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- INFRODUCT ION

In a previour report [1] we have illustrated the appli-
cation of our.syntactic and semantic conventi ons to the for-
mal description of several progranming languages. These con-
ventions have since been modified and extended in a number of
ways, and they have themselves been thoroughly documented [21],
The present report supersedes those sections of (1] which con-
cern themselves with formal syntax and semanties, Since the
authors of the various sections of [1] have finished their
studies, it was decided to start anew, rather than making mod 1=~
Tficntions and extensions to [11.

Cur basic goal in developing a method of formal syntactic
w1 seaantic description has been to develop such a method wilth
the following two propertiess

(2) It should be applicable to commonly used prograiwming
1-npuages, rather than to languages invented for the purrose
of illustrating the description method, This property of our
nethod is illustrated here, by descriptions of FORTRAN, CO30L,
ALGOL 60, BASIC, LISP, PDP-8 assembly language (PAL-III), and
Burpoughs's systems programming language (BPL).

(b) It should be amenable to proofs of correctness; that
isy given a formal deseription in this form, one ought to be
able to prove that a program written in the described language
is correct. A desccription of how this 1s done has been pgiven
in a recent doctoral dissertation [3] written by a stujent of the

first author named ahove,
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Preliminaries

<§eti::;7 = a b c\d\e \g\h 1‘3\ \1{ lnio\p‘
A\ s{c HF& rjslklzin|nio

Logical Values

'<éogical valu%} :t:?true\False

s {etuivfeixivi
ol v etz

AL~ R A A
Identifier '
(id.entif‘ier> RE, 1etter'> Kiaentifier? éetter)\ <’identifie1> (aigay}
Expression

éxpression>y_: = @rithmetic expression)g; Xi:= éoolean expression7 b;
y::= {designational expressiony 4
fraluey W' (S)= a’(s); x'(S)= b'(s); y'(s)=a'(s)
Cxithy wi(s) = a%(8); x¥(8)= b¥(S); ¥ =aX(S)
(side-effect) WS (8)=a5(s); x5(8)=15(s); y°(s)=a®(s)
<?nv1ronmentj>a."wy v y dy yy

<L—value>w (S):a (s); x ls)y=1v"; yl(S):' dl(S)

; b=x
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Numbers
-
<digit>§_:::'0'; bii=t1t; cei=t2; d::='3"; ei:='4t; fi:=!5; gii=16;
h::=170; 1::=18; J::=t9t;
- value aV=0; b=1; cV=2; aV=3; e'=4; r%=5; g% 6; h'=7; 1'=8; j'=9;
(unsigued integer) x::=(igit)u; y::={unsigned integer) z {digit> ¥
Lalue) x%=uV; y=10 z% vV
- (< £ YV 8)
{lengtwy xM=1; yitz%1
’98 dependent on word size of computer (
-
{integer) x::=Cunsigned integer) u; y:: '+! {unsigned integer) ¥ |
z::='-"{unsigned integer) u;
- (value) xV=u’; yev¥; z%-w’
(decimel fractiom) f::='.' <unsigned integer) i
- (value} L iV/exp (10,i")
{exponent part)e::=',' [integer) i
- {value) e'= exp (10,iV)
{decimal number) x::={unsigned integery@;;y::= {decimal fraetion)f;
- z::z{msigned integer) v {(decimal fractiomg
{value) x'=u'; y=r'; Z% V't g’
(type) xb= integer; ytf: real; zt real;
-~ -

- <unsigned number> x::={decimal number)g;yr:::éxponent part} p; 2: :::(decimal
number\ v <exponent part)g

v
- <va1ue§ x%=u"; yLp'; z&vV g’



]
(]
O]
it}

(type)xt:ut; yE real; zt

<number} x::=(unsigned numbery u; y::='4'{unsigned number) v;

Ziis it <unsigned numbery w;

Galue)x=u’; v 2L oY
(type)xt: ut; .yi-":.-vt;zt'v. wo;
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Arithmetic Expressions

(adding op.erator7 p::= +'; m:: !

zbinary functiony pb::, plus; mP— gifference

u

(unary functiony p“%= indent; mY- neg;

<multiplying Opera’cor> Lis=txV prim ¥/t iz 'xt

(binary functiond t°=times; r—rdiy; iP= idiw

rimaryy w::= (unsigned numbery u; x::= {variablesy v; y::={function

designatory £; z:i= (! <arithmetic exp) e')!
(exity wX(S)=normal; x*(8)=v¥(5); yX(s)=r*(8); z¥(S)=e*(s)

1 oA L
(L- valug> u (S):ggr;%‘; x (3)= vl(S); :yJ'(S):: error; z.:.l-'(S'): error
(side effect) w (9= S; x5(S)= v3(5); y3(s)= £5(S); 28(s)=e%(s)
(value)tf}v(s)s_ u'; x'(s)= if xx(S);&normal then none else v'(S);
y'(S)= if y*(S)snormal then none else £Y(s); z'(S)=1if 2X(S)#F
normal then nope else el(S)
AAAAL e A ——

{environment) v'= x¥; P~y V= 2Y

(factor) x:: :@rifnarb p; y::={factor) z' ' {primary)g;

. - X - e X x
<ex1t7 xX(8)=p (S); yN(S)=if z (S)# normal then z (S) else
a*(z%(8)); |
(side effect? xs(S):_ps(S); yS(S)z_:L_t: zx(s)?!normal then zs(S)
PN e

else ps(zS(S))

Viay— x V,ay.
(valug? x'(S)=if x*(S)# normal then none else p (S);
yV(S)z_i_f; ﬁ(S)#wggl then {;%g else exp (zV(S), qv(zs(S))
<environment> pV=xV; 2¥=yY; Y= y¥
<L-va1ue) x1(s) =pl(S)'; yl(S)= error

OO
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<€erm> X:i:= <factor7£; z:::.(term) Z <mu1tiplying Operator> [}

Q‘actor) g

<exit> xX(8)= £5(s); yX(S)=4if (S)#normal then zX(S) else

g*(2°(8))

Cside effect) x5(5)=£5(5); y3(S)=4if z*(S)#normal then z°(S)

. , P PV

else gs(zs(S))

{valuey x'(8)= if xx(S)#nOrmal then none else £ (S); ¥y (S)=if

b d b,V v,_S

Z (S)#%mil then r}&r}iwelse 0°(z (8), g (2°(8)))

@nvironment) e x¥: Y=y =y

<L-value> x1(s)=£1(s); y*(S)= error
Nt

éimple arithmetic expressiond x::= <term>t; y::={edding operator)
a 6erm>_u_; z::= {simple arithmetic expression) s (adding operator>

<exit> (S)= t¥(s); y¥(8)=uX(S); 2z*(S)=if s X(s)# normal then
M
s*(S) else vs(ss(S))
v - 3 X v . v —

(value> x'(S)= if x¥(S)# normal then none else t (S); y'(S)= if
X u,..v . v - X

y (S);é-norma,l then none else a (u'(S)); 2 (S)=3if 2z (S)fnormﬁai
then none else bb(sv(S), vv(ss(S))
éanvironment) Y= xy; ay._..y H sy—~ zy vz z¥

L-value> X (S)“ t (S); ¥y (S)'-'-"-error; zl(S):'- error

g WP N VS
<s:1de effect) x (S; (S); y2(s)3uS(8); z%(s)= if sx(s);b normal

hen s%(S) e}se v
é.f clausey i::='if! <Boolean expression) b 'then’

A o
<x1t>1 (8)=1(S)
{fide effect) i S(s)=1b5(S)
Viay —sp 3X v
Lvaluey 1V(S)=if i*(S)Fnormal then none else b (s)
{environment) bY=1i”’
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-~ <arithmetic expression) x::={gimple arithmetic) s; y::={if clause)
i (imple arithmetic expression) t 'else' <arithmetic expression)
Z
- X - : PR E
- Cexity xX(8)= s¥(s); y*(s)=if 1%(S)# normal then 1i%*(S) else

v X, .S X,.8
if 1°(S) then t7(1i7(S)) else =z (1i7(S))
. X ;
(side effec’? *(S)= sS(S); ys(S)zg i (S);j:.normal'znen 15(s)
- elge if iV(S) then £5(15(8)) else z5(1°(s))
Galue) x'(8)=1if x*(S)#normal_then none else sV(S); y (S)= if
ARt TN e, | —
X X v V,.8 v,.S
y (S)#/r&gr\qxal then yone else if 1°(S) then t (i"(S)) else z (i7(8))
- \environment) s¥= x¥; 19z v tV= yY; 2= yY
<L-value7 xl(S)= sl(S); yl(s)= error
. INAS ot
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Boolean Expressions

~ (relational operator) u::='¢'; vi:= '&'; wiiz= =t xiis 12

yii= 'y oz g
(binary operator) ub: less; vb_-; notgreater; wb_—_ equal )

- Xb:; notless; yb:-_ greater; zQ_-_-notegual

éelation) r::=< (simple arithmetic expression) g$<r'elationa1 Operator>

o (imple arithmetic expression> X

- exit) r¥(s)= if x'(S)# pormal then x*(S) else yX(x°(S))
(side effect) r°(S)= if x*(S)£ normal then x°(S) else y®(x%(s))
(value) r¥(S)= if r*(S)# normal then none else oP(x(s)),y : (x3(S)))

-~ (enviromment) x¥= r¥; V= ry

{Boolean primary> t::=(logical values® u; w::=(variable) y; x::= {function
designator) f; y:: =¢relation) r; z::x '(! {Boolean expression)b ')!*
Cexit) t¥(S)= nopmal; w(S)=vX(s) xKX(S)=£X(S); yX(S)® r(S);
zX(5) = p*(S)

- {side effect) t°(5)=s; wi(s)=v3(s); x%(8) =£%(s); y3(s)=1r(s);

2%(8)=b°(S)
Cvalue) tV(S)=u’; w'(S)=if w(S)# normal then nome else v°(S);

a xV(S) = if x*(S)# normal then none else f¥(S); y (S)=if £X(s)

VNI S

normal then none else rV(s); 2zV(s)= if zx(S).f: normal then none

PG P AL e e

else bv(S)

a Lenwironment) wW=yY; vW=w¥; t¥= x¥;r¥= y¥; bV 2y
(L- value7 tl(s)= error, wl(S).:.vl(S); xl(S)=error; yl(s):: error;
Aot AN\, . PN ——
zl(S)-‘: error
- e
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@oolea.n secondary) s: :=(Boolean primary> p; t::= ' (goolean primary) q
fxit)s*(s)=pX(S); t¥(S)= qX(S) |
¢side effect) s5(S)=p°(8); t5(S)= q5(S)
Galue)s¥(S)=if s*(S)# normal then none else p"(S); t'(S)=if t™(S)#

normal then none else q'(S)

P S USRI —— P~

enviromment) pY¥=s¥; q¥=1tY
<L-va1ue> sl(s)'—‘ pl(S); tl(S):: error
NAAS

(Boolean factor) x::=Boolean secondaryy s; y::={Boolean factory z'N'
(Boolean secondary> t
Cexitd x¥(5)=5%(s); yX(S)=if z*(S)¥ pormal then z¥(S) else
tX(z%(8))
(side effeetd x3(S)= s%(S); y5(S)=if 2*(S)# normal then z°(S)
else t5(25(s)) |
{value) x'(S)= if x* (S)+ normal then none else s¥(S); yV(8)=if
y*(S)# normal then none else and (z'(S), t'(z°(5)))
<environment> s¥= x¥; 2V= y¥; tY=y¥
<L-va1ue> (s sl(S); yi(s)= m

{Boolean term) x::= {Boolean factoryf; y: :=(Boolean term) z 'V*
(Boolean factord g
(exit) xX(s)= fx(s); yX(S)=if zx(S);&'normal then zX(S) else
A ———— [
gX(z°(S))
&ide effrect) x°(S)=r5(s); y°(S)=if 2*(S)#normal then z°(S)
? . P D
else g5(z°(S))
v
{value) x'(S)=if xx(S)#W then none elge f (S); ¥y (S)= if

y*(S) normal then none else or (zv(S),gv(zs(S)))



énvironment? = x5 2= y¥; V= yY

{(L-value} xH(8) = £1(s); yi(S)= error
AAn
<implication> x::= {Boolean termy t; y::= {implicationy z '>!
('Boolean term» u
lexitd xX(s)= t¥(8); y™(S)= if z(S) normal ghen z*(S) else
u*(z%(8))
<side effecib x> (8)=t5(s); ¥yS(S)=4if z*(s) normal then 25(89)
else us(z°(8))
éfal'ue> xV(S)= if x*(S)7 normal then none else t'(S)=if
yx(S)%p\&;in/il then none else implies (z7(s), u'(z°(s)))
<anvironment> £~ xy; zyr— yy ; uy:: yy
<L-va1ue> %1 (8)= t1(S); y(S)=error
<simple Boolean> xi:= {implication i; y::= {simple Boolean} z 1=

{implicationy j

(exit) x¥(5)=1%(8); y*(S)=if 2z*(S)# normal then z*(S) else
i*(15(s))

<side effectd x5(S)= i8(S); y3(s)=if zx(S).fygg@gl then z5(s)
else §°(15(s))

(valuey x"(S)= if x™(S)#£normel then none else'i'(S); y'(S) =3if
yx(s)imal then ngne else equivalence (z'(S),37(z%(5)))
<environment> V= 75 Y=y =y

fL-value) x1(s)= il(S); yl(S)::.error
[V V]

(Boolea.n expressiorp X:i:= (simple Boolean7 8; 1:::<if clausey i

<simple Boolean) t 'else! <Boolean expression)z
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-~ exit) x(S)= s¥(S); y*(S)= if 1*(S)#normal then 1%X(s) else
if iV(S) then tX(i5(S)) else zX(1°(s))

s —_ oS . S .S s

(side effectd x°(s)= s°(5); y°(S)=if 1°(S) normal then 1°(S)
- else if iV(S) then t5(i5(s)) else z°(1°(s))

<va1ue> xV(S)= if x*(S)# normal then none glse sV(S); y'(S)=if

yx(S):;':normal then none else if iV(S) then tv( 1%(8)) else

AR, T AN - _——

- z¥(1%(s))

<environment> V= xY; %= y¥; tI= ¢ zy: yy

<L-va1ue$x1(5);: sl(S) ; yl(S)::_ error

it
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Designational Expression
- @abel> x::= {dentifiery i; y::={unsigned integer) u
éw:.tched 1dent1fler> .:-(1.dent1fier>
éwitched designator> a: ::‘(switch'ideﬁtifier> 8 'L‘”(su‘bsc‘:’ript
- expressiony e' |
label function)?®
<environment> Y og¥=4¥ |
- dexit) a*(s)=if ex(S)#=§g;991 then da(dy(s,ev(s),%ggg})),
(a¥(s,switeh range)2-e’(S)Z1)
{side effect) a°(s)=e>(s)

-~
(slmple desgnational expressior;? x.:-(label) a5 Y= (switch d.esignator)

a; z::=! (des1gnational expression> e ')'

- {label uncion> a
4%= y® R = 2%
{exit index) x*(S)=x%(a); y*¥(s)=dX(s); zX(s)=e*(s)

-~ side effect) x5(S)=s; yS(S)=a®(s);
{environment) a¥= x¥; a’=y¥; e¥= z¥

-~ @esignational expression> Xi:= <simp1e designational expres‘sion) d;
yi:= <if clausey i (s:.mple desgnational expression) e 'else'
(iemgmbional expression) z

- <1abe1 function) & a%=x%; 18%=y?; o8z yB; 0= 4B

exit index) x*(S)= @X(8); y*(S)= if 1*(S) normal then 1%(s)
else if 1'(S) then e*(1°(S)) else zX(15(s))

- {side effec€> x5(5)=a5%(s); ¥ (S)=ir 1x(S)q£g££§§1 then 1° {s)
else if 1'(S) then e3(15(s)) else z3(i%(s))

(env1ronment> av= xy ; iy::. yy; V= yy, zy... yy

- <L-value> xl(S):: error; yl(s)== error
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Variables
(rariable identifie) ::= (identifier)
- ,
Larray fdentifia e’r> v=rddentifi e‘r'? ERRSESS
{gimple variabléy y::=dyvariable identifier) i
-~
{value>vv(s): if vy(v,pcm)zr}a”glg then (u,e,x,) else S(v)
{side affect) v®(8)= if v¥( v,pem) — mame then e(S) where S(v)= (u,e,)
else S
{exit) vi(S)= if vV(v,peamy= name then e(S), where S (V)= (u,e,x)
else. S
, 1 X
" Q,-value) v (S)=1if vy(v,m\)=name then u(S) where S(v)= (u,e,x)
else v
(vy(v,;ang):o)
-~

— <subscripted expression> 8::= (arithmetic expression> e
v - X v
&alue) sV(S)= if s (S)# normal then none else e'(S)
(et(S)E integer)

B {exit)s*(s)= eX(s)
{side effecty s°(S)= e%(s)
. {enviroment) eV =s¥
(subscript 1ist> xi:= <subscript expression) 8; Y::= (subscript list>
- z ',' (Subscript expression) t
{n-tuple of values) x'(S)=s"(S); yV(S)=if y*(S)#normal then .
none else coneat (zv(S),',',tv(S))
. Lexit) WX SYRs(8) ;" yX(8) =ic 'zxv(*&)#ho&'iml then) 2X(8) eise’ tX(z(s))
{side ef‘fect> x (S):ss(S), vy (S)=if z (S):f-'normal then z%(s)
~ else £5(25(8))
- <number of subscripts) §9= 1; yi= 2941

{enviromment> s¥= x¥; z¥=y¥; tV= 7.

3
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- <subscripted variable> s::=<{array identifier) a '[ ' {subscript list>
t ljl
(L-value) sl(S):;_ii s¥(a,pem)= name then u(S) where S(g') =(u,e,x)
NAa f Asisiand

- else if sx(S)¢ normal then none else concat (a,' (!,t'(s),*] 1)

<side effect) s%(s)= if sy(a,pm:mgh_eg e(S) where S(s)=(u,e,x)
else t5(s)
- <valuey> sV(S)= if sy(a,pcm)aggmmfe‘meg (u,e,x) else if s*(S)=
nornal then none else S(s'(s))
Q'mmber of subscriptgd sj(S):t'j(S)
- @nvironment) a¥= s¥; t¥= g¥
(s¥(a,rank) = t7)
<exit> sX(8)< if sy(a,pcm);-n,__;ax_qe then x(S) where S(B)=(u,e,x)
- _else t*(s) |

/

éariable> Xz éimple variabl’e> ¥V, Y= (subsoripted bariable> s

- &alue> x(5)=v"(5); yV(S)=s(S)
&xith x¥(S)=v" (S): y¥(5) = s%(S)
{environment) vV= y ; s¥=yY

~ (slde effect> X (S):v (s); yS(s)= SS(S).

4-value7x v ; J = ul
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A Prelude to My Block Structure Discription

A arrangment of Algol blocks within a program 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 sttucture of a block:

begin

A

N R
bggin

a,wg
/ 1 j en
(1) 4% S,
(',l’) {
end
) end

For each block there is a block index in the form of a ordered
vector (11,12,;~,. n is the level or depth. of the block within the
program. Note that the block with index (11,12,...1n) is a subset
of all blocks with index (11,...11) 14 idn, In my notation I will
use (1,...1)C (1,,...1;) to mean that the block with index (1j,...1lp)
is contained in the block with index (1,,...13). For example in the
above program (1,1,1)X(1,1)€(1) but (1,1,1)¢.(1,1;2). For reasons
that will be apparent lateq,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 bléock A, The statements
within B will have the attributes of the index of B. If the index
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of A was (1l3,...1x) then the index of B would be (13,...1y,1}41)

where (11,...1k+1k:(11,...1k). Under normal block operationga

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

block B which contains the block A. (or index block AL index bdock

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

change the state vector S so tha®%: 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, TUpon exit from block B to block C (where block BS block A) one

has to change thé state: vector S to S'so that S' does not contain

any of the variables of the blogks whose index iY§ index C. So if

the index of B was (1y,...1y) and the index of C was (1p,...13)

where i%n, then all variables in S whose indices are (1j,...1541)...

