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' MJiODlJCTIOH

In a proviour report C13 v/e have illustrated the appli

cation of o'-ir syntactic aiv.l semantic conventi ons to the for

mal df^scription of several prograriming languages. These con

ventions have since been modified and extended in a number of

ways, and they have themselves been thoroughly documented C2].

The present report supersedes those sections of Cl3 which con

cern themselves with formal syntax and semantics# Since the

authors of the various sections of C13 have finished their

studies, it was decided to start anew, rather than making modi

fications and extensions to C13#

Cur basic goal in developing a method of formal syntactic

u'ld so.aantic description has been to develop such a method with

the following two propertiess

(a) It should be applicable to commonly used progro,rjning

Ir.nguages, rather than to languages invented for the purpose

of illustrating the description method# This property of our

method is illustrated here, by descriptions of POBTP.ATJ, COBOL,

ALGOL 60, BASIC, LISP, PDP-8 assembly language (PAL-III), antl
Burroughs's systems programming language (BPL)#

(b) It should be amenable to proofs of correctness; that

is, given a formal description in this form, one ought to be

able to prove that a program written in the described language

is correct# A doscription of how this is done has been given

in a recent doctoral dissertation C33 written by a stu4©nt of the

first author named above«
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Preliminaries

Letters

^etter^ : a^b ^d|e\ f\g\h| i| j]k\l{ni [n|o|p|q |s |t|u jv jw|xjyjz|
A^B^C^D ^[F[GiH|l|j|K\L|M^N|o|p|Q|p\s\T|u |̂w^\Y[z

Logical Values

^ogical value^ :;^-t^e|f^se
Identifier

^dentifiei^ :; rr^etterM^identifier^ ^etter^j <Adentifie^ <4ig4^
Expression

^xpression'̂ w: :r: Arithmetic expression^a; x*boolean expression^ b;
X:expression^ d
<^alue^ w'(S)= a'(S); x'(S> b''(S); y^(S)=-d''(S)
<4xit>w''(s) =a^(S): x^(S)-b*(S); y''-d''(S)
/side-effect) w® (3)-a®(S); x®(S)=b®(S); y®(S).=d®(S)
^nviroiunent"^ a^=. w^; b^=-x^;
<fL-value>w^(S) =a^(S): x^(S) =b^; y^(S)jrd^(S)
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Numbers

<(digit>a: :==»0«; cf::2»2»; £::-'6';

value a^-O; b = l; c^=2; d^=3; f^-5; g^6; h^7; i^-8; j^:r9;

unsigned integer^ x-u; x*'-^^signed integer) z ^digit> v

Rvalue) x^=u^; y^lO

<(lengtlv' x^l: 1

dependent on v/ord size of computer /

<«:

^integei^ x: :=^unsigned integer) uj. x* • ^xmsigned integer) v
z: ^unsigned integer) w;

A Rvalue") x"^-u^; z^-w^

(decimal fraction) £::=»•» ^unsigned integei)i
^ (value) f c iVexp (10,i^)

(exponent par^e: (^integer) i.
^ (value) e^= exp (10,i^)

(decimal number) x:: ^(unsigned integer);^; :x-;-fra£;bipn)f;
•*« z: :s(msigned integer) v (decimal fractior^£

y , \ V V V ^v V V V(value) X ^u ; y z.f ; z=:v+g

<(typ^ x^- integer: real; z^=real;
/•t

_ <^unsigned numbe]) x::^<(&eclmal numbe])^^::>^xponent part) p; z: :-^ecimal
numbei?) v ^exponent part)a
^alue) x^-u^; y^p^; z^v '̂
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^type^x ::u^; y- real; real:

(^number) x::-(unsigned number^ u; '<unsigned nuinber> v;
z::?=8-« (unsigned number^ w;

<yalue)x^iu^; y^v^; zl^r

<fcype>x^ ~ ; y^=rv^; z% ;
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Arithmetic Expressions

^dding operate]^ p:; m::
. b

^inary functio]:^ p n plus; m —difference

^unary f unctioi^ p^~ indent; m^^:; neg;

^multiplying operatoi^ = 'x'} r: ; i,:: r 'x'
b b^binary function")^ t r=.times; r~rdiV; i nidiv

<primary> w: := ^unsigned number^ u; x: ^variables"^ v; x«

designator'̂ f; z: *(' ^arithmetic exp^ e')'
^xit"^ w^(S) =noi^l; x^(S) n:v*(S); y*(S)«='f^(s); z^(S):=re^(S)
Cl- valu^ u^(S)=rerror; x^(S)v^(S) ; y^(S);i error; z^(S>::i error

• <VV/VA^

<side effect> w®(^= S; x®(S)= v®(S); y®(S>=- f®(S); z®(S)cre®(S)
<valuey.V7""'(S)= u^; x^(S)—if x^(S)^normal then nong else v^(S};
y^(S)=: if y^(S)ztnormal then none else f^(S): z^(S)=^if z^{S)5^

2;5^SS?* then no3gie else e^(S)
^environment^ x^; f^^ y^; e^—

<;tactor> x:: sii^rimarj^ p; :'=:^factor> z- '>^^1 ^rimary)p;
-^exit'̂ x^(S)=p^(S); y^(S)='j^ z^(S);j^ nonn^ then z*(S) else
q*(z®(S));

^side effec^ x®(S)^p®(S); y®(S)^^ z^(S) p/normal then z®(S)
else p®{z^(S))

^alu^ x^(S)=:^ x^CS);;^ normal then uon^ else p^(S);
y^(S)^ijr y*(S);t normal then. else exp (z'̂ CS), q^(z®(S))

<^environraent^ \ z^= y^; q^^ y^
/L-value"^ x^ (S) =. p^(S); y^ (S) = error
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^ermy x::-^aotor^f,; z^multiplying operator)> o
^actoi^ ^
<exit)> x^(S)^?: f^{S); y*(S)r::j^ z*(s)^:^nial then z^(S) else
g''(z^(S))

^side effec^ x®(S)=f®(S); y®(S)^^ z®(S)
else g®(z®(S))

^value^ x^(S)^ if x*(S)^nd™al then nggg else f^(S); y^(S)=»if
z*(S)7tnorm^^ then ^ogg^ else o^Cz'̂ CS), g^(z^(S)))
Environment^ x^; z^=:y^; g^ y^
E.-value^xl(S)::rf^(S); y^(S)^er^

Eimple arithmetic expression^ x:;~ ;i::z:4(ad.6.1ng operator)^
a arithmetic expression^ £ operator^

b Z

<exit)> x^(S)=: t^(S); y^(S) =: u^(S); z^(S) = jX s^(S)^ noimgl t^
s^(S) else v^(s^(S))

Ealue^ x^(S)si ^ x^(S)':^ ^Si2!9^ then no^ else t^(S); y'̂ (S) rz if
yX(s)^nc2^1 then ^ne else a^(u^(S)); z^(S)=if z*(S)^nojTOal
then nqiie else b^(s^(S), v^(s®(S))
Environment") t^-=x^; a^rxy^; s^- z^; v^jr
EL-value> x^(S)^ t^(S); y^(S)=.err3r; z^(S)=^ error
Eide effect) x^(Sl-t®(S); y®(S);;u®(S); z®(S):s if s^(S);fc noraal

, ^hen s®(S) else v (s (S))
clause^ i::5:'if* /Boolean expression) b 'then'

N y — \ ^ <Wv^

Exit^^(S)::: b^(S)
Eide effect^ i®(S)crb®(S)
Rvalue) i^(S)=:jjr l^(S)^norTOal thenjipne else b^(S)
Environment^
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Arithmetic expressioi^ arithmetic"^ £; X:: —^if clause^
i arithmetic expression^ t expression^

z

Axit^ x^( S)^ s*{S); y^( S) ^ if i*{S noimj^ then i^( S.). else
if i^(S) then t*(i®(S)) else z*(i®(S))

Aid.® effec^ x®(S)^s®(S); y^(S)s:^ i^(S):|:.nogig3^ then i^(S)
else if i^(S) then t®(i^(S)) else z®(i^<S))

x^(S)=i>ij^ x^(S):ji^rgi^l then none else s^(S); y^(S)^ if
y^(S)^noraal then 5gne else if i^(S) :then t^(i®(S)) else z^(i^(S))
A^-vironmenl^ x^; y^; t^^ y^; z?^y^
A-valued x^(S)=- s^(S); y^(S)= error
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Boolean Expressions

^relational operato^ ui:—v::-=. w:::= 'c:'; x:

x: *> '; z:';t *

<^inary operatop^ u^r less; v^- notgreater; equal ^
x^si notless: y^r=. greater: not equal

^elation^ r::- pimple arithmetic expression^ x^elational operator;^
o pimple arithmetic expressior^ ^

^xit^ r*(s)- ^ x*(S)?^ then x*(S) else y*(x®(S))
<side effec-^ r®(S)r; if x*(S)gfc nonnal then x®(S) else y^(x®(S))
<valueS r^(S)^ if r*(S)^^ normal then none else ©^(x'̂ C s)) ,y^i (x®(S)))

X -/ ^ II LIL,_J1L rnmrnmimtmm

Environment^ x^— r^; y =.

Eoolean primarj^ valued u; w::iEariable^ v; x:: =
designator) f; X" Jl! 2."~ *(' ^Boolean expressio^b ')'
<exlt)t*(S)c n^al; w*(S)5;v*(S) x*(S)=f*(S): yX(S)?. r*(S);
z*(S) = b*{S)

^side effect t®(S) = S; w®(S) =• v®(S); x®(S)=f®(S); y®(S) = r®(S);
z®(S)=:b®(S)

<value"> t'^(S)-5.u^: w^(S)-=: if w*(S)^ normal then none else v®(S);
^ ^ ' «>vvv^ Vi«K " ' ' -

x^(S)-y x^(S)^ normal^ thgn none else f^(S); y^(S) =i^ f*(S)
normal ^en none else r'̂ (S); z^(S)=i if z*(S)^
els^ b^(S)

^environment^ u^=::y^; v^~w^; f^=: x^;ry3: y^; by^z^

<L- value^ t^(S)—er^r, w^(S)^v^(S); x^(S) =-e^riw; y^(S)=: erro^-
z^(S)^ error
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<^oolean secondarj^ s (Boolean. primary> £; t::=^ 'rr boolean p£.imary> £
<exit^s^(S)=:p^(S); t^(S)=i qX(S)
<^side effect) s®(S) —p^(S); t®(S)=- q®(S)

Aalue>s^(S) =• if s^(S)^ normal then none else p^(S); t^(S)=-if t*(S)9^=

normal then none else q^(S)

<environmen0 p^s s^; q^ = t^
^ 1

^L-value) s^(S)— p^(S); t (S)^

/Boolean factor^ x; :=^oolean secondarj^ s; (Boolean facto]^ z'A *

^Boolean secondary^ t

<^xat^ x*(S)—S*(S); y^(S)=^if z^(S)^nonigl then z*(S) else
t*(z®(S))

A

<;|̂ side effect x®(S)z: s®(S); y®(S)rr z^(S)j:. normal then z®(S)
else t®(z®(S))

<(value^ x^(S)~ ^ x^ (S)4^ nonnal then none else s^(S); y^(S) =if
normal then none else and (z'^(S), t^(z^(S)))

^environment^ s^-= x^; z^=: y^; t^— y^
A-value^ x^(S)=: s^(S); y^(S)=: error

<(Boolean term^ x: :=r <^oolean facto^f; ::=^oolean term7 z
^ ^Boolean factor^ £

<^exit^ x^iS)= f^{S); y*"(S)=:i£ z*(S)9fc'noimjal then z*(S) else
g*(z®(S))

^ 4^ide effect^ x®(S)=f®(S); y®(S)=:if z*(S)^norTOal then z^(S)
else g®(z^(S))

^ /valued x^(S)=y^ x*(S)^noimi^ then none else f^(S); y^(S)=- if
y*(S) normal then none else or (z^(S),g^(z®(S)))
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^nviroiunenl^ x^; y^; y^
<'L-value> x^(S) r f^(S); y^(S):=:^»rw

implication^ x:;::: ^(Boolean tenn> t; ^~ ^implication^ z O'
^oolean term^ u
c^exit"^ x^(S)3 t^(S); y^(S)z: if z^(S) nonnaj^ z^(S) else

u^(z®(S))

<Cside effec^^ x^(S)ci t^(S); y®(S)=Lif z^(S) normal then z®(S)
else u®(z^(S))

K^-alu^ x^(S)c if x^(3)96normal then none else t^(S)r=:if
y^(S)-^normal then none else implies (z^(S), u^(z®(S)))

<invironment^ t^ x^; z^ss-y^; VL^zzy^
^L-value^ x^(S)r: t^(S); y^(S) terror

^simple Boolean^ x: ;j= ^implication i; ^simple Boolean^ z
implication^ 2

<(exit)> x^(S)=: i^(S); y*(S)^iX noijml then z^(S) else
j^^Ci^CS))

<side effect x^{S)^ i^(S); y®(S)^if z*(S)^normal then z®(S)
else j®(i^(S))

(valu^ x^(S):zif x^(S)j^nog^ then else i^(S); y'̂ (S) =if
y^(S):7^no^al then njjg® ®^se equivalence (z^(S), j^(z®{S)))
Environment^ i^^ x^; z^zz^y^; y^
^-value^ (S)=: i^(S); y^(S)=.error

^oolean expressioi^ Boolean^ £; claus^ i,
pimple Booleai^ t 'else* ^oolean expressioi^z
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<^exit]> x^(S)c: s^(S); y^(S)= if i^(S)^nor2m^ then i (S) else

if i^(S) then t^(i®(S)) else z^(i®(S))

<^side effect^ x®(S)=. s^(S); y^(S)« If nomal then i®(S)
else if i^(S) then t^(i®(S)) else z®(i^(S))

/yalu^ x^(S)z: if x^(S)3^ n^ggl then none else s'̂ (S); y^(S)=rif
y^(S)iinormal then none else if i^(S) then t^(i®(S)) else

— —— —^

Z^(i®(S))

^envirohment^ s^si-x^; y^; t^=iy^; z^ y^
/L-value'^x^ (S) ;r (S); y^ (S) —error
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Designational Expression

<iabel^ x:: ==-^identifier)^ i; :=i^;jmsigned integer'̂ u
^witched identifier^ :;.=r^dentifier^
^switched designator]) d; :c: (switch identifier]> s 'Q' ^^subscript

expressioi^ e'JJ '
^abel fimctioi^^
^environment^ y d^
/exit^ d^(S):=:if e^(S)-^normal then d^(d^(s,e^(S) .label)).

(d^(s,switch range

^side effect") d^(S)^e^(S)

^mple desgnational expressior^ x;:=:^abel^ a; ^switch designator]^
d; z:: 5= ' (• ^designational expression>^ ' )•
^label funcior^ ^
^a a a a
d =: y ; e cr z

^exit index^ x*(S)Sx^(a); y^(S)=:.d*(S); z*(S)=.e*(S)

^side effect^ x®(S)s=.s; y®(S)::id^(S);
^nvironmen-f^ ei^=zx^; d^y^; ey^s z^

<4esignational expressioii) x:;-<^simple designational expresf.sion^ d;
;y:::=^if clause^ i ^simple designational expression'̂ e 'else'
^esigwwtional expression^ z
^label funct3iDii)> ^ d^srx®'; i^^y®*; y^; z^^ y^
<exit inde^ x^(S) - d*(S); y*(S)=L3^ i*(s) normal then i*(S)
else if i^(S) then e^(i®(S)) else z*(i®(S))

<side effect)^ x®(S)rsLd®(S); y^(S):z.ir i*(S)::jtnormal then i®(S)
else i^(S) then e®(i®(S)) else z®{i®(S))

^environment)^ d^rx^; i^:=» y^; e^« y^; z^- y^
^-valu^ x^(S);:: error; y^(S)~ error
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Variables

^'ariable identified : :—^identifiei^
/array •idieAti^e^ VV's;" '4^^ t;l r

/simple variably v:; :;::L<variable identifier^ i
<5raluedv^(S)j= if v^(v,pom)—name then (u,e,x,) else S(v)
/side dffect^ v®(S)=: if vy(V,pom) —Jiame then e(S) where S(v)~ (u,e,a()

else S

/exit> v^(S)-if vy(v,pcir):=: name then e(S), where S (v)= (u.e.x)

else:S

^-value^ (S) =: if (v,^name then u( S) where S(v)=: (u,e,x)
else V

(v^(v,rank)::: o)

Subscripted expression^ £: := expressioid £
/yalue"^ s^(S)=i iJT s^(S)^n^mal then none else e^(S)
(e^(S)= integer)

/exit^s^(S)- e*(S)

^side effect^ s®(S)=: e®{S)

S^^vironraent'd e^=js^

Subscript listd x:/subscript expression^ £; S^^script list^
z /subscript expressioid t

/n-tuple of values) x^(S)= s^(S); y^(S):=r^ y*(S)96:no0Bal then
else concat (z^(S), •,»,t^(S))

z*(<Su)^A^Bal then)^z*X5). elW' i^!(z(S)
/side effect) x®(S)^ s®(S); y^(S)=:if z*(S):^normal then z®(S)
else t®(z®(S))

plumber of subscripts^ s^=r 1; yL z^-Vl
/environmenld s^nx^; z^si-y^; t^s^^y^;
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<4ubscripted variably s::=.<array identifiei^ a • • <;^subBoript list^

1<(L-value)» s (S):zif sy(a,pom)-=: name then u(S) where S(s;) =(u.e,x)
el^ ^ s (S)^ normal then ngne else concat (a*' (^ •,t^(S),' ^ )
^side effec^ s^(S)j:: s^(a,piQir)z; 3:^e_ then e(S) where S(s;)c: (u,e,x)
else t®(S)

^alu^ s (S)n s^(a,pcm)-aa.name^ then (u,e,x) else if s*(S):r
noggl then 2^n^ else S(s^(sn
^limber of subscripts^(S)5s:t^(S)
Environment^ a^c:. s^; t^=: s^

(S^(a,ra555)-=^
<fexit'> s*(S):;;: if s^(a,pcm) ==rname then x(S) where S(B)a: (u,e,x)
else t*(S)

<^ariabl^ x:pimple variabl^v; x* Subscripted bariable^s.
4alue> x^(S)^v'^(S); y^(S)^s^(S)
<:pxit>x^(S)^v^{S)> y^(S)'SLs*(S)
Environment^ v^z: x^; s^-y^
Eide effect> x®(S)z: v^(S); y®(S)~/(S).

4;;t-value^ x^ si^v^; y^s
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A Prelude to My Block Structure Discription

A arrangment of Algol blocks within a programi may be looked

upon as a set of sequences. My notation will use the notation for

blocks as exemplified by the structure of the following simple pro

gram structure.

Example program stijucture of a block:

begin

begin

/]) J \ end

)e3end

end

For each block there is a block index in the form of a ordered

vector (Ij^jlg, . n is the level or depth, of the block within the

program. Note that the block with index (l^jlg,.. .1^^) is a subset

of all blocks with index 1^ iC n. In my notation I will

use (1^,.. .lj^)<l (1^,.. .1^) to mean that the block with index (l^i.-.ln)

is contained in the block with index (l^f-.-li). For example in the

above program (1,1,1)C(1,1)C(1) but (1,1,1)^ (1,1^2). For reasons

that will be apparent later^ I will give each statement within a block

the attribute of the block index. Under this procedure, if a block

A contains block B,block B as a whole (being a statement of block A)

will have as an attribute the index of blbck A. The statements

within B will have the attributes of the index of B. If the index
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of A was (13^,..,Ij^) then the index of B would be (li> •• .Ij^ilic^lJ.

where (1^^,,.. lj^_^3^ )c(1^,... Ij^). Under normal block operatlonj^a

statement within a block A may transfer to a statement in any

block B which contains the block A. (or index block AC index block

B)0 Each time one enters a block A from a block B, one has to

change the state vector S so thort: it localizes all the variables

declared in block A. One has to also stack all the variables in

block B whose names conflict with the variable names declared in block

A, Upon exit from block B to block C (where block B^ block A) one

has to change the state- vector S to S'so that S* does not contain

any of the variables of the blocks whose index 1% index C. So if

the index of B was (1-^, ^, ,lj^) and the index of C was (l^^,.. .Ijj^)

where i^n, then all variables in S whose indices are (l^^,.. .Ij^^i).. •

(l-j^,,. .Ijj) should be removed. If the transfer is a recursive

transfer in whic)i a statement within block B transfers to the head

of block C, where index BCindex Cjthen all variables whose block

index is equal to that of C should be put on stacks. Othex^^ise the

variables whose indices are (l^^#. .1^^)... (l^^i.. .In) should be removed.

The attributes which I use:in my notation for iraplimenting this

block logic are the following: (a)block index (b)block count (c) block

index fimction, and (d)block statement, function. The block index

isian ordered vector quanity (1^,12,...1^) which indicates the

block level. This is initialized at the program level. It is modAed

in the compoimd tail section. The block count is used to modify the

block index. It is intiali^ed at zero at the beginning of every

block. The block index function is synthesized invthe compound tail

section. This associates with every statement index a block level.

Thi6 is used in determining the effect of the exit from a block.
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By knowing the block index of the statement exited to from the block,

one knows how many variables to unstack and remove from the domain

of the state vector. The block statement function is also synthesized

in the compound tail section of the Algol grammar. This fimction

associates only the indices of statements which are block heads

with the block index of the block that it heads.
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Compound Statements and Blocks

^labelled basic statement) w::-<assignment statement> a;
to statement^ £; J-^^^dummy statement^ d; z:::r

procedure statement^ ^
^effect^ w®(S)=; a®(S); x®(S) cg®(S); y®(S)=d®(S); z®(S)- p®{S)
Statement index") a^=. w^; p^=
<exit> w^{S)=:a^S); x*(S)=g*(S); y*(S)ad*(S); z*(S)=p*(S)
<^label functioi^ g\: x^; p®— z^
^environment^ a^- d^=: y^; p^-

^asic statemen."^ x:: =^unlabelled basic statement^ u; ^label^
a ':' ^basic statement"^ z
<effect)> x®(S) = u®(S); y®(S)=:z®(S)
^xii^ xX(S)=.u^(S); y*(S)^z*(S)
Statement index> z^—y^
^abel function^ x^; z^= y^
^ocal label function^ u^=.0; y^ ^(a,y^)| \J
(y^ is single valued)

<^nvironment^ u^=:x^; z^:^ y^

^unconditional _statement^ u:;=:4(basic statement^ a; x:;
Compound statement^ c; x-•=^^t)lock^ b
^ffect> u®(S):i a®(S); x®(S)-c®(S); y®(S)=: b®(S)
4xit> u''(S):=^a'̂ (S); x^(S):=lc*{S) ; y*{S) = b*(S)
Statement index)> a^s u^; c^z:x^; b^=:.y^
(label function^ a^r u^; x^; b^—y^
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<^nvironraent)> u^; c^=: x^;
<local label function]^ u^= a^; c^; b^
^number of statements^ u^n 1; x^^ c^; y^- b^
^lock determination^ u^r: non^; x^i: c^; y^=: block
^lock inde:^ a'̂ =iu^; c^zzx*^; b^—y^
^lock coun^ c^=x^; b^—y^
^look synthesized index];^ c^x®; b®«y®

^tatemen^ x;^unconditional statemenl^ u; :^; ;= ^conditional
statement^ c; z,:: ~ or statement f;
^effect) x®(S)=i u®(S); y®(S) = c®(S); z®(S)r: f®(S)
<^xii^ x*(S)-u*(S); y*(S);;: c*(S); 2(*(S)=:.f*(S)
Statement index^ u^=ix^; c^-y^; f^:r
^abel fimction> u®55 x^; c®j=: y^; f^^z®
Environment u^=: x^; c^- y^; f^- z^
E-Ocal label functiot u^; y^ c^; z^ f^
E^umber of statements^ x^ u^; y^:=: c^; z^=rf^
^lock determination^ x^« u^; y^sr c^; z^sr f^
^lock inde:>t x^; 0^= y^; f^zrz^
^block count^ u^=x^; c^r y^; f^j- z^
E^lock synthesized index^® u®s:x®; c^y®; f^z^

Eompound taii^ t: ::r^statement - u:: r^statement's ';
Compound tail' v
{effect t®(S)= r®(S); u®(S)r v®(s®(S))
Eiumber of statement^ r^;
Statement index' r^- t^; s^n u^; v^r^u^-Vs^
{single-step function' t^( (S,l)) i: (r®3[S)^r^(5)) •
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jingle-step function^T
[oohtj u^((S,l)) - (s®(S),s*(S)), y^((S,k))is v^((S,k)) for

s^+ 1^ k^u^

^nvironmenlJ^ s t^; s^s: u^; v^c:

jabel functioi^ r^- t^; u^; v^i:
^ocal label funotioi^
jlock index function^ (s^,u^)JU
jlock index^ ^
^lock determination^ ^
<tlock count^ t^:z if block then 1 else t^; uH- if g^— block
^hen u^-i- 1 else t^ ^
<block, up-covint^ t c= t

jlock synthesized inde^
r®s: if block then (1, ,1^,. •.1„,1 .) where t^ •. .l-,)— aa/a«^ — i» n' n^l ^ "

^ote t^ may be (nilQ and 1^^^ 3^= t^ else t '̂••
s ®t: if s^:5 block then (1., ♦ ,.1 . -%) where (1,,...1«)

^sA/vwi ' 1 n+1 i» n'

Cu^ may be (nilfj and else uJ;
j)lock statement number function^ t^^i if r^= block then
X ^ A-WVa-"*^ —

, f( r^,r^)? else:none;" U^si if s^s block then, i (s^,s^)l 0 else
j>lock count^ ^
r^=. if r^r: blogk then 0 (zero) els£ iiwie; s^=^ if s^blocjc then
0 (zcETo) else none.

^lock index>

rtt®; s^=.u®
jlock head^xJ'^ jeclaratioi^ d; head^ z •; •

jecalration^ e
jocal environment^ x^s d^; y^sz^Oe^
jlocal variable set^ x^x d^
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^Linlabelled block^ c: := ^lock head^ b '; •^compotind tail^ £
Statement index^
^number of statements^ c^~s^
^abel function^ s^«
Environment^ s^—
Eocal environment c^:s.b^

y zs'^:^ 0

Eloclc index^ s^=. c^; b^i
Bount^

Elock index functioi^ c^ss^
statement number fxmctior^ s^

variable set
^ocal label function^^

a b
0 = s

synthesized indej^ s^cic®
{initial effect") c®(S,c®)iLS» where if (vax)es (v a variable
and X some value for that variable) and if name (v)^name(v')

for some v'€.c® then (v'sr VV( undefined)) 6 S* and (yax)^S®.

