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Section 2. ‘The Abstract
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is-state = (<s-symtab

=3

sig-symtab>,
{g-texi:is-progran-statspeni-list>,
<{s-data-list:is-data~-list>,
<s=Xbd-~input:is-data-list>,
<s-kbd-output:is~-print-iist>,
{s=iina=-no-stack:zis~-lins-no-~ stack>,
<s-for-stack:is-for~-stack>,
<J-k¢yzzs-_ey>, e
<{s-options:is-options>)

is-symtab = ((<s{nane)iis-atir-data>/for all nanmes in the program))
whers
ig-atir-data = is~variable-dats v is-def-data’

e names of functions both user defined and
12d, parametar napes (modified by their
he name of the function im which thay arvs
nages) and normal variable nanss,

note: The names includs th
implementation suppli
concatenation with t
used to Ccreats unigue

O

is-key = is-intsge

is-data is defiﬁed in section 14.2

is-options = (set(<is-option-npaans:is-option-valusd))
is-option-nane = Hbhagey

is-option-value = is-bass-valus

is-~bage-value = § v 1

mode {element) = is-nuweric-=¥pression (element) => ®aumerich
is-string-expression (element) => "siring®

There exists within the interpreter, the nsed +to +test for tuo

spacific empty elements; the null structure {as used in the enpty

statement) and the eapty 1list {as used in several instructions to ba

tha dinitial value of a 1list whichk is +o be evaluated). Ty

fundamental predicates provids this feature:

is-null which is satisfied by a null structure, which in turn is +he
product of applylng a selector function to an elementary obiject, and

is=<> which is satisfied by the object which alsc satisfizs +the

predicate is-list but which contains no =laments.

The search function that selects a unique element from a given sst
of elements according to soms defined c¢riteria has the following

general form:

{that:i} (is-pred(i})

where is-pred{i) defipes <ths crirsria by which the sot is selacted

from the universs of elemsnts in the state of the machine and ths
criterion for seiectiﬁg i. dben there 1s no unique elsment which
satisfies the criteria specified in the that function, +he valus
returned to the refersncing expressi is aundefined. Although ther
is no object wihtin the machine which can be transmitted from on:
structure to another, the predicate is-undef, applied +to an
2xpression whose rasuit may bDe undefined, will provide a truth valus
as appropriate, ‘

4] \'1}

A

The initial state of the machine over which the interpretation is o
be performed contains all thsz alem@ntb Of the progzam {in thsir
various forms). The control portion of +the state contains a singls

instruction:
2X2Cute-prograxn
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Section 3 Charactsrs and Strings

3.2 Syntax

In this section only, the Concreta syntactic forms of the charac

and their cerreopgnding abstract forms are 1listed in pairs for =

of reading, There is no semantic description asscciated with

individual charactaers or BErings.

letter = a/b/e/d/e/Erq/h/i/ /% 71 A T AT YAVE Ve ¥E Ve

is-letter =a vhbvecvidvev fy gvhviviviv1yauaeyv
VOV PVIVIVSVEVUYYVY WY XVYV 2

digit = 0/1/2/3/4/5/6/7/8/9
is-digit = 0 v 1 v 2 v 3 v 4 v Sv6v 7 v 8 v 9

string-character = guote / gquoted-string-character
is-string-character = is-guote v is- quoted-string-character

guoted-string~character = amparsand / apostrophe / commpa /
exclamaticn-point /
upquo‘@ﬁ string=~character
is-quoted-string-characier = &D~dmp;rsand Vv is-apostrophe v
is-conma v is- exclapation-point v
is-unquoted~string-charactar

unguoted-string-character = space / plaip-striny~character
is-unguoted-string-character = is-space v
is~plain-string-character

plain-string-character = lettzrp / digit / asterisk / circumflex /
cios= / colon / dollar / aquals /
greater-than / iess-than / minus 7
aumber-sign / open / percent V4
period / plus / guestion-mark /
semicolon / slant / underline
is-letter v is-digit v is-asterisk v
‘s~circumflﬂx v is-close v ig-colon v
s-dollar v is-egquals v
'~“r”arer than v is-less-than v
-minus v is-number- -sign v
is-opa2n v 1s-pa:cant v is-periocd v
is-plus v is~question-mark v
is=-senicolon v is-slant v is-underline

¢
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is-plain-string-character

remark-string = sir;ng charachtsar¥
is-remark-string = is- string~character-list

quoted-string = guote gnoted-s x1ng Character* guote
is-guotad-string = ig- quoted-string-character~iist
unguoted-string = plain-string-character / plain-string-character
ﬂngao?&&-s%rﬂpg character® plain-string-character
is-unquoted-string = is-plain-string-character v
is—uaguated—string-character-list
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keyword = BASE / DATA / DEF / 1
GOT0 s IF / INPET / 1
PRINT / RANDOMIZE / READ /
RETURN / 3TEP / S5T6P , S5UB
Thers is no abstract syntax assccia

END , FOR / GO / GOSUB /
NEXT s ON / OPTION /

REH / RESTORE /

/ THEN / TO

aied with kesywords.
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Section 4 Prograss
4.2.1 <Concrste Syntax

program = linse¥* a2nd-line

line = lipe-puaber statemsnt end-pi-1lins

line-number = digit digic? digit? digit?

end-of~-line = ipplemsentation-defined

end-liine = line-nuamber end-ztatsment end-of-lins

end-statenent = END -

statenrent = data-statemant / ief—statement / dimension-statemsnt /

for- Statam#ny rd 03 -statemant / goto-statemsnt /
if~-then~statenent / anGt statensnt /7 let-statmsnt [/
next-statament / on-goto~-staiemsnt / option-statement /
print-statemsnt / randoaize-statement / '
read-statemsnt / remark-statement / restors-statsment /
return~statament / stop-statement

4.2.2 Abstract Syntax

In the process of translation from concrete form to absiract foram,
the declarative statements within the program are replaced by sapty
statements except in the case of an end statement which is replaced
by a stop statement. The data xithin the declarative statements is
recorded elsewhers 1in th2 abstract wmachine. Hence the program in
the abstract machine contains only executable statements, 1% bsing
the task of the syntactic analyzsr to ensure that the =nd statement
is physically ths last statemsnt in the program,

is-program = is-statemeni-list
ig=lins = {<s-line-norisg~line-no>,
{s~st~name:is-st-name>,
{s~st-bodyiis-st-body>)
is=-ling-no = is-intéger
is-end-line = is-znd-statement