(11,...1n) should be removed, If the transfer is a recursive

transfer in whieh a statement within block B transfers to the head

of block C, where index BE index C,then all variables whose block

index is equal to that of C should be put on stacks. Other wise the

variables whose indices are (1lj...1343)...(13,...1p) should be removed.
The attributes which I uselin my notation forlimplimenting this

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

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

isian ordered vector quanity (11,12,...1n) which indicates the

block level, This is initialized at the program level., It is modified

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

block index., It is intialiged at zero at the beginning of every

block. The block index function is synthesized inithe compound tail

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

This 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 Agol grammar. This function
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

<unlabe11ed basic statement) H::':-(assignment statement> a;
X (go to statement) g; x:::<dummy statement> 4; z:: =
<procedure statement) p

{ertecty w(S)= a%(5); x°(5)= £%(5); ¥o(S)=a%(s); 2%(s)= p%(s)
<statement index) al= wi; pi= 2t
xit) wX(s)= a™(s); x¥(s)= g*(s); y*(s)=a¥(s); zX(s)=pX(s)
(label function) g’= x?; p% 22

(environment> a¥= w; g¥= x; V=Y, pV= 2¥

<basic statemem? __:g::::(unlabelled basic statement7 u; x:::(labe]}
a ' <baeic statement) z
@ffect) xe(S)zue(S); y°(s)=2z5(s)
exit) xX(s)=uX(s); y*(s)=z¥(s)
Gtatement index) ul=xl; zi- yi
éabel function) u®= x2; 2% y®
<local label functiony uP=g; y?_: i(a,yi)g U z°
(yb is single valued)
<environment> w=x; zy:; yy

<uncqnditiona1 L statement) g:::(basic statement) a; x::=
compound statement) g; x::::(block)Q
<effect> ue(S): ae(S); xe(s)::'. ce(S); ye(S)= be(S)
<$xity u(5)=a%(5); x*(s)=cX(5); y*(s)=1bX(S)
étatement index) alz ui; ciz x1; bj’zyi

(fl.abel function> al= ua; ca:': xa; ba: ya



@nvironment) a¥= uY; V= x¥; v= yv

éocal label function) uP= aP; xP= c?; yP= P
<number of vétatements) ul=1; xP= o?; yP- bt

- (f)lock determination) ufe none; xP= ol yh: block
<block index> a*j: uj; cJ: xj; bJ.:: yJ |
@lock count? ckzxk; bk:-_ yk

-~ <blook synthesized index>® c%kx5; b%yS

<statement) b = <unconditional statement) u;:y::i= <conditiona1

- statement) ¢; z::=(for statement) f; |
{etrecty x°(5)= u®(s); y®(S)=c®(s); 2%(5)= £(s)
Exity x*(s)=u*(8); yX(S)z=eX(s); 2%(s)= ¥ (s)

- <statement 1ndex>u ..xi, ci_ yi, f:,l__ i

~ <label function) u% x2; 2= y®; 2= 2%

(énvironment) u = xy, cy.—. yy ; fy y :
b, b b b _b

-~ <local label functio@ = uP; y= % 2%

' n n
<number of s’catements) X= un; yn_-: cn; 2=t

<Dlock determination) xN= uh; yh:.- ch; zh:.— £h

- {block index) w'= x9; od= yd; pI= I
<block count) uf = xk; K v, £ 2z~

<block synthesized index)s w=x5; ciay®; fvs.-.--.zs

~
éompound tail> A <statemeni? 'end', u.._.<statement)s ;!
@ompound tail) v
~ errect) ()= r®(s); u®(s)= vo(s%(s))
Gmmben‘ of st‘atements> tP= rn; un:. sn+ vt

<statement indexy riz t1, gi= ui; viz iy s®

-~ <single-step function7 £ (8',1))‘:: (’ré.(s); V’(S)) )
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éingle:—-step function>r

Ceont) u’((5,1))=(s%(s),s%(S)), ¥y ((5,k))=v"((S,k)) for
s+ 1£ k£ u

(environmenf) ¥z t7; s¥=u¥; v=u¥

<flabel functiony r®= £2; g% u?; v3= 8

<Local label function) tP= rP; u st vP

élock index function) ti= {(ri,tj)z ; uls {(si‘,uj)zu v2
Qalock inde#) J

{block determination) B

Lock gount) t¥= 1f rfl block ghen +“t 1 else t¥; wl ir s" block

then u + 1 else tr A
{block, up-count) t = ¥ » ,
Colock gynthesized index®
rs if ri= block then (11,12,...1n,1 *1) where tJ'-'-'(ll...ln)
(note ¢l may be (nil)j and 1p, 1= tk else ':tj';'
. §_ h_ ) [
s“= if s"= block then (11"'°1n+1) whe.re ud= (11,...1n)
[uj may be (nilﬂ and 1p, 4= u else ud; | ’
(brock statement number functioq} tP= if rPo block then
h
{(ri,rs)z else: none up if s'="bloeck then f(s:l 3)§va else vP
<block aount>

ok h_ . ¥z h
r*= if r = block then O (zero) else none; s = if s =block then

0 (zero) else none.

Gblock index>? |
rkt8; glzu
élock head> X:i< 'begin' Q.eclaration) 4; y: :=<block head> z ;!
<decalration> e
éocal envirbnment) %= a%; yZ=z%e?

{local variable set) x°= a°



)
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| <unlabelled block7 c::= <block head) '9_. 't <compound tail) g

<statement index?) si= ol

(number of statements) c’= g

<label function s% ¢

énvironment) s¥=cY

<loca1 environment> c?= b®

Sy:_-_ cz

Cblock index) sd=ed; bl of

@lock eount> sk: K

¢brock ingex functiom c%=s®

¢block statement number function) oF= s?
<loca1 variable se1> c®=1p°

roal label function)b

®= g°

(block synthesized index) s®=c®

<initial effect) c™(S,c®)=S' where if (v= k)es (v a variable

and x some value for that variable) and if name (v)=-name(v?)

for some v'€ c® then (v'=v)(undefined))é&S' and (y=x)&S*,
Futhermore S!(STACK(v))= if S(STACK(v))= (yl,yz,...yn) then
(¥,¥750049p) elsevfy) where y= (m,(v=x)) and m=c¥(v, var)

Ygr the block index of variable v]. This is éone for all ir'é c®
whose names conflict with those in S, S'=S for all (z=x)&S
such that the name (z)#name (v') for all v'e c®. Every variable

a stack vector whose value is

name v is given vrerewsimss
S{(STACK(V)). [this value may be undefined if the variable name
does not have any conflicting usage]

éingle step function)r
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<generalized'affect> c&((S1,k)) =4if ci.é.k_éci.\- s® the «
cB(sT((5,k))) else (S,k)

<intermediate effect) c (S')“'S", where (S" k")-cg((S',c ))
for some k'!

<ex11D cX(s? )...k", where (S'!,k'*)=c®((S',k)) for some S*'!
{exit effecty cT(S11)==511" where S''' will be determined as :
follows; Let c¢P(k')= (11,.0.1)). and cg'(k"):'(ll,...lk,lk+l)
or ﬁgéw")(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): (13,...1,) where (13,...1,)€(1y,...1)
or it is an error. if e (k"):):. Q,(K )md (1 pesel )C-(ll"“]'k-\. 1,)
then the exit is recursive, In this case the stacks of all

‘variables are first popped. Let SYYSTACK(v))=y, =(m,(v=x))

and let 1 be the projection funetion of the first variable o
the space %wn which Y1 is in. Therfore pl(yl): m. The heads

of the stacks are popped recursiveley until one finds an element
y; in each stack such that p(yl):) cd(xkr). or until the stack 1is
empty (which ever comes first). If one finds a y;3 p(yl)ch! ktt),
he then puts it back on the stack for that particular variable.

1F {e¥(x') #cRKna (1,002 )8 (1q, 000l 1) =0 (k)]

or if cB(k'n)= cﬁ(g}‘)ﬂqg the above procedure of popping the
variables of each stack is again carried out until one finds a
stack element Y1» OF 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 (v=&) whose variable v has a block index mécp(k) must

be .taken out of S!'!', The block index of 'var.’;able v is equal

to cy(v,&r) S'!'' may finally be seen to come from S!' by

first modifying each element z = STAOK(v) for every variabdle
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v such that S“'(STACK(V)) is given as shown above, Futher-
more S'*'!(z)=S'!(z) for.all z whose block index cy(z,m):) cP(kt)
<effect> c®(S)=s™ as described abowe

émlabelled comﬁbdnd) g¢::= 'begin' {compound tail) g
(ingle step function )"
<generalized.erfect> cg((s,k)).::__f_ éié_k_écii- s then cB(sT((55k)))
else (S,k)
efrecty ¢®(S)=5', where (S!,k!)=cB((s, ¢t)) for some k!
<exit> cX(S)= k?,where (S',k')" c8((s, cl)) for some s!

(statement 1ndex>

gizol
Chumber of statements) c™= s
éabel fun(’.tion) s?= vca
<env1ronment) s¥=c¥

<loca1 label ﬂfﬁnct ion)b

(block synthesized index) s®= c®
{block index sz o

<block count> sk-?- ck.

{block up-count) c®= s

(block determinationd cPz= if ¢®= 0 then none elge block.
élock index function) ¢%= sl

<block statement number funct ion) oP= sP

@ompound statement) X: °=<unlabellea compound} u; y:: ;éahel) a t:!
<un1abelled compound) z
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ttect) x2(s)=u’(s); yo(S)=2%(s)

lexity x* (5)= u(s); y*(s)=2%(s)

Sunmber of statements) x'= 1 y= P

<|.abel function) u?= x3; z8=y2

<loca.1 1abe1'function> ul= g; ¥ { (a,yl.)ZUzb
<block synthesized index) u®=x%; z°= y®
<statement index> ui=xi; zia yi
<en§rironment> o = x7; V= y¥

<block index) ud =xJ; zd= y‘1

Q)lock cou:nt> uka. xk ; zk: Yk

(olock determination> = uh; ¥ 2"
<olock index function) x4 =ud; yi= 29

<olock statement number function) xP= uP; yP= 2P

block> x::={ unlablelled blocky u; y::=(labedp g ':' (unlabelled
block> 2z |
Cerrect) x°(5)=u®(s); ¥°(s)=2%(s)
Cexit) x*(s)=u*(s); y*(s)= 25(s)
chumber of statements) Poul; Y=t
<1abé1 function) u?=x8; z8= y8
{statement index, ul=xl; 2oyt
Qﬁviromnent) wWa x¥; 2%= y¥
(J.ocal label funciton ul= g; Yb"‘-— {( a,yi)ZU zP
<block index> w= xd; 2= yj ‘
<block coum> uk;-. xk; zk:: yk
<block index functiony x% ul; 2% yd
&olock statement number funct,ib:f) xF=uP; 2zP=yP

élock synthesized index>ub = xB; z8= y8



- @mgram> p::=<block) b; a: :=compound, statement'} c |
- defrect) p2(S)=1%(S); q®(S)=c%(s)
<exit> p*(5)=1™(S); q¥(5)=c*(s)
- <number of statementg> pi=1b"; q=c?
<bl¢.ck synthesized index>3 b°= (1); ¢’= (nil) |
<block count?k :

-~ bk':-o (zero)}.ckzo (zero)
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Assipgnment Statements

- Qert pébt) x::= {variable) v ':=" ;y: :::(pfoce&ur'e' identifiery p ':=!';
<L-va1{ie> xt(s)= vi(s) .
| (enviromnent> =v¥; y=p¥
-~ (side effect) 'x's(S)’:"vs(S); ¥v3(8)= pB(S)
(exit) x*(s)=v¥(s); y*(s)= p*(s)

- éeft'part list> _Jg:::(left part) R; Yi:= <1eft part list> Z
| (ert part) q
¢enviromment) ¥ p¥= x¥; o¥= ¥
~ - (yY(z,type)= (y¥(q, type))
(set of L-values) x z(S)._p (8); ¥2(8)=2%(s)y {ql('- (S))(
{extt) x*(5)= pX(5); y¥(S)=1f a¥(S)Fnormsl then a*(5)
-  else 2X(q3(S))
{side effecty x°(s)=p®(s); y*(s)=4if q*(S)#normal then
a5(s) else z°(q°(s))

éssignment statement) x::= (left part 1ist) p (arithmetic expression)
a; y::= {left part 1ist) g (Boolean expression) b
- {exit) x*(S)=if p*(S)snormal then p™(S) else if a*(p®(s)#
X i Ly - 4 \ . s . X
mal then a (p (8))-else x*+ 15y (8)= Af q*(S)# normal. then q~(S)
else if b (q3(S)et normal then b*(q%(S)) else yl+ 1
-~ statement index) X
rrecty x°(s)= if p*(S)} normal then p°(S)-else-if a*(pS(s))#
normal then a®(p°(s)) else S', where S'(z)=apply (ntcf’(p ,ab),
A it
- a’(p®(s))) for zep?(s), S'(z)=5'*(z) for z¢p%(s), where
st1=2a%(p8(s)); y®(8)=4if q*(S)# normal then q®(S) else if
v*(¢®(S)) normel then bs(qs(s)) else S!' where S'(z)—apply

M




S

|

(ator(a®,b%), b(a%(5))) for ze a%(S), S'(2)=5'1(2) for

(ﬁpe}t o T

ée't of L-Va1u37 z

LA
wrTh
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Dummy Statement

@ummy statement) x::= {empty) e
<effect> x&(s)=s;
(exit) xx(S); x4
{statement indéx) i

Go To Statement

(go to statemenﬁ) g::= 'go to! (designational expressio@ e
Qavel function) e*=g* |
(effect) g%(eS(s) = €°(8))
Cexit index) g*(e8(S))= e*(e®(s))
{enviromnment) V=g’ |



-31 -

- Conditional Statements

<if statemen? i::= (if clause> [ Lunconditional statement)g

errect) if c'(S) then u®(c®(S)) else

Lxity 1%(s)= 4f ¢"(S) then uX(c®(5)) else c*(S)
(environment>. = 1¥; ue 1Y

Gaver functinn) ud= 32

Lumber of statements> 19— o?
h

<block determinatio& i = if u = block then block else none

MAva
lock indexy wl= 39

<olock synthesized inde?) ufs c®
¢brock count’p uk= i¥

. u v
<true valp.e?i (S)=c (S)
<escape value> 11(S)= c2(s)
(exit valuey 1®(sy= c*(8)

{eonditional statement) w::= {if statement) a; x:: ={ir statement)
b ‘glse! <stétement> s; yi:= Qif clausey i {tor statement> £;

z:= Qabel) at:! (conditd;onal statement> ¢
<true va,].ue>u

<es cape vb.:‘hue)l

@xi’g value>m

Lettect) w (S)=a®(S); x°(s)=if v%(S) then b%(S) else if

v™(S)£normal then bl(S) else s®(b7(s)); ¥y (s)=if 1"(s)
A

£8(15(8)) else 15(s); z%(S)=c®(s)

<statement index)ai: wi; pi= xt; glo xi; pi= yi; c
étabel function) a®=w"; o= x2; 88> x®; 8= y®; o8
élock index)a{: w; = xd; 8d=xd; pi=yd; cj;z

then



k
dalock count7 ak::'.wk; bk-: xk; sk-.- ; fk :yk; ck‘ k

x —-—

’ h
<olock determination? wh:-_ah; xl'l bh o) sh; yh:.f H zh:. ch
n n n

<number of st:an;emem;q> wh an; xn B sn; y fn; z c
anivomanb a¥=w’; V=xY; s¥= x¥; L yV; ¥ =7

Lexit) wX(s)=a¥(s); x*(5)= if b™(S) then b(S) else if
b"(S)# normal;then b (S) else sX(b7(S)); y¥(S)= if 1"(S) then
£7(13(s)) else 15(5); 2X(S) =eX(s)

roal label functior?b

wo=g; x°=g; yP=¢; zb-—-i(a.zi)z Ue®

Q)lock synthesize.d ’index> a®= w®; ©s

e}

b

£ xh: block then
ANAAN  Smm——

o

8 h
(11,...1n,1) where (11,12....1n)-.-.x else z5; s = if x =Dblock

S 8 8

8
=Yy, ¢c =2z

then (11""‘1n’2) where (ll,...ln_)..--..x8 else x°; f
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Por Statements

-~ <for 1ist element) x: ::(ﬁrithmentic expressiong; y::={aritmmetic
expression) g ‘step’ {arithmetic expression) f ‘until!
(grithmetic expression) g, g::=<{arithmetic expression)h while
-~ (Boolean expression>b
{expanaeda tormp®
) Lygs vi=c.

-~ xf.‘.'-. ak: 8
vi=e
L LL((v-g)X sign (£)>0)then go to ay;
~ - 8
?f= vi=vil;
g0t Ly
~ ak: oy
L vi=h;
~ if 1D then go to &
zfz s .
2R
-~ Qk: H

for 1list ;:::(for list element) p; y::=(for list)g *,* (for
~ list element) &
(ror list indeabk
xk-; 1
R e gy 2
(expanaea 1abe1 rom7p
P= 4 with Lk replaced by x* and a, replaced by x ko4

| = ¢
- tP= b with I'k replaced by yk and a, replaced by yk.f.z,
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this makes the labels 1n the expanded form well defined
(expanded form)f

xf._rpa y'= follow. (sf,tP)

where the function follow means the expanded code of tP follows

the expanded code of sf

é‘or clause) ; = @ariable) potizmt:
é'm' 1istyx  ‘'do!
f
<expanded f’orm> ¢
Y="X
ff_-_ Y with the dummy variable v in xf replaced by the aontrol

variable r

<for statement> x::= (f‘or clauae?f <statement>t ¥ :é.abel) a 't

<for statemenb g

(expanded form)f
Coegin £

xI:-_- Y withYs= rﬁplaced by t
end

yi- Ea: &

It is redily seen that xf and yf

are compound statements by
construction, The effects and exits may then be evaluated by
the machinery already developed previously.

_<effec® x%(S)= S* where S'= fe(So) ‘with control variable
uridefined; ¥8(S)= St where S'—= yf (S) with the control

variable undefined.,

exu:’> *(S)=xT (5); yX(S)=y £%(5)
étatement index) ti-- xi, gi... yi
aver function index)y t9=xJ; gl=yd
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Q:lock count> th= x5; gt= yk

<‘block detemination) xh-.-; th; yr.k.—-gh—
(nunber of statements) x"=t%; yP=g?
(envir_onments_fy:.xy;v_ tV=x¥; o= Yy,
{ocal label function)P

= y= {(a,yi)}U g

<block synthesized index) t%= x5; 8= "
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Declarations

{declaration) w::= {ype declaration t; x::=(array declaration) a;
y: :=<swit‘oh declaration) s; z: :=—"<procedure declaration> D
<olock index) td=wd; ad=xJ; si-yd

<loca1 environment)z

wos t%; x%z a%; y% s%; z% p°
<variab1e set> w=1%; x%= a% y°< &°

énvironmeni) a¥=x"; 8= y¥; pY= ¥

éabel function) s2= y2

Lype Declaration
éype Iisb z::=<simple variable) v; y::=<simple variableyy ',
'ézype list>, 2z ‘ '
ype seth® B
2t =yt _‘
(variable s§t> x°=.iv§ e zwf Uz°
élock ;i.mie"at)j |
<local environment)?
x% { (v, type), NSy, var),x')
yo= {((w, %pf).yt)g(}{((w.m). y,j)gU z%

éype> r:i:=treal!; },::z'integer'; b::= 'Boolean'
éype se1:.7 rt; real; 1t_-.-. integer ; bt_-: {g-_qg, g_g;ggg
Giype declaration) 4::= {type) & <type 1i8t) x
<type set)® o
- xb=¢t |
(variable set) a®=x°
(block indexy ) =al

(1ocal environment) a%= x?
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Array Decl‘arati ons

ébwer bound) x::={arithmetic expressiod a
Qalué x"(S)= if a*(S)gnormal then none else a'(s)
&xi¥) x*(s)=a*(s)
ide effect) x5(s)=ad(s)

<e‘nvironment> a¥=x¥

@pper bound) y: :={aritimetic expressisn) b
{ralue) y'(S)= Af v (S)g yormal ghen none else bV(S)
&xity x*(8)= gx(s) | |
{side effech) y*(5)=1b*(s)
{envivonment) b= y¥

<bound patz> x: ::(lower bound) a ':A'< upper bound) b
(a4 v') | |
(set of n- tup1e> xu..::{k: a's ki—,bv‘g
<environment> a¥= x¥; vV=x¥

<bound pair 1ist) X::z (bound.patr)g;' x: :=bound kpair list>§ !
é)ound pa:h3> b
(set of n-tu;ile‘s) x'= a%; yU= 2% X v¥
<rank coun» #n___ 1; Y= zn+ 1
{environment) a¥=x¥; 2¥V=y¥;;pVsyY

&rray segment) x: := (array identifiery i <subscript bound 1ist) b;
¥::<(array 1dentifiez§ 14 érray segment> z

ézype sebt
t

Z ::yt
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u
(set of n-tuples> M=b ; yr=z"

Gank count)™

<10<>a1 envirbnment> x%= %(((i,k) ,EXQf)-,xt); kéb‘?{)i((i,z&nﬁk),xr)g
U%((i.m).xj)g p y% 03,0, sype) vt s wes®E

O3¢5z v ¥ § 3, var) B O 2° |

énvironment) Y= x¥

Qrariable set> x= ii?; v %jZUzo

@rray 1151;7 gc_:::(array segmenty §; y::={array list} z ', (array
segment> t
(type set)t
st::xt; zt:: _yt; tt-: yt
{local enviromment) x% s%; y’= z%| t*
(‘olock index? sj-.::.xj; zj:: yj; tj__.,_.y"
énvironment} sl x¥; V=y7; ti=y’

<variable setd x°= s%; y= z°t°

érray declaration> x::= 'array! (array lii> a; yi:i= <type7 £ 'array!
(array list> b

roa;l environment) x2=a%; y°= b

Qype se@t

at::. real; bt-_; t
IS :

@nvironment} al= x¥; b= ¥
<block index) al= xj; b‘j.-.-. y'j
<varia.ble set) x= a°%; y% ®»°

t
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Switech Declararions

- (Switch 1ist> g:_:::.(designatd.onal expression) a; y::={switch list)
b1, <designationa1 expressiorb [

<enviromneni:7 a¥=xY; v= y¥; JI=y¥

<1abe1 function) 2= x*; b= y*; ok y?