Puthermore S• (STACK( v) )c if S(STACK(v) )=£ (yj^.Vo. • >̂ Vn) then

(y»yif.yn) else^?.(^y) where yis(m,(v^x)) and mstc^Cv, ^gr)
l^r the block index of variable v^. This is ^ne for all vfe c®

whose names conflict with those in S, S'tsS for all (z^x)^S

sucti that the name (z)^name (v") for all v'^c®. Every variable

name v is given wSBemfflabasaeiF a stack vector whose value is

S(STACK(v)). [^this value may be undefined if the variable name
does not have any conflicting usage^
jingle step function^^



generalized affect^c^( (S'.k)):?-If the !•
cS(S^((S,k))) else (S,k)

^intermediate effect^ c""(S*)—S'*, where (S* •,k*' )s:c®( (S',c^))
for some k'•

^xit^ c*(S*)=:k", where (S'' ,k*»)=s.c®( (S» ,k)) for some S««
^exit effect^ where S"' will be determined as .
follows; Let c^(k"):» (l^,.. .1^), and c^(k'• )Sr (1^^,. •.ljj,lj^^]_)
or depending on whether the exit index is respectively

the beginning of a block ar not the beginning of a block,)

Under this notation cP(k)z (l2^,,.,ljj) where (l^,...• .1^)

or it is an ei^r. If Q^(k" ):^ knd ••'̂ k^.
then the exit is recursive. In this case the stacks of all

variables are first popped. Let S*^TACK(v))~ yQ^^(m,( v^rx))

and let p^ be the projection function of the first variable
the space which is in. Therfore P^Cyi)- m. The heads

of the stackis are popped recursiveley until one finds an element

y^^ in each stack such that pCy^)^ c^{k«») .or until the stack is
empty (which ever comes first). If one finds a y^^J

he then puts it back on the stack for that particular variable.

or if c^(k" ):=='C^t^*)then the above procedure of popping the
variables of each stack is again carried out until one finds a

stack element y^^, or until one empties the stack for each

variable stack. In this case^the element y^^, if found, is

discarded instead of restacked. All elements of S'* of the

form (vslk) whose variable v has a block index m^c^(k) must
be taken out of S*'. The block index of variable v is equal

to c^(v,var) S«'* may finally be seen to come from S?' by

first modifying each element z:i5a^l5[v) for every variable
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V such that S" • (STACK(v)) is given as shown ahove. Puther-

more S"' (z):fS®'(z) for iall z whose block index c^(z,]^)2 c^(k« •)
^ffecl^ c®(S)::::S"* as described above

^mlabelled compound^ c: \zz 'begin' ^compound tail^ s,
jingle step functior^y
generalized effec^ c®( (S,k) )=: if s^ then c^(S**( (S^k)))
else (S,k)

^ffect^ c®(S)c=S', where (S',k')3=c®((S,c^)) for some k'
^xil^ c*{S)=: k',where (S',k')=: c®((S,c^)) for some S'
^statement index^

s^nc^

^umber of statements^ c^ s^
^abel function^ s®i: c^
^environmenlJ^ s^zs c^
^ocal label functiony^
^a^ _b
c ^ s

^lock synthesized inde:^ s®- c®
^block indexy s^ c^
^lock count^ s^-SL c^
^lock up-count^ c®=: s®
^lock determination^^ c^ ^ c^r 0 then none else block,
^lock index function^ c^^ s^
^lock statement number functicn^ s^

^omppund statement^ x: r^^tuilabelled compound^ u; :;i^abeiy a ':'

^mlabelled compoun^ z
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<^ffect^ x®(S)~u®(S); y®(S)=iz®(S)

X* (S)=u*(S); y*(S):r2*(S)

^umber of statements^ x*^=

^abel functioii> x^; z^rr y®
^ocal label fimctioi^ 0; y^^
^lock synthesized inde:i^ u^ir-x®; z®s=l y®
Statement Index^ u^=ix^; z^— y^
Environment^ x^; z^zl y^
E>lock indes^ u^isx^; z4r y^
^lock coiant^ x^; z^^ y^
E^ock determination^ x^i u^; y^- z^
^lock index function^ x^ su^; y^r z^
^lock statement number function^ x^s u^; y^;::Z^

^lock^ x; fc^unlablelled block^ u; x: ® J•^unlabelled
block"^ z
<effect)> x®(S)^u®(S); y®(S)32z®(S)
^xit^ x*(S)^u*(S); y*(S)C z*(S)
^umber of statements!^ x'̂ jr u^; y^ z^

<iabel function/^ u^-x^; z®^ y®
^statement index? z^
^environment? x^; z^r y^
E-ocal label funciton? 0; y^ ^(a,y^)^^J z^
^lock index^ x^; z^yJ
^block coun^ x^; z^z^ y^
^lock index function? x^ u^; z^^y*^
E>lock statement n\amber function? x^js-u^; z^^ y®
^lock synthesized index^u®®x®; y®
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^rograni^E.: ::=^lock^ b; ^ompoiaid statement^ c
4^fect> p®(S)=^b®(S); q®(S)=ic®(S)
4xi^P*(S)^b*<S); q*(S)=uc*(S)
^lanber of statement^ p^-^-b*^; q=c*^
^bl6ck synthesized indea^® b®:s(l); o®s (nil)
^block coun-^^
b^=- 0 (zero); c^n 0 (zero)
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Assignment Statements

^eft part^ x: :=^variable^ v i^^rooedure identifiei^. p.
^L-value^ x^(S)=.v^(S)

<^environment^ x^n
^side effect) x®(S)=iV®(S); y®(S):pp®(S)

x*(S)=: v*(S); y*(S)=.p*(S)

^eft part list) xiis-^left part^ p; ^::=z^lett part list^ z
^eft parl) p

Environment^ ^ p^=: x^; q^s? y^
(y^(z,t^)= {yy(q, tj^))
^eet of L-values) x^{S)i= p^(3); y^(S):r z^(S)Vj ^q^(s®(S))^
E*it) x*(S)=: p*(S); y*(S)^ if q*(S):^nog5al then q*(S)
else z*(q®(S))

effect^ x®(S)=ip®(S) ; y*(S)ssif q^(S)^normal then
q®(S) else z®(q®(S))

Assignment statement^ part list) p expression)
a; part list) p ^Boolean expression) b
Exit) x*(S)~if p^(S)^nomal then p*(S) else if a*(p®(S)^
normal then a^(p^(S))' else .x^h- 1; Ny*(S)^=^ if/q*(S)qt normal, then q*(S)

else if b*(q®(S)«^ n^oal then b*(q®(S)) else y^>l
Statement index) ^

x®(S)5: if p*(S):j; noj^l then p®(S) else .if a*(p®(S) ):]ft
normal then a®(p®(S)) else S', where S*(z)r^apply (ntcf(p^,a^),

a^(p®{S))) for z^p^CS), S«(z)siS««(z) for z^p^(S), where
S"=.a®(p®(S)); y®(S)srif q*(S)^ nor^l then q®(S) else if
b*(q®(S)) normal then b®(q®(S)) else S* where S«(z);r:.apply
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e>t

^et of L-valu^
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(ntofCq^.b^), b*(q®(S))) for z6q^(S), S«(z)=:S«'(z) for
z^q^fS) i where S''» =-b®{q®fS))
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Dummy Statement

^ummy statement^ x; ^mpjby^ £
^effect^ X® (S) = S;
^xit^ X*(S) =: x^-^1
Statement index^ ^

Go To Statement

^go to statement 'go to' ^designational expressioi^ e
^abel functioi^ e^s^g^
^ffect^ g®(e®(S) =e®(S))
^exit index^ g*( e® (S)) = e*( e® (S))
^environment^ e^—g^
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Conditional Statements

statement clause^ c ^unconditional statement^ u
^ffect^ ^ c^(S) then u®(c®(S)) else
<4xit^ i*(S)niil c^(S) then u*(c®(S)) else c*(S)
^envitonmenl^ i^; i^
^abel function^ i^
dumber of statements^ i^~
/block detexmiinatioz^ i^=: if u^=. block then block else none

N AaAIAW

^lock inde:^ i^
^lock synthesized indea^ u®::; c®
^lock count"^ i^
^true value"^ i^(S)i: c^(S)
^scape valu^ i^(S)^ c®(S)
^xit valu0 i^CS)*® c*($)

^conditional statement'̂ w: ^if statement"^ a; x:; n^f statement'̂
b ^tateraent^ s.; Z''- clause'̂ i. /for statement^ f;
z: ^abel^ a •; • ^conditional statement^ c
^rue value^^
^scape
^xit value
<effect> w®(S)i=:^®(S); x^(S)mf b^(S) then b®(S) else if
b"*(5)^3001^1 then b^(S) else s®(b^(S)); y^(S)=:if i^(S) then
f®{i®(S)) else i®(S); z®{S)r;;c®(S)

^tatement index^ a^s w^; b^=x^; s^js, x^; f^^y^;
^abel function^ a®—w^; b®r x^; s®jr x®; f^-s^y^; c®»z®
^lock index^ at;, ; b^c: xt
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^lock count^ x^; s^srx^; z^
^lock determinatioi^ w^-a^; x^- b^ or s^; y^f^; z^=: c^
^umber of statement^ a^; x^ b*^ y'̂ ^ c^
^nvipomsnt^ a^=iw^; b^=x^; s^- x^; f^ y^; c^zzz^
^xit> w*(S)-a*(S); x*(S)=: if b^(S) then b*(S) else if
b"(S):/= normal;then b®(S) else s*(b^(S)); y*(S)-if i^(S) then

/VyV\A/V,

f*(i®(S)) else i^(S): z*(S)^c*(S)
<^ocal label fimctioii^^
wz^0; x^=0; y^=0; (a,z^)J Uc^
^lock synthesized ^index^ a®c. w®; b®^ if x^— bloojk then
(In,...1^,1) where (1. ,1«,.. .1 ) ^ x® else z®; s®-::. if x^=iJt)lock

" 1 c n . /\yc«i>vA-

then (l^,.,,lj^,2) where (1^,.• .l^^OsiX® else x®; f®=iy®; c®=.z®
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For Statements

^or list element^ 2c:::i^arithmentlc expressionist; :-^arithmetic
expression^ e ^arithmetic expression^ £

<^ithmetic expressioi^ £, ^arithmetic expressiox^h while
^Boolean expressions^
Expanded fom^^

Ljc: v:—c

v:=-v + f;

hsi

L,^: v:-h;

if 1 b then go to

go to L^;
n<\ ^

for list x;:s^for list elementS Ji; list^t *#•
list elements t
^or list indes^
x^^l
yKes. 8^-^ 2
Expanded label

r\ ^ ^ ir kr^s with replaced by x^ and a^ replaced by x 1
tPa bwith replaced by y"* and a„ replaow by y^t
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this makes the labels in the expanded form well defined

^xpanded form^^
= rPf follow. (,t^)

where the fimction follow means the expanded code of t^ follows

the expanded code of s

^or clause^ f: :^<^ariabie^
list^x 'd^

Expanded foniy
\f V ^ ^ f

f § with the dummy variable v in x replaced by the control

variable r

^or statement^ x: ;= ^for clause^ f ^statement^t; 2:3(iabel^ a
^or statement £
^expanded form^

'beerin
f ) r

x — ) Y with s replaced by t

end

fIa: g

f fIt is redily seen that x and y are coajpound statements by

construction. The effects and exits may then be evaluated by

the machinery already developed previously.

^ffect^ x®(S)^S' where S*— x^ (S) with control variable
undefined; y®(S)= S'where S>z=.r{S) with the control

variable undefined.

<4xit^x*(S)=x^ (S); y*(S):?y^ (s)
^tatement index^t^^x^; g^«r y^
^abel function index^
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-^look count^ t^z: x^;
^bloek determination^ t^; y^ g^-
^number of statement^ y'^rg^
^viroment^ f^ss-x^; t^s x^; y^
^ocal label ftmction^
x^=^;
^lock synthesized index^ tfs x®; g®jry®
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Declarations

^eclarationj^ w;:=-^ype declaration^ t; x::=.^array deolaratioi^a;

Z* :=^^switbh declaration^ b; z: :«^procedure declaration^ p:
^lock inde:i^
^ocal environment^^

w^r t^; x^i a^; s^;

^ariable se^ w®5=. t®; x^:=: a®; y^rr s®
^nvironmen^ a^-rix^; s^ y^; p^j^ z^
^abel functioiJ^ y^

Type Declaration

^ype lis^ x::=t^simple variable"^ v; variable^ w
^ype lis^ £
^ype se*^^
t-. tz^xy

^ariable set^x^ss^v^ y^ ^w^(Jz®
^lock indes^^
^ocal environmen*^^
x^j^((v, t^), x^)^0^((v, var),x^)^
y^(((w, t3^),y^)^(j^((w,^), yJ)^Uz^

^ype^ £:: =• jealj; i::=='integer®; ^::=r »boo1j^
^ype se-^ r^- real! i^^ integer ; b\r ^true, false?

^ype declaration^ d; ^type"^ ^ ^type list^ x
^ype
t^^t

x^=it

^valriable set^ d®sx®
^lock index^i '̂=id^
^local environment d^s x®
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Array Declarations

^bwer boimd^ x: :c:i.Arithmetic expressioi^ a
^alu^ x^(S)—if a*(S)^noragl then none else a^(S)
^xit^ x*(S)s:.a*(S)

effect^ x®(S)=^a®(S)
Environment^

^pper bouni^ 2-•=^®i*ithmetic expressibn^b
E^lue^ y^(S)js if b*(S)^ SgSSS,^ then none else b^(S)
^xii^ x*(S)z:a*(S)

effect y*(S):=.b*(S)

A»viByonmen1^ b^i=.

E>oiaid pat]^ X2:•=flower boimd^a bound^b
(aVb^)

(set of n- tupl^ x^^jlc:
x^; b^SrX^

E>ound pair list^X2-= Abound patr'̂ a; j^::s=^boimd pair list^z «,»
^ound pai|̂ b
Eet of n-tuples^ x^s a^; y^s Xb"
E^ank coimt^ 1; z^+ 1
Environment a^=r x^; y^;; y^

E^ray segment> x:: =: identifier)> i ^subscript bound list^ b;
^::=E^^ay identifier^ ^ S' ^rray segment'̂ z
^ype set^^

t t
z =:y
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u . ^ u u^et of n-tuples^ ; y

^ank^ x^=.b^; y^—
^lock index^
^ocal enviromient^ x^« ^( ((i,k) ,tj^) ,x^); k£b^(j|( (iji^gk) ,x^^
Ot((i,^),x^)^ ; y=^(((j.k),t3^),y^): lo^z'̂ J
01< (j.isEifc)»^ i» ise} »f0 z^
^nvironment^ b^=: x^
^ariable set"^ x^ ; y^ ^

^rray lis^ x::s:/(array segment^ s; x^ii-sz^&rray list^ z ',' ^rray
segment^ t
^ype sety^
8^=x^; z%z, y^; t^:z. y^
^local environment^ x%z s^; y^=- z^tl
4^1ock index^s^rsx^; z^isyJ; t^^y^
Environment^ x^; z^isy^; t^ y^
E^riable set^ X®—s®; ysz®0^°

E^ray declaration"^x: :s ^rray lis^ a; 'ASSSJC
E^ray list^ b
Eocal environment^ x^« a^; y^:z
^ype set^^
a^^real; b^^t^
Environment"^ a^—x^; b^ y^
Elock index^a^sr x^; b^^ y^
E^riable set"^ x^ a®; y^ b®
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Swltoh Deolararions

^witch list^ x: (^esignational expression^ a; ^switch list^
b •,' ^designational expressio]^ c
^environment^ a^=.x^; b^=. y^; c^=: y^
^label function}^ a®*- x®; b®- y®;
^ang^ x^c:: 1; b^-4. 1
^pair set^ x!^s= (̂x^,a)^
yP^^(y^,o)fU

^vfitch identifier^ ::i:^identifiei^

^witch declaratioi^ XJ 5^ *?w£S?' ^switch identifiei^ i. '
^witch list^ 1
^abel function^ l^x^
^envirojamestt^ x^
^ange)>^.
^air sel^P
^ocal environment^ x^ =. (̂(s, svrij^ L)

(8>k,laT^),in); l4 k and (k,m) ^
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Procedure Declarations

formal parameter^ ;: :=.^identifier^

<^ormal parameter list> x:; =<£013551 parameter^ E; £::=s^formal
parameter list"^ 1 ^jarameter delimiter^ o formal parametei^

parameter number^ 1

parameter variable set^
ylr [q]Ol®

parameter indexed se"^*

formal parameter par*^ x; ;—^empt^ e; x: :=• •(• ^formal i)arameter
list^ f •) •
^parameter numbei^ x^=io;
parameter variable se-^ x®s: 0; y®—
parameter index set^ x*s 0; y^ f*

identifier list^ x; :=:iidentifier^ i; x-2-lisl^ i '»*
identifies^ 2
ident numbei^ x^ 1; y^rs l^-f 1
ident set^ x^- ^i| ; yli^j^ljl^

i^alue par^x: 'value' identifier list"^ i; X''"^i®Pt3^ e
ident numbei^^
ident set^
/ V 1 Ic^alue number^ x =i i

Rvalue set"^ x^ i^
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<^peolfier) E: :='string»; a: :=-<(type^ a; rjis'arrgy ; s;:

~ '^vvS?'> t;: rs:'label'; u:: =i •switch'; v;; 'procedure';
w: :r:^type^ c 'Pjocedui '̂
parameter type^^ string q^-a^; r^- array; s^-rs. concat

t I*(h .array); t - label; switch ; v=: procedure; w^'^concat

(c .procedure)

^ype set^

Specification part^ x:: =;^einpty^ e; ;^;:=:.Sp®cifier>. ardentifier^
list^l ';' ; z: :=: (^specification psa't^ £ (^specif
list"^ m

S^dent number^^
S^ident se^P
Saranieter typ^^
Specification set^ x®= 0; y%z where each is of

th6':form (Vi,s^) for v3•

2^=: ^yi,...yn(U where each y^, is of the form (Vj^,t^) for

Srocedftre heading^ h;;= ^proc^dure identifier^ E'';' parameter
pair^f ';' part^ vSpecification part^ s

parameter number^ h^-
parameter variable set^ h^s. f®
S®ra®©^^er index se^*
S®l®e number"^^
Salue set^^
Specification set^®

environment"^^
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h^-RUsljTUV where R,S,T and V are sets of the following

form: S has elements of the form ((p,v^, specification).s^)

where each element; of S of that form has a 1;1 correspondence

with elements Ih s^ of the form (vf,s^)
V- .Xj^,where k and k-t m= f^ each

Is of the form ((v^, gem), va^)V (h®/\v^) each
y^ Is of the form ((v.,pern), name) where V4^ h® but

T is a set whose elements are of the form:

(((p»i) jgar® ind^),v^)V Vj^^h®, p Is the procedure name and
1 Is the Index number of the formal parameter There Is a

1:1 correspondence between every. (l,v. )fef* ai^d (((p,i) ,par, IndexjJ^T

RIs a set of the form |̂ ((p> parameter number), ^
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Procedure; Statements and

Function Designators

^ctual paramete^ r:;=i^trin^ a; ;^^expression'̂ b; t: :':ir^array-
identifier^ c; u: :5s^switch identifiei^ d; v: :=5-^procedure
identifier^ e
^ctual parameter type^ string; s^^ expression ; t^ array;

d A "
u-55 switch; V as procedure

^procedure identifiei^ ::^^identifier^

fetter string^ :rr^letter^ | ^letter string^ ^letter^

parameter del/jmeter^ j ')' ^letter string"^ »;(•

factual parameter, lis"^ x* parcunete^ yijrs^ctual parameter
1is^parameter delimiter^ pfactual parameter*^ p
Actual parameter numbei^ x^ 1

^ctual parameter se^^
x^ss ^pj ; y®3s [J 1®
^ctual parameter indexed se^^

; y®={(y^,q}^ui'': ;
parameter type functioi^®
x%'̂ Hx^ ,p) ,p^)^ ; ys^CCy'̂ .q), q'̂ )^(J l'
factual parameter type^

b

factual parameter part^ x- ^e^pty^ e; •( •factual parameter
list^a •) •
factual parameter number^ y^—' a^
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^ctual parameter set^ y^;r a^
^ctual parameter index se^ x^s 0; a^
parameter type function^® x®=u0; y^=r a®

procedure statement^ t::-^procedure identifier^ 2^otual parameter
part^ a
factual parameter numbe^^

^aotvial parameter se1^ ^
^ctual parameter index se^ ^
parameter type function type functio]^®
Environment^ a^ t^; p^^a t^
^initial effect^t^(S) -S'

Ther initial effect may first be seen by describing it in

words. It is the effect of assigning the actual parameters to

the formal parameters. Thfe formal parameters are found by

first finding out how many there <ttC by t^(p,parameter number)r:n^

Edch of the formal parameters are found by evdiuating

t^((p,i),^. ^in^x)-v^y^.3 1^ i ^ n. The formal para
meters are then< ehedked to see if they were called by name or

by i»alue. This can be done by evaluating t^(v. ,pjMk). If

they are called by value^the formal parameter v^ should be
given the value of the actual parameter which is t

Before this assignment may be made, however, the formal

parameter name should be checked to see if they conflict

with any variable names already in the domain of the state

vector S, If there is a confliict, the conflicting names

already in the domain of the state vector should be stacked

with t?heir current values. Tliis procedure of stacking variables

is much like the procedure done earlier with stacking variables
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for entfry into blocks. In ord®' to avoid redundancy, I will

omit the details of the stacking operations. During these

assignments the specifications will serve as declarations

for the formal parameters.. Finally the actual parameters have

to be checked to see if they are congenial with their matching

formal parauneters. This is done by checking the specificaton

of the formal parameter given by t^(p,Vj^,sgecificati^) and the
type of the actual parameter given by t (i,rj. If they are

not congenial, as assigning an array to a Variable, an error

should be denoted. The fiffect of this section is essentially

the effect of assigning these actual parameters to the

formal parameters. If they are called by value the effect is

exactly like the effect of having

assignment statements at the beginning of the procedure. Like

any assignment they may have improper exits in which case the

the procedure will not be executed.

<effect> t®(S)

<fexit^ t^(S)- p*(S*)

^imction designator^ f: :r^procedure identifier^ 2 parameter
part^ a

"Thd ' semantics for the function designator are the same as

those of the procedure statement except the ^ffect^ attribute
is replaced by the ^side effect^ attribute.
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CHAPTER THREE

descriptiow of basic

(as implemented on the Hewlett—Packard 2000B)

B Y

EUGENE POWERS
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PREFACE

The purpose of this paper Is to describe scientifically

the programming language BASIC using the techniques of W, D. Maurer

as presented in Memorsuidum No«' BRL-M368 of the College of Engineeringt

University of California at Berkeley.

The reference used for determining the syntax and semantics

of the language was 2OOOB1 A Guide to Time-shared BASIC provided

by the Hewlett Packai^i company. The description given in the

paper is complete except for two deletions from the original language.

The potential for chaining programs and all matrix operations have

been left out. Both could be added with a minimum change in the

present description.

One assumption was made in regards to the semantics of the

language. This assumption was that it should be illegal to Jump to

statements within the scope of a for loop.

Key words in the description are underlined. A full description

of their meanings is given:.in the appendix. An alphabetical index

to location of nonterminals is included at the end.
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PROGRAM SYNTHSSIS

Evaluated subprograi^ at is^ubprograi^b

^lles environment^ a^=b^

Environment^ a^=b^

E^ction lengtt^ a^=b^

inde^®^ b^»a^
^t&Tt inde£>®b®=a®

^lohaX label function^^ b^ =a^
j z z z

environment b = a

effect^ a^((3, k))= if a® k a®+a^ then
a^(bP((S,k)) ) else (3,k)

<effect>® a®=i£ a^((S,k))=(S*,j) then 3*

4xit index^* a^=if a^((S,k))=(3*#J) then j

<^BASIC program> at i=Evaluated subprograi^ carriage retumEeo no^^i

® END ®

^tart indet® b®=l

End indet^ b^=b^+l
label function>^ b^=(c,b^)

^ffec€p'^ a®=b®(S) where 3 is the starting state

^global environment^ b^«null
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^subprogran^

y flies V
v^nvlronment/^

. 1+9 .

aii =/seq blamentary statemant^c
d* i=2jseq no.7e<declaratlon>f i
gijs^iseq no.>h<flles statement;>l i
ji i=<subprogram>k carriage returncTsag

ni i«<^ubprogra4>o carriage return <^seq
ri i=<[subprograii5^s carriage returnc^eq

vii=<seq no.>w^or sectlon^x ;
yi j=<subprograi]i>z carriage return eg

no^> Ic^elementary
statement>m i

noV> p4Leclaration7<l»
no.^t^flies

statement^u ;

no^>A<3ror sectlori^'B

files)=i^i -rgMefined files)=3<i(defined files)
J

v<l(deftned flies(defined files) |

V^(defined files)gz^(defined files) (defined files,)

(restrictloniI the cardinality of the sets named on
the left of the equality Is less than 1/)

(restrictions I (defined files) A u =

and (defined files) AB^^defined files) = null )

tn<^(deflned files) = ^^.(defined files)

<envlroniiien^^ i n'-
2 i 1 nSZy sz u B t

(restrictionn let 0 be the set of first elements in o'
let Q

let Z "

let B* " .

then 0nQ=nuU and Z n B*=null
z Z,. z z -Z •I . zc®=d^f x^=nulli B^ay \J t m^=j ^ k'

sz
B
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^ubprogram?^ (cont •d)

ejection lenstl^>^ a*""!! d^-lj jV+l. n^=o^+li v^=x^,
yKzKb^

^label fimotloi^® a®=a^ U(b#a®) i d®=»d^U (««d®)i S®^S L/(htS )i
J®=k®U {l,in^)» n®=o® \J (P.q^)i r®=s®U (t.u^). v®=v^ U(w.T®)t
y^sBZ® U (Af3^)

^statement lnde^>^ a^=a®i d^=d®i g^=8®» v^=v®j q^=n®+o^-l
u^=r®+s^-l; B^=y®+z^-l

Cstart lndei>® o®-n®i 8®»r®i 2®-y®

Wlnde:^'' c«=a«, x«=v«, B«=y^" •

^slnglo step functloi^^ a^((S|a®))=(c®(S),o*(S))i d^((S»d ))=(S»d +l)i
S^((S.g®))=(S,s®+l)l jP((s;K))=k((S.K)) for J® K J®+k^ and
jP((S,J®+k^))=(m®(S),iii*(S))i nP((S,K))=c;^(S,K)) for
n® K n®+o^and nP((S.n®+o^))={S.n®+o^+l), rP({S.K))=sP((S.K))
for r® K r®+s^ and rP((S,r®+s^))=(S,r®+s''+l)i vP((S,v®))=
(x®(S),x*(S))i yP((S,K))-z^((S,K)) for y® K y®+z'' and
y^((S,y®+z''))=(B®(S), B*(S))
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<Sleclaratlon^ aii=<^ef statemenl^bi statemen^d
^nvlronment^^ a^=b^ i c^=d^

<^lementary statement ai i"<Let 8tatement>bi on<^lf statmen^di
ei.=<goto statemen^fi sii=«4®®"^ statsmen^hi lii=<i-etunx stateme^-
lc.i=-i^top state!Detit>i!i» nii=4ata statment>o» pn=4estore statemenV
r..=W statemnt>s, t..= <^ead file statmen^u,
xii=^nter statemenl^yi i«^ull print statemen^Zf
At t=<i)rint statement>Bt Ci i=<irile write statemen^D

^abel fimctloi^® d®=o®l f®=e®> h^=S
^envlromnenl^^ Inherited Intact In every case

^^lles envlronment^P'lnherlted Intact In every case
.^^tatement Inde^-^Inherited Intact In every case
^exlt Inde^* synthesized Intact In every case
<^ffect^® synthesized Intact In every case

^nd Inde^^ m^=k^

^eq nol^ ati=^ntege^b
(restriction11 l^b^^9999)

Jr
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FASSIViS 3TATEM£NTd

<^def st-teE.e;.t> a: := • D2F * <tunction identifie^b variabli^v;

<envlrcnir.er:^" ((b.dur.iuy). c). c) U((b.expression) .d)

^im statement ai := * DIM *^Iraspec^b; c»i=4lni statemen^d %
^dlmspe^e

^envlronmen"^"a"=b^; c^=d^U e

<jLlinspec> a::=<irray identlflej^-b •(•4>our.(^c •)•
dM=4irray identlfle^e •(•^Doun^f •, •4)'^un^s •)•
hi:=<^i3iple string variabl^l •)'

^^nvlroninen^^^ a = ((btrank) ti) U ((bainaxsizel)»c )
d^= ((e.rank),2) U ((e.Traxsizel) ,f^)

U ((e.max3ise2),s^)

h^=( (l,i5axsize) ,3^)

(restriction: I 1*^0^,f^,3^^ 9999 1^3 ^72 )

^^DOun(C^ a: :=<inte£er? b
a^=b^
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^flles r»t<ate!ren1^ a: :=* FILIJ3 • b; c:i =<Jile3 stat'-T.^'-n^l*»ci

<evlt =a^ Ij + 1

^envlronnen^^ a^=£b5;
rr

(restrictlcni: d^l'' )

^ffect>® a®(3)=3« where 3« (FILSi:i35.'C)=3( !-:rLSI.J32X)+l

3»(*)=1 and S'(;/#(lc)). 5'Vm^^U and

S*(&&{k)) are assigned values

corresponding to an external

file v:hose name is b, :irhere

*=concat (FILEPTR. 3' )

##=concat(FILSnZE^ " )

3.it;=concat (FIL^i..£.jGTK, " )

&&=concat (FILE, ** : )

(restriction! I S*(FILSIi'JDEX) ^l6 )

<name^ a: :=<iiteral strins>b
(restriction:: b^6)
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I/O STATEKiiNTS

^dita statsmen."^ a: * D-VTA * ^cojistan"^ b; C8i=^iav/a .>tato.n3n-.-yd *
. <bonGtant7e

<effec^>® a®(3)=S' ;:here :SMiOD^)=S(j.u2^) + 1 and S'(DATA(
S(£ODATA))) = and 3'(DArATY?£(3(gOPATA ))=b^
and (if b^= st/rlnr^; then S' (jjX^.U^3i.v3id(^ (EQijA'iA ))*~t

and 3 *=3 othen^rlse

o®=S* xvhere S* Is as above substituting e for b and

inde^* a^=al + 1; +1 d®(S) for S

.^restore stateaen^^ ais— ' RESTORE '
Ceffeo^® a®(3)=S' v/here S'(DATAPTR)=1 and S'=S otherwise

</exit Indei^* a^=a^ + 1

<read statemen$> a..= ' HEAD • <any variahl^bi °

<effect';? a®(S)=if S(DATAPTR) ;^5(E0DATA) then S' where
S*(DATAPTR)=3(DATAPTR)-H and 3*(b)=3(DATA(S(DATAPTR)))

and(if b^=strlnp: then S* (noncat (bjlengJ^i) )=

S (DATAL.£:^GTH (S (DATiVPTR)) ) )

gdid S*=S othervjlse else S

^restriction:: if b^=strln.^r then a'(b,raxsl^)^
— 3* (cuncat to,lengiji2.''