In the translation of the concrsets text into the abstract form, th
end statenent is transforasd into a stop statemsnt, Thi
transformation refiscts the dual uss of the end statement both as
text delimiter and as a default termination of execution statement.
{sge section 10.2.2)

Statements in the prograwm are classifisd under two broad categories:
gxecutable statemenis and dsclarvative statepents. Since declarativs
statementis are not retein=d vy the translator for inclusion in ths
text over which the interprster operatas, +there is no definitive
abstract syntax for declarative shatements. Bence the only
remaining abstract syptactic specification is:

is-statenent = is-executabls-stateasnt

Executable statemesnts are furither classifisd into five subclassss to
facilitate the description cf their semantics.

o
|..j
Qo

+
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ig-axscutableg-statenent = is- asszgﬁmcnt~statemen+ v 4
ig~control-statemant v
is=-input/output-statenent v
ig-empty~statment v
is-rardomize~statenent

Farthsr classification of the statemenis belonging to 2ach subclass
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will b= given ip ths appropriate sactions.
4.4 Semantics
During the translation of ths concrsts program into +the abstract
form ussed by the dinterpreter, the prograsn btatemea+a ars ordarad
sequentially and any conflicting line nusbers are rasolved. Tha
following two functions are elamentary to the 1ntar9xvt~r‘

]

The stot function selects a statemsnt  from the text, given the line
aumbar of ths statement reguirsad:
stat {line-no,taxt) =

elem {{that:i) {(s-line-po{slen{i,text}) = line-no),texi)
The mnext function selects the next statement +to be sexecutsd
feliowing the statemsnt Just executsd, provided that the normal
segusnce is to be followed:
next {line-no) =

s-line-no.2lea{{that:i) (s~line-noc.slem{i~1,text) = line-no),text)

[

execute-progran =
cxscuTe~stataensnt {
s-lipe-no (head {text)))
where text 1is ths s-text component of the state of the machine and
rapresents the program.

cxecute-statensnt (1inse~no) =
is- undﬂf(ithdt i) (s-line-po.zlem (i, text) = line-no)) =>
BLIgcE

is-assignment-statement (stmt(line-no,taxt)) =>
exsc-assignment-si(
stat (lins-pno,taxt))

is-ccntrci~statpment{stmt(liﬁe-no,text}} =>

btmtiliﬁe—no,text))

is-input/output-statenent {stat{line-no,taxt)) =>
exec-i/o- st (
stmt(line~no,text))

is-randomize-statsuent (stnt (line~-no,text)) =>
gxzc-randomize-st{
stmt (Iine-no,text))

is-empty-statement {(stnt (iine-no,text)) =>
exsc-statenent (
next{iine-no,tsxt))

aota: Although the Hinimal Basic does not contain a provision
empty (or nulill) statements, the semantics here include a gheck
an =2mpty statement to take care of the case(s) of executing prog
lines that originally containcd declaration statements which
removed by the translator.

it b
OO
2ot

5o
P

EN
[

The semantics associated with cach specific statement typs are givsn
in the ssection appropriate to the statement,
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Section 5 Constantg
5.2.1 Concraete 3vyntax

Coénstant = nUmeTic-congTan+ 7 string«censtaﬂt
bumeric-constant = Sign? Ramneric-rep

sign = plys / minus

tumeric-rep = significang axrady
significang = integer pericd? , inrsger? fraction
integer = digit digitx -

fraction = Period digit digit*

exrad = gm sign? integer

striﬁg-constant = guot%é-string

5.2.2 Abstract Syntax

Irrespactive 0f the 2Xternal (textaral) form of 3 Constant or of a
value 9enerated by +the SXecution of the PIogras, there existg only
one internal Tepressntation °f the npumber which conforms to  +hao
Specification is—implemeﬁtation-defln@d.

There exists One  spacific Bumerig Tepresentation Which nseds +o b

distinguished; that is the tepresentation of integers, Since the
sabscripting and dim%nsioaiﬁg Of arrays ang the DUmbaring of linss
is possible only by +he 1se of integers, the Specification

is-integer is elementary 10 the definitiop Systen,
The Specification is~inieger defines g set  of objects which is
Contained withip the sat of Objects defineg by is“num@ric-:ep.

is-constant = is~numezic-coastant v is~string-constant
is~striag-c0hstant = is-guoted-stziﬁg
is-aumeric-constant = is-numexiC*rap

is-numeric-rap = is-implementaticn-defiﬁeé

is-integer = is~impiemeﬁtation—defineﬁ
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Saction & Variables
6.2.7 Concrets Syniax

variable = numeric-variable / string-variable

numeric-variable = sinple-numeric-variable / numeric-array-element

simple-numeric-variable = letter digit?

numeric-array-slisenenat = nusseric-array-nams subscript

numeric~array-name = letisr

subscript = op=sn numeric-e&xpression {(comma numeric-expression )?
close

string-variable = letter dollarx

6.2.2 Abstract Syntax
is-variable = is-numeric-variable v is-string~variable

As variables are 3initially encountered by the +translator, they are
racorded in the s-symtab component of the abstract nmachine. The
data contained in this symbol table conforms to the specification:

is-variable-data = (<{s-namesis-variable>,
<s-attributss:iis-typs>,
<s-value:is-valus>)

wvhere

is-type = (<s-mode:is-Ynumeric®" y is-"giring¥>,

<g-dimensions:is-dimension-list >}
is-dimension is defined in section 15.2.2
is-value = is-pumeric-rep v is-string-character-iist

{(pote: The values associated with all variables initially conform to
the specification is~implementation-definesd.)}