(ra.nge> R R R

<pair set>A P g (xn,a*)g

- =} (v, e)f vP

(ewitoh identifier) ::= (identifier>

<switch_ declaration) x::= 'switch' {switch ldentifier) i ': !
| <switch 1ist) 1

éabel function) 1% x8

(environmeﬁt) 1= o

- é'ang'e>n'.- _—

Qair setyP

éocal érivironment> xz:.f( (s,suitch range) ,1n)§ U .

-~ {( (s,k,labél),m): 1&k £1" and (k ,i1) € lpf
-~
=Y
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Procedure Declarations

Q‘ormal parameter> ::-:-<ident1fier7
A. Qormal parameterv 1151:7 P4 4formal vgarameter? joH x::%formal

parameter 1list) 1 é:eramgter delimite@ ° é'orma_l parameter> g
éarameter_ nwnber> L=1
- V=144
(arameter variable set)®
xs:{pz; y: {qz\)ls
- (parameter indexed se?x

Xx:{( Xn,P% ’ yx:i(yn,q)zU lx

- (formal parameter part? X:i= <empty> e; y::=1(? <formal parameter
list> £ 1)
<p_arameter number> P=0; P=r?
- (parameter variable set> x°=¢; y°= f?
<parameter index set) x*= f; y*=r*

- ~ Qaentifier 11st) x::={identifier) i; y::={identifier 1ist) 1 1,!
<1dentif‘ier> J |
| édent number> 15 yk=1¥ya

- Qdent set) ~xp.: { 1% ; ﬂ.zjzljlp

Qralue part?;g: ::.'ye&y\g ! @dentifier 118t> i yi:= empty> e
- <ident number>k .
Qdent set?p
<value number> =1
- {value set) x%= 1P

k
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b ‘array‘; g:::'label'; u::= 'switch?; v::
[ 3K Dauny’ ' '
w::=(type) ¢ 'procedure

@arameter type>r p'— string o¥= a’; r’=

(b ,array) ; t — label; u'=

(c »progedure)

ézype set>t

.
<specifier) p::='string'; g: :.---<type> a; rii='array ;
'procedure!;
O AP

s'= congat
r
= Switeh ; v= pr ocedure'

<Specification part> x:: ::<empty> e; Yyii= (specif‘ier’}ﬁ.g_.-‘ édentifier;
list>;_ ;v ; z::= (specification part> P <specif&ea:’.71y<identif¢er

list>m
<indent number>n
(indent set>p

_ {parameter type>r

<specification 'set7 xC= g; yg-.: {xl,...xni where each x; is of

the-form (vy,s”) for wé.l'&). vy J1P.

AL 14N v, EnP

z°= {yl,...yniu pc where each yy is of the form (vi,tr) for

<procedmre heading> h::= <procedure 1dentifier> p't;! (formal parameter

pair> £ ;e <va1ue part>y_ épecification part> 8

<parameter number> h= 2
<parameter variable set> n°= 8
<parameter index set?x
<value number>1
- éalue set)q
- <specification set>°

<1oca1 envi.ro_nment:>2
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h*=RUSUTUV where R,S,T and V are sets of the foilowing
form: S has elements of the form ((p.vi, sgecification),sr)
where each élement:of S of that form has a 1;1 correspondence
with elements in s® of the form (v )8 Ty

V= gxl,...xk,yle..ym'g where k=vF and k+ m= £ each

x; is of the form ((vy, pem) , x’a\}\u\e)’v' vié (hs/\vq) each
¥4 1s of the form ((vi,w), m) where v;& n® but vi¢- v3

T is a set whose elements are of the form:

(((p’i)’%B m),vi)v vié hs, p is the procedure name and
i is the index number of the formal parameter Vy. There is a
1:1 correspondence between every. (1, vi) € £ and (((p,i) ,par. index))é‘l‘

R is a set of the form Z((p, parameter number), h) S
VAN B )“vo v
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Procedure: Statements and

Function Designators

éctual parameter‘; r';:(string7 a; 5°~‘<expression7b t::={array
identif‘ier)c u..»(switch 1dentif1er7 d; vi: <procedure '
1dentifier7'

<actual parameter type) rd:string; sd-_: expression ; td;.: array;

da
U ~= switch; Vd:; procedure
(procedure identifier> :::-<identifier>

Q.etter string> ::(letter> ‘ <1etter string> <letter> -

éarameter delémeter? L i ' <1etter string) Tag

<actua1 parameter. list? X: :E.:(actual paramete? P X :=<actual parameter
list?;(mrameter delimiter> o <actua1 parameter> o}
Qctu&l parameter numbef} xk 1
y=1¥44
(actual parameter se?a
=fpl ; ¥°= {qg U8 ‘
(actual parameter indexed set'?
xh-':{(xk,p)} RIS {(Y'.‘.'d)fy,lb? H
parameter type functior>° '

x.~%((x ,p),pd)j ; vE é((y »d), qd)fu 1°

(actual parameter type>

\actual parameter part> X:i:= empty> e; yi:=! '<actual parameter
list7§._ X

<actua1 parameter number> xk-_-,-_é H yk___: ak



o4y o

<actua1 parameter set7 x= @; y¥=a®

éctual parameter index seib xb.:: g; y~a

c
<parameter type fmct&on>° x®=g; y = a°

<procedure statemem? t: :=<prooedure identifier) o] <aotual parameter
part) a
(actua‘l parameter nu.mber>k
(aotual parameter set? &
<actua1 parameter index seb b
éarameter type function type functior>°
(environmeniﬁ aX: 24 4 pya ty
{initial efrectt(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, Thé formal parameters are found by
first finding out how many there 4 by ty(p,parameter number)=n,
* Eéch of ‘the formal parameters are found by evaiuwating
t¥((p,1), ar. index)= "Ni;a 14 1< n, The formal para-
meters are then: cheaked to see if they were called by name or
by walue. This can be done by evaluating 1;,y(vi ,m). If
thej are called by value, the formal parameter v, should be

i
given the value of the actual parameter which is tb(i)_—_- r

i°
~Before this assignment may be made, however, the formal
parameter name should be checked to see if they confliot

with any variable names already in the domain of the state
vector S, If there is a confléct, the conflicting names

already in the domain of the state vector should be stacked
with thelr current values. This procedure of stacking variables

is much like the procedure done earlier with stacking variables
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for entry into blocks. In order 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 parameters. This is done by checking the specificaton
of the formal parameter given by ty(p’v1’§gﬁﬁiifff££22) and the
type of the actual parameter given by tn(i,r’)° If they are
not congenial, as assigning an array to a yariable, an error
should be denoted. The @ffect of this section 1is essentially
the effect of assigning these acbual parameters to the

formal parameters, If they are called by value the effect is
exactly like the effect imuupsnemin=idedyide-»28a0f of having
assignment statements at the beginning of the procédure. Like

any assignment they may have improper exits in which case the

the procedure will not be executed.
{errecty t(s)=p(sSt)
dexat) £5(5)= gH(s")

<?unction designator ,g;::(%rocedure identifieﬁ>-g,<§ctua1 parameter

part>7§L

The -semantics for the function designator are the same as
those of the procedure statement except the <§ffec€>>attribute
is replaced by the <?ide effecp> attribute,
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CHAPTER THREE
A DESCRIPTION 0OF BAS IC

~ (as implemented on the Hewlett-Packard 2000E)

BY

EUGENE POWERS



PHEFACE

The purpose of this paper is to describe scientifically
the programming language BASIC using the techniques of W. D. Maurer
as presented in Memorandum No.' ERL-M368 of the College of Engineering,
University of California at Berkeley. |

The reference used for determining the syntax and semantics
of the language was 2000B: A Guide to Time-shared BASIC provided
by the Hewlett Packard company. The description glven in the
paper ls complete except for two deletions from the original language.
The potential for chaining programs ahd all matrix operations have
been left out. Both could be added with a minimum change in the
present descfiptlon. 4

One assumption was made in reéards to the semantics of the
language. This assumption was that it should be illegal to Jjump to
statements within the scope of a for loop. <x;%nm dkﬂ?ﬂixl“«%bxooe:)

Key words in the desqription 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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<evaluated subprogram> as 1={ubprograg>b

<files environment>? a%=p?

denvironment>®  a%=b?

{section lengtlbk a¥=p*

dend 1ndex>N bh=all

4start index>®p®=a® |

Gglobal label function>® bh =a?
Z_Z

{slobal environment)? v%= o

‘ f f,,a _ s s, k

{generalized effect)” a ((5, k))= Af a” k a +a then
| af (bP((S,k)) ) else (S,k)

derrect>® a®=1f af ((5,k))=(5,3) then S°

&xit index>® a¥=if af((s,k))=(3",3) then !

<BASIC programy as:=<evaluated subprogram’b carriage returplseq noc
0 END [} '
dtart index>® 1v5=1
<end indes>™ bN=pk+1
Lslobal label function>® bh=(c,bV)
(effect)e a®=b®(S) where S 1is the starting state

¢global environment’® bZ=pull



<subprogram>

filles

nvironment Q

Zenvironment>®

’
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au=£§eq no>bélementary statement)c
d+1={seq no.)eldeclarationpf 1
gi11=4{seq no.,oh<{files statement>i

'
31 1= (subprogramyk carriage returndseq noy l<{elementary
statement)>m 3

ni: 1= Subprogram>o garriage return eq nov p{leclarationyqs;

ri1i={subprogram>s carriage return<seq no.>t<{files
statement’u

vii=¢seq nopywlfor sectiondx ;
y1i1={subprogran>z carriage return<seq no.y Alfor section>s8

gl (defined gi;es):-iz; rd(defined files)=s3(defined files)

wt ;

v3(defined files)=x5%(defined files)
yd(defined files)=z%(defined files) BS9(defined files)

(restrictionss the cardinallty of the sets named on
the left of the equality 1s less than 17)

(restrictions: sd(defined files) N u® = null

and z3(defined files) nBS%definéd files) = null )

md(defined files) = k4 (defined filés)

dz:fz ' Jzzkz ; mzz Jz : nzaoz U', qz ; rz=82; vz=xsz ;

’zszz v %%,

(restriction:s let O be the set of first elements in o
let Q @ qZ
let 2 " . z°
let B' . - p%%

then ONQ=null and 2 N B'=null )

czr-dz; xZ=null; styZU z%; mzzjz U x®
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<subprogram” (cont'd)

<section lenstkbk ak=1; d.k=1: gk=1: Jk=kk+1: nk=ok+1; rk=sk+1; vE=x¥;

KoKy pk
{label functiod? a®= AU (b,a%)s a®=atU (e,a%); g=g U(n,&%)s |
4822 U (1,m0)5 n®=0® U (p,qt)s rP=s® U (t,ul); va=v® U(w,v%);

y2=2® U (a,B!)

{statement 1ﬁdeb1 al-—-as: dl--'dsz gi-—-gs; visvs; m1=js+kk-1; q1=ns+ok-1

atarSesk-1; Bl=yS+z¥-1

¢start inded>®  o%an® k%238, s%=r®; z8=y°

én& lndeX>N cN‘-'aN; mstng xszN; Buzyl‘ '

(sinsle step functionp? ap((S.as))=(c°(S).cx(S)): dp((S.ds))a(S,ds+1);
&P((8,8%))=(5,6%+1)1 JP((S,K))=k((S,K)) for 3° K J5+x* and
3P((8, 15+¥5) )=(n®(5) ,0™(5) )3 nP((8,K))=R(S,K)) for |
n® K nS+oand np((S.ns+ok))=(s.ns+ok+1); rP((s,K))=sP((5,K))
for r® K r%+s¥ and rP((S,r%+5%))=(8,r%+s"+1); vP((s,v%))= ,
(2°(5),25(5))1 yP((5,K))=zP((S,K)) for y° K y°+z* and

yP((5.75+2%))=(8%(8), BX(S))
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Cdeclarationy a1i={def statexent>b; c11=41in statemeni>d

Cenvironment>® a=b’ 0?=a®

<elementary statement> a1s=llet statement>b; 'cna<1f statmen?d; '
1
e11=<goto statement>f guzéosub statsment>h; 111={return statement”

. Q)
ki11={stop s<atemert)mj nii=Q@ata statment)o; pii=gestore statemen%"
 ri11={read statemntrs; tii1=<ead file statmenPu; vii=<{nput
‘ statement>w;

x11=enter statement>ysi=¢hull print statement)z;

At1={print statementpB; Ci 1={f1le write statement>D

<1abel functioﬁ>a a2202; 2=e?; h®=g®
<environmen1>z inherited intact in every case
Q‘lles environment>q1nher1ted intact in every case
.<statement 1nde:>11nherited intact in every case
Lexit index>™  synthesized intact in every case

Lefrect>® synthesized intact in every case

Lend 1nde:§“ =i

<geq no.>  asni={integer)d
(restrictions: 1% bY£.9999)



PAS3IVZ STATEMENTS

ldef st-terzot> aii= ' D3F ! Lunction identifierdt '('Liluple varizbl o

(envirc:nmer})z a" = ((bydummy)sc),c) U ((b,expression),d)

im statemeat) ai:= ' DIN ' Ldimspec>b; cii=dir statement>d ',
' Ldimspecre

Lenvi ronment>"a%=b%; cZ=a%Y &%

Ldimspecy s1=darray identifiedPb ' ('<Cpbound>e ')°
ds1=darray ldentifiedre ' (*LooundP £, ' Sbrundg ')
nii=<eimple string variablyzl '(*<oundpy *)*

@nvironmen?z a?= ((t,rank),1) U ((b,maxslzel),cv)
a%= ((e,rzuk),2) U ((e,maxsizel),f")
| U ((e.maxsizez).sv)

hz=((1,maxs1ze),3v)

(restriction:: 1€c',f',5 < 9999 12 3V <£72 )

Zbound? a: :={integer,” b
LyalusY aV=b’
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{files statement> ast:=' FILIS ' 3> b; cii=Llles stﬂtézwnﬁuf,'<ﬁém§>d

Cevit tndeP® a¥ =al + 1; cX=cl + 1

LenvirenmenB? az={ﬁ§; cz=1zt)§§z

(restricticns: ag1" )

Cerrect>O®  a®(3)=3" where,S’(""”IHZEK)=S(?ILEIJ;EK}+1
3*(#)=1 and S'(##(k)), S'(33(x}), and
S*(&&(k)) are assigned values
corresponéing to an external
file whose nawe is b, where

#=concat (FILEPTR,3*(FI..2IN¥DIX))

##=concat (FILETYPE, " )
33=concat(FILT.LEGTH, " )
&&=ccncat (FILE, v o)

(restriction:s SXFILEINDEX) 416 )

<1ame> ait=<Literal string>b

(restrictions: v¥e6)
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I/0 STATEXENTS '

{data statemeaty a:i= ' DATA ' Leonstand) b; c:1={lata stateasntyd ',
. Zeonstani)e

lerrect)® a®(3)=5' where -S'(£0DATA)=S(ZyiT4) + 1 and 8 (DATA(

S(zcdaTA))) = b7 and «(3(zonrATA ))=bC

and (1f b¥= string then S*(LaliLZ.oTH(S(EQuATA ) )=bk

and 3'=3 otherwlise
e
c =3" where S' is as above substituting e for b =ni

lexit indeD® a¥=al + 1; cF=c! 41 a®(8) for S

<§estore statemen§> ai:= ' RESTORE °
<:eff'ect;>'e a®(3)=8"' where S'(DATAPTR)=1 and 3'=S otherwise

Lexit tnde> ¥ a¥=al + 1

lread statement> ai:= ' READ ! Lany variablé)b; c:1=Cread statemen§>d
¢, (any variablere

lesreotS  aS(S)=if S(DATAPTR)<S(EODATA) ther S' where
S* (DATAPTR)=S (DATAPTR)+1 and S*(b)=S(DATA(S (DATAPTR)))
and (AL bt=string then S*(~oncat(b,length))=
S (DATALZEGTH(S (DATAPTR))) )

and S'=S otherwlse 2zlse S

[
{restrictions: 1if bt=str1ng.then a”(b,zaxsize)2
S%(concat{b,leng.n

restriction:: bt=S(DiTATYFE(S(DATAPTR))) )
e

e -
c®(3) samz as a®(3) subutituting e for b and ¢ for a

and a°(s) for 3
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Lrezd statemea”  (continued)
lexit 1nie™ a¥=al +1; o¥X=cl +1

<any variable> : a:z=éimp1e string variablé)b; c: :=<simp1e variable)d

<type7t at=s tring; . ct +=pnumber

<part file read sta'tem‘ent> asi= ' READ ' &ile referencdbd
éilename?f af =bf

<f11e reference) ati= '#' expressicn b
&ilenand>! af=rna (v¥(s))

&ead file statement> aii=<art file read statcment)d ';' dny variablSe

d11=<Fead file statementye *,'<any variablef

(filename?f af =b f

&xit index &f=al + 1; &=t +1
(effect?e 22 (5)=1f S(##(**))# endoffilenark then S* where

SY(* )=3(* )+1 and o) = S(#A(¥#)) and (Lf c'= gtring

then 3'(concat(c,length))=S($$ (*%)) ) and 3°=S
otneririse else S

(restriction:: if ct;string than aZ (c,mnxsize) =

3'(concat(ec,len;tth),

t
(rectriction:: c =3(&& (%)) )

see next page for defns of *%,/#, and &
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lread file statement> (continued)

leffect> (continued)

Sl e bf) #er=3 ()

whare *= concat(FILSETR,

o : .
fi=concat(FILE,b ) $@=concat(Fl”£L;“GIH,bf)
F)

&&=concat(FILETYE,Db
(restriction:: bqiaq{:efined files) )

d%(s) same as a®(S) substituting d for a and f for ¢

and a®(3) for 5

any /
(@nput statemenﬁ) ats= "INPUT ' Variabl%7b; ci:={nput Statemenf>d
| any '
','_ variable/e

ébxit index) xa?=a; #d F=c! +1

(?ffecﬁ)e 2%(S) is as in a®(3) fordread file statement) substltutind

b for ¢ and letting #H#=TTYFILE

1§ =y LeneT
##=3 (TTYPTR) i

%&=TTYTYPS
similarly c°(8) by substituting c for a and e for f

and o for 8
(note: disregard the restriction filename)

P ————p—— .



Zenter statsmeonty

Lexit index>
leffect)

ari=! EiTzx ' '#'lvariabled
o11=t LiTIA 'drariabld d ', 'GariablPe !, Garizid e

g:1= '"~ENTLR '<var1ablé}h ' '<&qr1ql*é>i '
<;1mp1e gtring variablé> )

kK:i='L.. TUR #'<{variableym ' '<&qr1abl;>n ', *yariablerc
' <any vart gble>p

. 3 .
ax=a1 + 1; c‘=ci'+ 1 g =g + 1; =k + 1
a(3)=S"' where 3'(b)=3(TIYNUiBER) and 3°'=3 otherwlice

c®(3)=3" where if S(TTY(S(TTYPTR)))Fendoffile then

S*(f)= Af S(TTYTIEZ(S(ITYPIR))) d'(3) then(if

S(TTYTYPE(S(TTYPTR)) )=number then S(TTY(5

(TTYPTR))) else S(f) ) else S(f)

St(e)= if S(TTYTILE(3(TTY2IR))) d'(s) then (Af
STy YE=(o (£0YPoR) ) )=pumber then
S(Tiyoinz(s (Ti¥raa))) zlse -a(-TTTTL“(o(”mVPT“))n

else -256 and XTI YPEﬁ)—u(””YfTR)+1 ) géég‘
(restriction:: a¥{s)=1 and d V(5)< 255 ) He)=-
and 3'=S otherwise ‘
g2(3)=8' where S' is as for ¢%(3) substituting
h for 4,1 for e, § for f, and string for number
with the following aﬂditions within the fiyst then
clause

S'(concat(J,length))=S(TTYLESGTH(S(TTYPTR)))
(restrictiont: 3'(concat(J,length)) € ¢ (3 maxsize))
ke(o) =S' where 3' 1c determined.as follows

Af pP=pu-ber then 3' is as in c(S) substituting

n for 4, o for e, and p for £ ~ith aldition below.