(restriction:: b^=3 (D -TATYf3(3 (DATAi'TR))) )
c®(S) same as a® (3) substitutinc: e for b and c for a

and a^(3) for 3
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^r<5?vd statement (continued)

^exlt inle^^ a^=a^ +1; c*=c^ +1

^iny variabl^ aii=<^imple string varlabl^b; c: »=<^imple variabl^d
<^typ^^ a^=strlng; . -^number

^part file read statement a: := • HiiiAD • <Jile rsferenc^b
^ilenam^^ a^ =b^

^lle reference^ a»:= •#• expression b
^llenaa^^ a^=rnd(b^(S))

^ead file statemen^^ aii =4>art file read statomenl^b <^y varlabl^c

di instead file statement^e •,*<iiny varlablc^f
f f

^ilenam^ a' =b

<:::^xit index^ a^ =a^ + Ij d*=d^ + 1
<effec^® a® (3)711 S(##(**))7^ endoffilemark then S*- where

S«(* )=3(* )+l and = 3(/^//(-*)) and (if c^= string;
then 3* (concat (c«leng:th) )=S(.|$ (''"•O ) ) and 3'=3

othcrv/ise else S

(restrictions: if c ^string then (ciinaxsize)—
3'lconcat(c.length),

t

(restrictions: c =3(&&(^'"*)) )

see next page for defns of
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<$•631 file stateitent^ (continued)
^'ffect^ (continued)

where •»= ooncat(FII.SX-Ta.b^) ^^-=3(*)
tf^=concat(FILS,b^) ;!; i=concat (FX.. .3XH. b^)

&5.-=concat (I'TXF "'YrSib^)
(restriction: : efIncd files) )

• d®(S) saae as a®(S) substituting d for a and f for c

and a®(X) for 3

/input statement ai:= 'INPUT •<Cvarlabl^j ci :=<Sn?ut statement^d
/ any ^7

•, • \vari'^5ble/e

^exlt index^ .+1; c^=o^ +1
^effeo^° a®(3) Is as in a®(3) for<:5read file statement^ substltutlnf.|

b for 0 and letting ^;i^=TTIFILE
LeA)6TH

»^=S(TTYPTH)

^&=TTYTYPE

similarly c®(3) by substituting c for a and e for f
and " for S

(note: disregard the restriction filename)
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Renter c2tatsT.bn€7 at: =* S;IT£:i * •//•<,var

c::=* LI.^TZH •<Varlabl'̂ d •, •<variabl$> c •,'^rarlabl^^f
frit= •-ENTliR '^varlable^h •, •<!yarlabl^ i *. •

^simple string variabl£>J

k: :="E-ITiiIH //•^variable^in •, *<5rarlabls^n •, •^variaol^c
c^ny variablyp

<pxit index^ a^=a^ + 1; c^=c + 1 ; g'=S + 1; k =k +1
<effect> a®(3)=S' vrhere 3* (b)=:3(TTYNui:BER) and 3»=3 otherwise

r®(3)=3' where if 3(TTYCSCJ^TYPTR) ) )5^endoffile then

( S'(f)=.i£ 3(TTYTIKE(3(TTYFTR))) d^(3) then(if
S(TTYTYPS(S(TTYPTR)))=number then S(TTY(3

'(TTYFTR))) else S(f) ) else S(f)

S'(e)= if S(TTYTII'.2(3(T?YPeR)).) {6) then (if
3rTTY JYr3(3(TTYPTR))
3(T rYTi: :3(S (TiYFTu))) else »3(ITITlL-xJ. (ca (i xiFTn))))

else -256 and SKTTYFTR) =3(TTYFTR)^-1 ^) ^else^
(restriction: j d^(S)^l and d (S)^ 255 )

and 3 *=5 othervjise

g®(S)=S* where 3* is as for c®(3) substituting

h for d,i for e, j for f, and strlnr: for number

'With the following a'iditions within the first then
clause

3* (concat(J .length)) =S(TTYLE.^^GTH(3(TTYPTR)))

(restri ction: I 3* (GQncat(.1 .lonp;th)) ^ c^ (J .maxsize))
k®(3)=S* v:here 3* Is determlned.as follows

if D^snumber then 3* is as in c^(S) substituting

n for d, o for e, and p for f ' ith addition below,

if p^=crtidng then 3* is as in g (o) substituting

n for h, o for i, -ini p for J with addition below.

In both cases the following addition is made to S*

3Mm)=S(TTYNUlim)
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<rnull print statern2nt> at t= * PIiIimT •

^ ^xit inde '̂̂ a^=a^ + 1
<^effect">® a®(.3)=3*, vrhere If 3(?:•.!.if::;R)= (x^, >». f^.^)

then 3' (PRINTER) - (empt.v11 mebx ; ..oiX^)

and S*(z)=3(2) for zj^PniNTgK

^rint statement a:: =̂ iull print statement b ^very variabl^c
d:: =^rint statemen"^e •, • <^very variabl^f

<^xlt inde^ a =a + 1; d =d + 1

^ffec-^® a®(3)=3*, inhere if 3(?.:!:>? rE:^,)=Xx^,
then 3«(Pri:vT!i:R)=(c^(3),Xj^,
3'(2)=3(z) for z?^PRINTEa

d®(3)=S", where if 3'=e®(S) and S* (FP.i:rfEH)=

(x^, ,..,x^) then 3'' (PrtINTER)=(x*, •' •
vxhere x|=concat(>:^, • '» f^(3)) and
S**(z)=S(z) for zf^PSIinTER

^every variabl^ a; := ^ariabl^^b ; cs:—String variabl^d
' a^=b'̂ ; c^=convert (d (3))
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<^flle vrrlte statenjen^ a: i= • PHIilT *̂ llc rc ferencc^b •, •<;:r3 te exl>c
? d::=<^ile v:rlto Gtater.en$>e •,'c^rlte ex^f

^xlt inde:^^a'"=a^ + 1; d^=d^ + 1
<|ffec^" a ?3)=3* where 3' Is dcfl::ed as follows

if c^=true then )=3(*^ )+l

S•(&&(*"») )=c^

? and if c^=3trinK then

else SMz/zH""*) )=endoffyie

T at all other points in the domain 3*=3,in both cases

where ^-concat(FILSPTR.b^)
**=S(«)

^)4-=c.;ncat(FIL3.b^)

&&=concat(FIL3TYF3,b^)

^^=concat (FILSLiilNGYH, b^)
^ (restriction:: b^^tdeflndd files))

d®(S)=S* vxhere 3* is defined as in a®(3) but

substituting e®(3) for S and f for c
and d for a

Environment^c^=a^j f^=d^

^write ex^ a: := c::= 'END*; d::=<^ou,rce strin^^ e
<^yp^^a^=nuinber ; d^=strlng

a'^=d°^=true; c°''=?false

a^(3)=b^(3); d^(3)=e^(j).

4ength>" d^^=e"

Ehvlronnien'̂ ^b^=a^ j c^=d^
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ACTIVE NON I/O STATEMENTS

<ilet GtateTnent> aj i= • L2T •4.eftpart>b<ixprecGionise; " , . ^
d: := • LET •<3trir.s varlable>e •=*^ource strin^f;
kt: =4trlng variables •=• ii;ource strin^h;
Dii:=<4eft part^l *=* <expressionl>j

^nvironnent^"* b^=a^; c^=a^e^=d^ j f '̂=d ; h =k ; g =k ; i -m'»j -n-
<effec^® a®(S)=S' vjhere 3'(z)=3(z) for z/b^(S)

and S*(z)=c'̂ (S) for zeb^(S) j

m®(3)=S' where 3'(z)=3(z) for zj^l^(3)
and S'(z)=j^(S) for z6l^(S)j

d®(S)=:3* where S'(e)=f^(S) and 3• (concat(e,length) )=f^

and S*(z)=S(z) otherwise;

k®(3)=3* where S' (g)=h^(s) and S' (concat(e.len.~th) )=h^

and S'(z)=S(z} otherwise

"• c'̂ length^^ (restriction;; d^ (e.maxsize) >f^)
( " k^ (g.iraxslze)^ h^)

Statement index^^
^exit inde>;^* a^=a^+l; k^=k^+l; d ~d +1; in =m +1

^ource strinf^ a: J=<^tring variabl^b; c::-^literal strin^d
n jk^engt^^'^ a^=S(concat (b»Ijength)); c —d

<expresslonl> a, :=4onJunctlonl> b,

semantics are identical to those ofExpression?

<roonjunctioni> at i=4elationi?b! c. t=</oonjunotion^d ' MD '̂ elatloi^e
semantics are Identical to those of<oo;)Jtmfitlon>

<'relatloni> a.t=<diiln!rax> ! o.i= •(•4lr.Dax>d<relatlcnal o^e<J,lnmax>f ')
semantics identical to those for<reiatlun>
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<^if steitsnien^' ai := ' IF • <^decislon expre3nloi>b • THIN *
^ ^reiuence numce^ c

d::= • IF *^file formulj^e 'THEN '̂ sequence nun.bei^r
^nvironsent^^ b^=a~; e^=d^;
^abel function^'^

Statement Index^^

^^exlt inde:^^^ a^=if b^O then a^+1 else a®(c)

el<.<' A'-+ I

4ffect>® a®(S)=Ss dS(S)=S

/deotsion expressioii> a. ,=4xpressioti>b, Yarl^l4>d
^ ^relational operate^e <$ource strintpf

4alueX aWi 0^=

4oto statemsnt> ai:= • GOTO 'Cgequence numb8r>b; cis= * GOTO '^ ^expressiorj^d • OF '^sequence lispe

^effecl^^a^(S)=S; c (S)=S
a 3- \ Si e.

^label functlor^ ^ (T^/J e ~c

^statement inde:^ y

/exit index/ a''(3)=b®! /(S)=if ^llUefined then
G(rrid(d (3))) i -

else c +1

<sequenoe list> a, .=<sequence number>b,

Sequence function^^ a^=(l»'b®); c = d U (c.,e )
^.ist lengtl^^ a^=l; c^=d^+l
^label functlori^^ b^=a^(b); e =c (e)
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^gosub statsment^ * GC3l)3 * ^sequence nmber^ b; c:: =*
<^xpressiorJ>e •CF*<5:e.iuence

<(exlt lndex)>^ a*=a®(t))i c*(3)=if defined then
" . else c^+1

^stateinent index>

^abel function>^ d^=c^

<^effect]>® a®(3)=S* where S* (retstack) =S(retstack) PUSH a^+1

^return statement^ a::= • RETURN •

^effec^>® a®4 = S* vxhere^
' S(retstack)= S(retstack) POP . Xj S*=S otherwise

^xit inde:^^ a^=X

^stcp statemenl^ a»:= • STOP*

^ffec€>® a®(S)=S

^xlt inde:p^ a*=a^
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4or state^.ent> 3::= ' v.riablc^^b
^ < TO • <:-xprs;-.r.lorv'a carriage return , ,
« g.,_ I P03 ' <i;l3i:le varl'-:ble?f - ^.vprs-Floryfi,

<exprssslo>^h ' 3TSP '<9xpresslori>i carriave return

<environi.enty bW i o '̂=a^ d^=a^ f^=e^ g^=e^ h^=e=, i^=e^
4;ffect>® a®(3)=S' vmere S'(b)=c^(3) 3« (ooacat(b.lljLlt) )=d'U)

S'(concat(b,£tcj2,) )=1 S'(concat(b,loo£)=a +1

and S'(z)=3(z) otherwise

b®(S)=S' where S'(f)=s''(S) 3• (ooncat(f,lisil) )=h^(3)
S'(ooncat(f,ste£))=i^(3) S*(ooncat(f,loo£)=b +1

and S*(z)=3(z) otherwise

<exlt inde:^^ a='=a^+l: e*=e^+l
^statement inde:^''

. m E , ni_
^or variably a -b; e -i

iifor sectloi> a:!=<for statemen^b<subGectioi^c
^statement index^ b =a ; c -a

z z z z z
C^envlronmenO' b =a : c =a

<^label -fimctloi^^ c^=a^
f f ^ \

^for variable^ (restriction:: c =b )
<^effect>® a°=c®(b^(3))
^exlt Index^^ a^=c^(b (3))

. k k
^section lensth]> a =c +1

^nd Inde^^
-^ynth envlr^^

^synth flles>®^ a®^=o®^
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<evaluatefl^ ^
-•,;bpro.rr--/b earrlb.-e ygf-irn <hext statement^ c

f t f
^ ^OT varl'^blC'-' a

^t?.rt inde:c^ ^ b®=a^
<£lobal label function>^ b^=a^ Uc®
✓ ^<Z. JL z<£lobal envlronn.en1;? c =a

^effect"?^ a®(o)=: If b^(3)=c^then (IX S'(c fstep) x (3'(c ,ll:ilt)-
S'(c^))< 0 where 3'=c®(b®(S)) then a®(3*) else S")
else b®(3).

<^exit index>^a^(3)=lf b^(3Hc^th^ (If S-(c^,st^) x (S'(c^limlt)
•(c^))<0 where 3»=c®{b®(3)) then a*(S') else o^+l)o

else b^(3).

, w k k ..^section len^try a =b +1

^synth envlr^®^ a®^=b^

^ynth flle^(defined files)

<iend inde3^^ b^=3^
i 1 s k^stateient lndex'> c =b +a

Cnext statenient> ai :=<seq no>b ' NSXT ^simple varlable>o
^for variable^ a =c

<^effec^® a®(3)=S* where 3'(o)=3(c)+S{o,step) and S*=3 otherwise
<^label a®=(b,a^)
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VARIAaLSS

/Tarlable)> aii^^lmple varlabl^xi bi i=4"t>sorlpted varlabl^yj
<^yp^* fl^=number> b^=number>
^nvlronmen^^ yWi (restriction.. a^(x,rgnk)=unae£inei )
^-•alu^^ a^=x*i

pimple varlabX^..=4ette^ /

/letter^ a::=*A*j b::=*B*
g::=*G*
id: : =

s::='3*
y»:=«Y'

h::='K'
n::='N»
t::='T*
zI:='Z*

; cn = 'C'; d:t='D*; e:

; it:='I'; k:

; o::=*0*; p::=•?•; Ql-
; u::='U'; v::=•V; w:

:.=*4'; riJ = 'R*;

^value^^=.nv r.'=33, b''=3't; 0^^= 35i d^= 36.6'̂ = 37. f''=38; 3^=39. h''® '.O;

1*^= J^= '*2-, lc^=i.3i n''=W; 6^=1*7; p^-'*8t
q^=k9, r''=50; s''=51s t''=52j u''=53! v^=5'+: w '̂=55. 56.
y^=57s 2^=58

^subscripted variable^

a^(S)=S(b(c (S))

at »= ^ e11e]^b^ublisl^c
r n

a =0

^L-valued y=b(c (S))
z r

^^nvlronmen"^^ (restrictloni t a (bpj^ik)—a )
(restriction1: 1 — (l)^a ^b.roaxsizel) and

^ z

if a^=2 then 1-c (2)-a (b.maxsize2) )
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^subllst^ at i=^xpressloh^bi ci i=<^xpressloi^ •, •<^expressloi^e
C^enstll^^ b^sli 0*^=2 f

^Index valuea^(S)grnd(b^(S)) i c^(o)=concat(rrid(d^(o)),
*.*#rnd(e^(3))

^subllst par^ oP(l}sgnd(d^(S))t c^(2)»rnd(e^(S))

^trlng variably aji=^slmple string varlabl^b;
c11 =pimple string variably d<sublis^>e

<^alue]?^ a^=S(b)i c^=l£ e^=l then breaK(e^.S(d)) else
save(e^(2) tbreakCe^d) «S(d)))

^ength>^ c^=lf e'̂ gl then (If e^-Cd*^ then d'̂ +l-e^ else 0)
else (if e^(2)>eP(l) then (If eP(l)>d'* then 0 else

(if eP(2}^d^ then d'^-eP(l)+l else eP(2)-eP(lHl))
else 0.

(restriction! t=o'^^c^(ctmaxsize) )

a^gstring! c^=strlng

t

pimple string variabl$> at i=4.ette:|^b
^engtlf^^ a"=S (concat (b, length))
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EXrii2J3I0No

^expressior^a: :=^conj<.'nctior^b; c: :=̂ e3tpressior^l 'OR'̂ onJunctior^e
a^=b^; c^=iX d^=0 and e^=0 then 0 else 1

^nvironmenl^^ b^=a"j d^=c^; e^=c^

<jonJ'jnctlorC>a: :=<rslatioi^b; cs:=<(conjunctiof^ d •AND* 4'elatio>^e
a^=b"^; c^=lf dVo then 1 else 0

^nvironmenl^^ b^=a''; d^=c^j e^=c

<Velatloi^ at :=4^inna:^b; c11= <$ilninax>d 4'elatlonal operato^e<^lnma:>f
<$ralue>^ aW, c'=
^nvlronmen"^^ b^=a^; c^; e^=c ; g =f' » b -f

<^lniiia:$^ais=4uiij^b;. c:: =<iiinina35^d •MIN*^u:5?ej. fst=<iiinina:C^S •MAX*4jui3^h
<ralu»^ aW; c^=if c '̂̂ e^ then d^ else e^; f^=if sS^h^ then

else h^

^nvironmenl^^ b^=a^; d^=c^; e =c ; s =f ; h =f

<jSum> a::=<ierii7b; c::=<dunj>d •+• -^eri^e; f: :=4^ai^S •-* <term>h
<value>^ aW; cW + e^j fW - h^
^nvironmen^^ b^=a^; d^=c^; e =c ; s » h =f

^tern? a: :=^subter4>b; c;:=<$erm^ •<^ubterin^e;

Cvalue>^ a^= b^; c^=d^ x e^; f^=sVh^
^nvironmen"^^ b^=a^; d^-= c^; e =c ; s » h -f

^ubtem^ a: :=^enla^b; c::=̂ i£ned factoid
^valu^^ a^=b^; c^=d^

•^nvlronmen^^ b^=a^ j d^=c

^dcnlal^a: t=<jract02^b; 0:2= •NOT*<Jfactoi^

^ralue^"" a''=b''; d'̂ -O 1 eli^ 0
Environment b''=a^; d^=c
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^signed facto2^ a: s= •+• ^actoi^s; cii= •-•^acto^d-

a''=b^; c''=:-cl''

^nvlronmen^"b^=a^ j d^=c

<factor> a: :=<oriaari>b; c:: =^actor>d <J)riEiary/>e

^alu^^ a^=b^; c^=exp(d^,e^)

Environment b^=a^; d^=c^ j e^=c^

<i)riinary^aj i=<;variabl^v; bj i=<Jiumbe^n; cti= •(' ExP3^®ssio^e«) *;
dj:= functional f

a^=S(v); b^=n^j c^=e^j d =f

<^environment'̂ ^v^=a^; e^=c^; f^=d^

Relational operato^as :=* '̂J b::=''̂ =*; ci:=*=*; d:j=*#*; eiJ=*<>;
^ fi!=•>=•; g::=•>•

.Associated valuatlor>^^"'̂ ^ where. n,p are<fiunibers>
^F(ntp)_j^^ n-.^p then 1 else Oj n^p ^beii 1
.F(n,p)^^ jj^p then 1 else 0; nfP tberi 1 else Oj
jF(n,p)^^ ^p then 1 else Oj f.^^"'P'=lf nip then 1 else 0
gF(nip)_tf jj>p then 1 else 0

<functlonai? a. .=4runction ldentifier^b'(« Axpresslo^ *)*!.
dj #== predefined function^ e ( Pexprcssion/f /
gi:= •LSN* •(• Etring variabl$^h •).*

<value>^ d^=e<^(f'') , sW,
a*= (subst(c'̂ .a^(t>.dui!miyl.a^(b. expression)))^

<functicn identifier> i«= 'FN* <letter^

predefined functiot^ at i='oIK'j ' tDxinT'̂ ^^
eii='LOG's fii =*A33; gii ='3^R*( hii ='Ii>li'i i!:= END ; jii- .
lttt = 'TYP«; ffiit = 'TIK«

<funotloaal v•luatlo?v>® '̂'' •..•here x Ir a<^v:.'r;ber>.
a®(*)=cln(x) v;here x is t.akcn to be In r.adians

a

c^

e^
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predefined functior^ Ccn't

b^^^^=cos(x) v;here x is taken to be in radians
=stan(x) where x is taken to be in radians

,G(x) . V
d =exp(je/,x)

e°^^^=ln(x) for x>0
^G(x)_(^l „jiere (/represents the absolute value function
^G(x) =1Gr where represents the square root function

where LJ.represents the greatest integer function

vrhere Oin.mil and p(l°^*^=n) = pCi'̂ '̂ =m) where p is
probability

x>a then 1 else if x=0 then 0 else -1

x=0 then current minute of the.hour else IJT x=l
then current hour of the day else if x=2 then currenu
day of the year else if x=3 thon current year of the century

where 0 minutes 59
0 hour.- 23
1 day•366
0 year 99
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^oonstant^c1j=^nunibei^x; d::— •-'̂ nujibe^^y; 2J8= •+'̂ nuuibe:^z;
fs: =^itsral stririt^s

^:value>^ c^=x', d'=-y^i , f^=s^ —-^ensthy f^=s''
^typey^ cWeal; d^=real; eWeal; f^=strlnp:

^nuraber^n; ;=^deciinal numbej^xj m: :=4^eclmal number^y^sxponent par^z
^value^ n^=x^; ni^=y^ x exp(10,z^)

/decimal numbei^a: i^^inte^er^x; b: :=/inteae^y •• * » cj s=^lntese3^u •
^ <lnteser/v; d::= '.• <inteser>w

<^aluey aVi bV) o'=uWx exp(10,-v'') i d =exp(10,-w^)x

^Intege^ai s=^diglt^xj bs :=^intege^y^islt^z
^valuej*^ a*=x^} b^=y'̂ x 10 + r7
^lengt^^ a^=l: b^=y'̂ + I

<<dlsit'> a: i=«0«)bi :=•!•) cm ='2'! dii ='3*> ej«="t'} = gi i=»6«
h!«='7'i lii = '8«; Jn = '9'

<^valuey a^=0, b'=li c'=2j d^=3;. e^=its r''=5: g'=6> h^=7» l''=8s
3''=9

/exponent par^ei:= 'E'/lntese^a; f i i='E+*<^lntese^bj s;i='E-»
^ <lnteser>o

^alu^* e^=a^i f*=b^; g'̂ =-c'̂

<^lenstl '̂̂ e'̂ =a^! f^=b^; g''=o'̂ ( ^e'̂ ,g'̂ ,f^2)

^literal string^ si i= ' '' 'Character strln^o' '
^valu '̂̂ s^=ci^ ^engtl '̂̂ s'̂ =o'̂ ,

^iharacter strln^ci i=̂ haracte^d; e: i=^haracter strin^f^haracte^g
^alue>^ c^=d', e^=100 x f^+ g'

^lengtV '̂̂ 0^=1! e'̂ =f'̂ + 1
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^oharacte^ as :=*'•*; bs :='//'
^ «::=•(•) h:s=')

Bts = 'f's Cm = ' *

^^value^ '̂a''"!! b^=2! c^=3i d^='*i f^=6i s'=7s h =8; i =9;
/=10i k'=lli l''=12s m^=13i nW + 25?
r*=26j s''=27i t^=28i u^=29! v'°'=30; w'̂ =x''i 7^^=60;
z^=6Xi a^=62! b''=63; C^=o
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appendix

represents the null set

return represents the carriage return character

if...then...eise has Its standard meaning (as in ALGOL)
eoneat( ) performs a standard concatenation of argument?
rndC...) returns the rounded value of its argument (integer)
ssasat-)

a POP ^ pops an element from stack a Into variable b
a PUSH b pushes b onto stack a

ratatflck a special variable to keep track of

subst(a.b.c) creates a new expression by substltutl^ thegujjsfta.D.c; ^ original variable (dummy) b in
the expression c

Pile related key wordst

The DATA file, the TTY, and external user files are

represented by three parallel arrays with a common pointer
denoting present location within the file. The 3 e^rrays

coribedn the value of a record (one variable), its type, and
Xf it is a string the third contains its length®

All other key words are used to form unique variable names

and have straight forward interp^rtatibns.
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CHAPTER POUR

description of pal III

(PDP-8 assembly langiiage)

B Y

RONALD 0« NICHOLS
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miROIWCTION

This fliyntactic and semantic description is for the Digital Eqidpment

Corporation PDP-8/E PAL III assemblere The PDP-8/E is designed as a

general purpose coiq)uter« It's basic processor is a single-address^

fixed sord lengthy parallel transfer unit using 12-bit9 2*s complement

arithmetic* Standard features include indirect addressing and facilities

for instruction skip*
t

The PAL III symbolic assembler(PAL stands for Program Assembly

Language) translates symbolic programs^ which are written in the PAL III

language^ into binary-coded programs* It features systolic refrences^

origins^ and e3q)ressions*

Five 12-bit registers are used to control computer operations^

address memory^ operate on data and store data* The registers which are

used in the following syntactic and semantic description are defined;

AccumulatorCAO) - 12-bit register in which arithmetic and logic
operations are performed*

Multiplier quotient(^) - 12-bit biderectional shift register that
acts as an extension of the AG*

- Krogram counter(PC) —12-bit register that is used to control the
program sequence* The PC contains the address of the core
location from which the next instruction is taken*

Iiink(L) - 1-bit register that is used to extend the arithmetic
facilities of the ^*

Switch Register(SR) - 12-bit register which contains the status^
bit by bit« of the data switches on the console*

Location Counter(^) - 12-bit register which contains the address
of the location of the next statement to be assembled*

In addition to the above registers^ the following notation will

be used;

Siqperscript - a|v means a^

Null set - NULL means ^

Sets - [e]] means set containg e
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This notation was needed in order to utilize a constant character set*

Other notations uill be described as neededo

The syntax and semantics follow in three sections: Basics^ consisting

of constants^ labels^ etc| instructions; and program section*

This definition uses the following semantic attributes:

. Value - the octal value of an integer quantity*

Length - the character length of an integer or alphaxiumerlc*
\

Effect - the effect of an instruction^ statement^ etc*^ on the
state of the c^aputation* This state is a vector consisting
of the registers and core memory locations*

i

Operation - a function vhich describes a coaputatioh whose result
will be stored in a destination given by,

Destination Function - a function idiich gives the destination for
the results of an operation*

Effective address - an inherited attribute which becooes a desti^
nation for the results of an operation*

Label Function - an Inherited attribute giving the location of
a symbolic address* This is actually a set of addresses and
syi^olic names in ordered pairs*

Exit Index - an attribute tells which instruction will be executed
mexto

State Location - tells where the statement is to be located*
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CONSTANTS

This section defines:

Constants
Integers
Signed integers
Letters
Alphanumerics
Blanks
Comments
Address
Lab^s
Indirect bit

m digits values are in octal« All semantic definition arithmetic

in this and following sections is also octal so as to be icoapatibleo

Nbte: I have not included a definition of special characters; iee *•*#

SS etc., but an extension would be easy* would also

be included in the syntax for comments
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<digit>a ::= *0*} i S "= *2'? i ss= S.
f ::= *5'; £ ::= 's*; !i ::= 7'

<value>tv . e
atv = 0; btv =1; ctv = 2; dtv = 3; etv = 4; ftv s 5;
gtv = 6; htv =7 /

<integer>ji <digit>a; :s= <dlgit>b <integer>2

<lengih=tn <0 < n < 4)
<value> tv

xtn = 1; xtv = atv;
ytn = Ztn + 1; ytv = Ztv + btv X exp(8, Ztn)

<signed integer>j5 ::= <integep>a; y *+* <int0ger>b;
Z ::= <integer>c

<valtte> tv

xtv = atv; ytv = btv; Ztv = -ctv

<letter> ::= 'a' I -b» I 'c' I 'd' | -e' I 'f' I 'g' I 'h' I 1
•j ' I 'k' I M' I S' I I l/p' I I V' I 's* I

I I I I 1 I 'Z'

<alphanttmeric>i ::= <letter>a; x <alphanttneric>b <digit>c;
Z olphanumerioc <letter>e

<length>tn (n < 7)
xtn =1; ytn = btn +1; Ztn = ctn + 1

<blank> ::= * •

<coBiRant> j2= */' <l0tt0r> I '/* <digit> I <cona0nt> <lettep>
<comment> <digit> | <coBnent> <blank>

<address> <alphanuBepic>

<label> <alphanuaeric>

<indlrect bit>a * *; b *1'

<valve>tv
atv = 0
btv = 1
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INSTRUCTIONS

In. the PDP-8/S there are two na^or types of instructionss memory

reference and pperatorso Memory reference instructions store or retrieve

data ft'om core* The operate instructions consist of three grovps of

microinstructions* Group 1 is principally for CLEAR^ COMPLEMENT^

ROTATE^ and INCREMBNT operations* Groi;^ 2 is used in checking contents

of the Accumulator and Link^ and continuing to, or skippizigj the next

instruction based on the check* Qroi^ 1 and Group 2 infractions are
i

fldcro-proganmable^ that is instructions in each group may be combined

with certain other instructions in the same groip to form new instructions*

These combinations are allowed only with instructions of a different

sequence(order of execution) on the same group* Group 3 instructions are

used to manipulate data between the and ^ registers*

In addition to these operate and memory reference instructions^

there exist two others* The Load instruction is used for entering

constants into The *0* instruction sisply saves space for a siyid)olie

address*

In the memory reference instructionSf indirect addressing is possible

with a *1< in the inderction field* A blank results in direct addressingo

The PDP-8/E uses a paging address scheme^ but users of PAL III

assembly need not be concerned since prqper page addressing is handled

by the system*
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«loader>i : := nl* <int«gep>8 =

xteTs) - s* vhere s*(ac) - atv, s'(Z) - s(Z) for Z + SjB

<grottp 3 op>a ::=.*caa*5 b :s- *aqa'; c mql*» d ss- swp
<effect>te

ateCs) = s' where s'(ac) = 0; s'Ca^) = 0; s'8Z) = sCZ) for
Z t ^ and Z t jnja

bte(s) = s' where s'(ac) = s(^) .or. sCafl^, s*(Z> = sCZ)
for Z t ac

cteCs) = s* where s'(Hia) = sCac), s*(a£) = 0,
s*CZ> = sCZ) for Z t ac and Z f m

dte(s) = s* where, s*(ao) = s(ac). s'Cag) =
s'CZ) = sCZ) for Z t ac and Z t m

<gp2 seq 3>a 'hit'; b *osr'

<effect^Te
ateCs) = s' where s'Crun) = 0, s'CZ) = s(Z) for Z t ran
bteCs) = s' where s'<^) = sCac) .or. sC^), s'CZ) = sCZ)

for Z i ac

<gp2 seq 2>a ::= 'cla'

^effect^To
ateCs) = s' where s'Cac) = 0, s'CZ) = s(Z) for Z i fic

<gp2 seq 1>a tt"* 'skp'; b .s- 'snl'; c 'sZl'; d sZa';
e ::= ''sna'; f ::= '"saa'; g ::= ^spa'

< e f f e c t^ T e
ateCs) = s' where s'Coc) = s(£c) +1, s'CZ) = sCZ) for

Z i DC
bteCs) = s' where s'Cjgc) = iX sCP .eq. 1 then sCj9c) + 1

else s(^), s'CZ) = sCZ) for Z t £C
cte(s) = s' where s'Cjgc) = iX sCp .eq. 0 then sC^c) + 1

else s(dc). s'(Z) = s(Z) for Z t 2C
dte(s) = s' where s'(£c) = jX s(mac) .eq. 0 then sC^c) + 1

else s(dc) . s'(Z) = sCZ) for Z t jgc
eteCs) '"s* where s'(2oJ = iX s(ac) .ne. 0 then sCjgc) + 1

else s(]^), s'(Z) = s(Z) for Z t 2£
fte(s) = s' where s'(pc) = XI Cs(ac) .and. 4000) .eq.

