-function-statement 

internal-subroutine = intern~l-sub-statement 
stetement-bound~ry (internal-block 
statement-boundary)! 
end-sub-statement 

lnternal-function-stetement = "FUNCTION" function-name 
forme1-parameter-list? 

internal-sub-statement = "SUB" .subroutine-name 
formql-paramater-IJst? 

internal-block = internal-block-element 
(statement-boundary internal-block-element)* 

Internal-block-element = unstructured-statement I 
11ne-1f-st~tement I 
for-block I 
If-block I 
whlle-block 
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301 CAlt.X 247T OR 90T 91T 
17T l8T 35T CHAIN 257T OUTPUT 318T 

tt 25T 25T CLEAR 4201 p 198T ..... 25T CLOSE 322T PRINT 369T 379T 
# 17T l.8 T 35T 313T 315T 323T COMMON 156T PUT 388T 

324T 328T 336T 342T 353T 369T 0 lOT 196T Q l98T 
380T 388T 3911 396T DATA 405T R 1q9r 

$ 36T DATE$ 77T RANDOMIZE 433T 
~ 34T DECLARE 171T l79T READ 407T 
6 BT 9T DEF 162T REM 41 T 

40T OEFDBL 189T RESTORE 411T 
( 51T 67T 70T 127T 131T 142T DEF INT 188T RESUME 279T 

158T 169T 238T 244T 250T 253T DEFSNG 189T RETURN 286T 
374T 3751 423T 505T 514T DEFSTR 191T RSET 364T 

52T 68T 71.T 127T 132T 142T DIM 421T RUN 287T 
158T 170T 239T 244T 251T 253T E l.OT 22T 196T s l99T 
374T 375T 424T 506T 514T ELSF. 454T 475T SPC 374T 

* 118T ll9T ElSEIF 475T STEP 465T 
+ 22T llOT 1l.4T 115T 139T ENO 259T 507T 508T STOP 288T , 52T 67T 6RT 132T 157T 170T END IF 475T SUB lSOT 265T 503T 508T s2<n 

174T 182T 1921 214T 215T 239T EQV 86T 871 SWAP 214T 
244T 25lT 253T 2731 278T 315T ERASE 't31 T T l99T 
316T 317T 324T 328T 330T 337T ERROR 260T 2711 TAB 3751 
342T 343T 346T 353T 369T 372T EXIT 2641 265T THEN 452T 474T 
372T 380T 383T 384T 389T 391T EXTERNAL 172T l80T 501T 503T TIME$ 77T 
396T 398T 405T 421T 424T 432T F lOT 197T TO 464T 
469T 506T 514T FIELD 328T u 1q9r 

22T llOT 114T 115T 121T 195T FOR 31.21 4631 USING 360T 381T 
• l9T 21T 33T FUNCTION 172T 264T 501T 507T v 199T 
I 118T 119T 527T w l99T 
0 12T 178T 2S2T G 197T WEND 481T 
l 12T l78T GET 336T WHILE 481T 
2 12T GO SUB 266T 273T WIDTH 390T 
3 12T GOTO 267T 271T 278T 453T WRITE 396T 
4 13T M 8T 197T x 200T 
5 13T I 197T XOR 88T 89T 
6 13T IF 452T 't73T y 200T 
7 13T IMP 85T z 200T 
8 llT INPUT 318T 341T 352T \ 116T 117T 
9 11 T J 197T A 122T 
l 42T 71T 426T 458T K 197T actual-array (244) 243N . 341 T 343T 352T 354T 361T 361T L 198T nctue 1-par:emeter (243) 238N 239N , 

372T 372T 38lT 383T 384T 398T LEN 314T nctusl-perameter-llst (238) 134N 
< 102T 102T 104T 104T 106T LET 206T 146N 237N 
= 101 T l03T 103T 104T 104T l66T LINE 352T alternatP (480)· 475N 

168T 208T 210T 314T '362T 364T LPRINT 3591 360T srithmetic-expression (110) 96N 
463T LSET 362T 98N 99N 99N lOON 

> 102T 1021 103T 103T 105T M 198T Arrey-decl~rotlon (423) 421N 422N 
A lOT 196T MIDS: 67T arrP.y-na.me (425) 423N 431N 432N 
ANO 92T 9~T MOD 112T 113T ffssignment-statement (204) 446N 
APPEND 318T N 198T beep-stgtement (399) 307N 
AS 312T 331T NEXT 280T 467T heglnnlng-of-llne 6P 42P 
B lOT l96T NOT 94T block (437) 462N 494N 497N 
BASE 178T 0 9T 198T block-element (439) 437N 438N 458N 
BEEP 399T ON 271T 272T 277T 458N 
c lOT l96T OPEN 311T ca I I-statement (236) 2.20N 
CALL 236T OPTION 178T c~tlx-stntement ( 247) 221N 