9]

if pt=3tr1n¢ then 3' 1s as in 2 (3) substituting
n for h, o for 1, anl p for § with aliition below.
In both caszs the followinzg aldition 1s made to S

S*(m)=8 (PTYMUMNBER)



- 58 -

null print statement>  ass= ' PRINT

Lxit inde>* a¥=al + 1

¢errect)® a%(3)=s', where 1f S(ALdLsB)=(xpse..+¥y)
then S*(PRINTZR)=(2mptyline,Xys seoiXy)

and S'(z)=5(z) for z#PoIluTZH

<bfint statement> a::i=4uull print statezenty b every variabléyc
d:1=<print staterentye ', £Lvery variablef
&exit index> a=a + 1;d=d +1
<§ffec€7e a®(3)=5", vhere if S(2.INIER)={x,, ceesX )

then 3*(pPRIN'TE )=(cv(5),x1,'...,xn) and
5'(z)=3(z) for z#PRINTER

48 (s8)=8'", whereif 3'=¢®(3) and 5'(ERINTER)=
(xl. ...,xn) then S"(PELINTER)=(X1, ...,Xn)
where xi=concét(x1,' v, £Y(3)) and

St*(z)=S(z) for z#PRINTLR

devery variable> ai1=&ariablédb ; c::=<string variabled

valué)v “al=b' V=convert(d' (3))



3
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<?ile write stﬁtemenﬁ? att= ' PaINT '<fllc r&Fercncé}b '.'<§rite ex§>c
d::i=file write st':lte::en::>e ','él*ite ex,>f

1 b

&xit inde>"a"=a’ + 1; a¥=d
&frect)® a T5)=3' where 3' 1s defined ad follows
1f cP=true then S*'(% )=S(#7)+1
'S'(##(**))=CV(3)
S*(&&(*#))=c" -
and if c"‘-'=st:3:'im=,r then
S*(AB(##))= "
else St (/7#('“““’) )=endoffile
at all other poirnts in the dcma1n~6'=8.;n ooth cases
where *=concat(ELLEPTR,bT)
#4=3(#) |
##=cmcat (FILT, vT)
&&=concat (FILITYEZ, bT)
%%=concat(F1LELm§qgﬁ,bf)
(restricticn:: bledZ{dafined files))
a®(S)=S*' where 5' is defined as in 2%(3) but

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

(environmept?zcz=az; £2=q%

<wr1te ex@ a:i=/expressiofpb; ci:= 'END'; d::#curce string> e
ypTat=pumber 5 a%=string
4’:10.&?“1 am=dm=_t_:_1;g_e_ H cm=§_.€._1_1__s_§_
ralud’ 2V (3)=pY(3); aV(3)=e" (%)
dengtr?n PR

z.z2_ 2  Z_.Z
&nvironment) ‘b =a%; ¢”=d
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~ ACTIVE NON I/0 STATEMENTS

LET 'deftpart)bé:xpressicnl)c; ' '
LT 'Cstring variabtlere '=f&ource strinpf:
tring variablé>g '=' <ource string>h;

eft partyi '=' CexpressionD )

_énviro_nment)‘: bz=az; cz=aZ;, ez=dz; fz=dz; hzékz; gz=kz; .’4.z=mz;jz=rr;2

R

AN, N

a
4
ks
ms
e e ar - L
leffect) ™ a (5)=8' where 37v(z)=3(z) for z£b~(8)
and S'(z)=c¥(S) for z6bl(8)
2®(3)=5' where 3'(z)=3(z) for z¢1%(s)
and S'(z)=3V(s) for ze1l(s);
de(S)="' where S'(e)=fY(S) and S*(concat(e,length))=r2
and S'(z)=8(z) otkherwise;
x©(S)=3' where S'(g)=h"(s) and S*(concat(e,lensth) )=h"
and S'(z)=S(z) otherwlse
.-~.'-‘.x':'"<1engtrvn (restrictions: a%(e,caxsize) = ")

( n k% (g,paxsize)=h")

{statement index>

Lexit inded>® a¥=al+1; KF=k'+1; a¥=a’ Xeop?

+1; m =m"+1

(Source string> at a=<s'tring varizbléyb; c: 1={11teral strin@d

Q.engtl?n aP=s (concat (b,length)); P=g¥

<expresslon1> a===<conjunction1> b; c::--éxpressionl d * OR'
: . onjunctionl?e
semantics are identical to those of lexpressicn’

Zeonjunctiond> a11=<relation}/b; cii=onjunctionipd ' AND * &elatiopre

serantics are identical to those of éonjum;tinn)

<re1'ationl> a1 1=ninraxyb ;3 cii= '(‘@1nmax>d<relmticﬁal o@eéglnmax)f )
semantics identlcal to those cor{relutiony
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<1r statement? ai:= ' IF ' {declislon expressiox}b ¢ THEN
Lenuence aunbaeP ¢

d::= ' IF EdD# ' <file formulde °*THEN 'dsequence nurberyf
lenvironzent)? bP=a%; e”=d%;
davel function>®
étatement 1nde:{71
Zexit indep* a¥=if
X € S (concaT (FILE o ) (Sfeomest (RLETT 26)))) = endebfemere
then JA(4) glee d+ | o

c———

b¥0 then ai+l else a®(c)

LletrectD® a®(s)=s; d%(s)=s

<dec1.sion expressior> a: s=<expressiox>b; ci1:=4string variabled
Lrelational operatofPe <ource strindf

v v
&ralued’ a¥=b'; V= gF(d »f )

éoto statementd ai:= ' GOTO '<{sequence number>b; ci:= ' GOTO '
{expressiopd ' OF '{sequence lispe

Lerrect) a® (5)=5; S (s)=8
v a a a a
{1abel functior?a b =a (b); e =c

dstatement 1ndex>1 .
x G(zna(a’ (3)))
lexit indexy’ a*(s)=b®; ¢'(s)=if e —  "Is'defined then

eG(;_QQ(d (5))) else c1+1,

<sequence list> a11={sequence number}b; c1:=Csequence lis1>d ''?
&equence numbep e

éequence fu.nctlon)G. aG=(1.ba); cG= dG vV (cq’ea)

Qist length)c a®=1; c%=a%+1
{abel functiorba p3=a?(b); e>=c”(e)



- 62 -

{gosub staterent> aj:=' GO3UB ' Leeuuence nurber> by c::=' GOSUS ¢
<Expressionde 'CF'<Teqjuence 1istXd

v =
Lexit index)™ a'=a’(b)y oX(s)=rr aG(znd(e(3)))yg derined then

i

" else ¢ +1

{stzterent indes>!
Qavel functiond>® a%=c?

(effect>e a®(3)=5"' where S'(retstack) = S(retstack) PUH al

+1

{return stztement)> ast+= ' RETURN '

{effect>e ae,= S' where ‘
‘ S(retstack)= S(retstack) OP . X; S'=S otherwise

Lexit inde* a¥=x

<stcp statement> ats= * STOP!
&rrecP® a®(8)=s
&xit 1nde” a¥=a"



d‘or statement? a::

s ei:= ' FOR '&imple vari=tlepfl

Sas

= ' FOR ' (slzple variablob 1= fxpressicnyce
v 70 ' Lexprecsionyd carriage return

f i=' dexpraessionyg ' TO °

Zexpression»h ' 3TEP '{expressiorl carriaze return

Z

Lenvironzent)” pP=a”; o=

Lrfect)® a%(3)=8' where

be(S)=S' where

z z %o E z  Z o2 .. 2
h

Zz Z Z
G.v d =g ;=] &7 =e"; 1 =e

S'(b)=c' (3) 39 (concat(b,lizit))=a" (3)
St (concat(b,step))=1 S'(concat(b,;ggg)=a1+1
and S'(z)=3(z) otherwlise

st (f)=g" (S) S* (concat(f,limit))=h"(3)
S'(concat(f.gﬁgﬁ))=iv(3) S'(concat(f,lggg)=bi+1

and S'(z)=8(z) othsrwise

exit inde¥  a¥=a®+1; eX=e*+1

{statement indei}i

{for variablﬁ?m a"=b; e'=f

{for sectionp a::=or statemenﬁ)b(@ubsectioé}c

i 1 '3 1 3
{staterment indexy b =a"; ¢ =a 4\
z
<knv1ronmen€7z vo=asy o =a
<;abel'functio@7a c?=2? .

. T
{for variabl{}f (restriction:: cTanl)
errectd®  a’=c®(v°(3))

(?xit indeﬁ)x ax=cx(be(5))'

e
Lsection length>k a =c

k+1

N__N

&end 1nde£>N c =a

Lsynth envirD>®? a%%=

CSZ

Zsynth riles>4 a5%=cP4



B

<Tva1uated“7
{;ubsectio@?c aii=\rubprogr-~fb carriaze ret.rn <§ext statemant;” ¢
<for variqblcl'r af=cf '

Letart index” B pS=al
5 A A_aua
&slobal label functionp b=a c
global anvlronmenﬁ>z bz=az
Letrecty® 32°(3)= if b*(3)=c’then (if st(cf,step) x (5'(cf,1izit)-
S'(cf))'C 0 where 39=c%(b®(S)) then a(3') else S*)

else b%(3).
> i R 5. G | T & it

exit indexy¥aX(3)=Lf b*(5)=c'then (Lf S'(c”,step) x (58'(c’,limit)-
S'(cf))<:0 where 3'=c®(p®(s)) tken aX(5') else'cl+1)

else b (3).
k k _1
Zﬁection lengtly  a =b +1

<§ynth eavir 52 asz=bz

Csynth filesrS? a53=pI(defined files)

dend inded™ pi=a

{statexent 1ndex'>1 cr=pS+a¥

lnext statementy a::={Seq nopb ' NEXT '{simple variablelc

Lfor variable> a =c

Lerrect>® 2%(5)=S' where 3'(c)=5(c)+S(c,step) and S'=3 otherwise

{label ® a®=(b,a’)
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VARIABLES
<variab1,e> as :-<simp1e varlab1e>xs bss=éub$cr1pted variabledy:
éypé}t Y=number; b’=number; ' E
(envlronmenbz yZ=b%; (restrictioni: a%(x,rank)=undefined )

<L-value L aL-xv; bLayL

<slmple variable): t=<l.ettex> / <iette1%1j.git>

- - e meme e ee o e

(lett‘mr)a :=VA'; b:s='B'; c33="C'; d::='D"; e:1:='E'; f:13="F";
Z331='G'; h::= 'H', 10e="1"; Jes="J"; k::='%X°; 1l::="L"%;
ms !='I‘L', nii="N"; o0:1:='0"; p::="P'; q::="Q"; ri:= ='RY;
S:1="3"; t:1="T"; u::='0"'; Vveie='V?; we="W?; xt:="X";
5{;:'='Y'; z1s1="2"*

Gralusy¥ wV=33; V=3b; o¥= 35; 4V= 36:e¥= 37; £7=38; g'=39; h'= bO;
1V= 41; 3V= 42; kV=43; 1V=U44; mV=45; nV=U46; ov=47; bvz’-l-G;
qV=49; r'=50; s'=51; t'=52; u¥=53; vV=54; w'=55; x'= 56;

y'=57; z'=58

(subscr;pted variable> at :=4et'ce1>b<sublist>c
Qankf 4=
Lyalus a"(S)--s(b(ci(S))
<L-va1ue> y -b(c (s))
<env1ronment> (restrictioni: & (b, L__)-a )
(restrictions: 1 (1)<a (b,maxsizel) and

Af a F-2 then 1% cp.(?_)fa (b.max_sizezl )
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sublist) a::=<éxpressioﬁ>b; c11=<expression>d ', '{expression>e
' <:iengtﬁ>n b=1; cP=2; . |
{index value?* al(s)=rnd(b"(s))i c!(s)=concat(rnd(av(s)),
' v zna(e¥ ()

<sublist part> oP(1)=pnd(a¥(s)); cP(2)=rnd(e?(s))

&tring variable) aii={Simple string variabledb;
ct11=¢8imple string variable)d Subliste

&alue?” a'=5(b); c'=if e"=1 then break(e,s(d)) else
save(eP(2),breax(eP(1),5(d)))
<:}engtﬁ7p a=b"; cP=if e”=1 then (Af e¥a® then a™+1-el else 0)

else (1f eP(2)>eP(1) then (1f eP(1)>d® then 0 else
(Af eP(2)>a™ then aP-eP(1)+1 else eP(2)-eP(1)+1))

else 0.

(restrictiona:=cn££cz(c.g§§slze) )

<3yp§>t a=gtring; c¥=string

<imple string variablé> as:=<iettei>b 'ge
Qengthy” a"=8(concat(b,length))
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EXFRZSSIONS
{expressionyasi=deonjunction)b; c: =dewpressionyd "oR'{conjunctionye

La1udV a¥=p"; ¢V=1f dV=0 and e'=0 then 0 g2lsz 1

> ~
lenvironment)® b2=a%; d%=c®; eZ=c?

&onjunctionpa: i={relatiopb; c: :={conjunctioryd 'AND' &elationye
dya1ue? a¥=v"; c'=1f a"#0 then 1 else O

(environment)z pZ=a%; d%=c?; e®=c®

Srelatio) ani={innap by cii= &inpaxyd &elational operatorde finmai>f
éralue>v al=b'; c'= eF(dv.fv) .

{environment)” pZ=aZ; a%= c?; e%=c?; gi=f’ nZ=f%

Ginmexya::=<gumb; c::=<plnmaz’d ‘MIN'Lsusp e;. 1 r=Gilnmaxyg 'HAX' SuPh
Ga1udV a¥=b"; cV=if a%e’ then 4' else eV; tV=1f g5h' then

g’ else h'

(environ:neni?z b =a“; d%=c"; e"=c"; g =f;

Gumy a:i=$&ern/b; cii= Supd '+ Lerpe; f:i=fupg '-* dterm)h
<V31‘ie7v av=b"; o'=a" + e’y V=g’ - n’ '
(environmen?z vZ=aZ; a%=c?; e%=c%; g=r?; hz=fz.

dtersy a:i={subters>b; c::=Ctermyd *#'Gubternye; f1:=ermyg /"
Lsubterm h

Lralue’ a¥= b'; o'=a" x e'; V=g’ /n"
;

z
énvironmenbz b2=a%; a%= c%; e%=c

{subtern> a: 1={den1adb; cii=Glgned factodd
Lvalue v av=bvg cV=a"

énvironmen?z bl=a%; a%=c

Laenialyari=Lacto®b; ci:= or' Leactod
Qalue?v av-—-bv; cv=g.__ av=0 then 1 glse O

> A z 7
denvironzmenty b%=a®; d%=c

z
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signed factor7 as= '+ Qactox)g; ci1i= '-'<fo.ctox>d-
Qalue)v a'=b'; V=ad’

z. z
Lenvironzent) “b%=a®; a%=c?

{factor) ati=Grimari)b; c::=¢actor>d "he <pricaryde
Gralus ' a'=b'; c'=exp (aV,e")

(environmenif vZ=a?; d%=c?; e%=c?

<primaryyas i={variable>v; bi s=¢number>n; cii= *(° (expressio@e')';
d::= functiocnal f
Gra1ud’ 2'=5(v); b'=n"; c'=e"; a'=f"
Lenvironment ZyZ=a?; e%=c?; rZ=4%
Q‘elational operatorra::='4'; bii="'4{="; cri="="; d1:="#"; e11=%>";
fra=t>='; gi1:='>"' ‘
(assoclated valuatiorbp(n’P) wheré n,p aredmmbers>

aF(nbp).:i-g an the 1 else 0; bF(n’p)=_i_i: nﬁp then 1 else 0:

e

cF(n.p)=1_£ n= 1 else O; dF(n,p)=-_L£ n#p then 1 else 0;

he

[

e
cr

; f.F(n’p)=1._i; nzp then 1 else O

0n
(1
o

1

1
odo

o §
(g

eF(nlp)=£.£ n_fp the

gF (MP)osr n>p then 1 else O

" <functional> aii=L&unction 1dentifieddb ' (' expressionx ')';
d1:=<Hredefined function> e *(' Lexpressionpfr ')’
git= 'LEN' *(' Gtring variable’h ')°*

v
<va.lue>v dv=éG(f ) ; g'=h";

a’= (subst(c’,a?(b,dummy) ,a% (b, expression)) M

<functicn identifier> 3= YFN? <letter>

Sredefined function>at1='3IN'; bii="C05%; cai='Tal’; d::1="EXP';

e1:1="L0G; fi1:="A33; @1:='3QRY; hes='INT'; 1::="RND'; Js:="3CGl";

Kt e="TYP?; wre="TIN?

aG(x)=sin(x) where x is takcn to be in radlans
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Zpredefined function» ---Cen't
tF(x)

cG(x)
dG(x)
eG(x)

=¢os(x) where x 1s taken to be in radlans

=tan(x) where x is taken to be in radians

=exp(&,x)

=1n(x) for x>0

fG(x)=lx| where || represents the absolute value function
gG(X)=7§' where V?repfesents the square root function

hg(x)=LxJ where | J.represents the greatest lnteger functicn
G -
1G(x) G(x)=n) = p(1 (L)=m) where p is

=n where 0<n,m<1 and p(i
. probablility

JG(g;)

=1f x>) then 1 else if x=0 then O glse -1
mG(x)=;1 x=0 then current ninute of the.hour else if x=1
then current hour of. the day else if x=2 then currentc
day -f the year clse 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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Cun3TANTS

c'nstrmt>cx s={number)x; d:i= ‘rCnunberdy; sri= '+'nunberpz;
¢ fs:=41teraZ strings > pam >
éfalue v cv=xvg dv=-yv; ev= V; f‘v=sv -——éengtlbk =

(‘cype v crf=realg dt=real; e’=real; ft=string

<number>n:s=<decimal number»x; m: 1=(ecimal number)y(exponent part>z
{value YV nV=x"; n'=y’ x exp(lo.zv) '

{decimal numberda: s={integerPx; b::=(intege>y '.' cz:=<1nteger>u ',
integeryv; di:= '.' {integerdu
v

éralue Y oa¥=x"; b=y ; eV=u'+v'x exp(lo,-vk); d =exp(10,-wk)x W

<1nteger7a: :=<dig1t>x; b: z=<1ntege$ y(digit) z
Lvalusd’ a¥=x"; v'=y'x 10 + zv

<1eng’ch X ak--'l; bk=yk+ 1l

'<d1g1t> a11='0"; bi:='1'; c:1:="2"; d1:="3" e11="4"; fia='5"; gi1="6"

hii=?7%; 1:1:='8'; j:1:1="9"'
<<ya1ue V oV=0; b'=1; c'=2; d'=3; e'=l; £V=5; g'=6; h'=7; 1'=8;

V=9
(exponent part?e::= 'E'(lntegex>a; fu='E+'<1ntegex>b; gi1="E-"
1nteger>c
éralue v ev=av; fv=bv; gv=-cv
<1engtl'?k ef=a¥; fk=bk; gk=ck ( £el.{,gk, fl,%,z)

{1iteral strlng>éss= ' ** 'Lharacter stringye' *'
Lvalue>’ s¥=c’ —==QengtiD® s¥=c®,

eharacter stringdc::=Characterdd; e: s={character string)f@haractei>s
Ga1uedY V=aV; e'=100 x '+ g

.<1engt??k c.k=l; ek=fk+ 1
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<charactez> s13="1"; bre=l"; c1:="3"; d11='9; es:="&"; £1:="""
g13="("s h:s= =)y Ya=tEY, i.:='+'; ki:i=","; kis='-";
1i:='."; mes="/"; n.:-(&igiﬁ)o; pra=ta¥; =" ri:=%¢"
Sri='="; ti:='2%; ui='7"; vii='@'; w:z=<iette£7x; v1s="L';
z::="\"; A:::’J'°.Jz.—'?'; Cpi="' " |
Lvaluea'=1; v'=2; c'=3; a"=b; e'=5; £V=6; z'=7; n'=8; 1'=9;
q'= 25;

3¥=10; ¥=11; 1V=12; m'=13; nV=0o" + 14; p'= 24;
pV=26; sV=27; t'=28; u'=29; v =30; W =x"; y'=60

2V=61; A'=62; B'=63; C'=0
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APPENDIX
null represents the null set
carriage return represents the carriage return charactef
if...then...else has its standard meaning (as in ALGOL)
concat(.eessse) performs a étandard concatenation of'arguments
nd(...) returns the rounded value of 1ts argument (integer)

gonvert(...) converts a string back from 1its numeric value to
its charcter form

a POP b pops an element from stack a into variable b

a PUSH b pushes b onto stack a

retstack a special variable to keep track of subroutine return
) ~ points

subsg(a.b.c) creates a new expression by substituting the austmal
variable a for the original variable (dummy) b in

the expression ¢

File related key words:
The DATA file, the TTY, and external user flles are

represented by three parallel arrays with a common pointer
denoting present location within the file. The B:arra&s
cortaln the value of a record (one variable), its type, and
if it is a string the third contains its length.

All other key words are used to form unique variabie,nahes

and have stralght forwardlinterpiptatidns.
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CHAPTER F OUR
DESC,RIPTION OF ‘PAL
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INTRODUCTION

This syntactic and semantic description is for the Digital Equipment
Oorporatioix _PDP;B/E PAL III ﬁasembler. The PDP-B/E is designed as a
general purpose computer. It's basic processor is a single-address,
fLixed word leﬂgth, parallel transfer unit using 12-bit, 2's qomplenent.
arithmetic. Standard features include indirect addressing and facilities
for instruction skip. ! | |

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 symbolic refrences,
origins, and expressions. |

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 sre defineds

Accumulator(AQ) - 12-b:l.t register in which arithmetic and log.c
operations are performed.

Multiplier quotient(MQ) - 12-bit biderectional shift register that
acts as an extension of the AC,

- Program counter(l:g) - 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,

Link(L) - 1-bit register that is used to extend the arithmetic
facilities of the AC.