Where the attributes are spscified to be numeric (that is,

is-"numeric®) then +the Ss-value-component sust conform to the
spacification is-numeric-rep. Conversely, 3if the type 1is string,
then the value conforms with the specification

is-string-character-list. When an array element is =ancountered by
the translator for which thers was npot a prior dimessioning
declaration ( a DIN statement ), 2 set of dimensioning attributes
are developed and are recorded in the symbol table. The upper limiz
of dimensions is =sstablished to be 10 in these cases and the lower
limit is either 0 or the value set by the previous execution of an
option base statement. ({sse section 15)

is-numeric-variable = is-sisple-numeric-variable v
ig=-puseric-array-elanent
is-simple-nuseric-variable specifies an elementary object which i
the transformation of the concret
syatactic string which is defined by th
component simple-numeric-variahls.

n

P

(]

is-numeric-array-element = ({s-array-name:is-array-name>,
<s~-subscripts:is-subscript-list>)
is-array-name specitfizs an alementary obijsct which is the
transformed form of the syatactic element specifisd by
the rule for nudmeric-array-name and which is
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distinguishable from the same identifier used for a
simple-nuaseric-variable., The translator, in prsparing
the abstract form of the program, snsures that ATTAY
variables are =2ither one or two dimensional, but not
both, and rejscts thoga sStatements which do noh
conform to this specification,
is-subscript = is-numeric-expression
is-string-variable specifies an clemsntary object which is th=
transformed form of the syntactic elsment
specifised by the rule for string-variable,

3

6.4 Semantics

Variables occur in two typical situations within a  basic progran;
either as the destination of a datum or as the -source of a datan for
use by the prograam. In the semantic model used here Wnere the
variable name is associated with sither a simple num:rlc variable or
a strlag variable (there are no string arrays defined), the variabls
name is the key to the storage location of the value. TIn the case
of a numeric array element, the paramsters needed +o ascertain the
location of the associated valae are the array name, the esvaluated
subscripts, and the declarasd dimensions of the array. The two
semantic operations described  hers correspond fo the aormal
operations of data retriesval {fetch) and data storage (stors).

i

getcﬁ(variabie3 =
is-numeric-array-eleuznt {variable) =>
fetch-glemant (variabla)
otherwise =>
PASS: {s-value.s(variablsa)} (symtab))}

store{variable,valusg) =
is-numeric-array-elemsnt (variable) =>
store-glement (variable, value)
otherwise =>
{is-numeric-rep(valu=) &
is="puneric? (s~ mode.s~attributes.s (variable) (symtab)) v
is~-string=~constant {valus) &
is-"gstring" {s-mode.s-attributses, s (variable} (symtab)) =>
s~value.s{variable) (syntab) svalue
otherwise => error }
fetch-elenment (element) =
pass(get (check-bounds (subscript-list),
s-attributes.s(s-array-nams{alenent)) {syatab),
s-value.s(s-array-nanme{elenent}) (symtab) } )
subscript-list:eval-gubs (2lsnent)
#here the function g2t, with the a&guments:
avaluated subscript list
dimension list,
and array =2lement valus list, ‘
is implementation d=fin=d and returns tke correct array elenont
value or a subscript ocut of rasge error. The function check~bounds
is a special idinmplemsntation defined function which matches the
implicit or explicit bounds for the dimensions of the array with th=
rounded subscripts in the array reference and reports conflicts as
eIrors.
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eval-gubs (slenent) =
pass(reund {subscript~list} };
subscript-list:aval-exp-list(s-subscripis{elemnent) ,<>)
¥here the funciion round is an implemsntation definsd function whicha
transforss the elements in  the subscript 1ist to cenforg o  ths
specification is-integsrt,

gval-exp-1ist{exp-list,out-list) =
is-<> {exp-list) => PASS:iout- ll%t

othervise =>
sval-exp~list(tail {¢xp-1list
cat(ouL ll:t
(ha

?

1.
List{exp)});
ad{axp-list))

sXpiaval-2xpression
stgrg-element(element,va'ue)
put {check~bounds (subscript-listy, :
s-attributes.s{s-array-nane{slemantj) (syntab) ,value);
gubscript-iist:igval-subs(alement)

#here the ianstruction put is implementation defined and perfor

i
mutate operation on the s-symtab-component of the machins wh
reflects the mew array =lsmpent valus.
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Ssction 7 ExXpressions

7.2:1 Concrete Syntax

expression = pumeric-expression / string-sxpression

nameric-expression = sign? teras (sSign term ¥

term = factor { muliiplier factor ) *

factor = primary (involution primary )%

multiplier = asterisk / slant

invoilution = circumflex -

primary = numsric-variabls / numseric-rep / numeric-fuancition-ref /
open numsric-sxpression close

numeric-fuaction-ref = numﬂric-FuQFtion—ﬂame arguasent-list?

numeric-function-name = numeric-defingd-function /

numgrlbwsupgllei-functlon
argument-list = opssn argumeni close
argument = numeric-expression
string-expression = striag-variable / string-constant

7.2.2 Abstract Syntax

is~exprossion =

is-numeric-zxpression v is-string-sxpression
is-numeric-expressio

n o= &s-lni*x cxptession v
is~prefix-expression v
ig-numeric-variable v
ig-numeric~gonstant v
is-function~-rafersence

is-infix-expression = (<s-operator:is-infix-operator>,

{s-opsrand-liis-numeric-expression>,

{s=opsrand-2iis-namaric-expression>)
is-prefix-expression = {<s-opsrator:iis-prefix-operator>,

<s-opsrand:is-numeric-expression>}

is-infigx~operator = is-plus v is-minus v ig-asterisk v

is~siant v is-circumflex
is-prefizx-uperator = is~-plus v is-minus

The transformation from concrets textural form +to absiract foim
converts expressions from their truly syntactic form into a form
which is rvepresentative of the order of avaluation of the individual
terns and factors, In the abstract form parentheses have been
glininated entirely.

is=-function-referance = (<s-function-namesis-functioun-named>,
{s=-argumant-listsis-numseric-expression=-1list>)
iz-fanction-name = ig-pradefinsd-name v is-user-defined-name

it is important to note that the sets definesd by
ig-user~-defined-nawme and is-predsfined-name are disjoint.

is~string-expression = ig-string-variable v is-string-constant

7.4 Semantics

evyal-expression(exprassion) =
is-infix-expression (expression) =>
ipt-infiz-sxp(a,b,s-oparator (expression))

-
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{gxpression)) ;
and (expression))

ig=-prefix-sxpression (&
int-prefix-sxp{a,s~-ops=
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a:zeval-2xXpressicn{s-cpe