Bunter Cross Reference tG=Polfst element, N=non-termlnaf, P=pseudo-termlneJ, C=predleete, T=terminttl 

ch'lin-statement 
character 
c I e ~r-s tat ernent 
close-statem€nt 
colon-substring 

(257) 
40P 

(420) 
(322) 
(70) 

comment 140) 
common-list (157) 
common-list-item (158) 
common-statement (156) 
consequent (47q) 
contro1-statement (220) 
control-vari~ble (466) 

469N 

41P 

66N 

156N 

474N 

222N 

413N 
289N 

157N 
147N 

447N 
463N 

cont r o 1-v a r t fl b I e- I i st t 4 6 8 > 
d~te-initielization-steternent (403) 

450N 
data-statement (405) 403N 
datum (406) 405N 405N 
decimal-exponent (22) 

21N 
declarqtive-stetement (147) 
def int-statement {188) 
defreal-stztement {189) 
defstr-statemen~ (191) 
delimited-block (497) 
de1Jmited-opt1onn1-blk (461) 

479N 480N 482N 500N 
dtqit (11) 7N 7N 

249N 
414N dlm-st9tement (421) 

dimension-bounds (426) 
double-quote (24) 23N 
end-function-statement (507) 

522N 
223N end-statement f 259) 

end-sub-statement (508) 
erese-st$tement (431) 
error-statement (260) 
ex-fun-fcrmal-Pnrameter-11st 

166N 168N 
exit-function-statement (264) 

20N 

183N 
187N 
187N 
496N 

lON 

423N 

SOON 
415N 
224N 

(1691 

exit-sub-st~tem~nt (265) 226N 
exp-fn-actuai-Param-11st (131) 

144N 
exponentiation (122) 

121N 
118N 119N 

157N 

468N 

467N 

20N 

448N 

460N 

33N 

424N 

496N 

526N 

225N 

130N 

120N 

expression (81) 131N 132N 243N 
252N 373N 383N 383N 398N 398N 

exprassion-function-def inltion (162) 
148N 

ext~rna1-orrey (253) 252N 
external-function (495) 490N 
external-function-statement (501) 

495N 
externnt-parPmeter (252) 250N 251N 
externst-parameter-list (250) 248N 
external-routine (4B9) 486N 487N 

external-routine-name (249) 247N 
external-sub-statement (503) 499N 
external-subroutine (499) 490N 
fietd-1tem (331) 330N 330N 
field-1ist (330) 329N 
field-statement (328) 290N 
file-neme (258) 257N 312N 316N 

391N 
file-number-list (323) 322N 
first (72) 68N 70N 
first-and (92) 90N 
f lrst-eqv (86) 85N 
first-Id (116) 114N 
f 1rst-mod <112) llON 
first-or (90) 88N 
first-prod (118) 116N 
first-sum (114) 112N 
f irst-xor (88) 86N 
for-block (459) 441N 535N 
for-statement (463) 459N 
formal-array (514) 509N 
forrral-parameter (509) 505N 506N 
forma1-parameter-11st (505) 502N 

504N 528N 530N 
format-seater (513) 509N 
format-function (374) 373N 
function-declaration-statement (171) 

149N 
function-name (516) 173N 174N 502N 

527N 
function-name-list (173) 172N 
get-statement (336) 291N 
gosub-st~tement (266) 227N 
goto-statement (267) 228N 
hex-digit (10) 8N 8N 
Identifier {245) 158N 169N 170N 

244N 425N 513N 514N 
if-block (4731 442N 536N 
If-body (474) 473N 475N 
1 f- t a I I ( 4 7 5 ) 4 7 4 N 
input-statement (341) 292N 
integer <7> 4N l8N 19N 19N 

21N 22N 128N 488N 
lnteper-nqme (34) 5N 54N 245N 
Internal-block <531) 521N 524N 
fnternal-b1ock-e1ement (533) 531N 

532N 
lnternel-function (520) 443N 
internal-function-statement (527) 

. 520N 

internal-sub-stetement (529) 523N 
internAl-subroutine (523) 444N 
lo-mode (318) 312N 
lo-st~tement {289) 449N 
1nst (73) 71N 
length (69) 68N 
let-statement (206) 204N 

letter (196) 32N 
195N 249N 249N 

1etter-11st (192) 
letter-list-item (194) 
letter-range 1195) 

33N 

188N 

194N 
453N I i n e- h I o ck ( 4 5 8 ) 

line-if-stptement (452) 
line-input-statement (352) 
11 ne-number (488) 42N 

271N 273N 273N 278N 
411N 453N 453N 454N 

I og I ca I-not ( 94 > 92N 
loalcel-prlmary (95) 92N 

q4N 
lprlnt-statement (359) 
lprlnt-usf ng-statement (360) 
lset-statement (362) 296N 
main-program (494) 489N 
mid-substring (67) 66N 