Switch Register(SR) - 12-bit register which contains the status,
bit by bit, of the data switches on the console.

Location Counter(LC) - 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: | _

Superscript - alv 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 will be described as needed,

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

of constants, labels, etc; instructions; and program section.

This definition uses the following semantic attributess

Value - the octal value of an integer quantity.

Length - the character length of an integer or alphamumeric.
. : :

Effect - the effect of an instruction, statement, etc., on the
state of the computation. This state is a vector consisting
of the registers and core memory locations. :

i

Operation - a function which describes a computation whose result

will be stored in a destination given by,

Destination Function - a function which gives the destination for
the results of an operation.

BEffective address - an inherited atiribute which becomes 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
gymbolic names. in ordered pairs.

Bxit Index - an attribute tells which instruction will be executed
next,

State Location - tells where the statement is toc be located.
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CONSTANTS

This section defines:

Constants

Integers

Signed integers
Letters ,
Alphanumerics

Blanks

Comments

Address

Labels

Indirect bit '

A1l digits and values are in octal. All semantic definition arithmetic
!

in this and following sections is also octal so as Yo be‘scompatibleo

et - pemTtTT T

Note:s . I have not included a definition of special characters; ie. 'e!,
1,1, 131, etc., but an extension would be easy, and would also

be included in the syntax for comments



-77 =
<digit>a 12z ‘0%; b 2z ‘1%3 ¢ 313 29 4 23z ‘3% o 33z ‘4%
£ 33z S%; g z:= ‘6% hoss= 7 '
<value>tv
aty = O3 btv = 13 ctv = 25 dtv = 33 etv = 4; ftv = 53
gtv = 63 htv = 7 ,
<integer>x ::= <digit>a; y 2= <digit>b <integer>Z

<length=tn (0 <nc<d)

<yalue>tv
xtn = 13 xtv = atv;
yt™n = Ztn + 13 ytv = Ztv + btv X exp(8, Ztn)

<signed integer>x ::= <integer>a; y 3= ‘+° <integer>b;
Z 2= *-? <integersg

<value>tv
xtv = atvgy ytv = btvy Ztv = -ctv

- a’ 1 ‘b’ 1 $c? | ¢d* | ‘e’ | \xd/ | gy | ne | 30 |
: 0 RS L DAL DR L BT LN Bt L Bt L
t’ | ‘u? I u’ | ‘v’ | *x* | ‘y* | ‘20

<alphanumeric>x ::= <letter>gs; y

$e= <alphanumeric>g <digit>gcs
Z 2:= <alphanumeric>c <letter>g

<length>tn (n<7)
xtn = 13 ytn = btn + 13 Ztn = ctn + 1
<blank> se= ¢ °?

<comment> s:= */? <letter> | */? <digit> | <comment> <letter>
<comment> <digit> | <comment> <blank>

<address> ::= <alphanumeric>

<label> ::= <alphanumeric> ‘“,?

<indirect bit>a ss= ¢ ?3 b s2= ‘1?
<value> tv

atv
bty

"o
-h



INSTRUCTIONS

In the PDP-8/E there are two major types of instructions: memory
reference and operators. Memory reference instructions store or retrieve
data from core. The operate instructions consist of three groups of
microinstructions. Group 1 is principally for CLEAR, COMPLEMENT,

ROTATE, and INCREMENT operations. Group 2 is used in checking contents

of the Accumulator and Link, and continuing to, or skipping, the next
instruction based on the check, Group 1 and Group 2 métmtiom are
micro-progammable, that is instructions in each group maly be combined

with certain other instructions in the same group 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 MQ and AC registers, |

In addition to these eperate and memory reference instructions,
there exist two others. The Load instruction is used for entering
constants into AC. The '0' instruction simply saves space for a symbolic
address.

In the memory reference instructions, indirect addressing is possible
with a '1' in the inderction field, A blank results in direct addressing,

The PDP-B/E uses a paging address scheme, but users of PAL III
assembly need not be concerned since proper page addressing is handled

by the systea,
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<loader>x s:= ‘nl? <integer>2a ‘=
<effect>e _
xte(s) = .s’ vhere s’Cag) = atv, s’(Z) = s(2) for Z ¥ ac
<group 3 op>a ::=.%cam’; b ::= ‘mqa’; ¢ 3= ‘mql’; d 33 ‘swp?
<effect>te '
ate(s) = s’ vhere s’Cac) = 03 s’Cag) = O3 s’8Z) = s(2) for
Z$ ac and Z ¢ ng
bte(s) = s’ vhere s’(ac) = sCac) .or. s(mg), s’(Z) = s(2)
for Z ¢ ac

cte(s) = s’ vhere s’(mpg) = sCag), s’Cac) = O,
87¢Z) = sCZ) for Z % ac and Z § ma

dte(s) = s’ where s’(ma) = sCae), s’(agc) = s(nq),
s?CZ) = s(Z) for Z + ac and Z § png

<gp2 seq 3>a ::= ‘hlt’; b 2:= ‘osr’

<effect>te :
ate(s) = s’ vhere s’Crup) = 0, s?(Z) = s(2) for Z % run
bteCs) = s’ where s’Cac) = sCag) .or. s(sr), s’(2). = s(2)
for Z $ ac ‘
<gp2 seq 2>a ::= -‘cla’

<effect>te , : S
ate(s) = s’ vhere s’Cac) = 0, s°(2) = s(Z) for Z # g¢

¢sz1%; d 23z *sZe’;

<gp2 seq 153 =2 ‘skp?s; b ose= Csnl?; g 2s3c
e 222 Vsna’; £ ::: “sma’s g 23z Vspa’
<effect>te '
ate(s) = s’ vhere s’(pe) = s(pe) + 1, s’(2) = s(Z) for

Z % pe

bte(s) s’ vhere s?(pe) = if s(l) .eq. 1 then s(pec) + 1
else sCpc), s’(Z) = s(Z) for Z t pc

cte(s) = s’ where s’(pe) = if s(l) .eq. O then s(pe) + 1
else sCpe), s*(Z) = s(Z) for Z % pe '

‘dte(s) = s’ wvhere s’(pc) = if s(mag) .eq. 0 then s(pe) + 1
else s(pe), s’°(Z) = s(Z) for Z % pc

ete(s) = s’ vhere s’(pe) = if s(agc) .ne, O then s(po) + 1
else sCpe), s?(Z) = s(Z) for Z % pc

fte(s) = s’ wvhere s’(pe) = if (sCac) .and, 4000) .eq.

4000 then s(peg) + 1.

s(pc), s’(2) = s(2) for

Z c
gre(s) g %’ vhere s?(pc) = if (sCag) .and, 4000) .eq. O
thep sCpe) + 1 else s(pe), s’(2) = .s(Z) for Z % pe

<gpl seq 4>a ::= ‘ral’; b sz ‘rtl’; ¢ 22z ‘rar’; d s2= ‘rtr?;
@ 2:= ‘bsv? : '

<effect>tre .
ate(s) = s’ vhere s’(ag)
sCac)/2t13, s’(2) =
bte(s) = ate(ate(s))
cte(s) = s’ vhere s’Cac) = sCae)/2t13 + s(1Ix2t3, s’(L)
; i(gg) .and, 4000, s?(Z) = s(Z) for Z % ac and Z

= sCag)x2 + s(l), s’() =
s(Z) for Z $ acand Z ¢ 1
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dte(s) = cteCcte(s))
ete(s) = s’ vhere s’(gae) = s(a )xzrs + (s(_g) .and, 7777)
/216, s’(2) = s(Z) for Z

seq 3>g ::= ‘fac’; b ::= ‘cia’

<egffect>te :
ate(s) ; s’ vhere s’(ac) = s(agc) + 1, s?(Z2) = s(2)
A ac ' '
bte(s) = s* where s’Cac) = -~sCag) + 1, s?(2) = s(2Z) for
Z % ac ,
seq 2>a 3= ‘cml’; b s2z ‘ema’; ¢ 3= ‘cia’s d s3= ‘stl?;
e g3z "sta’ '
<effect>re
a-e(s) = s’ vhere s’(1) = -sCl), 8%(Z) = s€2) for Z ¢ 1
bfe(s; ; s’ vhere s?(ac) = -s(mecg), s’(Z) = s(Z) for
‘ ac
cte(s) = btre(s) in <gp! seq 3> defxn:tion above
dte(s) = s’ vhere s’(}) = 1, ’(Z) 2 sC2) for Zz ¢t )
ete(s) = s’ vhere s’Cag) = 7777, $%C2Z) = s(2) for Z % ac

seq 1>a 23= ‘cll?; b s:= *st1?; ¢ 2= ‘cla’; g $3= sta’

<effect>tre
ate(s)
bte(s)
cte(s)
dre(s)

s’ vhere s?Cl) = 0, s%(2) = s(2) for Z ¢ 1}
dte(s) in <gp1 seq 2> definition above

s’ vhere s?Cac) = 0, s’(Z) = s(Z) for Z % ae
ete(s) in <gp1 seq 2> definition above

op>a 2= <gp2 seq 1>a3 b 3:= <gp2 seq 2>p3

= <gp2 seq 3>9; d 3:= <gp2 seq 1>p <gp2 seq 2>g;
= <gp2 seq 1>r <gp2 seq 3>s;

= <gp2 seq 2>% <gp2 seq 3>3,

<effect>te
ate(s)
bte(s)
cte(s)
dre(s)
ete(s)
fre(s)
gre(s)

vte(s)

nte(s)

ote(s)
qte(pte(s))
ste(rte(s))
ute(tte(s))
xte(wrtel(vrte(s)))

p>2 2:= ‘nop’s b s2= <gpl seq 1>b1
<gp1 seq 3>dls e ::= <gp seq 4
<gpl seq 1>f1 <gpt seq 2>£2;
<gpl seq 1>g1 <gpi1 seq 3>s_,
<gpl seq 1>h1 <gpl seq 4>h2;
<gp1 seq 2>i1 <gptl seq 3>iZ;
<gpl seq 2>J1 <gpl seq 2’§%;
<gpl! seq 3>kl <gp1 seq 4>kZ2; , -
<§g1 seg 111 <§§1 seq 2>12 <gpl seq 3>133

<gp! seq 1>ml <gpl seq 2>m2 <gpl seq 4>m3;3

<gp1 seq 1>01 <gpl1 seq 3>p2 <gp! seq 4>nds -

<gpl seq 2>01 <gp1 seq 3>02 <gp! seq 4>903;

<gp1 seq 1>pl <gpl seq 2>p2 <gpl seq 3>p3 <gp! seq 4>p4

e

= <gpl seq 2>¢i;

’
els

o

00 00 00 00 00 00 00 00 00 00 00 0 b
"

90 90 &0 00 00 80 00 00 °0 00 30 00

I (0 I3 13 =X b lee {5 bR ol



3 (Z)¢S_¢(5U)s 3578 | + (5@)s GaY3 0 °ba° (eiq*s)osn
IT = (3T)¢s “(BIQ®S)0LA = (BIQ),S BJBYA .S = (s)eiq
(s)eie 35(9 Ot Tay 3 J4in JT = pis
C131)s 35Te (s)[41 UBYF 0 °be° Aux JT = (s)sis

. 5 ¢ 2
dO0J (23S = (Z)¢S *(BiBCS)0in = (BLB),S 8daya (s = (

s)es8
Al <oniBA>
84<109]]0>
0J<Ud] uoljedado>

pi<uoijBUljSEP>

Ji<UDJ UOIjBUI}SIpP>

Bl<SS2J4ppe 8A1}08]J0>

[¢<ud] (aqel>

d<ssodppe> (duf =33 T {G<ssodppe> SUL, =
‘U<ssaJppB> 7<31q 390J1pul> A<g odhq epoodo Auouwsu> =
$U<ssodppe> A<31q 30041pUl> A<z 2dL3 epoodo Auowsu> =
. : $T<ssodppe> T<j1q 300941
W< ad4y apoodo Asowew> =3¢ Buolyondysutr je

35T8] = J4B “(SE)s = (BiB®s)oyB
Ji<udy] uoIjBUIYSIP>
Bl <SS9JppE @Nn}3008]]0>
0l<uUd} uojjededo>

cBOP, =33 B<g odéfy epoodo AJowous

3578y = JiB | + (BIB)S = (BB S)04B
Ji<Ud] uoljBUIYSEP>
To«553dppe 8Alj0JJo>
0i<Ud] UolqjBdado>

¢2S1, =38 ®<z 9d4y epoodo AJsousu»

BRIT = J4iq “(Biq)S + (TB)S = (BIq®S)04q
CORIY = JuB “(BiB)S °puB® (JE)S = (BiBS)04B
: Ji<UDJ UOIjBUT}SOP>
Bi<SSaJdppe an}}09jjo>
0y <uotqjeJddo>

P83, =33 0 w.v:w' =23 ﬂar oddq epoodo Auoweu>

((C(s)asdrasgdyasgdyaspd = (s)asd
(((S)8110)2120)8450 = (S)a4o
(((S)aiu)aigu)aigu = (s)eiu
(C(S)8LLU)IBIZUIBICU = (S)LINW
CC(s)ad t1)eiglreigl = (s)es]

((S)8I 1)) = (S)eiy
((s)adf)aszl = (s)yasl
((S)8111)3ig! = (s)ai}
((s)adY)eigy = (s)eiy
((S)dL15)0129 = (s)eid
((S)eL10)8120 = (S)84y
, (s)ai@ = (S)eie
(S)d4 P = (S)aip
(S)9310 = (S)94d
(§)041q = (S)9iq
S = (s)eis
8i<y100}3)0>

- T8 -
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s(2) for y ¢ atl and Z ¢ pc |
bta¢s) = if ytv .eq. O thep ntl(s) else s(ntl)
btd = jif vtr then ac else bra(s)
cte(s) = s’ vhere s'(cta) = wtoCs,cta), s’Cae) = O, 8?(2)

- s¢z) for Z & ntl and Z  ac '
ctaCs) = if Ztv .eq. O thep ntl(s) glse s(ntl)
ctd = if vtr then ac e)lse cta(s)
dteCs) = s® vhere s’(pe) = sCotl) + 1, s’Cotl) = pe,

e7¢2) = s(Z) for Z % pc and Z # otl
eteCs) = s® vhere s’(pe) = sCptl), s’°(2) = s(D) for Z

% pe
on>a $:= <memory ref instruction>a; b 22

i <grouwp 1 op>n3
= <group 2 op>g; 4 233 <group 5 op>D5 £

sz <loader>g;

<effect>te

Co, .

ate(s) = nte(s)

bte(s) = nte(s)

cte(s) = ote(s) .
dte(s) = pte(s) 0
ete(s) = qte(s) :
f1e(s) = null
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PROGRAM

This section defines a program to consist ofs
1 Location Codes = Specifies where the program is stored

2+ Body ~ The Statements consisting of Instructions and Comments which
are the actual progtan 3

3¢ End = the final statement which tells the assembler it is done,
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<statement>g 2:2= <instruction>g, b
e s22 <label>; <1nstruction>g,

<label fen>1tl
"<exit index>ex
<effect>re
<state location>tn
_atl = pull
atx = s(pe) + 1
ate(s) = mte(s)
.- atm = s(le)
bel = pull
bte(s) = pull
bta = s(lg)
ctl i} :
cTx s(pe) + 1
cte(s) = nte(s)
ctn = s(le)
dtl = el
dtx = etx
dt1(¢s) = ete(s)
dtma = etn

[ B4

<body>a s:= <statement>x: b
<ladel fcn>1t1
<gffect>1e
<state location>ta
atl = xtl
atel{s’ = xte(3)
artm = xtm
b1l = ¢tl .union. ytl
bre(s) = yte(cte(s))

<end>g s2= ‘b
<ceffect>te

<state location>ta

ate(s) =

ata(s) = s(le)

<location code>g 22

<etfect>1é
<vyalue>1tv v
ate(s) = s’ wvhere s’(lc)

<progran>g

[ X -4
B Rad

<effect>re
<lable fcn>t!l

se= <comnent>;

4 s:=

.stop assenbly.'

= *%* <integer>x

= xtv

ate(s) = dte(cre(dre(s)))

atl(s).; ctl(s)

<statement>g <comnnent>

<body>g <statement>y

<location code>b <body>c <end>d
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CHAPTER FIVE

DESCRIPTION OF BP L

(Buyrroughs' systems programing language?)
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BURKUUGHS PROGRAMMING LANGUAGE
FUR THE BURRUUGHS MEUIUM SYSTEMS CUMPUTERS

B2900s 535000 AND BATO0V

InTROUDCTION

THIS SECTION OF THE PAPER IS INTENOED AS A BRIEF
INTRODUCTION TO THE WACHINE AS SEEN 8y THE USER WHEN WRITTING IN
BPL., IT IS wNUT INTEWDEV TO st COMPLETE; THE DEFINITION ANV
SEMANTICS OF THE LANWUAGE WHICH FULLOW SHOULD EXACTLY DESCRIBE
THF VIRTUAL 4ACHINE, THE PURPOSE OF THIS SECTION IS TN GIVE THE
READER AN UNUERSTANDING UF THE BASIC HARDWARE wHICH THE LANGUAGE

IS IMPLEMENTEU UN.

THE VIRTUAL MACHINE THAT A USER (POSSIBLY ONE OF SEVERAL
SIMULTANEQUS USErS) SEES 1N ypPL CONSISTS OF A CONSEcUTIVE STRING
OF INDIVIOUALLY ADURESSABLE LIGITS» STARTIN WITH Q¢ EACH DIGIT
1S 4 BITS LOWGe THE vALUt UF A PARTICULAR oIT CAN BE CHECKED AND
CHANGED IF DESIRED. THE o1TS ARE TDENTIFIED 3Y THEIR '

CORRESPONDING BINARY VALUE! 1 8I1s, 2 81T, 4 #l1T» anD 8 31T, IN
ADDITION, PALRS JF 0IGITS STARTING WITH AN EVEN ADDRESS DIGIT MAY
BF CONSIDEREU AS A UHARACTER OR BYTE. A AYTE 1S THEREFORE 8 BITS
LONG AND CAN Bt ANY UF TH: PUSSIRLE 256 EBCUIC CHARACTERS. IN
AUDITIONs FOUR DIGITS STARTING wITH A MOD & ADDRESS ARE
COMSIDERED A WURU, THE HARUWARE CONTAINS IinSTRUCTIONS FOR
MANULIPULATING D1GITSs CHARACTERS. AND WORDS .

ANY SINGLE ELEMENT OF A USER=S DATA STHUCTURE HAS THREE
ATTRIBUTESS AUDRESSs SIZEs AND TYPE. € XCEPT FOR CERTAIN
SPFCIAL CASESs THE ADDRESS OF A DATA ELEMENT IS VETERMINED B8Y THE
COMPILER IN THE USUAL WAY (IN THE ORDER SPECIFIED 3Y THE USER IN
nIS SOURCE), THE AUURESS IS ALwAYS THE ADDRFSS UF THE LOWEST
ADNRESSED DIGIT IN A PARTICULAR ELEMENT . FUR EXAMPLE IF THE
ELFMENT CTR UCCUPIES 6 ULGITS ADDRESSED FROM 32 THROUGH 37
INCLUSIVE» THE ADDRESS OF CTR wQuLD BE 32, THE SI1ZE OF AN
ELEMENT IS TAE NUMBER OF DIGITS OR CHARACTERS IN THE FIELV., THE
CHNICE OF DIGITS OR CHARACTERS DEPENDS ON THE TYPE, A DATA
ELEMENT CAN HAVE ANY OF THE FPULLOWING TYPESS
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INTEGER ~  CUMPOSED NF A CONSECUTIVE STRING OF DIGITS EACH
~ GUNTAINING ONLY VALID NUMBERS. (0 = 9). SIZE
EXPRESSEY IN DIGITS. | |

REAL A REAL NuMsER IN THE FORTRAN ¢ FORMAT SENSE. SIzE
EXPRESSEw (N OIGITS,

SIGNED SAME AS INTEGERs BUT ALSO CONTAINS A SIGW. s12ZE
EXPRESSEL IN DIGITS,

COMP STRING COMPUSED DF A CUNSECUTIyE STRING OF DIGITSS
EACH UF wHICH CAN BE ANY OF THE POSSIBLE 16 BITY
CUMBINATIUNS., SIZt EXPRESSEV IN VIGITS.
NUNSINTEGER VALUES ARE CALLED "UNDIGITSw AND ARE
REFERED TO AS A THROUGUH F (A = 1010¢2)» B =
1011(2)' eeer F = 1111(2)).

NUMERIC COMPOSED OF A CONSECUTTIVE STRINu OF CHARACTERS,
EACH UF nHICH 1S A vaLID DIGLT ONLY (mOw, miew,
veer MI™), SIZE EXPRESSFD IN CHARACTERS.