H i}

is=-pumeric-variable {(&;
fetch (exprassion) -
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is-string-variable(expression) => gLIOT

is-pumperic-constant {expression) =>
PASSiexpression

is=-string-constant (expression) => gLLor
is~function-reference {a@xprassion) =>

int~fupction-reference |
gxprassion)

whers
int-function-refersnce (vef) =
ipt-fn-ref(s-function-nanme {ref) ,value-list);
value-list:igval-exp-list{s-argumeni-list {ref) ,<>)

where

int-fn-ref (name,arg-list} =
is-user-defined-name {nana) =>

int-user-fa (s (name) {symtab),arg-list)

is-predefined-nans {(name) &
{{is-"log" (name) § arg-list £ 0 ) ¥
{is-¥sqrY {nane) & arg-list < ¢ )} => agzror
is-pred=fined-nane {nane} => nama2{arg-list)

the imstrucion int-user-fn is defined in section 16.4
eval—-string-eXpression{expression)

is-string-constani{exprsssion) =>
is-string-variable {expression) =»

PASSiexpression
fetch(

31
ch{expression)

13
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¥

Section § Implementation-supplised Functions

i

8.2.1 Concrets Syntax

numeric-supplisd-function = A35 / ATN / C0OS / EXP s INT / LGG /
RED / SGN / SIN / 50R / TAN
_ AN

B.2.2 Abstract Syntax

b

is-pradefined-name = abs v atn V.C0S Vv 2xp ¥ int v log v
rad ¥ sSgn v sin v osyr v tan

8.8 Semantics

Implementation~suppiied ftunctions are assumed tTo axist " as
mathematical funciions whose values are obtained by the referenca.
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Section 9 The LET statemant
9.2.71 Concrete Syntax
let-statemsnt = numeric-l=t-statemsnt / siring-lest-statement

numperic~lst-statemsnt = LET numeric-variable eguals
AURET1lC-eXpraessinn

string-let-statement = LET string-variabls gquals
string-2xpression
L

9.2.2 Abstract Syntax

is-assignment-stateument = is-numeric-lst-statement v
is-striang-let-statement
{<s-st-name:is-Ylat¥>,
{g~lipns-noriszs-line-no>,
<{s-st-bhody:is-numeric-let-body>)
is~numeric~let-body = (<s-nuperic-variable:is-numeric-variablsa),
{g-=zxpression:is-expression’)
is-string-let-statement = (<{s-si-nane:is-¥igt">,
{s-lina-no:is~-line-no>,
<{8=-st-body:is-string-let-body>»)
ls-string~let-body = (<s-string-variable:is-string-variable>,
<s-axpressionsis-string-expressiond)

]

is-nugeric-let-statnent

9.4 Semantics

exec-assignment-st({stmt} =
is-numeric-let-statzment {stat) =>
gxec-nuneric-lat{stat)
is-string-let-statensnt {(stut) =>
exgc-string-lastistnt)
whers
exec~nunseric~let{stat) =
execute~statement (next (s-line-noistet)))
store (s-numsric-variable,.s—-st-body{stut),valus};
valuessval-expreassion |

J

s-z2¥pression.s-st-hody(stut))

5

exec-string~let {stmt) =
exgcute=-siatement (next(s-iine-no(strt))):
storg{s-string-variable,.s-st-body (stut),valus);
valuezeval-string-sxp(

~2Xpression.s-st-body (stat))

&
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Section 10 Control Statenmsntis
10.2.1 <Concrets Syntax

goto-statement = GO spacse® 70 lins-numbsr

if-then-statment IF¥ relaticnal-expression THEN line~number

relational-expression = pnumeric-expression relation
numsric-expression / string-expression
eguality-relation string-expression

relation = eguality-relation / iI#ss-than / greater-than /

not-less / not-greater

equality-relation = egquals / not-aguals

not-less = greater-than sguals

not-greater = lsss-than sguals

not-eguals = less-than grsater-than

gosub~-statement = GU space® SUB line-number

return-statement = RETURR

on-goto-statessnt = ON npumeric-sexpression (0 space* T0

line~-number { comma line-number )*
stop-statemsnt = 3T0P

10.2.2 Abstract Syntax

ig-control-statement = is—go»to-statemeat v

ls~next-syatﬂmeﬁt
is~go-to-statement = (<{s-st-name 2 is-"goto”>,
{s~lime-po:is-lin=a-no>,
(S'bt‘bOdY'lS‘i ne-H80>)
is~if-statement = (<s-st-name:is-Pif#>,
{g-line~no:ig- llﬁm—no>
<s-st-body: {(<s-rel-sxpiis-relational-expression>,
<s-~dsstination:iis-line-no>) »)
is-go-sub-statament = {(<s~st-name:is-Tgotol>,
<g~line-nosis-line-no>,
<g=gst~bodyris-iine-po>)
{(<s~st-nams:is~-¥return’>,
<s=linsz-noris-line~nod>)
is-on-statement = {({g-st-namsiis-"op">,
- <s-lipe-no:is-line-nod,
<s-3t- Qod“-(<b-ﬂxpL9351on is-numeric-exprassiond,
<gs-dastinatiocniis-line~-no-1list>) >}
is~stop-statement = (<s-zt-nam=:is-%stoph>,
<s-lins-nozisg~ 11ne-ﬁo>}

[k

ig-returp-statemsnt

he for-statsrent and the next-gtatenent i3

The abstract syntax %
on togﬁther with the concrete syntax.

for

given in the next sectic
is-relational-exprossion = (<s-reslationtis-relation>,

{g=cperand-l:is-expression>,

{s-opearand-2: is-expressiond)
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is-relation = is-le

i ter-than v

is-lzss-than-or-sgual-to ¥

is-greater-than-or-aguali-to v

is-sgquals v

is-not-~sgualil-to
is-less~than-or-sgqual-to specifies an =lzmentary objsct which 1s the
transformation of the syatactic element specified by the rule for
not-greatar,
is-greater-than-or-a2gqual-to specifies an slementalry obiject which is
+he transformation of the syntactic element specified by the rule
for not~lzss.
is~not-equal-to spscifiss ar =2l2mentary object which is the
transformation of +the syntactic =lzment specified by the ruls for
not~equals. : '