4000 then s(dc) + 1 else s(£c), s'CZ) = s(Z) for

gteCs) = where s'C£c) : if (s<ac) .and. 4000) .eq. 0
then s(pc) + 1 else s(pc). s'CZ) - sCZ) for Z ^ £c

<gp1 seq 4>a 'ral'; i 'rtl'; £ *5= 'rar'; X **tr';
e :: = ''b sw'

<effect>te ^ .
ate(s) = s' where s'(ac) - sCac)x2 + sCX^f s CX) -

sCac)/2t13, s'CZ) = s(Z) for Z t ac and Z t X
bteCs) = ateCatcCs)) , ,
cteCs) - s' where s' Cac) - sCac) /2T13 + ®

= sCac) .and. 4000, s'CZ) = sCZ) for Z t ac and Z
i X
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dte(s) = cteCcteCs)) ^
ete(s) = s* where s'Cac) r sCac)X2T6 + ^s(a£) .and* 7777)

/2t6, s'CZ) = sCZ) for Z^ ac

<gp1 seq 3>a *iac*5 ^ *cia'

<effec^^Te
areCs) = s' where s*C^> = sCac) +1, s'CZ) s sCZ)

Z t ac
bteCs) = s* where s'Cac) r -isCac) + 1« s'CZ) = s<Z) for

Z i sc

<gpl seq 2>a ::= *cal'; b 'caa'j c ::= •cia'; d ::s 'stl';
e ::= '^sta'

f

<effect>te
a-eCs) = s* where s*(i) r -*sCi), s'CZ) = sCZ) for Z t i
bte(s) = s* where s'Cac) = -*s(mec). s'CZ) = sCZ) for

Z t ac "
cteCs) r bte(s) in <gp1 seq 3> definition above
dteCs) = s* where s'Cp = 1, s»<Z) ^ sCZ) for Z ♦ 1
eteCs) = s* where s'(^) = 7777^ s^CZ) = s<Z) for Z i ac

<gpl seq l>a *cll'; b.::s 'stl'j c *cla'; 4 *sta*

<effect>te
ate(s)
bteCs)
cteCs)
dreCs)

s* where s'Ci) = 0, s
dteCs) in <gp1 seq 2>

*(Z) = sCZ)
defini tion

for Z
above

♦ 1

: s' where s'Cac) = 0, s*(Z) = sCZ) for Z i ac
= eteCs) in <gp1 seq 2> definition above

<grottp 2 op>a <gp2 seq b ;:r <gp2 seq 2>n?
c <ip2 seq 3>2; d <gp2 seq 1>£ <gp2 seq 2>a5
e <gp2 seq 1>£ <gp2 seq 3>s;
f <gp2 seq 2>t <gp2 seq 3>tt

<effect>te
ateCs)
bte(s)
cteC s)
dteCs)
eteCs)
fteCs)
gte(s)

wte(s)
nteC s)
oteCs)
qteCpteCs))
ste(rteCs))
ttte(tteCs))
xteCwteCvteCs)))

groop 1
d

f

i
h

7
I

{
m

i
£

op>a ;

= <ipi
= <gp1
= <8Pl
= <8Pl
= <8Pl
= <gp1
= "SP''
= <8Pl
= <gp1
- •'SPl
= <8P'<
= <8Pl

« nop*;
3>di;
1>fl
1>gl
1>hi
2 >11
2>J1
3>kl
1>il
1 >m1
1 >o1

2>oi
1>£l

seq

seq
seq

seq

seq
seq
seq
seq

seq

seq

seq
seq

b
e

<ip
<gp

<gp
<gp
<gp

<gp
<8?

<gp

<gp
<gp
<gp

A * <gp1 seq 1>bl; c <gp1 seq 2>ei z
r <gp1 seq 4>e1;
seq 2>f2;
seq 3>g2;
seq 4>h2g
seq 3>i2:
seq 4>.12s
seq 4>k2;
seq 2>I2 <gp1 seq 3>ii;
seq 2>n2 <gp1 seq 4>m3;
seq 3>n2 <gp1 seq 4>n3?
seq 3>o2 <gp1 seq 4>o3;
seq 2>p2 <gp1 seq 3>£3 <gp1 seq 4>p4
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.,.<,n'a sSiil, :r
VfUh-^ V'".^ ••

i Vz- *0'

<effect>te
ate(s) = mte(s)
bteCs) = nteCs)
cteCs) = ote(s)
dte<s) = pte<s>
eteCs) = qte(s)
fteCs) = nttl I

/*v

= 0, 8*<Z)

=
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PROC«AM

This section defines a program to consist oft

!• Location Codes - ^ecifles mhere the program is stored

2m Body - The Statements consisting of Instructions and Comments nfaich

are the actual program I
!

3« Bad • the final statement nhich tells the assembler it is done*



~ -<5tateBent»a^»=̂<|nstr«ction>ir^^ ,eoBB.nt>

<label fcn>tl
:<exit lndex>tx
<effeci>te
<state location>tn

atl = HJli
atx = s(jBC> + 1
ate<s) = mteCs)

- ata 2 sCJLo)
btl = jjttJLL
bteCs) 2 njiil
bta 2 s(i£)
ctl 2 ti3

etx 2 sC2c) + 1
oteCs) 2 nteCs)
eta 2 sCic)
dtl 2 etl
dtx 2 etx
dtlCs) 2 eteCs)
dta 2 eta

<body>a ::2 <stateaent>2L; b ::2 <body>£ <stateBent>x

<label fcn>tl
<affect>te
<state location>ta

atl 2 xtl
ateCs) 2 xteCs)
ata 2 xta

btl 2 ctl •union# ytl
bteCs) 2 yteCcteCs))

<end>a :;2

<effect>te
<state location>tB

ateCs) 2 astop assembly#
ataCs) 2 sCJLc)

<location code>^ t.2 <integer>jt

<effect>te
<valtte>tv ^

ateCs) 2 s* where s'Clc) = xtv

<prograa>a ::2 <location code>b <body>c <end>d
<effect>te
<lable fcn>tl

ate(s) 2 dteCcte(bteCs)>)
atKs) 2 ctlCs)
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CHAPTER FIVE

A D E S C R 1 P T I 0 H OF B P L

(Burroughs' systems progransning language)
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d p L 6/OVn

B P L

BUBKUUttHS PROGRAMMING LANGUAGE

fUK THE aURRUUGHS MEUIUM SYSTEMS COMPUTERS

B2!j00» U3!j00» and H«T0U

InTROUDCTION

THIS SECTION OF THE PAPER IS InTENOED AS A BRIEF
introduction to the machine as seen m the •JSER NHEN ijRtTTINa IN
upi TT Is not intendEu to be completej The oefinition ano
SEMANTICS OF THE lANoUAuE WHICH FOLLOW SHOULD EXACTLT _
ThF virtual MACHINE. ThE PURPOSE OF THIS SECTIOM IS TO SiVE THE
reader an UNUEKSTANOINu of the BASTC hardware which the LANuUASE
IS implementeu on.

the virtual HACHINE that a user (POSSIBLY ONE OF SEVERAL
simultaneous USERS) SEEs IN BPL CONSISTS OF AC°'̂ ®^CUTIvE STR S
OF INDIVIOUALLY AOORESSaBLE DIGITS' STARTINm "ITH D. EACH DIGIT
IS 4 BITS LONG. THE vAlUE OF A PARTICULAR dIT CAN bE CHECKED
changed IF DESIRED. THE BITS ARE TDENTlFIEO BY THEIR
cfiRfirspriNOiNG Binary valuli i 8iit ^ bit* 4 bit* and 0 bit# ^ ^
ADDITION, PAIRS OF OlGlIS STARTING WITH AN EVEN AOORESV DIGIT MA^
BF. consiocreu As a character or byte# a byte is therefore 0
long and can dt ANY UF IHt POSSIBLE 256 EBCUIC CHARACTERS#
Addition* four digits starting <kITh a mod 4 AooRtss are
CONSIDERED A rtUrtJ# ThE HARDWARE CONTAINS IwSTHUCTIQNS FOR
MANuLIPULATING digits* characters* and words# ruiocc

ANY SINGLE ELEMENT OK A USER*S DATA STkUCTuRE HAS THREE
ATTRIBUTES! ADDRESS* SIZE* AND TYPE# EXCEPT FOR CERTAIN
SPECIAL CASES* THE ADDRESS OF A DATA ELEMENT IS DETERMINED BY ThECWKER ?N ?HE SsuAL wrY (IN THE ORDER SPECIFIED BY THE USER IN
His SOURCE). ThL AUOrESS is ALwAyS The address of THE LOWEST
addressed digit in a particular ElEmEnt, for Example, IE the
ELFmENT CTR occupies 6 digits addressed from 32 ^"^OUGN 3T
Inclusive* THE address of ctr would be 32# the size •uc
ELFmENT is the number of digits or CHARACTERS IN THE FIELD#
CHOICE OF digits OR CHARACTERS DEPENDS ON THE TyPE# A DATA
ELFMENT CAN HAVE ANY OF fHE FuLlOwING TYPES!
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integer

REAL

SIGNED

numeric

alpha

boolean

COilPOStO OF A CONSECUTIVE STRlNii OF OIOITS EACH
CUNTAlNlNG ONLY VALID NUMBERS.(0 - 9). SIZE
expressed in digits.

A real NUMttER IN ThE FORTRAN f FORMAT SENSE. SlZ^
expressed in digits.

SAME AS integer. BUT ALSO CONTAINS A SIGN. SIZE
expressed in digits.

COMP string COrtPUSEO OF A CUNSECUTIyE STRING OF DIGITS.
EACH UF WHICH CAN BE ANY OF THE POSSIBLE 16 BIT
combinatiuns. size expressed in digits.
nUN-INTEv»£R values are CALLED '♦UNDIGITS'^ ANO ARE
REFEKEO to as a through F (A a 1010(2). B «

.... F a 1111(2)).....

composed of A CONSECUTIVE STRING OF CHARACTERS.
EACH UF WHICH IS A VALID DIGIT ONLY ("O''.
.... w?"). siZE Expressed in characters.

cuHPuSED OF A Consecutive string uf characters,
each of which can be any of THE POSSIBLE 256
EBCDIC ChAHACTERS. SUE EXPRESSED IN CHARACTERS.

A single bit used as A BOOLEAN TRUE/FALSE SwITCH.
(BIT is SET IF TRUE. RESET IF FALSE.) SIZE IS 1
Bit. UP TU FOUR boolean VaRIaBLES CaN 8E RLaCEO
IN A SINGLE DIGIT BY THE COMPILER.

THE Exact oefinitiun and usage uf the various types will be
described in the synatx and semantics, the following additional
notes are divided Into TwU parts, part i deals with additional
comments about the virtual machine. part 2 DEALS WITH
CONVENTIONS THAT WluL Bt hOLLOWED IN THIS PAPER.

additional notes, part ix

arithmetic is only OEFINF.1) for types INTEGER. NUMERIC.
SIGNED (MIXED IN AwY MANNER WITH HARDWARE CONVERSION
automatically TAkIng PLAcE) op tfETwEEN REAL FlELOS.

OR

indirect addressing is permitted.
LONG and consists OF A CONTROLLER
AND TypE) and THE ADDRESS.

AN address is 6
(WHICH INDICATES

digits

INDEXING
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3, THE VlRlUAu HACHINE CUNlAlHS SEVERAL REoIST£H*lIKE ITEHS
WHICH THE USER HAY USE» BUT WHICH ACTUALLY RESIDE IN HIS
ADORESS space. THESE INCLUDE THREE INDEX REGISTERS* ♦'IXI***
♦•Ix2«» AND "IXS**. they allow aRRAy TYPE ACCESSING wHEN
ARRAYS ARE NUT SPEciFUU* ADDITIONAL AREAS OF USER^S hEHORY
ARE AFFlCTEU BY SUBROUTINE CALLS (STACi\ POINTERS) AND
VARIOUS TtSTINp INSfRUCHONS. THESE wiLL ALL »£ DESCRIBED
IN THEIR placE. Indexing and indirection caw be carried out
IN ANY desired ORDER AND TO ANY OESlREu LEVEL.

4, There is a cumpahIsun indicator whose value is changed by
VARIOUS instructions. IT QAN rE TFSTEd BUT DOES NOT ExlST
IN THE USER-S HEmOHY. IT wIlL BE SHOWN AS CHP(3 IN THIS
pApER, IT CAN TAKE UN ANy OF "EOUAL"* ''lESS^* OR ••GREATER'**

AOOITIONAL NOTES* PART 2

1. A list JE RtSERVEO rtOROS IS PRQVIOEO AS APPENDIX A. NO
IDENTIFIER UEFlwEO BY ThE USER CAN BE ANY OF ThESE RESERVED
WORDS EXCEPT AS NOTED.

2. A list Uf EyUlVALENT FQRHS IS PHOVIOEO IN APPENDIX B. ThE
SYNTAX and semantic definitions THAT FOLLOW WILL ONLY USE
ONE form of a syntax element. any of THE EyOIVALENT FORMS
CAN BE OSLO AT ANY Pul«%T WHERE THE SPECIFIED LANGUAGE
ELEMENT IS USEO.

3. APPENDIX C DEALS WITH DEFINES. A DEFINE IS A METHOD OF
dealing with VARIOUS FORMS OK SHORTHAND TO THE COMPILER AND
DO NOT AFFECT THE ACTUAL SYNTAX OF THE LANGUAGE*

4. THE terminal <tMPTY> IS DEFINED TO BE THE STRING CONTAINING
NO characters Or SyMbOLS,

5. WE SHALL USE THE BINARY OPERATOR : TO INDICATE THE
CONCATENATION OF TwU DiGiT OR CHARACTER STRINGS TO FORM ONE
oigit oh character strind. This ts to distinguish between
THE OEFlNiTiUN UF THlNwS LIKE INTEGERS WHERE THE VALUE OF AN
integer is in one case The value of an arithmetic expression
ON THE VAUJL OF ANUTriEH INTEGER AND A UIGIT* AND A CHARACTER
string WHlCH IS FOHMlO as A COmBINATIOW of characters (AMD
HAS NO AKlTHMEriC VALUE).
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6. DEFINE CONTENTCADR# TVP» SIZ3 TO BE THE CONTENTS OF THE
USER*S MtMOKT uEfInEU AS STARTING .AT OIGJT ADR» TTP^ T,YP
FpR A Si2t DF SiZ* ^

7m <ino£tehmInable> Is The value of an item kkHOSE actual vALUE
Is UNkNTOwN.'

d. DEFINE CUMPtXl To DC ••EwDAL" IF X « 0# ''LESS*' IF X < Ot OR
«GREATEH« if X >0. IT IS ONLY OEFINEU FOR X AN ARITHMETIC
expression.

9. DUE TO THE PKlNfER LIMITATIONS. THE ExaCT FORM OF PROFESSOR
MAORER-S PAPER CAN NUT BE USED (SEE REFERENCE ?>•
FOLLOhING SYMBOL'conventions wILL BE FOLLOrEj INSTEAqi

A. ' INSTEAD OF SUPEkSCRIPTS. FUNCTIONS wITH SQUARE BRACKETS
NILL BE. USED. FOR EXAMPLE* VALU.EtAl INSTEAD OF A WITH
A SUPERSCRIPT V. This wIle be carried OUT TO ANY
DESIKEU NESTING LEVEL.

B. THE DOLLAR SlGN wUL BE USEO IN PLACE OF THE SINGLE
quote to INOlCAfE ACTUAL character STRINGS. THUS SAS
IS the string containing the character ^A**. (wote*
Except as compiler cOmmanos, does not appear in ThE
BPL LANGUAGE*)

c. <t will be used tu indicate set theory «is contained
IN".

0. K AnO )» HE uSEO FqR THE CURLY BRACKETS
DEFINING THE ELEMENTS OF A SET.

E. .U. WILL BE USEu FUR THE SET UNION OPERATOR.

F. // WILL BL USED FUR ThE VERTICAL LINE INDICATING
ALTERNATION.
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INPUT^URrtAT

TH£ SOUMCt XNPUr TO dK'CONSlSTS OP CAHO-lMAfiE RCCOROS# THE
FIRST 72 COtORNS UF tACH CAHO-lMASP^EenRD A«t AVAIlABLE^FOR."
source data I rtlTH NO SPtCAAl. COLUMN MEANINGS)? COLUMNS . .
inclusive are Available fur uptional sfouEncE information.
COLUMN 72 Of A RECORU Is fOLLUwEO ImmCOIATELY bV COlOMN I OF THE
wfVT record? Eno Of SOURuE-RECORD hAS NO'STnTAX SIGNIFICANCE
(tXCEPT IN A COMMENT).

COMMENTS ARE PLACED BY USE OF THE SYMBOL FOLLOWED BY ANY
chArActer strIng ano continues to tenq of ThAT record <Wh|Ch
CONTAINS TmE **4**)t IN THIS CASE. ThE COMHEhT DOES SERVE AS A
SEPERATOR* wE SH0*» TrIS mS'EULLOwSi

<CnMMENT> I1» fcSA <ANy STRIKG^OF CHAHAcTEHS-UP thru column 72>

<FyLLE:R> ?«« <tRFTY> // <F tLLtR> AS // <F aLL^RA <COMMeNT>
<BLANKS> ?l« <FILLER> S S // <F1LLER> <COMMtNT>

IN OHOEH To pRtSER<(E AS mUCH REAOIbIlITy AS POSSIBLE IN TmE
OLFINITIONS id FULLOrt. ^HENvER A SINGLE BLANK APPEARS IN J
within $«S, that blank is TD be assumed TO BE <MLANKS>. FOR
example* ^ ^ taken as SIFS <BLANK$>.
additional places Fur AkBIThARY spacing or comments are defined

appenoix b> EwDiValewcls* fqr Example*
$♦6 CAN BE TAkEH as <fILLER> <FILL£R>.

IN
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I

, ^ , . ' COi^-STA«^T'S'

<OTliIT>A «!• i'iii «t ««• »!*» ^ '«• *2*J 0 ««» *3*' E «»• *««»
F li« S»i< li ««• »6»> H **• I "" "* *

VALUetAJ » *»» VALOUei • II VALUetCl » 21 VAtOEtOJ » 31
VALU£C£) « VALOttfl « 5J VAlUEKi] «
VALUtCri} *77 ^/ALUfctll • dl VALUftJ] « 9

<IMTEGER>1 <0IG1T>0;
J IJ« <lNTeOt*<>K <ur^TT>t

VALUECIJ • V,ALUttD)>. VALUE tJ 1 ®r ^0*( VALUE tK 31) ♦ VALUttEj

LENGThCl<) * LEimGTHU) • LENGTHt<<3 ♦ 1
(Ltr^uTriiKJ < V9) • .

TYPECn « Ii^TEvjLH

<STQNeD lWTe<>LK>5 M« h^h <iNTEGEH>n
T tis S*A <IHT£UER>J

VALUEtSJ « VALUttlj; vALUEtTJ « •vALUttjJ

LEnGTHCSJ « LENiiTHllJ? LENGTHtTj « LEi^GTHtJJ

TYPECSl • SlviNtO? TYPLtT) « SIGNED

<REAL NUMOER>H tf <lNTtGER>l S«S <INTEGtR>J

VALUECKJ « VALUtCn ♦ I VALUEIJJ/EXPCIO# LENGTHCJJ))

LENGTHCkJ « lENGTHII] ♦ lengthcj)
(LtNOTrtCRJ S 99)

TYPECR) « RtAL

<STGNE0 ReAL>S tt» ^♦S<«£AL N0M8ER>HI
T tS« S*A<K^AL NUHt»ER>U

VALUECSJ * \tALUtlRJf VALUECT] * •VALUECUI
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LENGTHCSJ « wEwitTHCHjl LENGTHlT) « LE«^GTHtU3

TYPEtS3 « real; TVPttTJ « REAL

<UWi}IGIT>A tlm SAS; B C ll« SCSJ 0 ll« $D5J
E :«» »E4> f ««•

VALUECA3 * lOJ VALUEtB3 a 111 VALUECC3 « 123
VALJtCi>J a 13* VAtUEtE3 « lAl VALUECFl a 15

<HEX OlGIT>H !»• <U,>iUl6lT>U3 I M« <DIGIT>L>

VALUECH3 » VALULCUJ^ VALUECI3 • VALUECO]

<HEX NUMB£R>H i:« <HtX JlGlT>D3
I I la <HtX NUMttER>J <HEX OlGlT>E

VALUEtHl a VALUECD33 VAUJEtll « VALUEIJ3 « VALUEtEl

LENGThCmJ a 1; LERGlHtll • LEnGTh(J3 + 1

<CnMPUTATIONAL HtX NUM0tR>C ll« SPS <HEx RUMBER>H SpS

VALUECC3 a VALUtCHi

LENGTHcCI a lENV3THiH3
(LENGTHCHJ <

TYPECC3 • CUMP 5TRiNG

<0ISPLAY HEX NUMPtH>U tia %%% <HEX NUM8ER>H $XS

VALUEC03 a VALULCHj

LENGTHCU3 « UtNGTHCH3/2
(LENGTHIH3 « 0 ^00 Ip LENGTHtH3 < 198)

TYPElD) a alpha

<STRING CHARACTEH>S II« <ANY single one of The 2b6 EBCDIC
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CHARACTtKi) (iWCwUOlNb SLANk)» EXCEPT ANO S*'S>AI
T t 5 a.

VALliECSJ = VALUcCAJ; VALOtC^ «

LENGTHXi>3 » U LEwqTHCTJ « 1

<STRING>S ts» <STRI»^u CHAKACTtR>CJ
T t|3 <6TKIWG>U <STh1Ng CHARAcrER>n

VALUECSJ = VALUcCCj? VMLUtCTj « VALUEtU] I VALUEC03

LENGTHC6] a i; lE.JGTHITI s LEnGTHCU] ♦ LENGTHtO]

<alpha constant>a s:a s«» <sthIng>s

VALUECA3 * VALUfcCSj

LENGTH[A3 a LENviTHcSJ
(LEN'iTHCSJ < 99)

TYPECA] a ALPHA

<LABEL LITERAL>L Sti <VARlAoLE>Y SIS

VALUECLJ = AJORtSStV)

LENGTh[L) a 6

TYPECL3 = INTE^jER

(IT SHOULD be NuTtD ThAT THE AOORtSStVj CONTAINS
inEurmatiun aouut The typecv) and any indexing ANU/OR
Indirection otsiRtu* the exact form of this
InFURhATIDN lb described under declarations BELOW).

<BnOLEAN COiSbTANT>a ll» STRUtb? C U® SFALbES

VALUEldJ a TRUE? vaLUECL) a FaLSE

LEnGTHCUJ a I biT> LEnGTHCC) a 1 RlT
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TYPECB3 » dOULtAN) TYPttC3 * BOOLEAN

<AI'ITHMETIC CUNSTaNT>A <lNTE'itR>Il 8 St= <REAL NUrt8ER>rt5
C Jl® <labeu l1Teral>l

VAlULIAJ » VALUtClj; VMLUElb] » VAL0ElR]3 VALUECC3 «
VALUECL3

LENGTHtA] sLENGTHtU; LENGTHIB] sLENGTHCRI? LENGTHCC] a
LEi^gThCL]

TYPECA3 a integer; fVPElB] ® rEAl; TYP£[c3 « INTEGER

<STGN£D arithmetic CUNSTAnT>S :ts <ARITHM£TIC C0NSTANT>A|
T lla <$IGn£U iNTEGt«>n U 1:a <SIGNFU REAL>R

VALUttSJ a YALUtCAl; VALUEtT] a VALUEtlj; VALUECU3 a
VALUtlHJ

LENGTHIS3 a lEnGTHCAJJ LENGTH(T3 * LEngTHUI? LENGTHtU] a
LENGTHiK^

TYPEtS3 a TYPttA]; TYPEIT3 ® SiGNEOI TYPEtU] a REAL

<STmPLE C0NSTANT>A I la <ARITHmETIC constant>ti
B 11® <C0MpuTATi0NAL hEX NuMbER>UI
C II® <UiSPLAY HEX NUMtiER>v; 0 11® <ALPHA CQNSTANT>W

VALUECA3 = VALUECTj; VAlUECBI » VALJECUT; VALUEtCl «
VALUEtVj; VALUtCO] a VALUECWI

LENGTHCAJ a VALUECT3; LENGTHC63 = VALUECU3; LENGTHCC3 «
VALUECvJ; LENGTHCD3 « VALUEtW^

TYPECA3 a TYPECT35 TYPEtB3 ®COMP STRING5 TYPECC3 • ALPHA*
TYPECD] a ALPHA

<SIGNED CQNSTAnT>A Us <SiMPLE C0NSTANT>T;
0 iia <GIg NEO AKITrMETIC CONST AN T>U

VALUECaJ ® VALUEITJ; VALUtCBl ® VALUEIU3
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LENGTHCAJ 3 LtNOTHtTjJ LENGTHC03 a LEngTHCU]

TYPECA] » TYPeCTj; TYPEC8] « TYPECU]

THERE certain TYPES OF CONSTANTS WHOSE ACTUAL ATTRIBUTES
DEPEND ON THEIK USE# IN EACH CASE» THE ATTRIBUTE DEPENDS ON
THE FIELD RECEIvINU The CONSTANT# wE INTRODUCE THE

she ur t.E ,£CE,.,.., r,£L».

<SPECIAL CONSTAnT>A :jo SIS SALES $JS <sIMPLE CONSTANT>s;
B :ia SU SJSRS $3S <SIMPLE COnSTANT>T;
C sts sjsls sis <SINPLE constant>u

LET REPEATLX* YI BE THE FIElO FORMED BY REPEATING X A
sufficient number of times such that the length of THE
constructed field is Yunits long (UNITS OlGlTS OR
characters depending UN TYPEtxI). FOR EXAMPLE*
REPEaTCA"* 5J « "AAAAA"#

ValUECaI ® REPEATTVALUEtSI» RSlZECI I
(RSUEU > LENGTHISJ)

let FILLCNf T] be The field FORMED BY N CONSECUTIVE
SPACES IE T « alpha; OTHERWISE N CONSECUTIVE DIGIT
ZEROS,

VALUECBI = FlLLtRSUECI - LENGTHCTlf TYPEITJ 1 :
VALOEtCJ = VALJECUJ t flLLlRSlZECI " J' TYPECUI

(LENGTHCTJ < RSIZEC3I lEnGTHTU] < RSIZECD

LENGTHCAJ » RSIZECI* LENGTHCB] ®RSIZEC]» LENGTHCCI
KSIZECJ

TYPEIA] s TYPEtS]; TYPECB] « TYPECT3J TYPECCj = TYPEC03

EXAMPLESi 1F AI» A2» a3 ARE EACH DECLARED TO BE OF TYPE
ALPHA ANO OF LENGTH THEN

A1 4- CALL! '♦Ad"; A2 4- tJsRI "AB"; A3 4- (JSLJ "AB"
WOULD result in

Al a •'ABAbABAb"* A2 a " AH*'» A3 a "AS
!♦
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<ccinstant>a «1= <siuueD constant>s» e !:= <special constant>t;
C j:a <oOULtAN C0NS1ANT>U

VALUECAJ^ VALUfcCS3» VAUUEtBl ®VALUE'T)' VALUECCJ
VALUECUJ

UENGTmCA] 3 LENuTHISJJ ^uENGTHCbl = LEngTHCTII LENGTHCC] a
LE'̂ G'THtU] '

TYPEtAJ = T*PEtS]J TYt^ElBj = TYPECTJ; TYPECCJ = TYPEtO]



- 98 -

y p 6/05/73

identifiers

<LETTER> £AS // JiBS // SCS // SD® // ^ES // // $GS //
$HS // ili // // SKS // // // SN$ // SQS //
$PS // // iK$ // $SS // ST$ // fiUS // SVS // SWS //
SXS // «>YA // szs

<NAME>N !*s <uLTrER>L; M :sa <NAMF>P <LETTtR>Q

LEnGThIN] s 15 lEhOThCI^J = LEnGThCP] + I
CLEhGTHIP] < it9)

ADDRESS!3

TYPED

SIZED

VALUED

(<NAM£> may NuT be a reserved rtORU except $IX1S» S1X2Sp
$IX3S» OK SBASEs. SEE APPENDIX A. TriE ATTRIBUTES OF
These special names arej
ADDRESStSIXlSl = 85 SlZECSIXlSl =75 TYPECS1X1$] »

A0UKESSCSiX2SJ = 165 SIZEt»IX2il = 75 TYPElSIXZSl «

A0U«ESSt41X3S3 = 2A5 S1ZEC$IX3S] = 75 TYPEtSIXBSl «
§ TvjNE 0
AOOHtSSCitiASES] = 0; SIZEtSBASESJ = 15 TYPECSBASEJ] =
INrEuEK)

FRUM THIS POINT ON (S) WILL BE OSLO TOSHGW A FUNCTION
Of the state vector s, siuecj is the siue effect of a
SYNTAX element .