ALPHA . CuMPUSEL (f A CONSECUTIVE STRING JF CHARACTERS»
EACH OF wHLICH CAN BE ANY OF THE POSSIBLE 256
ESCOLC ChHARACTERS, SIZF EXPRESSED IN CHARACTERS.,

BOOLEAN A SINGLE BIT USED AS A 8Q0LEAN TRUE/FALSE SWITCH.
: ' (3IT 1S SET IF TRUE» RESET IF FALSE,) SIZE IS 1
B1T. UP TU FUUR BUOLEAN VARJABLES CaN Bg PLACED

IN A SINGLE DIGIT sBY THE COMPILER.

THE ExACT OLFINITIUN AND USAGE OF THE VARIOUS TYPES wWILL BE
DESCRIBED IN THE SYNATX AND SEMANTI(S. THE FOLLOWING ADDITIONAL
NOTES ARE DIVIUEU INTO Twu PARTS, PART 1 DEALS AITH ADDITIONAL
COMMENTS ABOUT THE VIRTUAL MACHINE, PART 2 DEALS WITH
CONVENTIONS THAT #luL Bt POLLOWED IN THIS PAPER,

ADODITIONAL NUTES. PART 13

1., ARITHMETIV IS OnLY ODEFINED FOR TYPES fNTEéER: NUMERICe OR

SIGNED (MIXED LN ANY MANNER WITH HARDWARE CONVERSION
AUTOMATICALLY fAkING PLACE) UR sETwEEN REAL FIELODS,

2., INQIRECT ADORESSING IS PERMITTEV., AN ADDRESS 1S 6 DIGITS
LONG ANU CONSISTS OF A CUNTROLLER (WHICH INDICATES INDEXING
AND TYPE) AWD THE ADURESS,



3.

4

1.

2.

3.
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THE VIRTUAL MACHINE CONTAINS SEVERAL REGISTER=LIKE ITEMS
WHICH THE USER MAY USE, BUT wHICH ACTUALLY RESIOE IN HIS
ADOURESS SPACE. THESE INCLUDE THREE INUEX REGISTERSs ™IX1"™,
wIx2m, ANV ®lx3n, THEY ALLOw ARRAy TYPE ACCESSING WHEN
ARRAYS ARt nNUT SPECiIFIEve AUDITIONAL AREAS OF UYSERSS MEMORY
ARE AFFECTED BY SUBRUUTINE CALLS (STACK POINTERS) AND
VARIOUS TESTING INSTRUCTIONS, THESE witLL ALL BE DESCRIBED
IN THEIR PLACE. IWOEYING ANU INDIRECTION CAN BE CARRIED out
IN ANY DESIRED ORDER AND TQ ANY DESIREu LEVEL. ,

THERE ‘15 A CUMPARISUN INDICATOR WHOSE vALUE IS CHANGED BY
VARIOUS INSTRUCTIONS, IT cAN BE TESTEu duT O0ES NDOT ExIST
IN THE USER*S MEMORY, 1T wltlL BE SHOWn AS CMP{] IN THIS
PAPER, IT CAN TAKE UN ANy OF mEQUAL"» "L ESS"» OR "GREATER".

ADDITIONAL NOTESs PART 2

A LIST OF RESERVED WURDS IS PROVIDED AS APPENDIX A. NO
IDENTIFAER UEFINED 8Y THE USER CAN BE ANY OF THESE RESERVED
WORDS EACEPT AS NUTED, | - |

A LIST UF EwUIVALEWT FORAS 1S PROVIDED IN APPENDIX B, THE

SYNTAX ANU SEMANTIC UEFINITIUONS THAT FULLOW WILL ONLY USE

_ONE FORM UF A SYNTAX .ELEMENT, ANY OF THE EQUIVALENT FORMS

CAN BE USED AT ANY PulnT WHEKE THE SPECIFIED LANGUAGE
ELEMENT 15 uStue.

APPENDIX C DEALS WITH DEFINES, A ODEFINE IS A METHOD OF
OEALING wWiTH VARIOUS FURMS OF SHORTHANU TO THE COMPILER ANOD
DO NOT AFFECT THE ALTUAL SYNTAx OF THE LANGUAGE.

THE TERMINAL <EMPTY> IS DEFINED TO BE THE STRING CONTAINING
NO CHARACTERS UR SyHyOLS,

WE SHALL USE THE BINARY UPERATOR s TU INDICATE THE
CONCATEWATION OF TwU DIGIT OR CHARACTER STRINGS TO FORM ONE
DIGIT OR CHARACTER STRINue THIS 1S TO DISTINGUISH BETAEEN
THE VEFINITIUN UF THINuS LIKE INTEGERS WHERE THE VALUE OF AN
INTEGER [S IN UNE CASE THE VALUE DF AN ARITHMETIC EXPRESSION
ON THE vALUE OF ANUTHER INTEGER AND A UIGIT» ANO A CHARACTER
STRING WHICH 1S FORMED AS A COMUINATION OF CHARACTERS (ARD
HAS NO ARITHMETIC vALUE),
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FOR A S1Zt OF $1Ze
7.
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-

[

DEFINE CUNTENT[ADRs Tvr» SIZ] TO BE THE CONTENTS OF THE
USER=S MEMOKY DEFINED AS STARTING AT DIGIT AuR, OF TYPE TYpP

CINDETEKMINABLE> 1§ THE VALUE OF AN ITEM wHOSE ACTUAL™ VALUE
IS UNKNOWN,™ ~~° T T S
DEFINE CUMPLX) TO SE "EWUAL" IF X = 0. "LESS™ IF X < 0, OR
wGREATER® IF X > 0, 1T IS ONLY DEFINEU FOR X AN ARITHMETIC
EXPRESS1ON, | ‘

DUE TO THE PRINTER LIMITATIONS. THE EXACT ‘FURM OF PROFESSOR
MAURER=S PAPER CAN NUT BE USED (SEE REFERENCE 2), _ THE"

b

FOLLOWING SYMBUL CUNVENTIONS wiuL 3E FOLLOWED INSTEAD:
A, INSTEAD DF SUPERSCRIPTSs FUNCTIONS WwITH SQUARE BRACKETS

WILL BE. USEDe _FOR EXAMPLE»> VALUE(A] INSTEAD OF A WiTH
A SUPERSCRIPT v, ~THIS wILL BE CARRIED OUT TO ANY
DESIREV NESTING LEVEL,

B. THE UOLLAR Slgn wlLh BE USED IN PLACE OF THE SINGLE
QUuTE TO INDICATE ACTUAL CHARACTER STRINGS. THUS $AS
IS THE STRING CUNTAINING THE CHARACTER ™AW, (NOTES
EXCEPT AS COUMpLLER COMMANDS, wg® UOES HOT APPEAR IN TnHE

BPL LANGWUAGE®)

Ce <1 wiul BE USEDL Tu INDICATE SET THEORY w{S CONTAINED
IN"; ‘ A

D, t( ANV )3  AlLL HE USED FQR THE CURLY BRACKETS
DEFINING THE ELEMENTS OF A SET.

Ee oUs MILL BE USEL FUR THE SET U~ION OPERATOR,

F. // AiLL BE USED FUR THE VERTICAL LINE INDICATING
ALTERNATION,
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INPUT-FURMAT

"THE SOunce InNPUT ' TO BPLCONSISTS OF - CARD=IMAGE RECORDS: TNE

FIRST 72 COLUMNS UF tACH CARU™IMAGFE RECNRD ARE AVAILABLE FOR-
SOURCE OATA (AITH N0 SPECLAL COLUMN MEANINGS)S COLUMNS 73=30

INCLUSIVE -ARE AyAILAGLE FUR UPTIONAL - SEnUENCE INFORMATION, °
COLUMN 72 BF -A RECORV 15 FOLLUWED THMEDIATELY BY COLUMN 1 OF THE
NEXT RECORDS ©Nu UF SOURGE -RECORD “HAS NU-SYNTAX STGNIFICANCE
(EXCEPT IN A CUMMENT),

COMMENTS ARE PLACEUL oY USE OF THE SYMBUL "y FOLLOWED dY ANY
CHARACTER STRIwg ANy CONTLNQUES TO Tut Eng DF THAT RECORpD (WnICH
CONTAINS THE "8"), IN THIS CASE, THE COMMENT DOES SERVE AS A
SEPERATORe wE SHO# TRIS AS FULLOWS: o Co e

<COUMENT> 333 d§s <ANY STRING '0f GHARACTERS "up THRU COLUNN 72>
<F1LLER> ssav<ngTY> 7/ <FQLLER> 8 8 77 <F LLER> <COMMENT>
<BLANKS> 333 <FILLER> § & // <FILLER> <CUMMENT>

IN ORDER 7O PRESERVE AS mUCH READTBILITY AS POSSIBLE IN TwE

DLFINITIONS TU FuLLUde wHENVER A SINGLE BLANK APPEARS IN A STRING
WITHIN $=Ss THAT dLAiNK 1S TU BE ASSUMED TU df <BLANKS>, FfOR

EXAMPLEs _
SIF o §5 Tu B TAREN AS SIFS edLANKS>,
ADDITIONAL PLACES Fur ARALTHARY SPACING OR COMMENTS ARE DEFINED

IN APPENDIX 8» EWUIVALENCESe FOR FxXAMPLE>
$45 CAN BE TAREW AS SFILLER> 8%3 <FILLER>,
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o~ CUNSTANTS

CUTGITS>A $t= Busi o t3m 3183 TC tis $283 0 tt1= $383 E $1s $483
F 1ta §555 G Sim B6b3 H 3m 5783 [ its 683 J tim 8§98
VALUELAJ = Us VALUECB) = 13 VALUECC) = 23 VALUELD) = 3)

" VALUELE) s 43 VALUELF) = 53 VALUELG) = 63
VALUE{R) ® 73 . VALUEDI) = 83 VALUELJ) = 9

<INTEGER>1 383 <DIGLIT>D3
J 3133 <INTEGER>PN <U1G1ToE
VALUE(T) = VALULE (D)3 VALUE[J) = 10XCVALUELKIY) ¢ZVALUEIE]

LENGTH{1) = 1; LENGTHLJ) s LENGTHIK] ¢ :
(LENQTHIK] < 99) ~ . ~ ‘

TYPECI) = INTEGER

<STGNED INTEGER>S 838 $e$ CINTEGER>IS
T tis 8°8 <INTEWER>J
VALUELS] & VvALULLTI: VALUELT) = <vALUELY)
LENGTHES) = LENGTHEIJS  LENGTHIT) = LENGTHEJ)
TYPE(S) ® slenes TYPEIT) = SIGNED

<REAL NUMBER®R 33 CINTEGER>I 8,8 <INTEGER>J
VALUECR] = vAaLUE(l) ¢ (VALUELJIZEXP(10s LENGTH(JI))

LENGTHER] = LENGTH(I] ¢ LENGTH{J]
(LENGTHIR] . €& ¥99)

TYPE(R] = REAL
<STGNED REAL>S 118 3+SCREAL NUMBERSRS
T t3s $=3<REAL NUMBER>U
VALUELS] ® VALUELRJ3 VALUECT) = SVALUECUI,
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LENGTHLS) s LENWTHIRYS LENGTHIT) = LENGTHIU]
TYPE(S) = Rtal; TYPE(T] = REAL

CUNDIGIT>A sé¢= $AS; 6 stz 8883 C 1t= 3C83 O 33s= 8083
£ 1@ $ES3 F t1ts 5Fd

VALUECA) = 103 VALUELB] = 113 VALUE(C) = 123
VALUELU) =3 133 VALUELE) = 143 VALUELFI = 1S
<HEX DIGITOM 338 CUNUIGLTOUS 1 $3= <DIGITOY
VALUE[H) ® VALUECU)S VALUE(I) = VALUE(D)

<HEX NUMBER>H 3t= <HEX vlulT>U3
I $82 cHEX WUMBERDJ <HEX DI1GlT>E

VALUELH] w VALUELD)3 VALUELIY s VALUELJ) ¢ VALUELE]
LENGTHEM) & 13 LENGTWII) s LENGTHCJY + 1

<CNMPUTATIUONAL HEX NUMBER>C :ts $e$ <HFX NUMBER>H $8$

VALUELC) = VALUECLH)

LENGTH[C] =z LENGTHLH]
" (LENGTH(H) s 99)

TYPELC) = CUMP STRING

<DISPLAY HEX NUMBER>V 333 $3% <HEX NUMBER>H $%8
VALUE({D] 3 VALUELH]

LENGTHCU) 3 LENGTHIHA]/2
(LENGTHLH) = O MND 2o LENGTHIM) < 198)

TYPELD) = ALPHA

<STRING CHARACTER>S 33% <ANY SINGLE UNE OF THE 256 EBCDIC
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CHARACTERS (INCLUDING BLANK)» EXCEPT 89F6 AND $%S>A3
T 133 g""$

VALUELSS = VALUELA)3 VALURLT) = $78
LENGTH(S]) = 13 LEWNGTH(T] = 1
CSTRING>S t313 <STRInu CHARACTER>CS ,
T 333 ¢STRINGODY <«STKING CHARACTER>D
VALUE[S) = VALUE[C)3 VALUELT]) = VALUE(U) ¢ VALUE([D]

LENGTHLS) = 13 LEWGTHIT) = LENGTH{U) + LENGTH(O]

<ALPHA CONSTANT>A 33 878 <STHING>S $"%
VALUECA) = VALUEILS)

LENGTH(A] = LENuTH{S)
(LENGTH(S) S 99)

TYPELA) = ALPHA

CLABEL LITERAL>L t:= $[& <VARIAwLE>V 815
VALUETLJ = AUDRESS({V]
LENGTR{L] = 6

TYPELL] = INTEGER

(IT SHOULD BE NUTED THAT THE ADDRESS[VI CUNTAINS
INFURMATIUN AoUUT THE TYPELv] AND ANY INDEXING AND/OR

INDIRECTIUN DESIREDs THF EXACT FURM OF THIS
INFURMATION 1S LESCRIBEL UNDER DECLARATIONS BELOW).

<BNOLEAN CONSTANT>B s3= STRUESS ( 33= 3FALSES
VALUE[®B) = TRUE; vaLURLLY = FALSE

LENGTHLB) = 1 BiT3 LENGTHIC] = 1 RIT
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- TYPE(B) = SOULEAN3 TYPE(C] = BUOLEAN

CARITHMETIC COUNSTANT>A 333 <INTEGER>I3 H t:= <REAL NUMBER>R3S
C 1= <LABEL LITERALSL

- VALUE[A) & VALUELI )3 VALUE(B] = VALUELRIS VALUELC] =

VALUE(L]
LENGTHEA] = LENGTHLIJ3 LEWGTHIBY = LENGTH{RI; LENGTHIC] a
LENGTHIL) .
~ TYPELA] = INTEGERS (YPELB] = wEALs TYPE[¢) = INTEGER

<STUNgD ARITHMETIC CUNSTANT>S 33= CARITHMETIC CONSTANT>AS
T 183 (SIGNEU INTEGERSI3 U 3:a <SIGNED REAL >R

- VALUELS] = VALUELA)3 VALUELT) = VALUELIL]S; VALUELU] =
VALUELR) -
LENGTH[S) = LENGTH({AJS LENGTH{T) = LENGTHL{I13 LENGTH(U] =
LENGTHIR] : o '
- TYPELS) = TYPECA): TYPELT) = SIGNEDS TYPELU) = REAL

<STMPLE CONSTANT>A ii= CARITHMETIC CONSTANT>T3
B 133 <CUMPUTATIONAL HEX NyUMBER>U3
C 18 <VISPLAY HEX NUMBER>VE D 8t= <ALPHA CONSTANT>HW

VALUECA) = VALUELT)? VALUE(B) *® VALUELUI3 VALUECC] 3
' VALUE[V)S VALUECLU) = valuECwW)

LENGTHLA] = VALUVECT)s LENGTH{B) = VALUE[LU)} LENGTHIC] =
VALUELVI3 LENGTHID) = vALUEDW]

TYPECA] = TYPE[T)3 TYPELB) = COMP STRINGS TYPE[C] = ALPHA}
TYPE(D) = ALPRA

<STGNED CONSTANT>A s3= <SLMPLE CONSTANT>T:
= B 113 <SIuNED ARITHMETIC CONSTANT>y

VALUECAJ = VALUELT)? VALUELB] = vaLUELU]
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LENGTHLA] = LENGTHITJ? LENGTH[B] = LENGTHLU)

TYPELA) = TYPE[(T)3 TYPE(B) = TYPE[U]

THERE ARE CERTAIN TYPES OF CONSTANTS WHOSE ACTUAL ATTRIBUTES
DEPEND UN THEIR USt. IN EACH CASE, THE ATTRIBUTE DEPENDS ON
THE FIEWLD RECEIVING THE CONSTANT. wE INTRODUCE THE

INHERITED ATTRIBUTE |
RSIZEC) TO BE THE SIZE UF THE RECEIVING FIELD.

<SPECIAL CONSTANT>A 33= $[% BALLS $)8 <SIMPLE CONSTANT>S3

B 313 5% $JSRS 313 <SIMPLE CONSTANT>T;
C 18 $(3 SJSLS 818 <SIMPLE CONSTANT>U

LET REPEAT(x» Y) BE THE FIELND FOURMED BY REPEATING X A
SUFFLCIENT NUMBER OF TIMES SUCH THAT THE LENGTH NF THE
cONSTRUCTED FIELD 15 ¥ UNITS LONG (UNITS pIgITS OR
CHARACTERS DEFENDING ON TYPELX1)., - FOR EXAMPLE>»
REPEATL™A™» 5) = TAAAAAM,

VALUELA) = REPEATIVALUELST, RSIZECL] 1]
(RSIZEL] > LENGTHLS )

LET FILLINs T) 8F THE FLELD FORMED 3Y N CUONSECUTIVE
SPACES [F T = ALPHA; OTHERWISE N CONSECUTIVE DIGIY

ZERUS,

VALUE[B) = FILLIRSIZEL] = LENGTHITI, TYPELT) 1 ¢ VALUELT]S
VALUELC) = VALUELU) ¢ FILLLRSIZEC) = LENGTHCU)» TYPECU] )
(LENGTH{T) < RSIZEL]1$ LENGTHLU) < RSIZEC))

LENGTH[A) = RSIZEL]# LENGTHIB) = RSIZE[)® LENGTHLC) =
RSLLEL S

TYPE[A] = TYPE(S)3 TYPE(B) = TYPELT)S TYPELC) = TYPE([U)

EXAMPLES: LF Al>» A2» A3 ARE EACH DECLARED TQ0 BE OF TYPE
ALPHA AWMU OF LENGTH 8. THEN
A1 ¢ [ALL) "Ao"; A2 ¢ L[JSR] wAB®; A3 € (JSL] "Ag"

wouLD RESULT IN

Al = "ABABABAB"» Az = " aB"s A3 = "AB "
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<CONSTANT>A 3= <STGNED CUNSTANT>S: B 3:is= <SPECIAL CONSTANT>T3
C 31313 <sOULEAN CONSTANT>UY

VALUE[A] = VALUELS)3 VALUE[B) = VaLUELTY3 vaLuelcd =
VALUE (U]

LENGTHLIA] = LENGTH(SJs LENGTH(B) = LENGTH(TIS LENGTHLC) =
LENGTHLU) !

TYPELA} = TvPLL{S])S TYJELB} = TYPE[T): TYPE(C] = TYPEL U]
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IDENTIFIERS

<LETTER> 81= 5A$ // 8BS // $C$& // %0% // BE3 // §F8 // $G$ //

$HS // HL1d /7 $J9% // SWhE // LS // BMB // $NS // $0% //
P8 // 56U // RS // $S® // $T% // BUB // Vs // $WS //

8X$ // sYd // $L%

<NAMESN $3= <LLTTER>L3 M 3:= <CNAME>P <LETTER>Q

LENGTHL{N) = 15 LENGTHIM) = LENGTACP] + 1
(LENGTHILPY <€ ¢9)

ADDRESS(]
TYPEL]
SIZE()

VALUEL)

(<NAME> MAY NuT BE A RESERVED WORD EXCEPT 8IXx18, $1X28»
$1X3%, OR $BASts, SEE APPENDIX A, THE ATTRIBUTES OF

THESE SPECLAL NAMES ARE3
ADDRESS(SIx18) = 85 SIZE(SIX18] = 73 TYPE($1X18) 3

SIGNED
ADVDRESS[®IXx28) = 163 SIZELSIX2%) = 73 TYPELSIX28] =

SIanED
ADDRﬂSS($1X3$] = 243 S1Zels1Ix38]1 = 73 TYPELSIX38] =

SIGNED
ADUDRESSC38ASES) = 0; SIZELSBASES) = 17 TYPE(SBASES) =
INTEWER)

FRUM THIS FOINT ON (S) wILL BE USED T0O SHOW A FUNCTION
OF THE STATE VECTOR S, SIUE[y IS THE SIDE EFFECT OF A

SYNTAX ELEMENT.

CVARIABLE>V #1113 <NAME>N; W 3= <NAME>X <MOUIFIER>M
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ADDORESSLV) = AUWRESSINIS

ADDRESS[W] = ADDRESS{X) + ADURESSIM]

TYPE{V) = TYPELN]: TYPELW) = 1F TYPE{M) = NONE THEN TYPE(X)
ELSE TYPELW]
(TYPELV] # BOOLEANS TYPELW] # BOULEAN)

SIZELV) = SIZEUNI3 STZELw(S))1 = IF SILEIM] = NONE THEN
SILELX) ELSE SIZELM(S)]

VALUE[V) = VALUE[Nj3 VALUE([HW(S)] = IF TYPE[wW) = INDIRECT

THEN
CONTENTICONTENTLADDKESSIW INTEGER» 61+ TYPEIWI.