10.4 Semantics
Successful completion of the function next, which is invoked as part

of the dinstruction exrcut:~“*a ement, guarantses the existanes of
+he line numbers used as destinations of the control statements.

axec~control-st{stmt} =
is-go-to-statement {stnt) =>
exec-go-to-st (stmt)
is-if-statement{stuz) =>
exec-if-st(stnt)
is=go-sub-statement (stat) =>
2xec~go-sub-st (stnt) '
is-return-statement (stuz) =>
exec-raturn-st {stnt)
is-on-statemant{stat) =>
exsc-gn-st{stax)
is-stop-statement{stmt) => pull
is-for-statement {stat) =>
exec-for-st (stei)
is-next-statenent {stut) =>
exgc-next-st{stat)
where:
exsc-go-to-st{stut) =
a2xecuis-statement {
s=-st-body (stnt)}

gxec-if-st{stmt) =
jif-branch{next(s~line-no(stai)),
s=-destination,s-st-body {stmt),truth~value);
truth-valuesgval-Tel-gxp({
gs-ral-sXxp.s-st-body {stmt)}
whare:
if-branch{next-line, branch,truth-valae) =
is-"true” (truth-value) =>
exacute-statspent {branch)
otherwiss =>
execuis-statement {(naxt-1ing)

cyal~ral=-gxp{rel-exp) =
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mode(s-operand-iirel*exp)) # moﬂa(s-oparand-2{rel—ex§3}
ELIor
otherwise =>
is-string-expression(s~cpe:and-3(:el-axp}) =>
gval-string-relif{a,b,
s-ral{rei-exp));
ateyal-siring-2xp(
s-operand-~1(rel-axp)),
bisyal-string-sxpl
s-opardnd-2 {zal-2xp))
is-ﬁam@ric—expressiOE{ogaranéwi{r&i-ezp}) =>
¢val-numeric-rel(a,b,

eval-striﬁg-rel(09-1,0@~2,r@13 =
not{is-equals{rel) v is—aoﬁ~equal—to(:e1}} => £rror
otherwise =>
is-2quals{rel) & (op-1 = op-2) v
is-not-@qual-to(rel) & (op-1 # op-2) =>
PASS: {"trush)
Otherwise =>
PASS: (Mfalssen)

eval-numeric-rei(Qp—?,op-z,rél

is-equals(rel} & {op-1 = op~2) ¥
is-less~than{rel} & {fop1 < op=-2)
is-greater~than (rel) & (op~-1 > op=-2} v
is~less-thaﬁ-or-egual-to(ral) & {op=1 < op=-2) v
is-gzeater—than~cr~equal—to rel) & {op-1 > op-2} v
is-not-egual-to(ral) & (op=1 # o0p=2) =>

PASS: ("true")
otherwiss =>

PASS: ("falsew)

e«

gxXec-go-gub-st (stnt) =
executé—statem@ng(s-st*bﬁdy{sﬁmt});
ga¥e (next (s~line-no (stnt)))
whare:
sayve {line-no) =
s-liae-no-stack:cat{list{iin%-ﬁo),1ine-no—stack3

vhere line-no-stack = s-iine-no-stack (state)

gxsc-return-st{stat) =
o

uxecuteastatemgng(x@—eatry-;t};
re-entry-pt:unsave

where:

unsave =
ig=<>(lins-no-stack) =>
othervise =>

Jets
|t

1~y
b

e

[

N

o
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PAbS hﬁad(lxn?—ﬁ

-5ta
-line-no-stackstall

ruﬁ
s

acx)
{limn:

-n0=-stack)

‘U

exec-on-st {stnt)} =

multi-branch(s-destination.s-st- body {stmt) ,valune
value:eval-round {s-expression.s-st- body {stut)

)3
)

re
val-roand (valus) = v

pass(round (vai}));
val:aval-expression(valus)

multi-branch {line-no-list,valus) =
value < 1 v value > length(line-no-list) => gLIOX
otherwise =2
axecuta-statepzal (
slew (valus,line-no-1ist)
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Section 11 FOR and NEYXT statemsnts

11.2.1 Concrete Syntax

for-statemsnt = FOR control-variable sguals initial-valus 70
iimit { STEP increment )7

controi~variable = siaple-numaeric-variahle

initial-valus = LH&H“lC‘%X?I%SSiOR

limit = numeric-expression

increment = pumeric-sxpressios -

next-statement = NEXT control-variable

11.2.2 Abstract Syantax

¢t

The overall concrete syataz of a for-next block reguirss itk
pair of for and next statcments be so physically arrangad
program that the next statement physic cally follows the for statenss
and has the same control vafiable. Further, any other for-nex
blocks must be completely contained within the enclosing block., *

£

rt et

a
i

N
L

j
s

L

=t

i

{

)

E'r) [ e
e e

i

{

is-for-statement = {{s~st-namsiis-"for"¥>,
<s-line-no:isg-line-no>,
<s-zt-bodys (<s-indexzis-numeric-variable =>,
<s-iimits:is-for-limits>) >)
is-for-limits = is-numeric-expression-list

Ia the abstract form, the limits are in the order initial-value,
limit-value, and increment-value. if +the increment-value has not
been specified in the original text, +the translator supplies the
value of unity.

il

s-next-statemnsnt {(<s-st-name:is~fnext¥>,
<s=linz-no:is=-1ine-nod>,

<s-st-bodyris-numeric-~variable>)
11.4 Sepantics

gxec-for-st{stmt)
fest-range{limi

r!* ]
U’
UI
ot
=]
i
Sisr
- %

S

The Backus~Haur Form of syatactic specification is not capabls

of expressing these contaxtural zagazrmman 3. Whilst other forms of

specification have bzen proposs Lo control such relationships,

there is no commonly accaptad »'»cvrlcatlor form. Thus %= assuans
RN

D""’L&J

that the raunslator, in the 32 of transforming the +tsaxt frow
concrete to abstract form, ts for these gituations and Teiscts
prograws which do not COBfOLuo

For proposed foras of contextural specification sea: '

s

&g

DR w b
&

Les, J.A.8. and hoiocaf, da, Conditional Syntactic Specification
proc. ACHA National Confarsnce, Atlanta, Ga., 1973.