<VARIABLE>V it" <NAME>N; » <NAME>X <MOOIFIER>M
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ADORtSStVJ ^ AUURESStM]?
ADDRtSSCrtJ = ADORtSStX] + ADORESStM]

TYPE£\/] » TYPEtN]; TYPEIW) = if TYPECM) = NONE THEN TYPECX]
else TYPEtM]
(TYPECvI a boolean? TYPECrtl * BOOLEAN)

SIZECV) = SiZEtNJI SIZECWCS)! ® SIZECMJ = NONE THEN
SIZEUJ ELSE SIZECH(S))

VALUECVJ = VALuE[NjJ VALUt[W(S)] a IF TYPECW] = INDIRECT
T HEN
CaNTLNTCCONTENTCAUURESSCwI# INTEGERp 6)' TYPECWJ-
SIZELW(S)3J else
CQNTlNTCAUORESSl^]# TrPECw]p SIZECW(S)))

NTYPEC) CTHE TrPE OF THE VARIABLE NAME WITHOUT ANY
modifiers £lEi THE DECLARED TYPE 3)

NSIZEC3 (THE SlZt OF THE VARIABLE NAME WITHOUT ANY
Modifiers lie? the declared size3)

<MnoIFIER>M t:= <TYPE mudifier>t <increment MOdIFIEr>I <INdEX
MODIFIER>x <SIZE MUDiFIER>Z

(NUTEj A <M0DIFIER> ALWAYS EXISTS FOR A PARTICULAR
<NAM£>. WL use THE INHERITED ATTRIBUTE NTYPECl AS
defined ABOVE. THE ORDER OF THE INDIVIDUAL
WlTHlN <MU0IFIER> IS UNIMPORTANT AND DUES NOT AFFECT
THE RESULT. )

NTYPEC3

AD0RESSCM3 » AOURESS|;I] ADURESS[x]

TYPECM3 » TYPELT3

SIZECM(S)3 = SUECZCs))

WiTHiN A<mUDIFXER> (ONLY). ANY TImE S.S APPEARS.. IT CAN bE
REPLACED BY

<FlLL£K> S.S- <FILlEH>.

<TYPE M0DIFIER>A <£mPTY>; B tta S.S SUNS; C Sia S,$ SUASI
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D I*® S»S SSNS> E SIASJ P" Sis S,S $NM$>
Q 1(3 $•S SNOs

TYPECA] = NUi^t; TYPtCbJ « INTEGER; TTPECC] s ALPHA;
TYPELDJ 3 SlGl><£0; TYRElE] s INDIRECT;
TYRLl.Fi = numeric; TYPEUi ^ INTEGER

<INCR£MENT MUDiFiER>l U" <EMPTY>; J !l» S. $ <SIGNE0 INT£G£R>K

(LENGTHIKJ < 6)

aodresscu s» o;
AODKESStJj = IE (nTYPEC] = ALPHA OR NTYP£[] = NUMERIC)
THEN 2*VALUECR] ELSE VALUElK]

<INOEX MOOIFI£K>a ;»= <EMPTY>; A s»$ $1X1$;
B :;= Sti 26ix2i; C ;!= 5^.4 41x3®

ADORESSCX] 3 0; AODRESSIA] = vAluE141X1 $3; AQDRESSCB] =
VALUEC41X243; AUURESSCC) = YALUEt$IX34J

<STZE M00IFl£R>2 ts® <£mPTY>; T ;j« $,$<INTE6£R>I1
U $,$<nAM£>N

SIZECZCS)] 3 NONE; SIZE[TcS)3 = VALUEtH

SIZECU(SIE (SIZLCNi s 2 and AODRESSIN] =0 HOD 2 AND
ADDRlSSLn) < 36) THEN VALUECN(S)3 ELSE SIZEtN)
(N»^4IX14» N*4IX2S> N'^SIXSS)

(THIS construct where AU0RESS[Ni is used as the size OF
A field is called »»INDIRECT field length^*).

<SUBSCRIPT>T ss= <InTEGER>I; U iis <VARIABLE>V

VALUECTi ® VALUECIJJ VALUEtT) « VALUEIV3
(TTPLCVJ s INTEGER OR SIGNED OR NUMERIC)

ARRAYS; bPL only mLLOwS OnE DIMENSIONAL ARRAYS# BY THE
SIZECA3 OF AN ARRAY A WE SHALL MEAN THE SIZE
the array. by the DImEnSIONCA) of an array a wE shall MEAN THE
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NUMBER OK ELtMtNTS IN TmE ARRAY. WE SHALL SAY THAT A NON ARRAY
name has OlMeNSIUNlI = X. THEREFURE EVERY NAME HAS A OIMENSION
AS AN iNHtRlltiU ATTRlBUTt FRUH ITS DECLARATION.

<ARRAY VARlAbL£>A t}» <VAHIABlE>V $[S <SUh3,SCRlPT>B S]$

TYPEIA] 5 TTPELY]
(TYPLCA] * BOULtAN)

SIZECA(S)J s SUECVCS)]

AODRESSCACS) J = AODRLSSIV] + NSlZEcV] x VALUCCBCS)]
rn < wALUttBCSlJ <UIMENSI0N[\/])
(NOTE THE USE Uf THL INHEHlTER ATTHIBUTE NSIZECV] WHICH
IS nut NECLSSAKILY the same as SIZECV]).

VAUUECA(S)) 5 CONTENT[AUUHESSr.A(S)l» TYPElAlt SlZECA(S)]3

SIDECA(S)3 « S" WHERE s'̂ ClXD « <TNDETERM INABLE> • s"CX) =
S(X) KUK X f IXl

<HnOLEAN VARlABLt>B SJ« <NAME>N

ADORESStbJ » rtUDRESStN)

TYPECBJ = bUULEAN

SIZECB] s 1 BIT

VALUECBJ » VALUtCN]

<IDENTIFI£R>1 <VARIaBLE>V; j <AHRAY VARlAaLE>A
K tl3 <bUBLEAN vARIADLE>b

ADORESStlJ » ADDHESSCV]; ADORESSCjl = AOORESSCA];
ADl)KESSCK3 a ADURESSCB^

TYPECn = TYPECV]; TYPtCJI = TYPEfAI? TYPECK] = BOOLEAN
SIZ£CI(S)3 = SIZECVCS)!? SIZEC«J(S)3 » SlZEtA(S)3>

SIZELKj = i RiT
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VALUL[I(S)J = VAUUlCVCS)]J VALU£CJ(S)j s VALUECaCS)3;
VALUECKCS)] = VaLUEIR(S)]

siuecKsn » siutcvcsn; siuecjcs)] = sideca(s)i?
SlUt CK(S ) ] « 6
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ARITHtMTIC tXPRESSlUN

<aDOInG oPERATUR>A 55= i + B 55=

FUNCTlOtM[A3 c PLUS; FUNCTIONtBJ = MINUS

<TFRM>T Ils <IUENTIFi£H>I; U i:a <ARITHMETiC CONSTANT>A

VALUECTCS)] s VALULCI(S)5 VALUECUI a VALUECA3

TYPEtT] = tYPECij] = typeca]
(TYPE[IJ a INTEGER OR SIGNED OR REAL OK NUMERIC)

SIOECT(b)J s SlUEtl(S)); SIDECU(S)] s S

<FACT0R>T 11= <lOENnFlER>I; 0 U= <SIGNED ARITHMETIC cnNSTANT>A

VALUECT(S)] = VALUtCl(S)]5 VALUECU] = VALUECA]

TYPECT) = TYPElUJ TYPEtU] = TTPEcA)
(TYPECIJ = integer ok signed OR REAL OK NUMERIC)

SIOECTCS)! = SIUECUS)); SIUE[U(S)1 = S

there is a special 1 Bll register NUT IN THE USER-S
address space out ACCESSIBLE TO HIM CALLED •'OVERFLOW-.

<AD0ING EXPRESSIUN>A I 5a <TEKM>T <ADDING OPERATOR>P <TERM>U

let SMAXCACS)J = MAX IMUM[SIZE[T(S) ]» SlZE(U(S)]3
let FNU(S)] = FUNCTIONCP. VALUEtT(S)3» VALUECCS)33.

IE 5 THE USUAL arithmetic RESULT OF THE EXPRESSION,

VALUE[ACS)3 = iF SlZ£tFNtA(S)33 > SMAXCA(S)3 THEN NONE ELSE
FNtA(S)3

( CTYPECTJ a REAL) IF AND ONLY IF (TYPECU3 = REAL) )

TYPECA3 = IF TYPEIT3 = HEAL THEN REAL ELSE SIGNED

Sl2eCA(S)3 s SMAXCA(S)3
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SIOECA(S)] 9 S" WHERE S**(Z) = SIDE10(SI OE [ T(S ) ]) ]«. Z ^
OVtRFLUw; S"(UV£RFLOW) a IF VALUECA(S)3 a NONE THEN
THUE else S(OvERFLUrt)

CMPCA(S)a 3 IF SIOtCUvERFLOW] « TRUE THEN CMPCS3 ELSE
CqMPc F,\[ A( S) 3 J
(BY CmP[S] wE mean the PREVIOUS VALUE OF CMPC], NOTEl
CMPCA(S)3 depends on the result of the arithmetic
OPERATION* NOT UN ThE TYPES OF THE TERMS,)

<MULTIPLY EXPHESSI0N>M M= <FACT0R>F S*S <TtRM>T

VALU£CM(S)3 s VALUECF(S)3 x VALUECT(S)J

SlZEtM(S)J a SIZECF(S)] ♦ SIZECTCS)]

C (TYPtcTj r HEAL) IF AND ONLY IF (TYPtcFj = REAL) )

TYPECM) 3 IF TYPECF3 a HEAL THEN REAL ELSE IF (TYPEIF] a
SIONED OR TyPECTI = SIGNED) THEN SIGNED ELSE INTEGER

SlDECM(b)3 a SlDEnCSlD£[F(S)3)3

CMPCM(S)3 3 COMPCVALUEIM(S))]

<D!VIDE EXPRlSSION>D its <FACTOH>F s/$ <TEPM>Tl
E IIS $14 $REMS $]$ <FACTOR>G $/£ <TERM>U

let FnCDCS)) s FUNCTIOnC/* VALUECF(S)1» VALUE[T(S)]]
AND fnce(s)] s Function!/* vALu£fO(s)3» valuEcu(s)33 in
the usual arithmetic sense*

let SZCU(S)3 = SIZECF(S)3 - SlZECT(S)3»
AND SZtE(S)] s SIZEtG(S)3 - STZECU(S))
(SiXECFCS)J > SIZECTCS)]; SIZ£[GCS)3 > SIZEtUCS)])

VALUEcDCS)] s IF (SI ZE CD (S ) ] ] > SZcDCS)]) THEN NONE ELSE
fncdcs)]

valuececs)) » IF csizfcFncecs)]] > szcECs)]) then none else
FNCECs)]

SIZECO(S)J 3 SZ10(S)3; SIZECECS)! aSZ[D(S)]



• 105 -

B P L 6/05/73

( (TYP£[Fj s REAL) IF AND ONLY IF (TYPECT] a REAL)#
TYPECoJ ^ HEAL# TYPECU) * REAL)

TYPECO] = IF TYfEtF) a REAL THEN REAL ELSE IF (TYPECF) s
SIuNtO OH ryPECT] « SIGNEO) then SIGNED else integer

TYPEtO] a IF (TYPEIG) a SIGNED OR TYPEtU] = SIGNED) THEN
signed else integer

SI0ECD(S)J a S*' WHERE S"(Z) = SI DEC T( SI DE [ F( S) ])) o Z *
Overflow; s^coverflow) « if valuecdcs)] s none then
TRUE ELSE S(DvEkFLOw)

SIDECE(S)J 5 S" where S"(Z) s SIDECU(SID£CG(S)] )]• Z ^
OYERFLUWt Z G> S"(OVERFLOW) = Ip VALUECE(S)1 = NQNE
Then TRUE else s(Overflow); s^'cg) = if valuececs)] =
none then S(G) else
VALUtCG(S)j - VALU£IE(S)) x VALUF.CU(S)) (lEi THE
REMAINUER OF THE DIVISION)

CMP[D(s)3 = IF Slt^H UVErFLOWJ a TRUE THEN CHPtsI ELSE
COMPtFNCU(S)3J

CMPCECS)! a IF SIDeCUVEhFLOw] « TRUE THEN CMPtS) ELSE
CONPIFNCECS))J

<APITHMETIC EXPRESSI0N>A J:a <ADDING £XPRESSION>E;
B :«= <MULTIPLY EXPHESSI0N>M; C tja <DIvIDE EXPRESSI ON>v;
D <FACTaR>F

VALUECACS)] a VALUECECS)]* VALUECBCSIJ = VALUECM(S)J'
VAI-UECL(S)) a VaLUeCV(S)1; VaLUECO(S)] 8 VALUE[F(S))

SIZE[A(S)3 a SU£[l(S)J; SIZEcB(S)) 3 SIZECMCS)];
SUEtcCS)J a SlZEtV(S))' SIZEIDCS)] a STZECF(S)3

SIOEIACS)) a SIDECE(S)]5 SU)E[B(S)) a SIOECM(S))^
SIDECC(S)J a SIDECV(S)3; SIDECDCS)} a SIDErF(S)3

TYPECA] a tYPEIL]; TYPEIB] a tYPECMJI TYPECO a TYPECV);
type ld j 3 Type cf 3

CMPCACS)) a CMPC£(S)3J CMPCB(S)3 » CMPCM(S))^
CMP£C(S)3 a CMPCV(S)3; CMPCDCS)] a CMPCF(S)).;
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buuleaim expression

<HnOLEAN TERM>T xjs <BOUUEAN CONSTANT>Ci U X!= <B00LEAN
VAHIABLE>V

VALUECTj = VALUECCJJ VALUEIU(S)] « VALUECV(S)]

<CnMPARE OP>A J:a s=s; B M= $ NEQ s> c i;= S<£;
D s utQ $; E X*' P **= ^ GEO $

VALUECAJ = s( EOUAl ): » VAUUECB] « i( GREATER^ LESS )t t
VAUUECCJ = x( LESS )* ? VALUECO] a H LESS# EQUAL )» ?
VALULClJ = :( greater ): ; VALUEIF] a :( GREATER#
EQUAL );

note in each case ThE VALUP of the compare op is a set
OF values for The comparison indicator which are valid
for That compare up,

<ITEM>I II' <IU£NTIFiER>V; J xi= <SlGNED CONSTANT>C

VALUECl(S)] = VALUlCv(S)]X VALUECJ] « VALUECC]

TYPECI3 » ITPECV]; TYPECJ] = tTPETC]
(TYPE[iJ> boolean? JYPEtU] * BOOLEAN)

SIOECICS)] s SIUECVCS))' SIUE[U(S)] » S

<CnMPARISON>C Xja <ITEM>i <C0MPARE uP>0 <ITEM>J

comparisons are OUNE in the FOLLOWING MANNERx IF BOTH
TyPECU and TYPEtj] ARE ANY COMBINATION OF
signed# or numeric then THE COMPARISON IS ON THE BASIS
OF the numeric Value of i and u. in all other cases#
the comparison is UN THE BASIS OF THE CORRESPONDING
strings, the shorter string (IF ANY) IN THE
non-numeric Case is padded with trailing blanks to make
m lengths equal, numbers compare higher THAN
letters# letters higher than blanks,

VALUEC,C(S)] s IF The SPECIFIED COMPARISON IS TRUE THEN TRUE
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else false

SIOECC(S)J a SlUEtJCSIOECICS)!)]

CMPCC(S)] a If VALuECKS)] = VALUEtJ(S)l ThEN EQUAL ELSE IF
VAlUEcKS)] < VALuECJ(S)] thfm less else greater.

<BnOLEAN KACTUR>F :i« <CCJMPUT AT I UN AL HF.X NUNB£R>C>
G tja <UISPLAY hex HUMbEH>U» H *5® <I.>iTEGER>I

VALUECFJ s VALjE[C]i VALUECU] s VALUECO]; VALUECH] s
VALULCn

LENGTHCFJ » LENGTHCC]; LENGTHCG] s LEngTH[U]; LENGTHCH] =
LENOTH[I ]
(LEtMGTH[Fj < d; LENGTH[Gj = U uENGTHeHj < 2)

<800LEAN AN(}>A <10EnT IF IER>I S AND $ ^BOOLEAN FACT0R>F

(TYPECU ^ BOOLEAN)

let MASKCI(S)» F] bt TriE STRINg OF OlGlTS OR CHARACTERS
(DEPENDING UN TYPEiF]) THAT IS FQRMEO bY ThE REPITION OF F A
SUFFlCItNT NUMrftR UF TIMES SUCH THAT LENGTH IMASKCT(S) • FJJ i
LENGTHtl(S)J» BOTH EXPRESSED IN THE SAME UNITS (DIGITS OR
CHARACTERS),

let BANDC1(S)» F] bE THE RESULT OF A LOGICAL AND OF I ANQ
MASKIKS)* FI; BAnOCKS)# FJ a I and MASKCKS)* F]

VALUECACS)) a iF BaNu[1CS)» M ® 0 THEN FALSE ELSE TRUE

SloEcA(S)J a SIUECI(S)]

CMPCA(SII a IF VALuECA(S)] = TRUE THEN GREATER ELSE EQUAL

<B00LEAN N0T>N j|a <1DEnTiF1ER>I S NOT $ <BOOLEAN FACTnR>F

(TYPECIJ BOULEAN)

VALUECACS)] = IF BAN0[1(S)» Fl = MASK[I(S)» Fl THEN FALSE
ELSE TRUE
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SIDECA(S)J - SlOEliCS)]

CMPCA(S)J s IF VALu£tA(S)] a TrtllE ThFN GREATER ELSE EouAL

The <booleah ano> AHU kBOOLEAN not> features allow the
CHECKlNvi OF INUivIUUAL BITS, FOR EXAMPLE* IF SWITCH IS
declareu To be of type integer* length i (OIgid

Switch and i

IS TRUE IF THE ONE BIT OF SWITCH IS SET AND FALSE IF THE ONE
BIT IS NOT SET,

switch ANO 3
IS TRUE IF either THE ONE BIT OR THE TwO BIT IS SET AND
false if nEITHLk is SET, THE NOT CHECKS FOR BITS NOT SET,

switch not 1
IS true IF the UNE bit of switch IS NUT SET AND FALSE IF IT
IS SET*

switch nut 3 ^ ,
IS true if either the one bit or The Two bit is not set and
false if both are set,

<STMPLE B00lEAN>A <B0ULEAN vAHIABLE>VJ B <boolean
C0NSTANT>w; C SOVERFLOWSX 0 IXS <COHpARE OP>XX E XX=
<C0MPARIS0N>Y; F XSs <B00LEAN ANn>'̂ X G <BOOLEAN NOT>U

VALUECACS)] s VALUEIVCS)]; VALUECRJ a VALUECW);
VALOECC(S)I = SCOvERFlOW)!
VAUUE(UCS)J = IF CMPCsI <: VALU£CX(S)] THEN TRUE ELSE
FALSE;
VALOECE(S)I = VaLUECY(S)1; VALUELF(S); a VALUECZ(S>];
VALOECmCS)] a VALUECUCS)!

SIDECA(S)J 3 S1UECV(S)]J SIUECB] a SX SIOECCCS)] a s**
WHERE S«(N) a S(N)* N ^ OvERFlOW* S»»( OVERFLOW) s FALSE*
SIOEtD(S)J a s; SIOECECS)] a SIDECYCS)}! SIOECF(S) a
SIOEtZ(S)IX SIUFCG(S)3 » SI0ECU(S)1

CMPCA(S)] a if VALUEtA(S)] a TRUE THEN GREATER ELSE EQUAL*
CHPCb] a IK VALUECBC a TRUE THEN ^jREATER ELSE EQUAL*

CmP£C(S)J a CmPIS]* CMPC0(S)3 a CmPCSJ* CMPCECS)} a
CMPCrcS)]* CrtPCFCS)] a CmPCZ(S)1* CMP[G(S)3 a
CMPCUCS)!

<BP0LEAN EXPRESSlON>b ::a <SIMPlE 8U0lEAN>T* C :*a SnOT S
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<SIMPLE aaOLt:AN>U

VALUECBCS)] » VALUECTCS)!* VALUECCCS^] = IF VaLUECUCS)]
TROE THEN FALSE ELSE TRUE

SlDECBCS)j s SUECTCS)]* SIU£CC(S)] « SIDECUCS)]

CMPC6CS)J a CMPtTCS)]; CMPCC(S)3 » CMPCU(S)]^
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LOGICAL EXPRESSION

<LnGlCAL OP>L s and $; M Ms $ OR s; n ms $ not s

FUNCTIONCL] » logical ANOi f-UNCTIONCM] = LOGICAL OR I
FUNCTIONCNJ s LOGICAL EXClOSIVE OR

<L06ICAL TERM>L <SlMPLE CONSTANT>C; M Ii= <iaENTIFIER>V

VALUECLJ a VALUEtC]; VALUeCM(S)] s VALUECVCS)]

SIOECL(S)J a s; SIOLCM(S)] a SlOECVCSn

TYPECL) a TYPECCi; TYPECM) s lYPECY]
(TYPtCC) a INTEGER^ NUMERIC# ALPHA# OR COMP STRING!
TYPECVJ a integer# NUMERIC ALPHA# OR COMP STRING)

LEnGTHCEJ s LENGTHCC]? lEnGTHCM(S)] a LENGTHCV(S)3

<LnGlCAL EXPRESSI0N>E i:8 <LUGICAL TERM>L <L0GICAL 0P>0 <L0GICAL
TERM>M

VALUECE(S)3 a FUNCflONlO# VALUECL(S)3# VALUECMCS)) 3

(TYPEClJ » TYPEIM3)

TYPECE3 = TYPECL3

LENGTHCE(S)J a MAXIMUMIUENGTHCL(S)3# LENGTHCMCS)) 3

SIDECE(S)J a SXUECMCSIDECLcS)])]

LET LEASTCX3 tiE THE VALUE OF THE ONE BIT OF THE LAST
(RIGHT-MOST# LOW-UROER) DIGIT OF X.

CMPCE(S3J a IF lEASTCVALUECECS)33 a 1 THEN GREATER ELSE
EQUAL
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STATEMENTS

IN THE SAME MANNER AS IN PROFESSOR MAUER-S REPORT. WE
introduce AOUITIUNAL attributes FOR STATEMENTS*

EFFECTCJ •" A FUNCTION FROM THE CURRENT STATE OF SOME
COMPUTATION TO the STATE VECTOR AfTER THE CUMPUTATTUN. NQTE:
SIDE effects are INCLUOtl) IN THE EFFECT OF A STATEMENT.

INDCXT] THE STATEMENT INDEX OF A STATEMENT. ,
characteristics uF BPU. WE choose to let
«>TATFmFnT HF The compiler chosen adoress of the start of that
STATEMENT IN CUMSINATION V<ITH ThE BLOCK NUMBER OF ThE ^
statement is in. BLOCKC]. the p^."ctI?mFNT THEN
UNDER "SCOPE OF IDENTIFIERS". THE INOExt OF A STATMENT THEN
,)EFIn£S EACh statement cat VAkIQuS L^VElS) uNI«U^LT' ANq AllO»*S
Twr r ON <5T Ru r TI On OF A LABEL FUNCTION

label[] -- Afunction from a label name and block number to
^ ^^^ExITC] --^THE Exit index of a statement is the statement
index of the NLxr statement TO bE executed. EXITC] = normal rtILL
BE TAKEN TO MEAN THE NExT. SUCCESSlVE STATEMENT,

IN ORDER To OESCRlbE ThE EFFECT OF A
^TRATPHT^LIn£ SECTION (l£J HAS BRANCHES)* •'̂ E INTRODUCE

t?EPC -- THE SlNSa SltP FUNCTION. SlEPtl IS AFUNCTION OF
THE PAll (S. K) WHERE S IS THE CUHRENT STATE VECTOR A.qk THE
CURRENT statement INUEX TU THE PAIR CS". K"). ThE NEW STATE
VECTOR ANO STATEMENT INOEX. THEN ThE HrriMCi ac A

GENEFFECTt] " THE GENERALIZED EFFECT -- CAN HE DEFINED AS A
•""'"{S^EAo^F hIvihg f number''5^"statements in a section

«. .LL SI.TC«E~- .«».CES Of
argument.

see reference z foh aouitional information on this subject.

<SFCTI0N>X **= <STAT£mEnT>TI
Y Jt® <SECTIUN>Z S5$ <STATEMENT>U

INDEXSETCX] » INDEXSETITI; INDEXSFTCT] a INOEXSETtZI .U.
inuExs^tcui

STEPCXHIS. INDEXITI)) " <̂ FF ECT CT (S )1• EXIT Ct CS )1)
STEPCYHCS. K)) = STEPtZMCS. K)) FOR K<J INOEXStTCZI.
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STtPCYJCCS'IiMDtXCUn)=(LFFPCTCUCS)]'EXITCUCS)])

GEnEFFECTixJC(S»K))sIFK<;iNOEXSETcFjThEN
G£NEFFECTCX](ST£Pca)(S»K))ELSE($»K)J
GENEFFECTtnCCS#K))=IFK<:INOEXSETCZI.U.
INOExSlTIUIthenGENEFFECTCYl(STEPrY](S»K))
ELSE(S,K)

EFFECTCACS)J*S**WHERE($•♦»K**)=
geneffectcxhcs#inoexcxi))forsumek";
EFFECTLYCSn=WHERE(S"»K")=
GEHEl-'FECrtXKCS'IND^XCY]))FqrSU^EK*'

EXITCXS)J=wHErtt(S"»X**)s
EnEFFeCTCXH(S»INOEXLXJ))ForsomeK";
EXiTtYCS)]=CS'SK")=
GEHEFFLCTCYKCS.INUEXCYD)forsumek**

<CnMPOUNDSTAT£MENT>XMS$8£GIN$<SECTION>T$END$

INOEXSETtX]sINOExSETCT]

GENEFFECTCXJ((S»K))aIFK<:lNOEXSET[T]ThEN
G£H£FF£CTCX](ST£P[T]((S»K)))ELSE(S»K)

EFFECTCXCS)J«S»*wHERE(S"*K^)s
GENEFFECnX](CS»iiMUEXtX]))FqRSOMeK''

EXITCX(S)J=K**WHERE(S*'»K")=
G£NEFF£CTCX]((S»IHUEXCXn)FORSUMEK"

<BLOCK>XM=SdEuIN^<uECLARATIONS>0<SECTI0N>TSENDS

INOEXSETCX]sIHDEXSETIT]

GEnEFFECTIXJ((S>K))sIFK<*INOEXSETCT]THEN
GEH£FF£CTtX](ST£PcT]((S»K)))ELSE(S»K)

EFFECTtX(S)]=S"WHERE(S***K")=
GENEFFECTtX]((S»INuExCX]))FORSUME

EXITIXCS)!=X"WHERE(S"»K**)«
GENEFFECTCXKcSfINUEXCX]))FORSOMEK«
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<PROGRAM I^AMfc;> <NAM£> $:3> // <EMPTY>

<PROGRAM>P :xa <PKaGRAM NmM£> <6L0CK>8

INDEXSETCP] = X.mDExSETCB]

EFFECTC^*( 6) J = EFFecTCBCS)]

EXITCP(S)J 5 STOP WHERE STOP IS THE SPECIAL EXIT INDEX TO
the operating SrSTEM (MOP) TO CAUSE ThE PROGRAM TO
TERMINATE.

A label is uEfineo by its name and the block within which IT
IS declared (WHICH must 8t THE SAMF AS THE BLOCK WITHIN WHICH IT
APPEARS) And ns statement index, define

LAbELC) the local label function from a label and block
number to a statement Index.