STZELW(S))) ELSE
CONTENTCAVORESSLA)» TYPEIWI]» SIZE{W(S)1]

NTYPE () (THE TYPE OF THE VARIABLE NAME WITHOUT ANY
MOULFIERS L(IE: THE DECLARED TYPED)

NS1ZEC() (THE S1Zt OF THE VARIABLE WAME WITHOUT ANY
MOULFIERS (IEs THE DECLARED SIZED) ’

<MODIFIER>M 1:= <TYPE MUpIFIER>T <INCREMENT MOpDIFIER>I <INpEX
MODIFIER>A <SIZt MUVIFIER>Z

(NUTC: A <MODIFIER> ALWAYS EXISTS FOR A PARTICULAR
<NAME>., WE USE THE INHERITED ATTRIBUTE NTYPEL] AS
DEFINED ABUVE. THE ORDER OF THE INDIVIOUAL MODIFIERS
WITHLIN <MUUIFIER> IS UNIMPURTANT AND DUES NOT AFFECT

THt RESULT.)
NTYPEC) N
ADORESS{M) 3 ADURESS[1] + ADURESS[ X

TYPEIM]) = TYPELT]

SIZEI(M(S)]) = SILEL£(S)])
WITHIN A <MUDIFIER> (ONLY). ANY TIME 3.5 APPEARS, IT CAN BE

REPLACEVL BY
<FLILLER> 8.8 <FILLER>,

<TYPE MODIFIER>A 33= <EMPTY>; B 1= $,%5 SUNS; C :11= 8,8 BUAS}

Por
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D 3§83 $.,5 $SiWbs E s¢= 8.3 $[A%s F t3= $,8 SNM$ 3
G 3= $ed SNUS

TYPE[A] = nuwEs TYPE([B) = INTEGER; TYPELC) = ALPHAS
TYPEID) = SIGNEU; TYPELE] = INUDIRECT;
TyPebFl = wUMERICS TYPElg) = INTEGER

<INCREMENT MUULFIER>L 332 <EMPTY>; J 1= $.8 <SIGNED INTEGER>K
(LENGTH{K]) £ 6)

ADDRESS( ) = 03
ADURESS[J] = IF (NTYPE[] = ALPHA OR NTYPE(] = NUMERIC)

THEN 2%XVALUELK] FLSE VALUEIK]

SINDEX MODIFIER>X 1= <EMPTY>3 A 112 g.3% $iXlsgs
B 31= Bed 6[X28; ¢ 3:= $.3 $1x3%

AODRESSLX] = U; AUDURESSLA) = VALUR($IX18); ADUDRESS[B] =
VALUE[(S[X28)3 AUDRESSIC) = VALUE($IX38%}

' <STZE MODIFIER>Z 133 <EMPTY>3 T 1= $,85<INTEGER>IS

U 3183 $.5<NAME>N

SIZE[Z(S)) = NUNE3 SIZELT(S)) = VALUELI]

(LENGTHCI) < o)
SIZE(U(S)) s IF (SIZLIN) = 2 AND ANDRESS(IN] =0 MO0D 2 AND

ApURLSSIND < 38) THEN VALUEIN(S)Y ELSE SIZEIN]

(N # 8IA183 W # $IX283 N # BIX38)

(THIS CUNSTRUCT WHERE AUDRESSEN] 1S USED AS THE SIZE OF
A FIELU IS CALLED "INDIRECT FIELD LENGTH™).

<SUBSCRIPT>T :i= <INTEGER>I3 U 3= CVARIABLE>V

VALUELTJ) s vALUELI}3 VALUELIT) = VALUEL V]
(TYPE[V) = INTEGWER UR SIGNED OR NUMERIC)

ARRAYS: O©PL ONLY ALLDWS ONE DIMENSIONAL ARRAYS, BY THE
SIZE(A] OF AN ARRAY A We SHALL HMEAN THE SIZE OF ONE ELEMENT IN
THF ARRAYy, oy THE DIMENSION[A] OF AN ARRAy A wE SHALL MEAN THE
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NUMBER OF ELt#ENTS IN THE ARRAY. WE SHALL SAY THAT A NON=ARRAY
NAME HAS DIMENSIUNT) = 1, THEREFURE FEVERY NAME HAS A DIMENSION
AS AN INHERITEUD ATTRIBUTE FRUM ITS VECLARATINN.

<ARRAY VARIABLE>A t3= <VARTABLE>V $($ <SUBSCRIPT>B %1%

TYPE(A] = TYPELV]
(TYPL{A) # BOULEAN)

SIZELA(S)) = SILZELV(S)]

ADDRESS[{A(S)] = ADNRESSLV] + NSIZE[fV] % VALUE([B(S)]
(0 $ VALUE(B(S)) < UIMENSIONIVD)
(NUTE THE USE Ur THE INHERITED ATTRIBUTE NSIZE([V] WHICH
IS NUT RECESSARILY THE SAME AS STZE(VI1).

VALUECLA(S)) = CONTENTLADURESSLA(S))» TYPELAD, SIZECA(CS)]]

SIDECACS)] = s" WHERE s"(Ix1) = <INDETERMINABLE>. g"(X) =
S(x) FUR X # IX1

<HNOLEAN VARLABLE>B 33= <WAME>N
ADDRESSIb} = ADURESSIN]

BUULEAN

TYPE(B)
1 8IT

SIZE(B)
VALUECB) = VALUEIN]

CIDENTIFIER>L $1= <VARIABLE>V; J t:= <ARRAY VARIABLE>A

K 112 <sUULEAN yvARIAGLE>E

ADORESS(CI) = ADDRESSLVIS ADORESS[J) = ADDRESS(AI}
ADURESS (K] = ADDRESS (8] :

TYPELI] = TYPE(V13 TYPE(J) = TYPECLAls TYPECK) = BOOLEAN

SIZELI(S)) = SIZELV(S) I3 SIZE(J(S)] = SIZELACS)1S
SIZELky = 1 BLIT



- 102 =
B P L 6/05/73

VALUELI(S)) = VALUELV(S))$ VALUECLJ(S)] = VALUECA(S)IS
VALUE[K(S)] = VALUELBR(S))

SIDE{I(S)) = SIUELV(S))s SIVE[LJ(S)) = SIDELA(S)S
SIVELK(S)) = 3
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ARITHEMTIC EXPRESSIUN

<ADDING QPERATUR>A $i= 3+¢33 B :i1= 3$=3

FUNCTIONE[A) = PLUS; FUNCTION[B) = MINUS

<TERM>T 1= ;IUENTIF15R>1; U 322 <¢ARITHMETIC CONSTANT>A
VALUE[T(S)] = VALUELI(S)3 VALUECU)Y = VALUELA}

TYPELT) = 7YPELII? TYPELUD = TYPECA]
(TYPE[I] = INTEGER Ok SIGNED OR REAL OR NUMERIC)

SIDECT(S)) = SIVELI(S)1; SIVECU(S)) = §

<FACTOR>T 33z <IUENTIFIER>I; U 1i= <SIGNED ARITHMETIC CONSTANT>A
VALUELT(S)) = VALUELJ(S))3 VALUELUD = VALUELA)

TYPE(T) = TYPE{I)S TYPE(U] = TYPE([A]
(TYPE({I) = INTEGUER OR SIGNED OR RFEAL OR NUMERIC)

SIDECT(s)) = SIDECLICS)I3 SIDELUCS)] = §

THERE IS A SPECIAL 1 8IT REGISTER NUT IN THE USER=S
ADURESS SPACE BUT ACCESSIBLE TO HIM CALLED "OVERFLOW".

<ADDING EXPHESSIUN>A 33= <TERM>T <ADUING OPERATOR>P <TERM>U

LET SMAX[A(S)) = MAXIMUMESIZECT(S))» SIZE(U(S)]]
LET FNLACS)) = FUNCTIONLP, VALUELT(S)), VALUEL(S)1],
1Es THE USUAL ARITHMETIC RESULT OF THe £ XPRESSION,

VALUELA(S)) = IF SIZECFNLA(S)ID > SMAXLACS)) THEN NONE ELSE
FNLACS)]

¢ (TYPE[TJ = REAL) IF AND ONLY IF (TYYPELU] = REAL) )

TYPECA] = IF TYPELT) = REAL THEN REAL ELSE SIGNED

SIZELA(S)) = SMAXLA(S)]
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Dm SIDELA(S)] = S™ WHERE S"(Z) = SIDECUCSIDELT(S)))1s Z #
OVERFLUWS S"(UVERFLOW) s IF VALUECA(S)] = NONE THEN
TRUE ELSE S(OVERFLUW)

CMPLA(S)] = IF SIDECUVERFLOW) = TRUE THEN CMP(S] ELSE

- CoMPLFNLA(S) )Y
(BY CMP[S) wE MEAN THE PREVIOUS VALUE OF CMP[), NOTE:

CMP{A(S)] DEPENDS UN THE RESULT OF THE ARTTHMETIC
OPERATIUNs NOT uUN THE TYPES OF THE TYERMS.)

_ <MULTIPLY EXPRESSION>M 1= <FACTOR>F $%3 <TERM>T
VALUELM(S)] = VALUE(F(S)) x VALUELT(S))

SIZELM(S)) 3 SILELF(S)) + SIZELT(S))
¢ (TYPE[T] = REAL) IF AND ONLY IF (TYPE(F) = REAL) )

TYPE{M) = IF TYPELF) = REAL THEN REAL ELSE IF (TYPELF] =
SIGNED UR TYPELT) = SIGNED) THEN SIGNED ELSE INTEGER

SIDEIM(5)) = SIDECT(SIVELF(S)])]
- CMPIM(S)] = CUMPIVALUELM(S)]]

<DIVIDE EXPRESSION>U 13z <FACTOR>F 3/3% <TERM>T3
E 335 $[5 SREMS $1% <FACTOR»G $/% <TERM>U

- LET FNIVD(S)] = FUNCTIONC/s VALUELF(S)]>» VALUELT(S)1] )
ANy FHNLECS)] = FuUNCTIUNL/» VALUELG(S))» VALUECUCS)I) IN
THE USUAL ARITHMETIC SENSE. _

CLET sziu(s)) = SIZELF(S)) = STZE(T(S))»
ANU SZLE(S)) = SIZELG(S)) = SIZELU(S))
A (sleefF(s)y > SIZELT(S) I3 'sIZE(G(S)) > SIZECLU(S)I])

VALUE[D(S)] = IF (SIZE(FNLL(S)]] > SZ[L(S))) THEN NONE ELSE
FNLD(S))

VALUELE(S)] = IF (SIZECFNCE(S))]1 > SZ(E(S))) THEN NONE ELSE
- FNLECS))

SIZELD(S)) = SZ{0($)I% SIZELE(S)] = SL(D{S)]
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™ ( (TYPECLF) = REAL) IF AND ONLY IF (TYPE[T] = REAL).
TYPE(G) # KeALs TYPELU] # REAL)

CTYPE[D] = IF TYPELF) = REAL THEN REAL ELSE IF (TYPE(F) s
SIGNED OR TYPELT] = SIGNEQ) THEN SIGNED ELSE INTEGER

~ TYPELD] = IF (TYPELG) = SIGNED OR TYPE(U] = SIGNED) THEN
SIGNED ELSE INTEGEK ‘ »

SIDECLD(S)S = S"™ WHERE $"(2Z) = SIOECT(SIDEIF(SY]))e Z #
OVERFLUW3 S"™(OVERFLOW) = IF VALUE{D(S)]1 = NONE THEN

TRUE ELSE S(OVERFLOW)

SIDELE (Sy) = S" WHERE Sw(Zy = SIDELU(SIDELG(Sy]))s 2 #
OVERFLUW» 2 # 3 S"COVERFLOW) = IF VALUECLE(S)] = NONE
THEN  TRUE ELSE S(OVERFLUW)Z S"(G) = IF VALUE[E(S)] =

NONE THEN S(G) ELSE
VALUE(G(S)] = VALUELE(S)] x VALUELU(S)] (IEt: THE

- REMAINUER UF THE DIVISIUN)

CMPLD(s)] = IF SIDELUVERFLOW] = TRUE THEN CMPLs) ELSE
COMPIFNCD(S) 1]

CMPLE(S)) = IF SIDECUVEKFLOW) = TRUE THEN CMP(S) ELSE
~ COMPIFWEE(S) ]

<ARPITHMETIC ELXPRESSIUN>A t3= <ADDING EXPRESSIUN>ES
B 13= <HMULTIPLY EXPRESSION>M; C 3= <VIVIDE EXPRESSION>V}
D 335 <FACTUR>F

VALUE[A(S)) = VALUELLE(S)]? VALUE([B(S)]) = VALUEEM(S))?
VALUELC(S)) = VALUELV(S)13 VALUELD(S)] = VALUELF(S))

SIZELA(S)) = SIZELe($8)13 SIZE(B(S)) = SIZELM(S)I3
SIcElC(s)) = SIZELV(S)I: SIZELD(S)] = STZELF(S)]

SIDELA(S)) = SIVELE(S))3 SIVE[B(S)) = SIDEIM(S)]}
SIWELC(S)) = SIDECV(S)Is SIDELD(S)) = SIDECF(S)]

TYPE(A] = TYPE(E)S TYPE(B] = TYPE(M)S TYPECLC) = TYPE(V])S
TYPELD ] = TYPELF]

CHPLA(S)] = CMPLE(S))3 CMPCB(S)] = CMPLM(S)IS
CMPLC(S)] = CMPLV(S)1s CMPIDN(S)) = CMPLF(SY )3
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BUULEAN EXPRESSION

<BNOLEAN TERM>T 1:= <BOULEAN CONSTANTSC: U s3= <BOOLEAN
VARIABLE >V

VALUELTS = VALUECC)3 VALUELU(S)) = VALUELV(S)]

<COMPARE OP>A $33 $38; 8 3:s 8 NEQ $3 C ti= ¥<33
D g3 § LEQ $3 € 383 $>83 F 1t= & GEQ $

VALUECA) = :( EQUAL )t 3 VALUELB] = t( GREATER, LESS )t 3
VALUE[C] = $C LESS )t 3 VALUELD) = 3( LESS», EQUAL )13
valklUb[e) = s GREATER )3 3 VALUE[LF] = t(¢ GREATER,

EQUAL )3

NOTE IN EACH CASE THE VALUE OF THE CUMPARE gp IS A SET
OF VALUES FOR THE COMPARISON INDICATOR WHICH ARE VALIO
FOK THAT CUMPARE UP,

CITEM>I 13= <IVENTIFLER>VS J t1= <SIGNED CONSTANT>C
VALUELI(S)] = VALUELV(S))® VALUELJ] = VALUELC)

TYPECI] = TYPEC(VIS TYPELJ] = TYPELC)
(TYPECI) # BOOLEANS TYPE[J] # BOULEAN)

SIDECI(S)] = SIVELV(S))3 SIDE[J(SI] =S

<COMPARISUN>C 333 <ITEM>[ <COMPARL UP>0 <ITEM>J

COMPARISONS ARE OUNE IN THE FOLLOWING MANNERs IF BOTH
TYPECI S AnD TYPELY) ARE ANY COMBINATION OF INTEGER,
SIGNED» OR NUMERIC» THEN THE COMPARISON IS ON THE BASIS
OF THE NUMERIC VALUE OF I AND J. IN ALL OTHER CASES»
THE COMPARISON IS UN THt BASIS OF THE CORRESPONDING
STRINGS, THE SHOKTER STRINW (IF ANY) IN THE
NON=NUMERIC CASE IS PADUED WITH TRAILING BLANKS TO MAKE
THE LEN4THS E@UAL. NUMBERS COMPARE HIGHER THAN
LETTERSs LETTERS HIGHER THAN BLANKS,

VALUE[C(S)) = IF THE SPECIFIED COMPARISON IS TRUE THEN TRUE
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- ELSE FALSE
SIVECC(3)) = SIVELJ(SIDELI(S)))]

CMP[C(s)) = IF VALUE[I(S)) = VALUECJ(S)) THEN EQUAL ELSE IF
VALUETI(S)) < VALUECJ(S)) THEN LESS ELSE GREATER.

o
<BNOLEAN FACTUR>F $3% <CUMPUTATIUNAL HEX NUMBER>C?
G 8133 <UISPLAY HEX NUMBERD>US H 133 <INTEGER>I
VALUELF) = vaLUECLC); VALUECLW) = VALUELD]:; VALUELH] =
- VALUEC L] :
LENGTHLF]) = LENWTH(C)3 LENGTH[W] = LENGTHLD]3 LENGTH(H] =
LENGTH L)
(LENGTA[F) € 23 LENGTH(G) = 13 LENGTH{H; < 2)
- )

CBNOLEAN ANG>A 13= <IDENTIFIER>I $ AND 8 <BUOLEAW FACTOR>F

(TYPE(I) # BOULEAN)

LET MASK[I(S)» F) bt THt STRINg OF 016ITS OR CHARACTERS
- (DEPENDING UN TYPELF]) THAT IS FORMED Y THE REPITION OF F A
SUFFICICNT NUMBER oF TIMES SUCH THAT LENGTHIMASKLTI(S),» FI11 2
LENGTH{I(S)J» BOTH EXPRESSED IN THE SAME UNITS (DIGITS OR
CHARACTCRS) .

LET 8ANUC1(S)s F] oE THE RESULT OF A LUGICAL AND OF I AND
-~ MASKLI(S)» F13 BANOCI(S)s F) = 1 AND MASKLIC(S)» F

VALUELA(S)3I = IF BANL(L(S) F] = 0 THEN FALSE ELSE TRUE
SIpErA(o)) = SIDECI(S)N
- CMPLA(S)]) = IF VALUECA(S)] = TRUE THEN GREATER ELSE EQUAL

<BOOLEAN NOT>N 333 <IDENTIFIER>[ ¥ NUT $ <BUOLEAN FACTAR>F

(TYPECLI] # BOULEAN)

VALUE[A(S)] = LF BAND[I(S)» F1 = MASK[I(S)s F) THEN FALSE
ELSE TRUE
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SIDECA(S)) = SIVELL(S))
CMPLA(S)) = IF VALUELA(S)] = TRUE THEN GREATER ELSE EqQuAl

THE <BOULEAN Anu> AND <BOOLEAN NOTs FEATURES ALLOW THE
CHECKING OF INVIvIDUAL BITS, FOR ExAMPLE, IF SWITCH IS
DECLAREV TO dE UF TYPE INTEGER, LENGTH 1 (DIGIT)
SWwITCH AnND 1§
IS TRUE IF THE ONE BIT OF SWITCH IS SET AND FALSE IF THE ONE
BIT IS NOT SET,
SWITCH AND 3
IS TRUE 1F E£ITHER THE ONE BIT OR THE TwO BIT IS SET AND
FALSE IF NEITHEK IS SET. THE NOT CHECKS FOR BITS NOT SET,.
SWITCH nOT 1 _
IS TRUE IF THE UNE BIT UF SWITCH IS NUT SET AND FALSE IF IT
IS SET» ‘
SWITCH NOT 3
IS TRUE IF CITHER THE UWE BIT QR THE TwQ 3IT 1S NOT SET AND

FALSE I+ oOTH ARE SET.