Ledgard, H.F., Production Systsms, Communications of tha ACH,
Yolume 17, Numbsr 2, February 1974,
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§gggg(s-iﬁdex,s-$t*body(3Lm £} yelem{1,limits)};
limitsieval-limits(s~linits.s-st-body(strt),<>)
upstack (a);
azchack {(s-index.s~-st-Dody (stHt))
where!

test-rangs (limits,stmt) =
{(ownl -own2) x sga{own3) > 0 =>
ogecuts-statenant {(next {s~1lina-no{
elen (least (thosesl .
{is-naxt-statenent (2l=an{i,text})) &

s=line-no(slew (i,text)) » s-line-no{stmt} &
s-st-body (elem (i,taxt)) = s-index.s-st-body(stui;) ),
taxt}})

othervwiss =>

execuie~statenent {(asxt {s-line-no(stat})) ;
stack (list {ownl,own ? 0wa3fﬂmx {s-lins-no{stmt)},
s-index.s-st-body {stut)))
{note: ownl = elem(l,iinits),
own?2 = elew(2,limits),
ownld = elen{3,limits} )

stack (for-1list) =
s-for-stack (state):cat {iist (for-list),for-stack)

note: for-stack is the name of the s-for-stack-cemponeant of the
state of the basic machias.

the elewentary function lsast is defined as follows:
least {3et} =

crd{set) = => ®LYOQT

crd{set) = 1 => (thatsi) (i is-an-slemzut- ~of set)

otherwise => {that:i) {{for all j is-ap-elsment-of sei} &
(i £ 1Y)

where the elementary function crd returns the cardinality of the sat
passed as the argumant.

unstack (valug) =

value = 0 => null
Otheiwise =

e e e . e e

anstack-on=

anstack-ong =
s-for-stack:tail(for-stack)

check {var) =
Tgs-undef{{that:i) {zlen (5 .elen{l) (for-stack} = var)} =>

PA3S:0 '
otherwise =>
PASS:{that:i) {glen(5) .elen{l) {for-stack) = var)

eval-limits (exp-1list,out-list}) =
eval-sxp-iist{exp-list,out-ilist)
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EX2C-n2Xt-St (stmt} =
;gg;-done{1imits,indsx-vaiue,next{s-line-ﬂo(Stmt}},a};

1imit§;qeg-stacx-limigg(a};
atchack (s-st-body {(stnt))
index-valuesfetch(s-st-body (stat))

Where:
§§§§—§9§§(limits,value,ﬁ&xt,stack-poiﬁte:) =

(value - own2) x sgn{own3) > 0 =>

2Xxecuta-siatemapnt (next) ; b
anstack {stack-pointer)

Otherviss =>

gXgcute-statenant (block~head) ;
storg{s-st-body(stmt),valus + ownl }

get-stack-iimits({valus) =

In conforming to the specificaticans proposed by the X3J2 committes

value = 0 => error
otherwige =>
PASS:elen(value) (for-stack)

{(note: ownl = elen(t,linits
oWn2 = slem(2,1inits
own3 elesn{3,linits

block-head = elenm (4,

4
i4

}
)
)«
liwits) )

3t e 50 ok ARl K K

L

the following interpretations are used in this docunmsnts

its next statement is definsd fo be any next statement in the
pProgram sequence which has a higher 1line-pumber and +he sa =
control variable as some cxistant for statepent. This dimplies
that it would be allowable to branch from the middle of
for-next block into the middle of another for-next block having
the same control variable and return succ=essfully to  thae
riginal for-next block upon executing a next statement, While
executing a next statement, Lif the interpreter finds +hat the
associated for-block is to be terminated, all nested for-blocks
are also terminatsd a

o

5 part of tiLis process. Exsecuting a next
statement without first having exsecutad a for statement with tha
same control variable produces an error,

3 g ok o o R oK
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Section 12 The PRINT statsment
12.2.1 Concrste Syntax

?

sparator )% print-item?

print-statement = PRINT print-iis
print-list = ( print-itsm? print-
print-item = expression / zab-cal
tab-call = TAB ops:n ru&,r*c-:xp-e
print-saparator = comma / Sehicoclon

end=-of-print-line = ipplsmentation“d=finad

b

o w
Pt b
Ui b= it

Ui

ion clpss

]

12.2.2 Abstract Syntax

is~inpput/output-statsaspt = is-print-statement v
ig=input-statemsent v
lg-restors-statenpent v
is-read-statenent
is-print~statenant = (<s~sz~aame:ib-“§rint“>,
s-linse=-noiis-line~no>,
<b-bt"30 yrig-print-list>)
is-print = is-expression v is-punctuation v is-tab-call
is-punctyation = is-comma v is-semicolon v is-carriage-raturn
is-tab-call = (<s-fn=-nams:is-"iab¥>,

<s-argumantiis-nunsric-expression>)

A carriage-retura is addsd tc a print list by the <translator whan
the terminating print elemsnt is not other punctuation; that is, is
not sither a comma or a ssnicolion. This also includss the empty
print list.

12.4% Semantics

exec~-i/o-st {stut) =
ig-print-statemsent {stat) =>
exec-print-st {stm%)
is-input-statementi{stnz) =>
2XeC-input-st (stat)
is-rastors-stateasent {stmt) =>
2xec-restore-st (stut)
is-read-statsment{gtut) =>
exec-rezad-st (stnt)

2¥ec-print-st{stmy) =
gxscute-statement (naxt {(8-1line-no(stat))) ;
print {s~-st-body (stnt})
where:
print (out-list) =
ig~-<> {out-lisgt) =>
is-string-exprassion{h
pzint{(tail(out-list)
output(valusz) ; :
valu=:isval-s tfiﬁu“iXD{hEaﬁfﬂﬂi‘liSt}}
is-punctuation {head (cut-list)) =>
prini(tall {out~-1ist))
ouﬁggt{head{mur iisty)
is~numeric-expression (head (ocut-1ist)) =>

gad {cuz-1list)) =>
)3
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print(tail(out-list)):
output {valus) ;
valuas:c val-~g9i S5
is-tab- call(hwaa(out—3ls
print{tail {out-1ist));
output{tab(valu=));