<LABEL> <NAME>

<STATEMENT>T XXs <BLUCK>B; U :ic COMPOUND STATEMENT>CJ V IXa
<SIMPLE STAfEMENT>OI W <LABEL>L S»$ <STATEMENT>E

INDEXSETCT] = InOExSETCB); INDEXSETCUJ » INOEXSETCCII
IndExsLTCV) « InoExsETCD); InOExsETCW] a INDExS^TcE]

EFFECTCT(S)] » EFFECTCbCS ) 3» EFFECTCUCs)) • EFFECTCC(S ) 3J
EFF£CTCV(S33 » EFFECTCDCS ) 3? EFFECT[w(S)3 »
EFFECTIECS)3

EXITCT(S)J = EXITCBCS)]* EXITCU(S)3 » EXITCC(S)3*
EXITCV(S)3 s EXITCD(S)3J EXTTCW(S)] s eT"T"ECTCE( S) 3

LABELCTJ » LABELlBj; LA8ELCU1 = LA3£LCC3^ LABELCV) =
LABELtD3> LAdELCw3 = l( CL. INDEXCE3) )t .U. LABCLCE3

<simple sTATEMtNr>p <assignmEnt 5Tatement>a;
Q 11® <C0N0ITI0NAL STaTEMEnT>CJ
R ija <TRAnSFER STATEM£NT>BJ
t ii» <procedure call>pj
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assignment statement

IN ORDEK TO EXACTLY UEFlNE ThE RESULT UF AN ASSIGNMENT
statement under THE MANy POSSIBLE COMBINATIONS OF TyPE ANO SIZE
IN AN orderly And easily understood manner# define

ASSIGNCKS# RT; SS» ST# SV3 »
TO be thE value of the receiving held of Type rt> size rs with a
sending field of type ST# SIZE ss# and value sv, this is done in
THE following Table.

/ / IS USED FOR absolute VALUE.
ANY combinations ThAT DO NOT APPEAR ARE INVALID.
#sv IS used to hean The numeric subset of sv» ie:. the odd

address digits only uf the alpha sv. for Example* the character
A HAS AN EBCDIC REPRtSENTaTION AS Cl* B AS C2# C AS C3. IF SV =
"ABC"* then #SV « 123,

fiSV IS USED TU mean THE CHARACTER STRING'FORMED BY APPENDING
the UNDIGIT F TO EACH DIGIT OF THE UIGIT/UNDIGIT STRING SV. NOTE
Fo IS "0"» .••» FV IS (HOWEVER# FA# FB# FC# FO# FE. ANO FF
ArF unprintable (;hARA(;TErS) . ThErEFOrE» if SV a 123# RSV a
"1?3«. IF SV a «iABC^# then ^SV a «FAFBFCX.

••NONE" means no vAlUE IS FORMED. USUALLY OVERFLOW WILL BE
SET IN THESE CASES.

THE column header "RS 7 SS" WILL CONTAIN COMPARISON
INDICATORS TO INDICATE THE RELATIVE SIZE OF THE RECEIVING AND
SENDING fields.

THE ST AND RT FIELDS STAY THE SAME DOWN A COLUMN UNTIL
changed.
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RT

INTEGER

i>T

iNFEUErt

COMP SIR

NUMERIC

SIviNEo

ALPHA

RS ? 35 ASSIGNCRSp Rf; SSp STp SV]

BUULtAN KS B 1

RS > 1

COMP SIR iNfEviER

GUMP SFR

NUiitR IC

SIuNEu

alpha

SV

REPEATCO»RS-SS] i SV

NONE

SV

REPEATCOpRS-SS] : SV
NUNE

#SV

REPEATCOpRS-SS] : #SV
NONE

/SV/
REPEAT topRS-SS] 5 /SV/
NONE

#sv

<fSV : REPEAT C0 pRS-SS ]
NONE

If SV a True FhEn i Else o
IF SV a TRUE Then REPEAT CO'RS"!!
1 ELSE REPEATtUpRSJ

SV

REPEATCO.RS-SS] I SV
NDnE

SV

REPEATtOpRS-SS] I SV
NONE

#SV

repeat CO'RS"SS] I *SV
NONE

/SV/
REPEATCO.RS-SS] t /SV/
NONE

#SV

J*SV ! REPEATCOpRS-SS]
NONE
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KS ? ss ASSIGNtRS» RT; SS» ST» SV]

BQUlLAN HS

KS

s 1

> 1

If sv a true Then i else o

IF sv a TRUE THEN REPEATCO
1 ELSE REPEATtO#KS^

^ numeric INTtbEK s

>

<

(8SV •
REPEATC0»RS-SS] : ^SV
none

A

COMP STR

AVII

aSV

REP£ArC0»RS-SS3 : ^SV
NONE

NUHtRiC 3

>

<

SV

REPLATCO»RS-SS] \ SV
NONE

SluNLO

HAV
/SV/

REPEATC0»RS-SS3 » /sv/
NONE

Alpha

AVII

SV

SV J REPEATCS SfRS-SS3
NONE

ALPHA intebeR S

>

<

aSV
repeattO»RS-SS3 : ^SV
NONE

COMP STR

BAV

»SV

REPEATC0»RS-SS3 I
NONE

NUMtKIC

HAV

SV

SV t hepeatcs $»RS-SSJ
NONE

alpha S

>

<

SV

SV 1 hepeatcs $#RS-SS3
NONE
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» ASSloNCLENGTH[BCS)]» TYPECB]! LENGTHC U( S) 3 •
TYPEtL]# VaLU£[L(SIOecB(S)3)33»

S»»(UVErtFLOw) a If S^'CBCS)) « NONE THEN TRUE ELSE
S(OVtRFLUw)»

S«(X) s SIUECU(SIDe[B(SCX))3)3 OTHERWISE

effectccc(s)3 » s** where
S^CCCS)] s ASSI(>NCLENGTHCC(S)1» TYPECC3I LENGTH CM(S)] •

TYPECM3» VALuECM(SIOECC(S)3)3]»
S«COv£KFLOW) a IF S««CC(S)) a NONE THEN TRUE ELSE

S(OVEKFLUW)#
a SIL)ECH(STD£CC(SCX) ) 3) 1 OTHERWISE

EFFECTCUD(S)3 a S** WHERE
S'^COCS)! a ASSi GNC LENgThC 0< S) 1» TyPECOl* L^N qT Hi N( S) 3»

TYPEtN3» VALUEtN(SinECD(S)3)3]»
SwCUVERFLUw ) a IF S*'(D(S)) a NONE THEN TRUE ELSE

S(0V£kFL0W )•
S«(X) a S1UECN(SIU£CD(S(X))3)3 OTHERWISE

EFFECTtLE(S)3 » S** WHERE
S'^CECS)) a VALUtCPCSIDECE(S) 1) 3»
S"CP(S10ECE(S)3)) a VALUECECS)]#
S^CS) a S10ECP(SID£tE(S(X))3)l OTHERWISE

EFFECTCFF(S33 » S" WHERE
S«CF(S)) a VAlUECCSIDECF(S)3)l»
S^CaOIOECECSJD) = VALUECRCSIDEC W(SIOECE(S)3)3)3»
S''CR(SiOECO(SID£CE(S)3) 3)) « VALU£cF(S)3»
S"CX) a SlUEtK(SOI£CQ(SlDECF(S(X))3)3)l OTHERWISE

EFFECTCGGCS)3 » S" WHERE
Sa(G(S)) a VALUECT(SIOElG(S)1)3»
S'̂ CX) a SIOEtT(SIDE[GCS(X))3)3 OTHERWISE

EFFECTCriH(S)] » S" WHERE
S«(H(S)) a vALUECU(SIDECH(S)3)3»
SaCUCSlDEtHCSlI)) a IF TYPECU3 a INTEGER OR NUMERIC

THEN ASSiGNCLENGTHtU(S)3. ALPHA! LENGTHCU(S ) 3f
ALPHA» REPEAT!XOOXt LENGTH!U(S) 333 ELSE
ASSIGN!LENGTH!U(S)3p INTEGER; 1# iNTEGERp 03p

S«(X) a SIUElU(SIUEIH(S(X))3)3 OTHERWISE

EFFECTIIICS)! * S** WHERE
S'^CKSII a ASSIGN! LENGTH! I( S) 1p TYPEII3; LENGTH! V( S) 3p

TYPEIV3» VALU£!V(SI0E!I(S)3)3).
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S*'CUVErtFLOw) s IF S'^CHS)) = NONE THEN TRUE ELSE
• S(OVtKFLUrt)»

S«cx) s S10ECV(SI0£CI(S(X))])3 OTHERWISE

EFFECT!JJCS)1 s S" WHERE
S**(JCS)J a ASSlONtLENOTHC J(S) ]t TYPECJ]; LENGTH [W(S)]»

TTPECw]' VALUE!WCSIDECJ(S)3)33•
S^(UVErtFLOW) s IF S"CJ(S)) = NONE THEN TRUE ELSE

S(OVERFLOW)>
S"(X) a bIOECw(SIO£<-J(S(X) >3)1 OTHERWISE

EXITCAAJ » NORMAL! EXITLBB3
EXITCUD3 5 NORMAL!
exit CFF 3 = NORMAL!
£XiTtHH3 s NORMAL!
exitcjj3 = normal

(TYPECAJ AnU TYPECn3 valid type PAIR ACCORDING TO ABOVE
TYPECdj'̂ ANU TYPtcU'vluD TYHE°PAIR ACCORDING TO ABOVE

TABLE, IP LEnGTHCB(S)] >100 THEN (LENGTHt8(S)J a
LENGTHCL(SiOElBCS)3)3 AND TYPECb3 a TYPEClJ AND
ADDRESSCB(S)3 s o MOD 4 ANO AODRESStL(SIO£CB(S) 3)

TYPEtcr/l*NT£GeR''uR"^JlUM£RIC^H SIGNED, UENGTHtC(SM <
TYPECni * (SIGNED UR REAL OR BOOLEAN)! lENQTHCD(S)] <
Type E - ?peip]« lengthceis,! =lengthcpisioececsidu
TYPFtFl » TYPECGl = TYPtlRll LEN6THtF(S)J = ' , ,

LENnTHtUCSIDElFlS)])] » ^̂ r? ' fsIGNEO 0«
TYPECGI * (SIGNED UR REAL OR BOOLEAN), TYPECTI * (SIGNED OR

HEAL OH boolean), LENGTHCG(S)J =LLvGTHiT(SIDE(d(S)J)J; AUORESS(G(S )1 » 0 MOO A)
TYPEtHrA"s'lGN^O°5S'R^Ai'oR%8ou2N?; TYPECU, A(SIGNED OR

hUl oh boolean,, if TYPECH) = alpha or numeric then
TYPEtU) = ALPhA oh NUMEHIC, LENGTHCH(S)I "
LENGTHlU(8I0EtH(S)l)ll ADORESStH(S)l » 0 MOD 41

TYPECI^^ANfTYPElvj'vALlo'nPE^PAlR ACCORDING TO ABOVE
TYPECjI^ANO TYPECHj\alID°TYPe'pAIR ACCORDING TO ABOVE

table; typeCj3 * boolean)

CMPtAA(S)J s IF TYPEIA] A (BOOLEAN OR ALPHA) AND TYPECK) *

NORMAL!

EXITCEE]

EXITCCC3

NURHAL!
EXITCGG3 s NORMAL!
EXITtll3 » NORMAL!

NORMAL!

8 0

100!

100!
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CMPCBB(S)) « IF TYHECBl * (BUOLEAN OR AlPHA) AND TYPEtLl *
(BUOUEAN or AlPmA) ANO lEn6THCA(S)I *
lengthiuCSIOECb(S ) 1) I Then
C0NPUa1:uECL(SIJE16(S)))1J EUSF <inoeterminable>;

CMPCCC] = CrtPC MCSIL'E.I C( S ) ]) ] 5

CMPt'̂ O] a CrtP t «>!( SIUEC D( S) 3) ] >

CMPCEE] a CrtPCS]? CMPfFFl a CMPCS];

CMPtGG] a CMPtSiJ CMP[HH] a CMPCSW

CMPCII] =* <XNOETEPM lNABLt> J

CMP[JJj » IF TYPEtW] » (ALPHA OR NUMERIC) THEN
COMPt#YALUECWlSinEtJCS)l))I ELSE
COrtPlVALUE[R(SIUECJ(S)])])

IN form 88 (UNly, Thl following RESERVED RORDS mAY BE USEOi
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reserved

.nORU (L)

len^t h

C6C3)]

TYPE

td]

vALUECbCS)] (RESULT) AND
comments

date 0 IimTEGER kun time uate in form mmddyy.

JUATE 3 iNfEGtR HUN TIME DATE IN FORM YYODD.

me mqry 0 IimTEGER KUN TImE core assigned TO PROGRAM (IN
FORM CCCXXX WHERE CCC IS NUMBER OF
thousands of digits assigned# XXX
indeterminable)•

remainder V ? remainder of the last divide request
(UNLESS [REM] WAS SPECIFIED ON
DIVIDE). SIZE AiMD TYPE DEPEND ON FORM
OF THE arithmetic INSTRUCTION
INVOLVED# IN general d SHOULD BE THE
SAME SIZE AND OF THE SAME TYPE AS THE
dividend.

RnUTINETYPE ^ integer INFORMATION NEEDED WHEN A USER CHOOSES
TO PROCESS HIS 0«N FILE LABELS. USE
ANO contents BEYONO the SCOPE OF THIS
paper.

CSEGDICT3 6 IfMTEGER address uf seoment dictionary, use
BEYOND THE SCOPE OF THIS PAPER.

TIME 10 InTEGlR TIME OF day in MILLESECONDS.

TIME60 10 integer TIMF Of DAY IN HOURS# MINUTES#
SECONOS# and 60ThS OF SECONDS IN FORM
OOHHMMSSXX.
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CONOiriONAL STATEMENT

<CONDITIONAL STAreM£NT>X :i« $IF $ <B00L£AN EXPR£SSION>a i Trt£N $
YU3*$if^$''<80ULEAN EXPR£SSION>C S THtN S <STATEMENT>U

$ ELSE ^ <STATEMENr>V

EFFECTC*CS)3 = IF VAlI)LCB(S)3 ® TRuF THEN
EFFECTiTCSIOECBCS)3)] ELSE SS

EFFECTCT(S)j s IF VALlJtCCtS)] a TRUE THEN
EFE£(,TlU(SlO£tCCS)])] ELSE EFpE CT CV(SiOE t cC S) ) )3

EXlTU(i)3 = If VALUEtbCS)] = TRUE THEN EXITtT(SIDECB(S)3)3
ELSE NORMAL)

EX1TCY(S)3 = IF VALUEtC(S)3 s TRUE THEN EXlT[U(SIOEtC(S )3 )3
ELSE £XITtY(SIOEtC(S)3)3

CMPCX(S)3 " IF VALU£tB(S)1 = TRUE THEN CMP[I(SIDEtB(S)3)1
else CMPCb(S)3)

CMPCr(S)3 = IF VALUECCCS)! » TRUE THEN CMPCU(SIOEtC(S)3)3
ELSE CMP[V(SIUECC(S)1)3
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IRANSPtR statement

<TRANSFER COMHAnU> Ma $G0 » // <thansfer commano> sto $

(YES* GO TO TO " IS VALID.)

<TRANSFER STATEmENT>X <transfer command> <lab£l>lj
Y Its <TRAiMSFER CQMMANO> <VARIA8LE>I

EFFECTCX(S)J s SJ EFFECTCYCS)] = SIQECKS)]

EXITCX(S)3 a LAbELlL]* EXITCYcS)! a AUORESSCKS))

CMPCXCsn 3 cMPtSlI CMPCY(S)1 a IF SIUECKS)! « S ThEN
CMPCS) ELSE CMPCSlOtri(S)])

(UJiUALLY The SECOND FORM IS USED IN ThE CASE OF
INDIKECTIUN. IEi I HAS A <TYPE MU0IFIER> OF "lA**.
HOwEVEK^ n IS VALID TO TRANSFER TO A DATA NAME
directly.)



b P L

- 125 -
6/05/73

PRUCE.OURE CALL

<PPOCEDURE CALL>P «:= <PROCtOURE NAME>N <PRUCE0URE AR6UMENT>A
EFFECTCP(^)1 s tFFLCTCPROCEDURE N(S)1

EXlTCPCb)3 « ExlTCNCS)]

<PRUCeOURE NaMl> <NA'̂ t>

<APGUMENT> t«= <CONSTANT> // <lUENTiriER> // <LA8EL> //
<PR0CEDURE WAMt>

<APUUMEnT UIST>A l«= <ARGOMtNT>X>
B II® <Ah*jU8ENT LIST>L <ARGUMENT>Y

NUMAHGStAl » U NOMARGSIB] = NUMARGSCL] ♦ I
(nOmARGSC LJ < 9)

ARQNUMCXJ = 1> ARgNUMIYI = NUMARGSCL] + 1

<PP0CEDUR£ AHUUMLNT>A i;= <lMPTY>»
B II® SC$ <ARGUMENT LTST>L

NUMARGSCAJ » 01 NUMAROSlB] = nOMARGSCLJ

Tht nURBER of arguments MUST RE ThE SAmE AS thE numbEr
OF formal parameters in the '•"OCEUURE oeclaration for
<PN0CEUUR£ NAME>. each argument
type as the CURRESPONOING formal iuc rLrlH
formal parameter is a call-by-name PJSr nr th^
of the argument must be the same as the length OE the
fLmAl parameter, arguments of the form <I-abel> or
<PHULEUURE NAhE> must correspond to call-by-name
pSucldures'may be called recursively and/or n^ted in
ant Fashion, see -procedure declarations- selor.
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MCP REQUEST

This section deals «ith all statements that involve
PROCESSING dEiNG OUNE FOR THE USER BY THE MCP (MASTER
COnTHOL Pi^UGRAM), MOST MCP REQUESTS DEAL wITH I/O
OPERATIONS. Every i/o operation must be done to afile. a
file is Identified by a

<ftle name> <nahe>«

FIlE names must bE unique in ThE.first 6 characters iflllTHiN A
program, without getting into very much detail or
discussing various special processing which can be done,
each file has a record area to hold the current record being
processed, this record area will be nuted by

where'̂ f^is'̂ the File name, the special words tnputcEi and
OUTPUT[F] wIlL be USED TO INDICATE THE FACT THAT A RECORD
HAS BEEN head OR A RECORD WRITTEN,

THEkEFURE by s we mean The state vector not including
THE contents of ANY FILES.

NO ATTEMPT WILL BE MADE TO COMPLETELY DEFINE THE EFFECT
TO A FILE due to BLOCKING. OR WHAT HAPPENS wITri RANDOM DISK
files, etc,

SINCE ONE disk file MAY BE SIMULTANEOUSLY ACCESSED BY
several programs in EACH OF SEvERAL SEPERATE PROCESSORS
(SHARED FIlE CONCEPT. NOT MULTIPROCESSING). A FACILITY HAS
BEEN implemented Tu PREVENT OTHER PROGRAMS FRQM ACCESSING A
file or part of a KILE DURING CRITICAL PATH PROCESSING.
THIS IS called ♦'LOCK*'. AND CAN BE DONE ON A FIlE OR RECORD
BASIS.

This oiscusion assumes that the user is not
*»FIB-FIDDLING". modifying THE CONTENTS OF HIS FILE
information block during HIS RUN. SGML USEFUL ROUTINES CAN
be qeveluped using These methods, but they do not lend
themselves tu A RIGUKOUS OISCUSlON ON THIS LEVEL.

BY "EOF" WE MEAN THE END-QF-FTLE CONDITION HAS BEEN
SENSED UN THE FILE iN QUESTION, IT CAN ALSO MEAN THAT THE
KEY for a RANDOM DISK KILE IS INVALID.

BY "ABORT" WE MEAN THAT ThE ACTION IS INVALID AND THE
PROGRAM IS TU BE TERMINATED BY THE MCP.

Trit COinCEPT of A VARIABLE WHOSE ATTRIBUTES ARE FIXED
WILL PROVE USEFULJ
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<CLEAN VARlABUt>A :«= <VARIAHLE>V

(V CAN NUT HAVE A <TYPE M0OIFlEH> OF "IA"» V CAN NOT
BE INUcXEUJ V can NOT HAvF AN INUIRECT FIELO LENGTH
APPLTEU)

TYPECA] » TYPEtVj

LENGThiAI = UENuTHlVJ

ADORESoCA] » AUURESSCV3

<ACCEPT STATEHtNT>A JACCEPT s <CLEAN VARIaBLE>V

(TTPttVl « ALPHA)

EFFEcTtA(S)i = S" whErE s"(V) = <OPErATOR mEssaGE>. s''(X) =
S OTHERWISE

EXITtA(S)l a normal

TnIs statement Allows ThE program to rEcEive qata from
THE system operator* NO FILE IS INVOLVED. ThE DATA IS
PlACEU in V JUST AS THE OPERATOR TYPED IT IN. STARTING
WITH THE URST CHARACTER OF V. IT THE OPERATOR TYPED
IN FEwER CHARACTERS THAN LENGTHIVJ THEN THE OJJA IS
Followed oy an etx (*03»). IF THt operator typed mohe_
than LtH(jTH[V] uHARACTERSp ONLY THE FIRST LENGTHCV] ARE
plALll) in V,

<CLOSE STATEM£nT>C **= iCLOSE S <REEL> <FIL£ NAm£> <CL0SE TYPE>
<CRUNCH>

ExlTCC(^)3 » NUKmAl

The close statement CLOSES the specified file ACCORDING
TO <CLOS£ TYPE>. The FILE MOST HAVE BEEN OPEN PRIOR TO
THE Close.

<RE£L> tJ® <£MPTY> // SREEL $ - - ** * r
CAN BE '♦R££l** only FDR TApt FlL^S TO INpIcATE TrAT Th£
CURRENT Hl£l (OF A MUlTI-kEEL FILE) IS TO BE CLOSED,
CTH£ FILt hEMAInS open). ThE END OF REEl ACTION IS
PEKeURMEO AuTUHATICALLY BY ThF McP WHEN PhYSIcAL ENQ QF
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REtL IS REACHED.

<CLOSE TYPE> <£MPTY> // S PURGES // S RELEASES //
S HE^^HmDS // S NU REWINDS // 4 NO REWINO RELEASES
// S REMOVES // S LOCKS // S NU DISCONNECTS

iNJicAits Type of close. *'no disconnect** is valid for
DATA CUMM FILLS ONLY.

<CRUNCH> »i» <EMPTY> // S CRUNCHS
♦♦chunch** only valid on disk files.

<DATA COMM I/O srATEMENT> -- BEYOND THE SCOPE OF THIS PAPER.

<DISPLAY STATEMENT>A its sDISPLAY S <CLEAN VARIABlE>V|
B Ita SUISPUAY S <ALPHA C0NSTANT>C

(LENGTMtVJ < 60; TYPEtVl « ALPHA! LENGTHCCJ 5 60)

effectxa(S)J a s; effectcbis)] « s

EXITCA(S)J 3 NORMAL! EXIT[B(S)3 a NORMAL

THt VALUECV(S)) or VALUECCI is DISPLAYED TO THE SYSTEM
operator.

<OOZE STATEmLNT>A Its SUOZE S <INTE6ER>II
B t!a iOuZE S <CLEmN VARIABLL>V

EFFECTcACSjj a 5! EFFECTCBCS)] s S

EXITCA(S)3 a normal! EXITCBCS)) a NORMAL

(VALUEtn < looooo; TYPECVI » INIEGER! LENGTHCV) S 5)

ThL ooze statement suspends The program for ThE
SPECIFIED NUMblK of SECONDS (EITHtK VALUECl] OH
VALULCVCS)) SLCUN05), AT THE EnD OF THAT TIME. ThE
program is reinstated.

<DUMP STATEMtNT>A lis SUUMPt
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EFFECTCrt(b)J » S

EXITtA(S)J s NOHMAL

THt ouMP staTlment causes a complete core image dump of
ALL The program*s memory and special registers to 8E
TAKEN, THE DUMP CAN BE PRINTED FUR ANALYSIS.

<FTLL STATEmEnT>A tis SFlLLi « IN $ <CLEAN vARlAdLE>V <WHOM>P
B sfill* s in S <CLEAN VARIABLE>W <WH0M>0

S[S <LAdEL>L SIS)
C ita $F1LLS £ OUT $ <CLEAN VARlABLE>Y <WHnM>R>
D ll» $F1LL^ £ Out £ <CLeAN VARIABLE>Z <WHaM>T

£[£ <LABEL>M £]£

EFFECTCA(S)J = S" wHEpE S^CV) = COrE-TU-C MEssAGE# s''CX)
a S UTHERrtiSE;
EFKECTCbCS)] a S** WHERE S'^IW) a IF SENDER READY THEN
COKE-TU-CUKE MESSAGE ELSE S(W)» S^'CX) = S OTHERWISE
EFFECTtCCS)] a St EFFECTC0(S)3 « S

EXITCACS)3 ® normal; EXITCC(S)J a normal;
EXITCBCS)] a IF SENOER not ready then LABELcL] else
normal;
EXiT[DCS)J a IF RECEIVER NOT READY THEN LABELCM] ELSE
normal

<WH0M>A Ma <ALPHA CUNSTANT>L; B !:a <clean variable>v

(lenuthclj < 6; LENGTHcv] « s; TYPECV] a alpha)

THE FILL statement IS ONE FORm OF INTER-PROgRAM
communication. in the MRST two FORMS" ThIS PROGRAM IS
waiting fur a MESSAGE FROM PROGRAM <wHOM>, IN THE LAST
TWO cases* THIS PROGRAM IS WAITING TO SEND A MESSAGE TO
PROGRAM <WHOM>. BOTH PROGRAMS MUST BE READY TO SEND
ANU receive before THE TRANSFER TAkES PLACE (IN CASES A
ANU C THE program WILL BE SUSPENDED UNTIL ThE OTHER
PROGRAM IS READY. IN CASES 0 AND 0* IF ThE OTHER
program is NOT READY. CONTROL WILL BE TRANSFEREO TO
<LABEL>.) if VALUt[<WHOM>] a " n THEN THE
transfer wILL take place wITH ANY MATCHING rROGRAm,
SEt TmE STUuUE statement FOR ANOTHER TYPE OF
InTER-PROGRAM communication WHICH DOES NOT REQUIRE BOTH
PROGRAMS TO be READY Si MULTANF.UUSl Y,
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XMICR STAT£Mt:NT> -- dEYuNU THE SCUPE OF THIS PAPER.

<OP£N STATEM£NT>A SOPENS <OPEN MODE> <FILE NAME> <nPEN TYPE>

EFFECT[A(S)] = b

EXITCA(S)J s NUKMAl

Op£NS A FILE. PIlE MUST hAvE BEEN cLOSEO BEFORE ThE
OPEN REQUEST" NO I/O CAN BE DONE TO A FILE BEFORE IT
IS OPENED.

<OPEN M00£> ;i» $ OUT S // $ IN S // S 10 $ // S 01 S
indicates lYPt OF ACTION TO BE DONE TO THE FILEi
output UNLT (NEW FILE)" INPUT ONLY (EXISTING FILE)"
input and output (Existing filE)" output ano input (new
FIUE) RESPECTIVELY. ♦♦lU" ANO "OI" VALID FOR DISK FILES
ONLY"

<0PEN TYPt> MS <EmPTY> // S LOCKS // $ LOCK ACCESSS //
$ reverses // S NO REMINDS
"NO ke"INu" Valid for "out" or "OI" only> "locK" or
"LOCK ACCESS" VALIU FOR "IOm OR "0I« DISr FILES ONLY,

<RFAD STATeMENT>A ISs SREAD s<file name>f <L0CK>>
8 j:s SREaO » <FILE NAME>G <LOCK> St$ <LA8EL>L $]S

EFFECT[A(S)I s if EOF THEN S ELSE S" WHERE S"(RECORDCF)) s
INpUT[F). S»«(X) s S OTHERWISE
EFF£CTCfl(S)3 = IF EOF THEN S ELSE S" WHERE
S"(RECOKDCva)) = INPUTIGl" S''(X) = S OTHERWISE

EXIT[A(S)J s if EOP then abort else NORMAL)
ExIT£b(S)j s if EOF ThEN LAbELcL) ELSE NORmAL

<LOCK>A Ms <BLANKS>; 8 MS $ WITH S SLOCK
C *8= S LOCK £

FORMS d AND C Are VAlID FuR DISK FIlES ONlY.

<SEEK STATEM£NT>A Ms SsEEK i <FILE NAME> <LOCK>

VALID FUR random DISK FILES ONLY. THE EXACT EFFECT OF
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A SEEK statement IS BEYOND THE SCOPE OF THIS PAPER. THE
file MUbT Bt UPLN PKlUft T'J THE SEEK STATEMENT BEING
EXECUTEU.

EXITCA(S)J » IF EOF THEN ABORT ELSE NORMAL.

<snRT statemE»nt> -- beyonu the scope of This paper.

<SP0MESSAGE STATlMENT>A :|b SSPOMESSAGE $ <CLEAN VARIABLE>V
<BLANks> <CuEAN VAhIABL£>W; B Ms $sPUMESSAGE S <ALPHA
C0NSTANT>C <bLANKS> <clean variable>z

{AUORESSCw] » 0 MOP 2. ADDRESStZ] » 0 MOO 2| TYPECW] s
ALPHA)

EFFECtIA(s5J ® S*' wHEpF » <sYsTEM rEsFoNs^ Tq
valulcv(S)3>. s»»(X) s s otherwise?
EFFECTLBCS)] » s** WHERE. S'̂ CZ) = <SYSTEM RESPONSE TO
value[C3>» s"(X) s s otherwise

EXITtA(S)) » normal? EXITCB(S)3 « NORMAL

V OR C MAY contain ANY VALlO SYSTEM OPERATOR REQUEST OR
QUtSTlUN. THE RESULT OF THE INPUT IS PLACED IN WOR Z.
The Form of the requests and answers is beyond the
SCOPE UF This PAPER.