194N 

l90N 
l92N 

454N 
440N 
293N 
266N 
278N 
486N 

93N 

294N 

195N 

191N 
193N 

534N 

Z67N 
281N 

93N 

295N 

miscellaneous-executable-stgtement (412> 
451N 

name (32) 5N 34N 
54N 65N 245N 515N 

n~me-char (33) 32N 
negation (121) llBN 
next-stetement (467) 460N 
non-quote 23P 25P 
numeric-array-element (49) 
nu~erlc-array-name (50) 
numeric-assignment (208) 
numeric-constant (128) 
numeric-expression (85) 

69N 72N 73N 81N 
209N 260N 272N 277N 
316N 317N 323N 324N 
336N 337N 342N 353N 
375N 380N 368N 389N 
396N 426N 427N 433N 
464N 465N 474N 481N 

35N 

47N 
49N 

206N 
124N 

51N 
127N 
313N 
328N 
369N 
391N 
452N 

36N 

52N 
166N 
314N 
331N 
374N 
392N 
464N 

numertc-expresslon-functlon (165) · 
l63N 

nu"erlc-expresston-functlon-ref (129) 
12.5N 

numeric-function-name (519) 
numerlc-function-ref (133) 
nuwerlc-identlfler (541 

129N 133N 165N 253N 
numertc-prlrnary (123) 
numeric-scalar (53) 
numerlc-varlehle (47) 

48N 

208N 214N 215N 347N 
octet-digit (12) 9N 
on-error-statement (271) 
on-gosub-ststement (2721 
on-goto-statement (277) 
open-statement (311) 
openl (312) 311N 

300N 

126N 
SON 

519N 
122N 
466N 

46N 

9N 
229N 
230N 
231N 

517N 

53N 

122N 

123N 

11N 
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open2 (315) 311N 
option-bese-statement (178) 

359N 
plain-real-number (19) 
print-list (371) 
prlnt-1ist-1tem 1373) 
print-statement (369) 
print-using-tlst (383) 
prlnt-usinp-stat~ment (37q) 
put-statement (388) 303N 

17N 
370N 
371N 
301N 
361N 

quote 23P 23P 24P 24P 
quoted-string (23) 4N 406N 
randomJzc-stgtement (433) 416N 
read-statement (407) 404N 
reai-narre (35) 6N 54N 
re~l-number (17) 4N 
relation (101) 97N 98N 
reletlonat-expresslon (97) 
restore-statement (411) 
resume-statement (279) 
return-statement (286) 
rset-statement (364) 
run-statement (287) 
source-deck (486) 

304N 
234N 

245N 
128N 

99N 
95N 

404N 
232N 
233N 

150N 

372N 

382N 
302N 

lOON 

statement-bouhdery (42) 41N 438N 
461N 462N 487N 4q7N 498N 521N 
521N 524N 525N 532N 

stop-st9tement (288) 235N 
strinq-array-element (62) 
string-array-name (63) 
string-assignment (210) 
string-constant 343P 

60N 
62N 

207N 

strinq-expres~lon (138) 81N 97N 
98N 142N l68N 211N 258N 287N 

315N 354N 361N 363N 365N 381N 
string-expression-function (167) 164N 
string-expression-function-ref (143) 

l'tlN 
strlnp-functlon-name (518) 
string-function-ref (145) 
string-identifier (65) 

l43N 145N 167N 518N 
strlng-teft-hnnd-slde (212) 
string-name (361 6N 

364N 

516N 
140N 

63N 

65N 

strlng-prlrrary (140) 138N 139N 
strinn-scalAr (64) 61N 

64N 

210N 
246N 

strinp-supptled-v~rieble (77) 213N 
strlng-vari~ble (55) 46N 140N 213N 

215N 216N 362N 
subroutlne-decloratlon-statement (179) 

151N 
subroutine-name (181) 

236N 504N 52<HJ 
subroutine-n~me-list 
subs-Rnd (93) 90N 
subs-eqv (87) 85N 

91N 

lRlN 

180P 
91N 

subs-Id {117) 114N 115N 115N 

1B2N 

subs-mod f 113} 111~ 
subs-or {91) 88N 89N 89N 
subs-prod <119) 116N 117N ll7N 
subs-sum (115) 112N 113N ll!N 
subs-xor (89) 86N 87N 87N 
subscript (51) 49N 62N 
substring (66) 55N 
s~sp-stPtement (214) 205N 
token (4) 
type-dec1arstion-statement (183) lSZN 
unquoted-string (29) 5N 406N 
unquoted-strina-char 29P 30P 

31P 
unstructured-statement (446) 439N 

533N 
variable (46) 
varlable-11st (345) 344N 407N 
vnrlabte-llst-ltem (347) 345N 346N 
while-block (481) 445N 537N 
white-body t482) 481N 
whole-string-variable (60) 59N 67N 

70N 332N 348N 355N 
width-statement (390) 305N 
write-llst (398) 397N 
wrlte-stAtement (396) 306N 
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The pseudo-termlnels of the Qr~mmar are beglnnlng-of-11ne, cher~cter, non-quote, auote, string-constnnt, subroutine-name-list and 
unquoted-strino-e~Ar. 

14 