{head (out~1iigt})

value:zaval-reound {s-argunent.hsad (out-11 ist})

The tab function is an elepentary implementation defined function
which returns a character string composed of spaces and/or 3
carriaga retura waich conforms to the specifications sat by the X332
committes, If the evaluated value of the argument to the +tab
fanction is less than 1, the valus of unity is suppli=d by ths
translator.

cutput (element) =

s_kbd—output;cat{s~xbﬁ-out§ut(5tate},lisi(element})

The semantics of the print statemsnt are such that the output is
assumed to be an uabounded list of outpnt elements; these selenents

are composed of the following three types:

numeric value representations

character strings and

puanctuation marks.
The punctuation marks are accepted by an implenmseptation daf
paripheral processor, so that the eventual catout conforms to
specifications of the standard. Included in the set of puncLuatl
marks is the carriage retursa, Normally, a carriage return is OUEp
at the complation of the output Ffrom a ulnglﬂ print statement; thi
is accomplished by the tLan%la 0T inserting the carriage return in
2ach abstract form of the print statement as an and of statemen
marker, This character coaforms with +the abstract syntactic
specification is-punctuation and therefore is output by
interpreter.

(=L
(=

st

il": (SR

HY

{1 e

o

ot

i-"'"'jf‘i”l‘““

+

s
=i
i
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Saction 13 The INPUT statsment

13.2.1 <Councrete Syntax

input~-statenent = INIU? variable-1list
variable-1list = variable ( comma variable }*
input-proapt = implementation defined

input-veply = data-list snd-cf-input-reply
data-list = datum { comma datum }* .

datum = constant / unguotad-string
end-of-input-reply = iaplamentation definsd

13,2.2 Abstract Syntax

-input-statement = {<s-st-namsiis-Yinputh>,
~line-nosig-iins-no>,

Ks-gt-bodyris-variable-1list>)

is-input-prompt = implsmentaticn deafined
13.4 Semantics

gxec-inpui-st (stmt) =
sxecutz-statensnt {next (s-line-no{stnit)});

input {s-st-body{(stmt),s-xpd~input {state));

output {input-prompt)

#here ¥input-proapt® spezcifies the character which

the spscification is~-input-promnpt.

wharea:
input{input-list,value-list} =
is=-<>{input-list) %
not-<>{value-list} =>
outpui (input-prompt)
otherwise => null
iz=<>{value-1list) =>
input (input-list,s-kbd-zuput{stata});
cutput (input-prompt)
otherwise =>

input(tail {input-list),tail{value-list});
store (head (input-1list) ,head(valuse-1list))

-,

Note that although the specifications for
inciude a rsguirsment that the sode (numsric or sitring)
of the input list and the data be egual, the ssmantic &“50#1{
this check is <contained Iin the interpretation
instruction. The requiremsnts for ths form of
including numeric and string conversion errors are handled

3

the inpux

corresponds

l"’ m ek
]

U OB

(=

translator in forming *he s-kbd-input component of the machine.
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Section 14 The DATA, XEAD, and RESTORE statementg

14.2.71 Concrete Syntax

il

data-statement DATA data-~-list
read-statemsnt = READ variable-list
restorse-statemsnt = RESTORE

14.2.2 Abstract Syntax
v

is-read-statemsat = (<s-st-name:is- Uraadh>,

rigs-1ine- Q)

iis=variable-1ist>»)
is-restorg-statement = (<s-~st-naneiis ~¥ragtore>,

-no:is-line~-nod)
The data statement is a non-executable statement in  the PEOGLaTa.
Non-executable statemenis are replaced, in the tzxt of tha program,
by empty statements (with the sxception of the END stat
section 4), since their contents are not to be inter rpt
instead direct the interpretation of the progran.
The abstract syntax for the empty statsment is:

is-2mpty-statement = (<{s-st- zamt:is~"emp LA
<s=ling-noiis-lins~-no>)
statsaent are sot included in the absiracs
text of the machine. Instead, the data elements are contained in a
special componsnt (the s-data-list compon=snt of the abstract
machine) which confornms +o the specification:®
is-data = is-constant v ~unguoted-string
Further, a spscial pointer 18 paintained in a register known as the
s-key-component of the abstract machine, which signifies the next
available data element to be rtead. This register conforms fo tha
specification is-integer. Initially, the contents of the register
are set to unity, indicating that the first slement in the data list
compopent 1s ths next availabls data element +o be read by a read
statenent. The restore statament also cperates over this
s-key-component.

The elements of +the data

4.4 Semantics

The interpretation of the ewpty statement is specified in
section 4.4 ,

£xgc-read-st (stat) =
eXxecute-statenent (next {s~-lins-no{stnt))) :
perforp~read (s-st-body {stmi))
where:
perform-read(var-list) =
is=<>(var-list) => pull ,
otherwise =>
perform-read{tail {var-list));
apdate-key (kay+1j ;
storz{aead (var-list,slen(key,data~1ist})
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Where data-list refers fo the s-data-iist component of the stats
represents the sat of data @lesasnts which were derived from ths
of data statements ip thé progranm,

key = s-key(stats)

update-~-key(value) =
s-key > lengt hidata tist) => srroz
otherwise => s-keay &

exgc-ragrore-st{stmt) =
cxXecute-statement {next{s-Lline-ao{stmit)}));
apdate-key( 1 )




Hinimal-Basic-Formal-bescription

"
et
ik
4ad
b
\l)

Section 15 Array Declarations

15.2.1 Concrets Syntax

dimengion-statement = DIY array-declaraticn { comnmsa
array-dsclaration )} *
array-declaration = numeric-array-name opern bounds close

hounds = intsagser { comma intsger )7
option~statement = OPTION BASE { 0 / 1}

15.2.2 Absiract Syntax

The transliator does not incliude elements of dim statemsnts within
the +textural part of the abstract machine; instead, the dim
statement is replaced by an empty statement {See -sec¢tion 4) with the
same line number; the data relative to arravs is recordsd wicthin the
symnbol table. Within that table the array atiributes are racordsd
in accordance with the spe ulfLCaiLOR;