<STUP $TATEMt'NT>A SSTUPS? B ??= SSTOP S <CLEAN VARIA8LE>V?
C SSTUP S <alpha CQNSTANT>C

(TYPEti/) ® ALPHA)

EFFECTcA(S)J a S; EFFECTC8(S)] s S? EFFECTcC(S)3 a S

EXITCA(S)J « STOP? EXIT[B(S)] = NORMAL? EXITCC(S)) »
normal

ThE MRST form terminates the PROGAM normally. (NOTE!
a stop is aoolp after the final "end** in a program by
the COMPILER. ) the OTHER FORmS DISPLAY VALUECV(S)] OR
valuecu) tu The system operator and wait for a
response, the response is not pruviueo to the program.



g p ^ - 132 - 6/05/73

<STOQUE statement^ "" BLfUNi) THE SCOPE OF THIS PAPER# (A STORAGE
queue method of INTER-PKUGRAM COMMUNICATION).

<TRACE sTAT£MEnT>A tjs aTRACE $ <B00I-EAN C0NSTANT>8

EFFECTCA(S)) = s

EXITCA(S)) » normal

IF VAluECBJ = TRUE THEN TRACE IS TURNED ON (AN
INSTRUCTION BY INSTRUCTION TRACE UF ThE PROGRAM IS
PRINTED SHOWING THE RESULT OF EACH INSTRUCTION)? IF
VALUtlBJ = false then THE TRACE IS TURNED OFF.

<UNL0CK STATtMENT>A SUNLOCK S <FlLE NAM£>F

EFFECTCA(S)I 3 S

EXITtA(S)J « normal

VALlU FOR DISK FILLS ONLY. UNLOCKS A RECORD THAT HAD
been reao with lock, the file must be open.

<WP1TE STAT£M£NT>A Sla iWRITE $ <FIlE NAME>I^ <L0CK>?
B tl' SWRITE $ <FIll NAME>G <L0CK> SC$ <LAB£L>L S3S>
C i:a SWRITL I <FiEE NAME>H <PRINTER OpTION>
0 lia SWRlTE 4 <FIlE NAM£>i <PRlNTER OPTION>

$Ci <LA6£L>M A3A

effectcacs)J a s; effectcb(S)) » s; effectcC(S)) « s?
EFF£CTtO(S)3 s S

IF NOT EOF THEN OUTPUTCFI s RECOROCF]? IF NOT EOF THEN
0UTPUTCG3 a RtCURUCGll IF NOT EOF THEN OUTPUTChI »
RECOKOIH); IF NOT EOF THEN OUTPUTCI) » RECORDCD

EXlTCAfi)) a IF EOF THEN ABORT ELSE NORMAL?
ExXTLB(5)3 a IF EOF THEN LABELCD ELSE NORMAL?

EXXT[OCS)J = iK'̂ ENuioF-PAGE THEN LABELtM) ELSE NORMAL
Forms c & u ahE valid for print files only.
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<PRINTEK UPTIO»^> M» <Ep1PTY> // S PAUES // S SINGLES //
S UUUHLES // i NUS // <INTEGEK>I
page controls: <empty> is the same as "OQUBLE**
(SPACING), "NU»« mEans no Spacing (OverprinT),
<INTtGtK> is SKiP-TO-CHANNEL NUMBER (01 < VALUECII <
12). NOTE: LINE IS PRINTED. THEN SPACING IS DONE.

<ZTP STATEM£NT>a SZIP S <CLEAN vAR1aBLE>VJ
B SZIP S <ALPHm CnNSTANT>C

EFFECTCA(S)J = 61 EFFtCTC8(S)] « 5

EXITCA(6)J a normal; tXiT[B(S)] s NORMAL

(T^PECV] s ALPHA)

ThL YALUECVCS)) or VAluECcI Is hANdlEI) AS A McP CONTROL
INBTRuCTIUN And processed accordingly.

note that the exact effect of many of these statements
DEPENDS ON S IN NON-TRIvIAL WAYS, INDIVIDUAL CASES CAN BE
analysed under fixed conditions. BUT general statements must be
vAGuE. for Example, it is possible to change the state vector of
A PROGRAM BY A ZIP STATEMENT (EITHER THE ZIPPING PROGRAM OR SOME
other PROGRAM),

<MPC STATEMenT>A <ACClPT STATEMENT>B;
C ;»» <CL0S£ STATEnEnT>u;
E i;= <DATA COMM I/O STATEMENT>F;
G JJs <UI6PlAY statement>h;
I :ia <UUZ£. STATEMtNT>j;
K <UUMP STATEMtNT>L;
M <FILL STATEMtNT>N;
0 11= <MICR STATEMtNT>p;
Q II® <upen statement>r;
s I I® <REAu STArEMENr>TI
u i;® <seek statement>v;
w II® <60RT statement>x;
Y II® <3PUmESSAGE 5TAT£MENT>ZI



6 P L
- 13^ - 6/05/73

AB na <STOP STATErtfc:NT>COl
EF <STOQUE STATEmENT>GHJ
IJ lia <T«ACE STATtM£NT>Kl>
MN IJ» <UNtOCK STATEmENT>OP)
QR tia <WKITE STATEM£NT>ST1
UV MB <Z1P STATtMtNr>wX

EFFECTCACS)) « EFFlCTCB(S ))> E^EECTCC(S )) » EFFECTtO(S )3>
EFFeCt[E(6)] » eFFECTIF(S)]* EFF£CTCG(S)]

EFFECtCl(S)3 a
£FFECTIL(S) ]>
EFFECTC0(S)3 a
EFFECTCR(S)3>
tFF£CT[U(S)] a

EFFECT£H(S)3>
EFFECTtK(S)3 =
EFF£CTtN(S)]*
EFFECTCOCS)] «
EFFECTCTCSn^

EFFECTCJCS)];
EFFECTCMCS)] =
EFFECTCP(S)];
EFFECTCS(S)] a
EFFECTCVCS)]J

FFFECTCWCS)] b EFFECTCX(S)3> EFFECTCY(S)3 a
EFFECtCZCS)33 EFF£CTCAB(S)3 a eFFECTCCD(S)3>
EFFECTltF(S)3 a EFFECTCOH(S ) 3; EFFECTCIJ(S)3 a
EFF£CTCKL(S)3; EFFEOTCMN(S )3 a EFFECT COP(S ) 3i
EFFECTCQKCS)] a EFFECTCST(S)1J EFFECTCUVCS)! a
EFFEClCrtXCb) 3

EXITCA(S)3 a EXITCb(S)33 EXITCC(S)3 a EXITCD(S)33
EXITCF(S))* EXITC6(S)3 a exiTCH<S)3)
EXITIJ(S)3>
EXITCNCS) ]>
lX1T[R(S)3J
EXITCVCS)3>

a EXITCQH(S)3* EXITCiJ(S)3 a EXITCKLCS)3>
a EXITCQP(S33; FXITCuR(S)3 a EXITCSTCS)33

EXiTtECS)J
ExlTllCS)]
EXITCMCS) ]
EXITtQCS)3
LX1TCuCS)3
EX1TCYCS)3
ExITCeFCS)3
EXIT CmnCS ) 3
EXlTtUVCS)J a EXITCwX(S)3

EXTTCK(S)3
£XITC0(S)]
eXITCS(S)3
ex.ITCwCS)3
EXnCABCS)3

ExlTCL(S)3;
EXITCP(S)1;
EXITCT(S)3|
EXITCX(S)3I

EXITCC0(S)3I
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LOOP statements

<WH1L£ STATEflt'̂ T >X M= SWHILE S <aOQl-EAN EXPRESSI0N>B S DO «
<STATEMtNT>T

the <wHlLt STATEMtNT> HAS EXACTLY THE SAME EFFECT AND
Exit index as the following sectiunj

Li if <bOULEAN ExPHESSION>b THEN
b£GlN

<statemEnt>i;

00 TO LI
END

note ThL <HOULfcAN EXPRESSI0N> IS COMPLETELY RF-EVAlUATED
each time.

while true do <STATEMENT>
generates aw efficient infinite loop with no compiler
generateu checks.

<UMTIL statement>x »i» sou s <statement>t $ until $
<B00LEAN ExPRESSI0N>o

the <UnTIu STaT£MENT> HAS EXACTLY THE SAME EFFECT AND
EXIT ihoex as the Following sfctiuni

LI <STATEM£NT>TI
IF NOT <6U0LEAN ExPK£SSION>B THEN GO TO L

NOTE That the <bOOLEAN txPRESSlON> IS RE •£VALIJATED EACH
time.

<LnoP STATEmENT>A ii« <while statement>x>
Bii»<ONTIlSTATEm£nT>Y

EFFECTCAtS)J a EFFECTCX(S)]I EFFECTCB(S)] aEFFECTCY(S)3

EXlTtA(S)J = EXITCXCS)]! EXITCOCS)! » EXITCYCs)!

CMPCA(S)] = CMPCXCblj; CMPCd(S)] a CMP[Y(S)3
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CASE statement

<CASE STATEMtNT>C SCASE i <VARIABLE>V S OF A S8EGIN S
<statemcnt>so i else $ <statement>si s else S <STATEMENT>S2
S ELSE ... <SrATLM£NT>SN $ EnOS
D lia SCASE £ iNO i <VAKiABLE>W S OE $ SBEGIN S
<STATEMENr>TO S ELSE S <STATEMENT>Tl i ELSE S •••
<STATEMtNT>TH S ENufi

(AS many STATtMENTS MAY BE USED IN EITHER FORM AS
OESlREU, bY Si OH 11 WE mEAN THE I-TH SUCH STATEMENT.
the ... implies the PRESENCE OF THE MISSING (IF ANY)
statements.)

(TYP£[V3 = INTEGER OR NUMERIC! TYPECwl = INTEGER OR
NUMERIC)

FOR NUTATIUNAl CONVENIENCE. LET
I 3 MINiMuMCN. VALUECVCS))]. J = VALUECrt(S)]

EFFECTCC(S)) = EFFECTCSI(SIDEtV(S)]))?

EFFECTtO(S)J s IF J S M THEN EFFECT!TJ(SIDE!W(S)I)3 ELSE
<INUETtRMINABLE>

EXlTtC(S)J • EXiTCSlCSlUECV(S)])3!

EXITCU(S)J 5 IF J < M THEN EX1TlTJ(SIOECw(S)3)3 ELSE
<IimOETERMINABl.E>

CMPCC(S)J = CMPtSlCSiOErV(S)3)3'

CMPC0(S)J s if j < M then CMPCTJ(SI0ECR(S)3)) ELSE
<INUtTERMlNABL£ )

(Trit first option (C ) DUES CHECKING AS TO THE VALUE 0F|
V ANU handles Any out op BOUNDS CONDITIONS CNOTE FOR
VAUOECvJ > N» statement SN IS USED]. THE SECOND OPTION
(D) uuES NO Checking for valuecw] < m, if w is out of
bounds, results depend on what folldws The case
STATtMENT. must uFTEN» ThE RESULT IS SOME RUN-TImE
PROGRAM ERROR CAUSING THE PROGRAM TO B£ SUSPENDED BY
THE MCP.)
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COMPARE STATEMENT

<cnMpARE statement>x $compare s <bo(jlean expression's?
Y jja SCOMPARE 6 <1TEM>I $ TO i <ITEM>J?
z Its scOmpaRe s <lUuIcal tekm>l $ or S <L0GICAL T£RM>M

EFFECTCXCS)J « SI0£CB(S)3; EFFECTCYCS)] »
STuetJ(6liJECl(S)])3? EFFECTrZCS)] «
SIU£LmCSIi)EI:L(S)5)3

EXITCX(S)J = normal; EXITCYCS)] s normal; EXITCZ(S)] =
normal

CMPCxCS)3 = CMPLB(6)J?
CMPCY(S)J = CMPCVAUUECHS)] = VALUEC 0( SI DEC I ( S) J) 3 3 5
CMPCil(S)3 a. CMPlVALUE[LCS)3 OR VALUE [ M(SIOE CL (S ) ]) 33

the compare statement PRODUCES THI^ SPECIFIED TEST 3UT
NO conditional BRANCH IS PERFORMED, SEE BOOLEAN
ExPRESijIUN ANu LOOICAL EXPRESSION ABOvE.
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CUNVtRT statement

<WTTH> $ wiTH £ // <tiLANKS>

<T0> Jta 4 TO » // <BlAi>JKS>

<PICTURE>P IJ= <NAMfc;>N

TYPECP] a ALPHA
(Stt PICTURE uECLARATION)

<E0IT STATErtLHT>A StOIT 4 <IDElvJT 1EIER> I <WlTH> <P1CTURE>P
<T0> <IUENTiFlEH>J

EFFECTcA(i)) j « S" wHEHE S"( J(SIUE [I (S) 3)) a PICTURE P
APPLIEU TU VAlULCHS)3» S^CS) « S OTHERWISE

A <PlCTURE> IS A CUBOL-LIkL PICTURE, THE DATA IN I IS
EDITLD ACCORUlNu TO THE INDICATED PICTTJRE AND PLACED IN
0 •
(TTPElJJ s NUrtRiC OR ALPHA)

<TRANSLAT£ sTATEM£nT>A 11= stranslate £ <iolntif1ER>i <wIth>
< IDENTIF ItH> T <T0> <1DLNTIFIEr>J

(TiPtcn * boolean; typecji = alpha or numeric;
TYPEITj = alpha or numeric; LENOTHCICS)) =
L£NbTHCJ(SlUE[TCSlDEEHS) I)))); ADDRESSCT(SIDECI(S ))) J
s U MOO 1000)

EFFECTCA(S)J « S" wHERE S** ( J ( SIDE CT( SO IE(I (S ) 1) 1)) ®
TRANSLATE TABlE T APPLIED TO VALUE[I(S)3. S"(X} = S
OTHERWISE

EXlTCA(o)J = normal

ThE trAimslAte statlmEnt Allows trE translation of a set
OF UATA to a uIFFERENF SET (IE; fOR CUDE CONVERSION).
the Exact korm uf thE translate tauuE is beyond the
SCOPE OF THIS PAPER.
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<COnVERT STATEMtHr>A Ma <FDn STATEMENT>£J B iJa
<TrANSlAT£ BTArtMENT>T

ErFECT[A(S)J a LFFtCTCtCS) j; EFFECTCBIS ) 3 » EFFECTCT(S)3

EXITCA($)3 a NUKMAuJ EX1TCB(S)3 « NOff^lAU

The Eoir and translate statements are directly
Implemented in the hardware.



. llfO -
y p L 6/05/73

ftnu statement

<NOISE> MS <bLANKS> // S FOR S

<EOUAL> <8LANKS> // S EQUAL S

<FTND TERM>A <CONSTANT>CJ 8 <IOENTIFIER>V

VALUECAJ = VALUEtCj; VALUEC«(S)] » VALUECVCS)]

TYPECA] = TYPECC]? TYPECB] = TYPEcV]

LENqThcA] s lLNgTHIC]; LENgTH[8(S)3 = L£NgTHCV(S)3

<SCAN STATEmEnT>A MS SSCAN^ <EQUAL> <FInU T£RM>H <nOISE> <FInO
tehm^xj

B jl».S8CANi S unequal S <FIN0 TERM>U <N0ISE> <fH^D "rERM>V;
C SSCANi S iUNES <E^UAL> <FIN0 T£RM>In <NplSE>

D jla^SSCAN» UNEQUAL S <FIND TERM>Y <NOISE>
<FiNU TERM>Z

(THE SCAN statement USES A FIELD IN THE USER'S CORE TO
GIVE information UN THE RESULT QF THE SCAN. WE SMALL
call this FIElO ♦♦SR'' (FOR SCAN RESULT). SR HAS THE
FOlLUnING ATTrIBUTLSi AODRESSCSRJ « 38J TYPECSRJ «
integer? LENGTHCSR) = (DIGITS).)

The Scan instructiuns are used to scan a field for a set.of
DElIMETERS (OR the absence of a SET OF DELIMETF.RS). DEFINE

<;rANtA. B] « - 1 IF NO CHAKACTER/DI GIT OF A « ANY
character/OlGlT OF 8# « ^ TF THE piRST CHARACTER/DIGlT F
IS SOME CHARACTER/UlGIT OF 8^ » I IF THE SECOND
CHARACTER/UIgIT OF A IS SOrE ChARACTER/DIGlT OF 8 (AND THE ^
FIRST ^AS NUT), .... » N IF THE (N+1)ST CHARACTER/DIGIT OF A
IS some character/digit of b and The first n
CHARACTtR/OlGlTS OF A ARE NOT CHARACTER/UlGlTS OF 8. (IN
THE ABOVE' IF THE TYPE OF A ANU B IS ALPHA OR NUMERIC READ
character fur charactfh/diGIt else read OIGIT.)

(TTPEcm] » TYPECT3? TYPE[U] » TYPECV3? TYPECW3 »
alpha UR numeric; TYPEIX3 = ALPHA OR NUMERIC) TYPECY3
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8 ALPHA OR numeric? TYPE[Z] a ALPHA OR NUMERIC)

ExIT[A] 8 normal* ExIT[6] a NORMAL; ExItcC* a NORMAL;
exitloj a normal

EFFECTCA(S)J » S** WHERE S"(SR) » IF
SCANC\/ALU£CR(S) VALUECT(S)]1 a -l THEN LENGTHCR(S)3 -
I Else scancvalueiriS)]- valufct(S)]]> s^ck) =
SlutIT(SI0ECR(S(K )) 3) 3 OTHERWISE

CMPCACS)J a IF SCANCVALUttR(S)J® VALUECT(S)33 8 -1 THEN LES^
else if SCAN[VALUEIR(S)3# VALUECT(S)33 « 0 THEN EQUAL ,
ELSE (iKEATER

DEFINE complement [A] TO RE* IF TYPE (A3 a ALPHA OR
Numeric ThEn all rOssibi-E EbcoIc characters whIch do
NOT appear in a (THEREFORE LENGTHlCOMPLEMENTCA 33 « 256
- lENgThIAJ); otherwise all possible OIgITS and
UNUIGITS WHICH UO NUT APPEAR IN A (THEREFORE
LENGTHICOMPLEMENTCA33 « 16 - LENGTHCA3),
let N(S) » SCANtVALUECU(S)3* VALUtCCOMPLEMENTCV(S)333•

EFF£Ct[B(S)J = S" WHERE S^CSR) ® IF N( S) ® *1 THEN
LEnGTH[U(S)3 - 1 else N(S)» S"(K) 8
SIUECV(SIulCU(S(K)}3)3 OTHERWISE

CMPC8(s)3 » IF NCS) » -1 then lEsS tLSt IF N(s) « 0 THEN
Equal else greater

define ZONEIKJ to be THE RESULT Of RESETTING ALL THE
ODU ADURESS digits of THE ALPHA OR NUMERIC FIELU K,
IE*
ZONEUI « VALuEtKl ANU RtPFATrxFOX# LENGTHCk3J,

EFFeCT[C(S)I a S" WHERE S'^CSh) » IF
SCANC2UNE[w(S)3• Z0NECX(S)33 « -1 THEN LENGTHcw(S)3 - 1
ELSE SCANUONECWCS)] • ZUNEU(S)]3' S'^CK) a
SIOEIX(SIUlCW(SCK))3)3 OTHERWISE

CMPCC(S)3 « If SCANtZ0NEtw{S)3» ZONECX(S)33 ® -1 THEN LESS :
Else if scanczonecwcS)3• zonecx(S)33 s 0 then equal
else greater

let NCS) = SCAN[Z0NE[Y(S)]» 20NErC0MPLEMENTCZ(S)333.

EFFECTtUCS)] a S** wHERE S'*(SK> = IF N( S) a -1 THEN
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1 LENGTHIYCS)] - 1 ELSE N(S)# S '̂CK) s
SlUt[Z(SluECY(S(K))3 )3 OTHERWISE

CMPCU(S)3 = IF N(S) a -1 then less else if N(S) « 0 THEN
EyOAL LlSE CiREATEH

the scan statement (TYPEs a or 8) HAS ObVlOUS UsEs IN
scanning OATA for certain characters, note THAT IT
STOPS WHEN THE FIRST MATCH (OK NON-MATCH) IS FOUNO^
provides A POINTER TO THE CHARACTER/DIGIT FOUND> AND
the COMPARISON INDICATOR INDICATES WHETHER THE SCAN wAS
successful, the scan ZONE FORMS (C AND 0) ARE USEFUL
FOR Finding classes of data, for example, the
character zero is a FO in EBCDIC, ALL
IN EdCUlC. SINCE the OTHER SIX EBCDIC CHARACTERS WHICH
START with F are NON-PRINTARLE (FA. FB« FC» FO. FE.
and FF). a CHECis for A NON-nUmBER IN A FIELD CALLED
socialsecuritynumber can be done by
SCAN ZONE UNEQUAL socialsecuritynumber FOR "O"!
IF LEQ then & HAVE A NON-NUMRER IN THE FIELD,

<SEARCH FIELD>A <identifier>iJ
8 :»3 .<IDEnTIFIER>J S THRU $ <IDENTIFIER>K

(AT MOST ONE UF J OR K CAN*BE AN <ARRAY VAR1ABLE>,
none of I. J. OR K may have an <type mooifier> of ••IA*',
TYPECn * boolean; TYPECJ] * boolean; TYPECK) a
boolean )

The search statement rtORKS from A START address to an
END ADDRESS:

STARTAODRESSCA(S ) ] = ADDRESSCI(S )1; STARTAODRESSCB(S ) 3
A0DR£SSIJ(S)1

ENDAOORfcSScACS)] » If (TYPetU »= ALPHA OR
ADOrttS&tlCS)] + ZKLENGTHtKS)! ELSE IF TYPEtll » SIGNED
then AOORESStKS)] + lENGTHCICS)] + 1 ELSE

^ AOURESStlCS) J + LENGTHtKS)]! , _ _
ENUAuuR£SSt6(S)J = A00RESSCK(SIDE[J{S)J)J

TYPEtA] » TYP£U1» TYPEtSj = TYPEUI
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SI0ECA(S}J a SIUECI(S)3^ SIOECBCS) « SIDECKCSIOEtJCS )] ))

<INCREMENT>A »»« <EMPTY>J 8 Ms $ INCREMENT S <lNTEGER>n
C SIS S $ fiAOUHEsS S <VArIA8l£>V>
D MS s InCKEMEnT ^ <VARIABL£>rt

the search STATEMENT NEEDS AN INCREMENT VALUE DEPENDING
ON the type of the SEARCH FIELD. UET SFTyPE a IP THE
search field type is numeric 0^^ alpha THEN ALPHA ELSE
IF the search field Type is signed then signed else
integer.

INCREMENTU3 « IF SFTYPE « INTEGER THEN 1 ELSE 2,
iNCREMENTtsJ » IF SFTyP^ ® ALPHA TrEn 2xVALUECI] ELSE IF

sftypf a siGNtO THEN vALUetii + 1 els^ yALUgcn;
INCREMENT[C(S)] s if SFTYPE = ALPHA THEN 2x VALUE |:V(S) ] ELSE

IF SFTYPE a SIGNED THEN VALUECV(S)3 ♦ 1 ELSE
VALUtcv(S)3;

INCREMENTCD(S)J s AODRESSCWJ - STARTADURESSCST

fVALUECn < 100; V CAN NOT BE INDEXED; V CAN NOT HAVEi <nPt M00IFIEK> OF -IA-, AOORESSCV] < 40,
AOURESSLV] s 0 mod 2; LEnGTHCV) s 2 (INDIRECT FIELD
LFNSTh again!; Wcan not 8E indexed; W can not have A

^ <TTPE modifier^ of "IA**I ADDRESSlw] > STARTAODRESSCS1)

<SrARCH STATEmEnT>A !|a ssearchs <eoual> <search field>t <noise>
<FInO TERM>U <INCREM£NT>I;

8 M= SSEARCHS S Low S <SEARCH FIELD>V <NDISE> <FIND TERM>rt

c ,,»*SS£AKtrit i UUwEST i <S£AHCH FlELU>X <NOIS£>
<FIND TEKM>Y <INCREmENT>K

(TTPLCTJ s typELU]* TYPECV] a TYPECW]* TYPECX) a
^ TYPeiY])

th^ search statements havE Exactly thE samE effect as
the FOLcOrtING PSEUOO SECTIONS. ALL VARIABLES WHICH
start with "X" ARE NOT IN THE USER-S SPACE. THE
STATlmENT EnDSTATEhENTCCOMPARISONJ is used in INDICATE
THE End of THE SEARCH STATEMENT PROCESSING AND THE
value uF the COMPARISON INDICATORS AT THE CONCLUSION OF
the STATEMENT.
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CASE At
XA 4. STAPTAUOi^EJ^Sc T( 6) 3 5
while xA < tNUAUORESScTCS)] UO
BEGIN

IF yALUecU(SlU£tT(S)])3 a
CuNTE«mTCxA> LENGTHCU(SI0ECT(S}])3f TYPECUl] THEN
BEGI»n
IXl ♦ XAJ
ENUSTATEMENTIEQUAL]t

ENU;
XA ♦ XA + iNCKEMENltI(S)3;

end;
endstatementigkeaterJ;

CASE B:

XA ♦ STAKTAU0REdStV(S)3;
WHILE XA < tNDAUQRESSCV(S)3 DO
BEGIN

IF VALUEtW(SIDElV(S)3)] >
CUNTENTCxAf LENGTHtW<SIDECV(S)3)TyPEtW]3 THEN
BEGIN
IXl ♦ xa;

. EN0STATEHENT[E«UAL3I
ENO;
XA ♦ xA + INCREMENTIJ(S)]j

end;
ENDSTATEmEnT[GREATERJt

CASE Ct
XF ♦ 0;

XL ♦ A0DHES6CY(SI0ECX(S)3)3I
XA ♦ STARTadDRESSCx(S)3;
while xA < ENUAUDRtSSCX(S) 3 DO
BEGIN

IF CUNlENTtxL^ LENGTH[Y(SIDECCS)1)3. TYPECY33 >
CUNTENTCXA. LEnGTHCY(S)3)3» TYPE[Y33 THEN BEGIN
xF i;
XL ♦ XAI

end;
XA ^ XA INCREMENT CK(S)3;

end;
IF XF a 0 then EN0STATEmENT[GREATER3;
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ixi ♦ xl;
ENOSTATtMtNTCEuUALJJ

IN wUNUi. the SE«RCH STATEMENT ALlOkS A FIElO TO BE
cFikr^CntO •uR A SPECIFIC WORD (CASE A)» AN ITEM SMALLER
then the SPECilFED wORO (CASE 8)» OR THE SMALLEST ITEM
IN A LiSTt If the increment is ThE SEARCH STATEMENT
SCANS OOwN THL SEAHCH FIELI? TRyINI. ^®®J
GRUOP OF CHARACTEKS/RIGITS FOR THE SPECIFIED ITEM. IF
ThE SPEClfHO CUNUlTIUN IS SATISFIED (IF AN
search fuld satisfies the conoitions). ThE comparison
iNUiCATUR IS b£T TO EqUAL AND IXl POINTS TO ThE
satisfying FIELu.

<FTND STAT£MEnI>A IIK <SCAN STATEMEnT>T|
B IJ= <SEARCH STATEM£NT>U

EFFECT[ACS)I a EFFlCTCTCS )) I £FFECTtB(S)3 = EFFECTCU(S)]

EXITCA(S)J = NQkMAl! EXiTlBCS)] ® NORMAL

CMPCA(S)] = CMPtTCS)]» CMP[b(S)3 » CMP[UCS)3

The scan and search statements are directly implemented
In The hakOnake.
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OtCLARATIUNS

THE UECtARATIOiNS DtFXNE THE ENVIRONMENT OF THE BLOCK
(PROGRAM). ULKLmL EnVIRCT (OF ABLOCK) TO BE THE SET OF
OHnFRED PAIRS OF ALL <NAMw>S OECLAHEO wTTHIN ThAT 5lOCK» E'̂ CHS??H I?S SErOK^nKlBuTtS. TOGETHER hITH THE BLOCK NUMBER. NOTE
The fNVIRONMtilT UF ABLOCK B lAS UPPOSEO TO f-NVlBCBj) IS COMPOSE
OF ENVIRCB) .0. ENVIRCxJ FOR ALL BLOCKS X WITHIN WHICH 8 IS
NESTED (SEE SCUpE OF IDENTIFIERS).