=

is-variable-data which is defined in section b.
ig-dimension = {<s-uppsr-bound:is-integsr>,
<s~lover-houndiis-integar>)
Where an array 1is not explicitly dimsnsionsd by occursnce in a dim
statem=nt, the s-vpper-bound.s-dinsusions,s-attributes component is
set o contain the valns {s) 1G, and the
s-lovwsr-bound, s-dimensiong.s-attributes component is =S8t to contain
the valus{s) 0. During *the transformation £rom conciste to abstract
form, the +translator ensures that all arrays contained in  ths
program are daclared explicitly in a dim statement only once.
Similariy, an option-base statement if present 1in the program is
replaced by the empty statement and the information containsed in the
body o©of the statement 1is rTecorded by the traanslator in ths
s-options~component of the machina. In setiting the lower bounds for
arrays which are implicitly dimensioned, the translator utilizes the
value supplisd +to it by the opt101-ba5ﬂ statement if one has besn
shcountaered or uses the valus of 0 if no option-bass statement 1s
present in the program. It is the task of the syntactic analyzer to
ensure that the option-base statement occurs on a physically lower
numbered line number than any dim statemsnt in the program and that
dim statem=snts occur on a physically lowser numbered line nuwmber than
the first reference to any array which is declared in a din
statement. If during the transformation of a diz statemsnt, tias
transiator detsacts tha:t ths lower bpound declared im ths dim
statement is lower than the Dbound declared through an option-hass
statement, an error 1s produced and the statement is reiscisd.
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Segction 16 User Defiped Functicns
16.2.1 Concrete 3yniax

def-statement = DEF numeric-dafined-function parametsr-list?
equals numeric-sxprassion
numeric-defined~function = T¥ letter
parametar-1ist = open parametzr close
parameter = simple-numeric-variable
-

16.2.2 Abstract Syniax

The transiator dogs not iaclude elisments of def statements within
the textural part of +the machine. Instead, the def stateament is
replaced by an empty sStatsment {ss= sS=ction 4) with the sawns lins
number and the information relative fto ths evaluation o©f thsz
function is recorded within the syambol table. ¥ithin that table the
definition is recordad in accordance with the specification:

ig-def-atir = (<Ks-nameris~-funcition-pame>,
{gs~attributes:is-paranecter~lisgt>,
<s-valuezig-def- eypzassicn>}
is~def-e2¥pression = 15 dzf-infix-z2xpression v
s-def-prefix—-sxpression v
13~pdraaeter v
is- nhwarih~00ﬁs+aa% v
igs=def-function-~refsrencs
is-def~infix-sxpression = {(<s-operator:is-infix-operator>,
{g=-opsrand-1rig-def-expression>,
{g=operand-2:is-def-sxpression>)
is-def-prefix-axpression = (<s-opsrator:is-prefix~operator>,
<s~operand-t:is-def-sxpressiond)
is-parameter = (<s-function-name:is-user~-defined-nanme>,
<s-local-nams:is-simple-numsric-variablal)
The transformation from ths concrete syntactic forwe to the abstract
form of a parameter, appands the namse of the user defined function
to the the parameter s0 as to distinguish both between similarly
named parameters in differing functicons and betwsen the parameter
and the global ariable of the same nane. This distinction
apparent in the original text only by usge of the contsxt.
is-user-defined-nams spscifises an  slementary object which is a2
transformation of <the syantactic element specified by the zTuls for
numeric-defined-function.

t

(R
o

is~def-function-referencs = {<s-function-namezis-function-nans>,
{s=-argument-listyis-def-axpression-
ligt>)
Ir building the symboel tabie, The transliator ensures that only ons
definition is given for sach user defined function and that such
definition doses not contain any function which references fﬁﬂl
inside its own definition {r=cursive functions ars not allogad).

!“li:*-'ne

16.8 Semantics

gt #*gg En(defn,arg-list) =
s-null{defn) v
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t

length(arg=-iist} # length (s-attributes(defn)) => error
otherwise =>
gval-def-exp{s-value (defn

)i
bass-args {s-attributes{defn),arg-list)

LY

whare:
pass-ards{par~list,arg-list) =
is-<>(par-1iist) => null
othgrwise =>
pass-args{tail {par-iigt),tail{arg-iist));
siore (hezad {par-list) ,head (arg-1list})

gval-def-exp{exp) =

is-infix-def-axpression =>

int-infix~def-exp(
ab,bo

azeval-def-21¥p{s
bieval-def-23xp(s- ow
is-prefix- -def- EXPLess 10%{3

int-prefix~def-axo{(

L) (il e

a,s-ocperator {2¥p));
azgyval-def-exp{s~overand-1{exp))
is-numeric-variabls{sxp) =>
fetch (exp)

is-string-variable (sxp) => =zrror

is-numsric-constant {exp) =>
PASSiexp

is-string~constant {£Xn) => 2rror

is-def-function-reiaerencs {gxp) =>
int-def-in-zref (2xp)

is-parameter{exp} =>

fetch (exp)

int-def~fn-zef (ref) =
int-fan-ra f(s-fanction«admwil
value- listyeyval-def-2x3

value~-list) :

s
1k {

I m i‘“h

U“:

s-arguament-list {ref) , <>
eval-def-exp-list (exp-list,out-1list) =
is-<>{exp-1list) => PASS:out-liist
otheryise =>
aval-def~exp-1list{
tail (zxp-list),cat{out-list,list (exp));
expreval-def-explhead{sxp-1list})
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Section 17 The RANDOHIZE statenment
17.2.1 Concrete Syntax
randomize-statement = BANDOKIZE
17.2.2 Abstract Syntax

is-randomize-statepent = {(<z~st-pamesis-"randonizes?>,
R

ine-np:is-line-nod)
17.4% Semantics

exec-randomize~st (stmt) =
executemstatementiﬁext(s-iiae-no(stmt}}};
randomize

¥here the instruction randonmize is an implementation gafin=d
instruction whose execution gsnerates a new, unpredictable starting
poeint for the 1list of pseudo-random nunbers used by +the 1ond

function.
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Section 18 REMARK statempent

18.2.1 Concrete Syntax
rTemark-statenent = REM remark-striang
18.2.2 Abstract Syntax

b

In the translation of +h
remark statemesnt is  +r
saction 4)

= concrats  text into the abstract form,
ansformed into an empty statampsnt.