TO DEFInL THE attributes OF AN IDENTIFIER. wE INTRODUCEATTRlBUT£C<IO£NriFlErt>n = ''ck,c
T«TVPtrrll. ls<INlTiAL VALUE OF I>» 0 =01 MENSI ON ( I ] )hhTch cS^pleIe^ oEf^Jes I. "A.cumpIled" means The aoo«"S as

OETERMINEO BT The compiler (USUALLY THE NEXT AVAILABLE LOCATION
«ITH necessary sync OPERATIONS PEFORMEOy,.ru^;rLtY^^^uHi:?LiforirGsru!^2^«°rorNUMrR^f5R^it^^HA cnote
** ** has a COuE of ^40*. THEREFORE 01).

repeating THE SYnTAX DEFINITION OF A <»L0CK>l

<BLOCK>X Ua SbEUiN S <UECLARAT IONS>0 <SECTIDN>T S ENDS

ENVlRtXJ « ENVIKCO]

<DE CLARAT10NS>A <dECLARATION>UJ B t :s <DE ClARA TI 0NS>E
<0ECLAKAT10N>F

ENVIRCAJ ®ENVlRtOH ENVlKtbl ®ENVlRtE) .0. ENVIRCF)

<DECLARATIGN>A :l« <SIMPLE OFCLARAT I ON>EJ
8 ii3 <ARRAY DECLARATI0N>R;
C Its <LABEL UECLARATI0N>LJ
0 11= <pRUCEDURt DlCLARATI0N>P;
X lJs» <FILE i)tCLARATION>F

ENVIRUJ = ENVlKlEj; FNVIRCB) = ENVlRtRU ENVlRCCl =
ENViHtLi; ENvIRCDJ a ENVlRCPD ENVIRCXl = ENVIRCF)

the following slctions DISCUSS these types of declarations
individually CFIlE declarations ARE BEYOND THE SCOPE OF THIS
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SIMPLE DECLARATIONS

<8TT ITEM>A <iMAME>N;
B tts <name:>m <BUOlEAN cunstant>c

ATTRlBUTEtAJ = (A=C0MP1LED» Lsl BTT» TsbOOLEAN# IsFALSE#
OsDJ

ATTRlBUTEiBJ = (AsCOMPILEO# L=l BIT» TsBOOLEAN, IsVALUECCl^
Oal)

EnVIRCAJ = CN» ATTrIBUTECA]); EnVIrCBJ a (Mf ATTRIBUTECB3)

<8TT LIST>A Ma <BIT ITtM>l;

B lla <dIT lIST>L ipi <BIT ITEM>J

ENVIRCAJ a tNVlR[l)i ENVlRCb] = ENVIRCL] ,0. ENVIRCJ]

<BTT 0ECLARATIUN>A Ms sBIT i <BIT LlST>L $; S

ENVIRCAJ a twVIRCLj

<PTCTURE UtCLARATIQN>A Ms SPICTURE « <NAME>N
$»»$ <CObUL PICTURE>P $"S $1$

ATTRIBUTELA] s (AatOMPlLLD. LssLENGTHCMiCRO-OPSCP3 31 TaALPHA^
laMlCRU-OPSCPJ• D=l)

ENVIRCAJ a {\U AJTRIbUTEtA3)

THE Exact forms of a <cobul picture> and the micro-ops
generated are beyond the scope of this paper, the use
OF A <PICTURE DECLARATiaN> OR AN <EDIT STATEMENT>
REQUIRES THAT

CONTENlCABf alpha, 83 a »• +-*,,$0 »♦ (SUPPLIED BY
THE COMPILER).

<SYNC>A IIS <£MPTY>; B Ms $ MOD $ <INTE6ER>I

(0 < vALUtCn < 1,000,000)
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SYNCCA] a 15 SYNCtb] » VALUEtl]

DEFINE MOOC*» IJ ® Y SUCH THAT Ya 0 MUD I» ^ S Y» AND IF Z
a 0 MOD I AND / < 1 THEN Y < Z (IE: THE NEXT NUMBER
STARTINv« with X that is 0 MOD I)*

<DATA RIGHT PAKT>A jls <SYNC>YJ
B i:® 4®4 <CLEAN VARlAbUE>V5
C Its <STnc>^ 4^4 <CUNSTANT>C

TYPEC] (TfPt OF declaration TU WHICH IHIS BElONGS)

LENGTHcJ (LENijTH UF ThE OECLAhATION TU WHICH THIS BELONGS).
ADDRESSCAJ a MUDtcompiled* StNCCyIH ADDRESStS^ ®

ADUHESSCVJ; AOURESSrCI a MGOCCOMPILEd* SYNCCZ13

INITIALIA] a OlFAUlT; INITIALcB] a DEFAULT5
iNiTlALCCJ a VAlUEIC]

(TYPECCJ a TYPECI; LENGThICI < LENGTHCI)

<UATA LE^T PART>A ::a <i^AME>N $($ <INTEGER>I 4)S

LEnGThcAJ a VAlUECIJ

NAMECA] ® N

(0 < VALUECI] < 1*000*000)

<DATA ElEmEnT>A i:a <dATA left pART>L <0ATA rIqhT pART>R

TYPEt] (TYPE OF OLLCARATION TO WHICH THIS BELONGS)

ATTRlBUTttAJ " (A®AOURESSCR]* l^LENGTHIL]* T-TYPEC)*
lalNlTIALCR)* Osl)

ENvIRIAjI ® (NAmECLJ# ATTRIBUTEC A])

<UATA element LIST>A i:a <DATA ELEMENT>OJ
B ::a <DATA clement LIST>L $*4 <OATA ElEMENT>E
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ENVIRCAJ = e..MVlRCOj; ENVIRCBI = ENVIRCL3 .0. ENVIRCE]

<VARIABLE data TYPE>i Ms SlNTEGER S SSIGNEO INTEGER $1
A l«» $ALPHA $; N J:a $NIJMERIC «« R SREAL SI 0
SDOUBLE S

TYPECI] s INTEGtRl TYPECS3 » SIGNED! TyPECA] s ALPHAj
TYPEIN3 » NUMlRK; TYPECRJ s REAL; TYPECO] = SIGNED

<variable declaratiun>a Us <varia8le data TYPE^T
<DATA ELEMENT LAST>L SIS

ENVlRCAi « ENVlrtCL]

<FTXED DATA TYPE>i SKiXtU INTEGER S; u SFIXED DOUBLE SI
R 11= sFixed real si a *:« SinOiReCt s

TYPECn * SIGNED; TYPEtUI = SiGNEOI TYPECR3 = REALI
TYPtUJ » INTEGER

LENGTHCil = 7; LEnGTHCOJ s 19; LENGThCRJ = 111 LENGTHCA]
s 6 (6 IF QN A dA/OO)

<FTxED data tLEN|ENT>A 11= <nAmE>N <0ATA LEFT PART>L

TYPEC 3

LENGTH!J

ATTRIbuTECAI = (AslF TyPLC] = INTEqER ThEN MODcADDRESS!L3,2]
ELSE MUDIAD0RESSCL]'A3' L=LENGTH!3» T=TYPEC3'
I»1n1TIALIl3* U*l)

ENVIRIAJ » CN» ATTKldUTE!A])

<FTXED DATA ElEmEnT LIST>A ;;= <FlXED DATA ElEmENT>d;
B ll» <FiXED DATA ELEMENT LIST>L S.S <FIXED DATA EEEMENT>E

ENVlR!AJ = LNV1R!D]I ENVIR!B3 = ENVIRtL3 *0. ENVIRIE3
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<FIxEO OECLAKaTIUN>A its <FIX£D DATA TYPE>T
<FIXED DATA ELEMENT LTST>L

ENVIRCAJ = ENVIRCLJ

<SIMPLE DECLA«ATI0N>A MS <BIT DECLARATION>T>
6 M» <PICTURE DEClARATION>P;
C M» <VAHIA8LE DECLaRATXON>V>
0 Its <FIXED DtCLAKATION>F

ENVlRCAJ sENVlKtTj; ENVIRC83 sENVIRCP]? ENVIRCC3
ENVIKCVJJ ENVlRClJl s EnVIRCFI
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array declarations

i

<ARKAY preset LIST>A <CONSTANT>CI
8 lin <ARKAY PRESET lIST>L S»S <C0NSTAnT>0

TYPEC]

LEnGThC3 (ThE lEN^jTh of one array ELEMENT)

DImENSIUNCAJ » I; DIMENSIUNCA) s 11 OIMENSIONCB) =
OIMENSlUHCL) 1

INITIALIA) a VAluECCJJ
INllTALtB) s INITIALCL3 .U* VALUetO]

(TYPECCJ a TYPED) TYPEC 0) a TYPEC 3) LENGTHCC3 <
lengThu; LENgThC03 < LENgThC3)

IN GaSE' INItIaE JS a SEt VaEUES CORRESPONDING
UT the OTH- 1ST» ZUOp ... ETC ELEMENTS OF THE ARRAY.

<ARRAY right PARr>A US <SYNC>YJ
B Il3 S8£ <CLEAH VARIA8LE>VJ
C 1I» <SYNC>/: <ARRAY PRESET LIST>L

typed

lengthd

AD0RESSCA3 » MOUCGUMP I LEU• SYNCCYll) ADDRESSC83 »
AOURESSlVj) AUURESSCC3 » MODCGOMPILED# SyNCCZ33

INITIALIAJ » default* InITIALC»3 « DEFAULT) INITIALCC3 »
initialIlJ

OImENSIUNCa) » NONE) UlMENSiriNCB) = NONE) DtMENSI0NCG3 =
UIMENS1UNLL3

<APRAY DECLAKATIUN>A :)a <VARIABLE DATA TYPt>T SARRAY S <NAHE>N
SCS <InTEgEh>1 63S «CS <InTEgEr>J S)S <ArrAY fnIGHT PArOr

(0 < VALUEU3 < ItOOOtOOO) 0 < VALUECJ3 < 1.000»000)
VALUECK) » TYPECT]) IF OlMENSlONCR] # NONE THEN
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OIMtNSlONCK] 8 VALUECI] + 1)

ATTRlBuTeiAj 8 (A«AOurESSCR]» L»VALUF-tJJ» TsTYpEtTj.
IsXNXT1ALI«]» 08VALUEIIJ +1)

(I I.YOiCATES THE hIUHEST VALID SUBSCRIPT VALUE)

EnVIRXaJ » Cm* ATTRIBUTECaI)
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LAI^LL DEGLAHATION

<LAtJEL EL£MENT>A Mn <LAttEl,>L

ATTRIBUTECAJ s (AsC0MP1lED» LsO» TsINTEGERtf Oal )

ENVlRCAJ » Cl» ATTkIbuTECA])

<LABEL LI5t>A :i» <LABEL LLEM£NT>t; B ir= <LA6EL LISt>L
<LABEL ELEME!>IT>F

ENVIKCA3 » ENViHtEj; ENVIR[b] sENVIRCL] .U. ENVIRCF]

<LAbEU DECLAKAT IUW>A JbLAbEL S <LABEL UIST>L

ENVIRCAJ « ti^lVIKCLJ
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PKOCEUUKE declaration

<PRQCEDURE BUOY>X il» <BLUCk>B> Y i:a <COMPOUNO STATEMENT>C

£FFECT[A(S)3 s tFF£CTCdCS)3I EFFECT[Y(S)3 = EFFECTCC(S)3

EXITCXCS33 « EXlTCd(S)l> EXITCY(S)3 = EX1TCC($)3

EACH CALL ON A PROCEDURE ADDS ANOTHER LEVEL TO THE
PRCKjRAM-S stack; each return froh a procedure removes
THE roP entry from the program stack, each stack entry
contains all passed parameters and information about
where to ketukn to, therefore, procedures can be
CALLED recursively OR NESTED wITH NO RETURN PROBLEMS.
DECLARATIUHS wITHIN a procedure buoy as defined in
declarations above can not be preset since they also
appear in The stack (to allow recursiveness), if
declared items are not to be chanced (OR the procedure
is not called RECURSIVELY). «OwN « MAY PRECEEO THE
declaration, in this case the data may be preset since
the item is nut placed in the stack. all FILE and file
RECORD declarations IN A PROCEDURE BODY MUST BE "OWN**.
The initial value of non-own items is <inoeterminable>.

the hardware uses 1X3 tu point to the current stack
r- level and base+ao for 6 digits to point to the next

STACK LEVEL, THE CHANGING OF EITHER OF THESE FIElDS
within a procedure will produce indeterminable results
(USUALLY). ThE INITIAL VALUE OF dASE+40 IS SET UP BY
THE COMPILER.

A SPECIAL statement CAN BE USED TU RETURN FROM A
PRUCLOURE (THE FINAL "END" OF A PROCEDURE ACTS AS A
return);

<exit statement>a sexits; b jjs sexits <to> <label>l; c iia
SEXITS <TU> <VAKIABLt>V

ALL THREE FORMS POP THE STACK. THE FIRST FQRM IS A
normal SUBROUTINE RETURN, THE LAST TWO ACT LIKE A
<TRANSF£R STATMENT> of The SAME FORM IN ADDITION TO
POPPING THE STACK. THE USE OF AN <EXlT STATEM£NT>
OUTSiOt OF A PROCEDURE WILL HAVE INDETERMINABLE RESULTS
(USUALLY).
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<segmenteo> <empty> // ^segmented S

<PfHlOD> lla <bLANK6> // $.S

<PARAM£TER l1ST>A «I« <NArtE>N; B ll» <pARAMETER U,IST>L S»S

<NAME>M

NUMAKGSlAj s U NuMARGStS] s NUMARGSCi.] 1
(NUHARGSCLJ <9}

^ ARGNUMCN3 » i; aRONUM[MJI b NUMARGSCLI + 1

<VALU£ LIST> tta <EMPTY> // SVALUE S <PARAMlTER LIST> S;$

<FnRMAL PARAMETER PAKT>A Ma <EMPTY>; B Ma sC$ <PARAMETER
LIST>L <YAlUE lIST>V <DEClARATIOMS>D

NUmARGSIa] S Ol NUMARGSCB] a NUMARQSCL]

Every parametlr in l must be declared in o cand nothing
^ ELSE MAY BE DECLARED IN 0). PARAMETERS CAN BE EITHER

CALL-BY-NAME UR CALL-BY-VALUE, EACH CALL-BY-VALUE
^ parameter must appear In Vt THE VALUE OF THE CALLING

argument is PASSED FOR A CALL-BY-VALUE PARAMETER! THE
address of the calling parameter is PASSED FOR A
call-by-name parameter, the compiler handles all

^ InUIKECTIUn necessary due TO call-by-name PARAMETERS,
IF A CAuL-bY-NAME PARAMETER IS ON THE LEFT SIDE OF THE

In an assignment statement, the value to the caller
IS changed, FOR A CAlL-BY-VALUE PARAMETER, IT CAN NOT
BE changed as The caller sees it but can be changed as
The procedure sees it.

<PPOCEDURL OECLAKATiGN>A SFORwARO PROCEDURE S <NAME>N <FORMAL
parameter PART>F; B <S£GM£NTED> SPROCEOURES <PERIQ0>
<NAME>m <KOKMAl PAkAMETEr PAKT>G <PROCEduRE BOoY>P

THE FOKWAKD PkDCEUURE DECLARATION IS USED TO SPECIFY
ThL ExISTANCE of a procedure whose PROCEDURE BODY CAN
not appear yet (AS .^HEN PROCEDURE A CALLS PROCEDURE B
AND procedure B CALLS PROCEDURE A; ONE OF A OR B MUST
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BE OEUCARCO FURMARO). IF <SEGMENTeO> IS "SESMENTEO"
THIS pkOCEUURE forms A SEpERATE SEGMENT (SEGMENTATION
is BtyONO ThE ScOpE OF THIS PAPER), IF <pERIOO> IS
Then this proceoure may nut call other proceduresi the
compiler will nut increase the stack entry size to
include the non-own local variables.
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StUP^ Of IDENTiriERS

RULE It lvERV lOErtTlFlER MUST BE OELCAREO BEFORE IT CAN 8t
referenced (Except within a <uefine string>).

EACH BLOCK automatically INTRODUCES A NEW LEvEL OF
nomenclature, THEREFORE# ANY NAMED DECLARATION OCCURRRING wIThIN
THF block is said to be local to The block in UUESTION. SUCH A
UELCARATION MEANS --

A. THL EnTITIY RLPKESEnTEO BY THE IDENTIFIER INSIDE THE
BLOCK HAS NO tXiSTANCE OUTSIDE THE BLOCK,

B, ANY Entity represented by the same identifier outside
THE hlUCK is CUMPLETELY INACCESSIBLE INSIDE THE BLOCK.

AN IUEnIIFiEK UCCURHING WITHIN AN INNER BLOCK AND NOT
UELCAREU WITHIN ThAT BLUCK wILU BE NONLOCAL (OR GLOBAL) TO ITj
That is, The iuentifier will represent the same entity inside the
BLOCK And in The lEvEl or lEvels Immediately outside it, up to
AND INCLUDINU ThE LEYEL IN wHiCH ThE IDENTIFIER WAS DECLARED.

SINCE A statement wITHIN A BLOCK MAY ITSElF BE A BLOCK, THE
CONcEpTS OF local AND NUN-LOCAL TO A BLOCK MUST BE UNDERSTQOO
RECURSIVELY. ThuS AN IDENTIFIER WHICH IS NUNLOCAL TO BLOCK A MAY
OR may not be nonlocal to BLOCK B IN WHICH BLOCK A IS ONE
statement,

BLOCK B IS SAID TO BE nESTEU In BLOCK A IF BLOCK B IS A
wholly contained statement WITHIN BLOCK A,

block a and BLOCK B ARE SAID TO BE DISJOINT IF NEITHER IS A
statement within the other,

A label must be declared in the head of the Innermost block
In WHICH The assuciateo labelled statement appears, if any
STATEMENT IN A PKUCEUURL BODY 1$ LABELLED, THE DECLARATION OF
This LABEL MUSI" APPEAR nlTHlN THE PROCEDURE BODY,

IDENTIFIERS IN A PrtOCEDURE BODY WHICH ARE NOT FORMAL
parameters are lucal TO That procedure and are inaccessible from
OUTSIDE THE PRUCEUURL.
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APPENDIX Al reserved WORDS

RESERVED nUKDS URDERED BY LENQTHt

LENGTH 2t

00 GO lA IF IN 10 NM NO OF 01 OR SN TO UA UN

LENGTH 31

ALL AND BIT CHR DIV EnD 1X1 1X2 1x3 JSL JSR MOD
MUL MFL MVD NOT UUT OwN REM TGL TWX WOS XCH ZIP

length 41

BASE b5U0 case COPY DATE DISC DISK OOZE DUMP EDIT
ELSE exit file UlL FLOW LOCK OPlN PAGE POPQ PUTQ
READ real reel SCAN SEEK SORT STOP TAPE THEN TIME
TRUE TT26 WITH

length 51

ALPHA
COATE
POLLQ PUlLQ punch PURGE PUSHQ SPACE STORE TAPE7
TAPE9 TC500 TC700 TRACE UNTIL VALUE WHILE WRITE

LENGTH 61
accept ACCESS ACTION ATTBAl COMMON CRUNCH QACCUM
DEFINE DEMAND DOUBLE lACCUM LISTER MEMORY RACCUM
READER remove REwINO SEARCH SEGMNO SIGNED SINGLE
SORTER TAPEPE TIME60

LENGTH 71

ADDRESS Channel comment compare control dct2000
DISPLAY FORWARD IBM1030 IBM1050 INTEGER LINKAGE
numeric picture printer ptpunch release reverse
segdict segment

array begin B2500 B35*00 84700 B9350 B9352
close enter ENTRY FALSE FIxED jOATE LABEL

LENGTH 81

OATACOMM

length 91
olbanking

translate

length IQl
disconnect

DISKPACK INDIRECT OVERFLOW PTREADER

PROCEDURE REMAINDER SEGMENTED TOUCHTONE

FRIDEN7311 SPOMESSAGE SUBROUTINE
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OISPUAYONIT ExlTRUUTINE ROUTINETvPE UNSEQMENTEO
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APPeiNUix bi tauiVALENCes

THE FoLLOHlNa TABLE LISTS THE STRING USED IN THE
syntax/semantics oefinition of bpl and the Equivalent stringis)
that can be used in their place at any point.

symbol as useo Equivalent symboliS)

S4.S <FILLER> <FILLER>
<fille.R> $«=s <filleh>

S|S <FILLER> <FILLER>

SIS <FIllER> s«s <fillEr>

t,t <FILLER> s.t <FILLER>

SIS <FILLER> sts <FILLER>

8)S <FILLER> sis <FILLER>

S{S <FILLER> S(S <FILLER>

$)S <FILLER> $)$ <FILLER>

S+S <filler> s*s <filleh>

S.S <FILLER> s-s <FiLLER>

J»J <FILLER> S*S <FILLER>
<blankS> smuls <blanks>

S/S <HLLER> s/s <FILLER>
<BLANKS> sOiVs <BuANKs>

jss <filleR> s«s <filler>
<blanks> seqls <blanks>

J neq s <filler> s<»$ <filler>
<HLANKS> SNEO# <BlANKS>

S<S <FILLER> s<$ <FILLEH>
<8LA-NkS> SLSSS <6LANKS>
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S LEQ $ <fILLER> fi<»S <FILLeR>
<BLANKS> SLEQS <8LANKS>

$>$ <FILLER> S>S <FILL£R>
<SLANkS> sgtra <buanks>

s QEO S <FIULER> S>«S <FIt,LER>
<BLANKS> sCiEQS <BLANKS>

s not S <FILLER> S<$ <FILLER>
<BLANKS> snots <8LANKS>

j /^NO $ <blanks> sands <blanks>

$ OR s <blanks> sors <blanks>

SOvERFLUrtS <BLANkS> SOvERFlOw^ <0LANkS>

s ends <BLANKS> sends <filler>
<FILLER> s;s <F1LLER> SENDS

<filler>
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appendix ci defines

THE BPL compiler HAS IMPLEMENTED A MEANS OF CODING SHORTHAND
CALLED ••DEFIHES", USE OF DEFINES CAN TRANSFORM THE LANGUAGE TO A
completely different TYPE OF LANGUAGE. DEFINES CAN BE USED TO
INCREASE (OR REDUCE) REA0I8IL1TY OF A PROGRAM,

<DEFINE PARAMETER LIST> <NAmE> // <DEFINE PARAMETER LIST>

S»S <name>

<OeFiNE ID> <NaME>

<DFFINE left PART> <DEFlNt I0> // <DEFlNE ID> $(S
<0EFIN£ parameter LIST> 4)S

<DEFINE STRING> Ua <ANY STRING OF EBCDIC CHARACTERS NOT
containing a ?9fr or S#$>

<OFFINE RIGHT PaRT> Ija Sa$ <DEFINE STRING> 4#S

<DEFINE LIST> <DEFINE LEFT PAHT> <DEFINE RIGHT PART> // .
<0EFINE LIST> S»$ <UEFINE LEFT PART> <DEFINE RIGHT PART>

<DEF1NE D£CLARATI0N> SOEFINE S <DEFINE LIST>

the define declaration is NOT A REAL DECLARATIONJ IT
DOES NUT determine IF A COMPOUND STATEMENT BECOMES A
BLOCK, NO syntax CHECKING IS DONE AT DECLARATION TlMEt
only when the define is called,

<0FFINE call PARAMET£R> ;:s <ANY STRING NUT CONTAINING $»S OR
P9FR> // fiCS <ANY string not CONTAINING $)S OR ^9FR> S)$

<OFFINE CALL PARAMETER LlST> tlm <0EFINE CALL PARAMETER> //
<define Call parameter list> <oeftwe call parameter>
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<0EF1NE CALL> <OeFlNE I0> //
<DEFINE I0> 4(* <OtFINE CALL PARAMETER LIST> «)»

WHEN A iD> IS FOUND IN ThE SOURCE STRING» ITS
CORRESPoNOINO <1)EFINE STHING> is considered to APPEAR IN PLACE Of
THE <DEflN£ CaLL>« I^ ANY <UEfINE CALL PARAMETERS>S ARE
PROVIDED^ THt <0LFINE CALL PARAMETER>S REPLACE THE CORRESPONDING
define parameters WHEnEvER the define parameters appear IN THE
<0EFINE STRING>. NOTE THAT THE NUMBER OF PARAMETERS DOES NOT
NEED TO MATCH# ExTRA <D£FInE CALL PARAmETER>S ARE IGNORED# ExTRA
define parameters remain UNCHANGED IN THE <DEFINE STRING>#

SYNTAX checking RESUMES AFTER THE qEFInE HAS BEEN EVALUATED
AT THE start OF THE NEW STRING#

DEFINES can D£ NESTED# PARAMETERS CAN BE DEFINES# ETC# CARE
SHOULD BE TAKEN TO AVOlU DEFINE LOOPS,

note THAT NO SYNTAX CHECKING IS DONE AT DECLARATION TIME,
Therefore a <define sTRiNG> may contain an identifier which has
NOT been declakeu yet, but that identifier must have been
declared BEFUHE ThE DEFINE CALL ON THAT DEFINE IS MADE.

<DEFlNE CALL> CAN APPEAR ONLY wHERE A <NAME> WOULD APPEAR IN
ThF BPL syntax# CONSIDER THE FOLLOWING EXAMPLE!

DEFINE PLUS a ♦ #
SETX(Y) « X ♦ Y #!

X ♦ B PLUS 1!

SETX(B +1)1

assuming Everything is declared# both statements would appear to
have the same effect (X ♦ B ♦ 1), THE FIRST FORM WILL GENERATE A
SYNTAX ERROR# ThE SECOND WILL NOT#

care MUST ALSO BE TAKEN WiTH IN DEFINE STRINGS#
CONSlOERi

DEFINE Aai^l+1*'

IF X THEN A ELSE ••# & OK
IF X then B else •#• & ERROR#
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APPENDIX D

NOTE about this' NEPORT

THIS DOCUHENT HAS PREPARED BY A PROGRAM DEvEUOPED BY THE
author while he wAS Employed by burroughs corporation on the navy
STOCK points program* the program* written in BPL* allows
AUTOMATIC creation OF TABS* SPECIAL CONSTRUCTS* A TABLE OF
CONTENTS* And An INUEx* the program IS CURRENTLY BEING USED TO
maintain In house ducumentatiun on various developing PROoECTS.
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CHAPTER SIX

A D E S 0 R 1 P T I 0 H OP FORTRAN

(for the CDC 6MJ0, 6600, etc., using the RON Gompller)
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LAWRENCE H. YEDNG
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CHAPTER SEVEN

DESCRIPTION OF LISP
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HSP ....

IISP Is a list-processing 1angieg* bears little'reseoblance to

the better known algebraic languages such as FORSRAN or XUXXL* However^

many of the ideas presented by TrotOBBor Vaaxror in "^tax and Semantics

of Frogramaing Languages** are directly applicable* iIm to 12^'s mathe

matical nature and recursive capabilities^ its simple sg^tax very often

belies the semantic complexity*

In an attenpt to structure this report in a similar fashion tis Pro

fessor Maurer*s book, I have divided the language into four categories:

Constants Primaries; Expressions; Statownts; and Program Feature*

Lhder the of Constants and Primaries, I have placed' the definitions

of octal and decim^ nunibers, T, NIL, atoms, and the basic S-expression

format* Ihe unit entitled Expressions contains lanibda-e^pressions and forms,

the Statement section includes iiliat I have dubbed **laBft>da-statements*'

(muconpassing the bindings), SET, SB39Q, CSET, and CSBIQ fbncticms to corre-

^pcmd to algebraic assignment, conditional, and transfer statements* Al-

thouffl there is no reason cme should need a se^piential program wii^ trans

fer statements, given recursion and the conditional expression, I have in

cluded the program feature to correspond to the concept of "program" as it is

generally defined in algebraic languages*
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Constants and Prlnarles

In LISP9 coiustants are entities vhieh contain one

value for an entire program* Unlike lOfiSRAH vkore a constant

any bo changed if used as the arguaent of a subprograa cail^

LISP constants—nuaberic atoa8« literal atoast and free

variables have values equivalmt to their *naaes*

throughout the progru*

I chose to include the notion of atoas, s-exprossions

and free variable (identifier) here because of their urinary

nature and usage* All LISP expressions are coabinations

of s-expressions vhikh are coabinations of atoas*
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Vs^ £bcpres6loxi8

*SzpreB8ion* Is somevhat of a niaaoBor due to tho

fact that everything could be naadd an eaqpression (and

generally is) in LISP, I have chosen to categorisse

the LAMBDA expression and the concept of forms as the

class ^expressions^
The body of the LAMBDA expression is not unldJce

an algebraic formula in that it describes hov the variables

are to be combined. The varlist merely defines which are

the variables (in the FORTBAN sense). Thus, in FOBTSAK

an expression such as A*B'̂ C might look likd:

(lambda (a B C) (PLDS (times A:») 9>) in LISP.

^ Siadlarly, and Binee LISP functions are Imllt out of

X4MBDA expressiohs, I chose to include the idea of forms

as forms are funcion-like entities.
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Statements

In order to approximate the type of ideas used in the

Maurer book9 %have isolated some commonly used expressions
which have either an effect on the state vector or cause

transfers of control(also changing the state vector). The

LAMBDA statement causes a binding or "assignment' of

values to take place^ as does the "assignment-likd^
functions SE^t ^ETQ, CSBT, GSETQ. The I/O statements

have effects oft the parts of the state vector reprwen^g
the reader and printer» I found it nec^sary to

the definition of statement indices I could

flil2,ow for recursion and such mttlti*"Statwients as conditional

expressions* It was decided to include conditional expressieiis
in the statement section becattee' they tiwhfiBftlves might

contain various statements. And9 transfer statements

must be included as the only means for branching (in the

usual sense of the word) j; although they are only

permitted within a P3R0G feature.
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Program Feature

The program feature allows for sequential execution

of statements as well as transfer of control to particular

statements* This feature can be used to describe an

entire LISP program or any parto of a program* It need

not be used at all^ but I have Included It In order to be

able to Include transfer and labelled statements*

The reader can note also that the definition of

<sectlozi> applies to LISP programs based on recursj.on as

well as based on a PROG* The |(^og-varlable Is a declaration

of the local variables allowed to exist throughout the

PROG and as such It sets up a local environment Inherited
V

by the section* (Lambda variables are Identical In usage

but limited to the single LAMBDA expression) A somewhat

similar situation (though quite dlfferen^t usage) Is Aown

, . after the PROG^ #je pseudo function DEFINE

actually sets up functloatf names and their definitions

to establish""mbre of ithisu.entlronment to be Inherited by

the program In order for the functions to perform pro]^erly

when Invoked*
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