<STMPLE BOOLEAN>A $3= <BUULEAN VARIABLE>V3 B 311= <BUOLEAN

CONSTANT>#; C 3:= SQVERFLOWSS D s:= <COMPARE 0OP>X3 £ 331=
<COMPARISUN>Y3 ~ F 3%z <BOOLEAN AND>Z3 G 3%s <BOODLEAN NOT>U

VALUE[ACS)] = VALUELV(S))3 VALUELR] = VALUELA}):

VALUELC(S)) = S(NVERFLOW)S

VALUECLU(S)) = IF CHMPIS] <3 VALUEUX(S)) THEN TRUE ELSE
FALSES

VALUELE(S)] =

VALUECY(S))3 VALUELF(S)} = VALUELZ(S)]}
- VALUETU(S)] :

VALUEL[u(S)]

SIDECA(S)J) = SIVELvV(S))3 SIDE(B) = S3 SIDE(C(S)) = S"
WHERE 37(N) = S(N)» N # OVERFLUWw, Sw(OVERFLOW) = FALSE:
SIVELD(S)) = 53 SIDECE(S)) = SIDELY(S)]3 SIDECF(S) =
SIVELZ(s))3 SIDFLa(s)] = SINETU(S)]

CMPLA(S)) = ifF VALUE[LA(S)] = TRUE THEN GREATER ELSE EQUAL;
CMPL{B] = IF VALUECBL = TRUE THEN uREATER ELSE EQUAL;

CMPLL(S)) = CMP(S)3 CMPLU(S)) = CMP[S)3 CMPLE(S)] =
CMPLY(5)1s CMPLF(S)] = CMPLZ(S))3 CMP[G(S)) =
cMPLU(3)]

<BNOLEAN EXPRESSIUN>b $:= <SIMPLE BOOLEAN>T; C ::= SNOT )
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<SIMPLE SBUOLEAN>U

VALUECB(S)] = VALUELT($)]3 VALUE[C(S)).= IF vaLUELU(S)] =
TRUE THEN FALSE ELSE TRUE

SIDECB(S)] = SIZELT(S))3 SIDECC(S)] = SIDECUCS)]
CMPCB(S)] = CMPLTCS)3s CMPLC(S)) = CMPLU(S))’
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LUGICAL EXPRESSION

<LNGICAL OP>L t:= % AND 83 M 3:= 8 OR $5 N $33 3 NOT 8
FUNCTION[L] = LUGICAL AND3 FUNCTION{M) = LOGICAL OR}
FUNCTIUNIND = LOGICAL EXCLUSIVE OR
<LOGICAL TERM>L 33= <SIMPLE CONSTANT>C3 M i3= <IDENTIFIER>V
VALUELL] = VALUELCJIS VALUELM(S)] = VALUELV(S)]
SIDECL(S)] = S3 SIDE(M(S)) = SIDELV(S)]
TYPELL) = TYPE[C33 TYPE(M) = TYPE[V)
(TYPELC) = INTEGER» NUMERIC» ALPHA, OR COMP STR[NG!
TYPELV] = INTEGER» NUMERIC» ALPHA» OR COMP STRING)
LENGTH(L] = LENGTHLCI3 LENGTHCMCS)] = LENGTHLV(S)]

<LOGICAL EXPRESSION>E ti1z <LUGICAL TERM>L <LOGICAL NP>0 <LOGICAL
TERM>M

VALUECE(S)] = FUNCTIONCOs VALUELL(S))s VALUELM(S)] ]
(TYPELL] = TYPELMI)

TYPELE) = TYPELLY

LENGTHLE(S)) = MAXIMUMLLENGTHCL(S))s LENGTHIM(S)) ]

SIDECE(S)) 3 SIVECMCSIDELL(S) 1)) |

LET LEASTIX] BE THE VALUE OF THE ONE BIT OF THE LAST
(RIGHT=MOST,» LOW=URDER) DIGIT OF X.

CMPLE(S)) = IF LEASTIVALUECLE(S)]) = 1 THEN SREATER ELSE
EQUAL
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STATEMENTS

IN THE SAME MANNER AS IN PROFESSOR MAUER=S REPORTs WE
INTRODUCE ADUITIUONAL ATTRIBUTES FOR STATEMENTS!

EFFECT() == A FUNCTION FROM THE CURRENT STATE OF SOME
COMPUTATION TO THE STATE VECTOR AFTER THE CUMPUTATIQN, NOTE:
SIDE EFFECTS ARE INCLUDED IN THE EFFECT OF A STATEMENT.

INDEX[) == THE STATEMENT INDEY OF A STATEMENT., DUE TO THE
CHARACTERISTICS UF u8PLs WE CHODOSE TU LET THE STATEMENT INDEX OF A
STATEMENT BE THE COMPILER CHUSEN ADORESS OF THE START OF THAT
STATEMENT IN CUM3INATION wITH THE BLOCK NUMBER OF THE BLOCK THE
STATEMENT IS IN, 8LOCK[)e. THE BLUCK NUMBER IS DEFINED BELOW
UNDER "SCOPE OF IDENTIFIERS™. THE INDEx[] OF A STATMENT THEN
UEFINES EAC STATEMENT (AT VARIQyYS LEVELS) UNIQUELY- ANpg ALLOWS
THE CONSTRUCTION OF A LABEL FUNCTION

LABEL[] == A FUNCTIUN FROM A LABEL NAME AND BLOCK NUMBER TO
A STATEMENT INDE xe C

ExITC) == THE ExIT INDEX OF A STATEMENT I35 THE STATEMENT
INDEX OF THE NExT STATEMENT TO BE EXECUTED, EXITC) = NORMAL wILL
BE TAKEN TD MEAN THE NEXT. SUCCESSIVE STATEMENT,

IN ORDER TQ VESCRIBE THE EFFECT OF A SLCTION WHICH IS NOT A
STRAIGHT=LINE SECTIUN ([E: HAS BRANCHES). WwE INTRODUCE

STEPL) == THE SINGLE STEP FUNCTION, STEPL] IS A FUNCTION OF
THE PAIR (S, K) wHERE S 185 THE CURRENT STATE VECTOR, AND K THE
CURRENT STATEMENT INUEX TU THE PAIR (S", K"), THE NEW STATE
VECTOR AND STATEMENT INDEX, THEN THE .

GENEFFECTC() == THE GENERALIZED EFFECT =< CAN BE DEFINED AS A
FUNCTION OF THE SINGLE STEP FUCNTION,

' INSTEAD OF HAVING A NUMBER OF STATEMENTS IN A SECTION
ATTRIBUTEs wt INTRODUCE A

INDEXSETL) == THE SET OF ALL STATEMENT INDICES OF THE

ARGUMENT,

SEE REFERENCE 2 FOUR ADULTIONAL INFORMATION ON THIS SUBJECT,

<SECTION>X 333 <STATEMENT>TS
Y 382 <SECTIUND>Z 338 <STATEMENT>U

INDEXSET{X] = INDEXSETLTI? INDEXSETCY) = INDEXSETLZ) .U,
INVEXSET U]

STEPIXI((S, INDEX(TI)) = (EFFECTIT(S)Ye EXITIT(S)D)
STEPLYI((Se K)) = STEPLZIC((S. K)) FOR K <% INDEXSETC[Z)»
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<PROGRAM WNAME> 33z <NAME> $33% // <EMPTY>

<PROGRAM>P 313 <PROGRAM NAME> <8LOCK>B
INDEXSETCP] = I[NDEXSET(3)
EFFECTIP(S)) = EFFECTIB(S))

EXITIP(S)] s STUP wHERE STOP Is THE SPECIAL EXIT INDEX TO
THE UPERATING SYSTEM (MCP) TO CAUSE THE PROGRAM TO
TERMINATE,

A LABEL IS UEFINED By ITS NAME AND THE BLOCK WITHIN wHICH IT
IS DECLARED (wHICH MUST Bt THE SAMF AS THE 8LOCK WITHIN WwrAICH IT
APPEARS) AND ITS STATEMENT INVEXx, ODEFINE

LABEL([) == THE LOCAL LABEL FUNCTION FRUM A LASEL AND B8LOCK
NUMBER TO A STATEMENT InNUEX,

SLABEL> $1= <NAME>

<STATEMENT>T 88z <BLUCK>B; U ti= COMPOUND STATEMENT>C3 V 3=
<SIMPLE STATEMENT>D3 w ti1=z <LABEL>L $:8% <STATEMENT>E

INDEXSETLT] = INDEXSET(S)s INDEXSETIU] = INDEXSETC(CI3
INVEXSET(V) = INDEXSET(U)3 INDEXSETtw]l = INDEXSET[E)

EFFECT(T(s)] = EFFECTL(S))? EFFECTLU(S)] = EFFECTIC(S) 1}
EFFECTIV(S)] = EFFECTID(S)I3 EFFECTIW(S)] =
EFFECTLE(S)]

EXITLT(S)) s EXITIB(S)IS EXIT(U(S)) = EXITIC(S)1?
EXITIV(S)) = EXITCD(S)I3 EXTTIW(S)] = EFFECTLE(S)]

LABEL[T) = LABEL[BJ}s LABELCU) = LABELICI3 LABEL[V] =
LABELCU)? LABELIw]) = 8C (Lo INDEXCE]) )t U, LABELLE]

<STMPLE STATEMENTOP 33= <ASSIGNMENT STATEMENT >A S
Q@ 1813 <CONDLTIUNAL STATEMENT>C3
R 3133 <KTRANSFER STATEMENT>Y3
T 33 <PRUOCEVURE CALL>FS
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<MCP KREQUEST>M3;

<CASE STATEMENT>D:
<LOUP STATEMENT>L:
<COMPARE STATEMENT>N3
CCUNVERT STATEMENT>E;
<FIND STATEMENT>F

INDEXSETL

EFFECTLIP(S)) = EFFECTLAC(S) )}

EXITLP(9)]

EFFECTIR(S))]
EFFECTLT(S))
EFFECTLU(S)]
EFFECTLV(S))
EFFECTIN(S)]
EFFECTCX(S) )
EFFECTLY(S))
EFFECT[2(S)]

EXITILR(SI]
ExITIU(S)]
EXITIW(S)]
EXATLY(S))

Hwonnaw

=

oo nwum

2 EXLTLA(S))S
EXITIB(S))S
EXITIM(S) )3
EXTTILCS )14
EXITC(E(S) )}

EFFECT(B(S)13
EFFECT(P(S)1}
EFFECTIM(S) ]}
EFFECT(D(S) 13
EFFECTLL(S) ]S
EFFECTIN(S) 13
EFFECTCE(S) I3
EFFECT[F(S)]

EXITER(S)]

EXITCT
EXITIV(S
EXITIX(S)]
EXITLZ(S)]

(S

£
)
)

EFFECT(R(S)]

X
]
]

6295473

& EFEECTLelS)1?

TIC(S) 13

= EXITIP(S) 3
= EXITID(S)]3
= EXITINCS) 1}
2 EXIT(F(S))
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ASSIGNMENT STATEMENT

IN ORDER TQ EXACTLY DEFINE THE RESULT OF AN ASSIGNMENT
STATEMENT UNUER THE MANY POSSIBLE COMBINATIONS OF TYPE AND SIZE
IN AN ORDERLY AnND EASILY UNDERSTOUD MANNERs DEFINE

ASSIGN[RS» RT3 SS» STe SVI
T0 gE THE VALUE OF THE RECEIVING FIELD OF TyPE RT, SIzE RS wITH A
SENDING FIELV UF TYPE ST» SIZE SS» AND VALUE Sv, THIS IS DUNE IN
THE FOLLOWING TABLE. .

/ 7/ 1s USEu FOR ABSULUTE VALUE.

ANY COMBINATIONS THAT 0O NOT APPEAR ARE INvALIo.

#Sv IS USED TO MEAN-THE NUMERIC SUBSET OF svs IE: THE UDD
ADDRESS DIGITS uNLY UF THE ALPHA Sv, . FNR ExAMPLEs THE CHARACTER
A HAS AN EBCUIC REPRESENTATION AS Cl1» R AS C2» C AS €3, IF SV =
"ARC", THEN #SV = 123,

@Sv IS USED TU MEAN THE CHARACTER STRING 'FORMED BY APPENDING
THE UNDIGIT F TO EACH DIGIT UF THE VLIGIT,UNDIGIT STRING SV. NOTE
FO IS n0"s oeer F9 IS w9ynm (HOWEVER» FA» FBs FC» FD» FE, ‘AND FF
ARF yNPRINTABLE (HARACTERS), THEREFORE, IF sv =123, @SV =
wio3n, IF SV = @ABC®, THEN @SV = YFAFBFC%,

#NONE® MEANS NUO VALUE IS FORMED. USUALLY OVERFLOW. witu BE
SET IN THESE CASES,

THE COLUMN HEAUER ™RS 9 SS"™ WILL CONTAIN CUMPARISON
INDICATORS TU INUICATE THE RELATIVE SIZE OF THE RECEIVING AND

SENDING FIELUS.
THE ST ANV RT FIELULS STAY THE SAME DOWN A CULUMN UNTIL

CHANGED,
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-~ RT ST RS

-
e
w

ASSIGNIRS, RT3 SS» STs SVI

SV
REPLATLO,RS=S5] ¢ SV
NONE

INTEGER INTEGER

AV U

SV
REPEATL0OsRS=SS]) ¢ SV
NUNE

-~ COHP STR

AV

NUMERIV #SV
REPEAT(Q0,RS=SS5]1 ¢ #SV

NONE

AV 1

/8V/
REPEATLO,RS=35) ¢ /S8V/
NONE :

SIuaNED

AV R

#sSyv
4S5y ¢ REPEAT[{U,RS5=SS]
< NQNE

BUULEAN HS IF Sv = TRUE TRHEN 1 ELSE O

RS 1F SV = TRUE VHEN REPEATCOsRS=1] 3
- 1 ELSE REPEATLU,RS]

~ ALPHA

v u

v

SV
REPEATIO.RS=SS] & SV
NONE

— COMP STR INTEGER

ANV U

Sv
REPELATLO,RS=SS] ¢ 8V
NONE

-~ cuMpP SITR

AV 1t

#SvV
REPEATLO?RS™SS] & #SV
NONE

"

NUMERIC

»
AV

/SV/
REPEATLQeRS=SS5) ¢ /8V/
NUNE

SIuUNED

AV 1

# SV
#SV ¢ REPEAT(UrRS=SS]
NONE

~ ALPHA

AV 1



~ NUMERIC

ALPHA
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ST

BouLEan
INTEGER
COMP STR
NUMERIC

SIuNED

ALPHA

INTEGER
comp STR
NUMER]G

ALPHA
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RS 7 3S

RS = 1
RS > 1

ASSIG

IF Sy

IF SV
1 ELS

RSV

REPEA

NONE

asyv

REPEA
NONE

SV
REPLA
NONE

/8V/

REPEA
NONE

SV
Sv 3
NONE

asv
REPEA
NONE.

@Sy
REPLEA
NONE

SV
Sv ¢
NUNE
Sy
Sv ¢
NONE

6/05/73

N{RSs, RT; SS» ST, SV]

= TRUE THEN 1 ELSE O
= TRUE THEN REPEAT[0*RS®1)

€ REPEATLO,RS]
T(O,RS=58] ¢ @SV
rLO»RS=SS1 ¢ @SV
TLOSRS=SS) ¢ SV

TCO»RS=SS) ¢ /SV/

REPEAT{ & 8,RS"SS)

TlOo,RS=58) ¢ @SV

T(O*RS"SS] ¢ €SV

HEPEATILS $,R5~SS)

REPEAT(S $»R57SS)
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. sT KS 7 SS  ASSIGNLRSs RT3 SS» ST, SV)
INTEGWER = SV
> REPEATC(O,RS=SS] t SV
< NQONE
COMP SIR = SV
>  REPEATLOsRS=S51 t SV
< NONE
NUMERIC s zsv
> REPEATLO,RS=SS) & #SV
< NONE :
SIGUNED a SV ~
> REPEAT[OsRS=557 ¢t SV
< NUNE
BUULEAN RS = 1 IF SV = TRUE THEN 1 ELSE O
RS > 1 IF SV = TRUE THEN REPEAT([OsRS=1)
1 ELSE REPEATLQ,RS]
BOOLEAN X

AA 13 <IDENTIFIER>A $¢3 <CONSTANT>K
SIVENTIFIER>B $¢8 <IDENTIFIER>L
<IDENTIFIER>C $¢3 CARITHMETIC EXPRESSION>M
SIUVENTIFIER>U $¢% <LOGICAL EXPRESSION>N

$13 <[DENTIFIER>P
$1% <IVENTIFIER>Q

SIDENTIFIER>E $¢% 5[8 $XCHS
CIDENTIFLER>F $¢% §[$ $XCH$
<BLANKS> <IDENTIFIERSR
SIVENTIFLER>G $¢% $(3 4083
SIVENTIFIER>H 3¢5 $(% 3MVCS
SLUENTIFIER>L 8e€$ 5[ $CHRS
SIVENTIFIER>Y $¢$ 3(3 STGLS

EFFECTCAA(S)] = S" wHEKE

S"(A(S)] = ASSIGN[LENGTHLA(S)]» TYPE[A)S LENGTHLK]»

TYPELK)s» VALUELK],

ST(UVERFLOW) = IF S"™(A(S)) =

S(OVERFLOW)»

$1%
18
3)%
818

S"(X) = SIDECA(S(5))] OTHERWISE

EFFECT{BB(S)) = §" WHERE

-~ RT
SIGNED
~
o
~
BOOLEAN
P
/\' 88
cC
DD
. ™ EE
FF
GG
HH
11
- JJ
A~
)

CIDENTIFIER>T
<IDENTIFIER>U
<IDENTIFIER>V
<IDENTIFIER>W

NONE THEN TRUE ELSE
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S"(B(S)) = ASSIGNILENGTHIB(S))s TYPE[BI3 LENGTHLL(S)I»
TYPE(L])» VALUECL(SIDE(B(S)1)11,

ST(UVERFLOW) = IF S"(8(S)) = NONE THEN TRUE ELSE
SCUVERFLUN),

S"(X) = SIVECL(SIPELB(S(X))1)) OTHERWISE

EFFECTECC(S)] = S™ WHERE
S"(C(S)] = ASSIGNCLENGTHCC(S)1s TYPELCIS LENGTHIM(S)1»
TYPELM)» VALUELM(SIOELCC(S)I)I)»
Sw(OVERFLOW) = IF Sw¢c(S)) = NONE THEN TRUE ELSE
SCUVERFLUW)»
S"(X) = SIDECM(STDELC(S(X))]1)) OTHERWISE

EFFECTL[VUD(S)] = S WHERE .
S*(D(S)) = ASSIGNLILENGTHID(S)1» TYPELDI LENGTHINCS)I»
TYPELN]» VALUECNCSIDELD(S)))1,
SW(UVERFLUK) = LF S™(D(S)) = NONE THEN TRUE ELSE
. S(OVERFLOW).
SW(X) = SIVEIN(SIDELD(S(X))))] OTHERWISE

EFFECTLEE(S)] = S"™ WHERE
S"(E(S)) = VALVE[P(SIDECE(S)))
ST"(PC(SIDECE(CS)))) = VALUELE(S)
SW(S) 3 SIUECP(STRELE(S(X))IN

)
],
OTHERNWISE

EFFECT{FF(s)] = 8™ WHERE
S"(F(S)) = VALUEL(SIDECLF(S)]) )
S"(QACSIDECE(S)I)) = VALUECRCSIDELQ(SIDELE(S)IINI]Y
ST(R(SLOECQ(SIDECE(S)1)1)) = VALUELF(S)]»
Sn(Xx) = SIVECR(SNDIECQ(SIDELF(S(X))1)1)]1 OTHERWISE

EFFECTCLuG(S)] = S" WHERE
Sw(G(S)) = VALUECTC(SIDE[G(S)))]»
S*(X) = SIVECT(SIDE[G(S(X))))) UTHERWISE

EFFECTLHH(S)] = S" WHERE
S"(H(S)) = VALUE[CU(SIDE[H(S)1)]»
SW(U(SIDELH(S)1)) = IF TYPELUI = INTEGER OR NUMERIC
THEN ASSIGNLLENGTHLU(S) s ALPHAS LENGTHIU(S)I»
ALPHA» REPEATL %00%, LENGTH{U(S)1]] ELSE
ASSIGN{LENGTHLU(S))» INTEGER; 1, INTEGER, V],
S"(X) & SIVECLU(SIDELIH(S(X))1)) OTHERWISE

EFFECTCII(S)] = S" WHERE

SP(I(S)) = ASSIGN{LENGTHLIC(S))» TYPE[I]} LENGTHIV(S)1»
TYPELV)s VALUELV(SINECLI(S)I)I1)»
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SY(UVERFLOW) = IF S®"(I(S)) = NONE THEN TRUE ELSE
. SCJUVERFLUN). ‘
SP(x) = SIVECV(SILECI(S(X))))] OTHERWISE

EFFECTLUJ(S)]) = S"™ WHEKE :
S"(J(S)] = ASSIGN{LENGTH[J(S))» TYPE[UIS LENGTHLN(S) ),
TYPE({W]» VALUELW(SIDECLJ(S)I)1]»
SW(UVERFLOW) = IF. S"(J(S)) = NONE THEN TRUE ELSE
- S(UVERFLOW)»
s"(xX) 3 SIDECn(SIDE€J(S(X)I]] OTHERWISE

EXITCAA} = NORMALS EXITCBB) = NORmMALS EXITICC] = NORMALS

ExIT{UD] = NURMAL3 EXIT(EE) = NURMALS
EXIT(FF] = NORMAL?} EXITEGG) = NORMALS
EXITIHH) = NUGRMAL3 EXITLII] = NORMAL S
EKIT[JJ] = NORMAL : o

(TYPE[AJ Anu TYFELR] VALID TYPE PAIR ACCORDING TO ABO0VE
TASLE: LENGTHIA(S)]) < 1003 '

TYPECB] ANU TYPE{L] vALID TYPE PATR ACCORDING TO ABOVE
TABLE; IF LENGTH[B(S)) 2 .100 THEN (LENGTH(B(S)] =
LENGTHCLCSLDELB(S) 1)) AND TYypElB) a TYPEILL] AND
ADURESSEB(S)) = 0 MOD 4 ANV ADDRESSIL(SIDELB(SIII] = 0
MOO 4) ELSE LENGTHIL(S)) < 1003

TYPE[C) = INTEGER UR NUMERIC OR SIGNED; LENGTHIC(S)] < 1003

TYPELD] # (SIGNED UR REAL OR BUOLEAN)S LENGTH[D(S)) < 1003

TYPE(E] = TYPELPIS LENGTH(E(S)] = LENGTH{P(SIDELE(S) 1))}

TYPELF) = TYPECLW]) = TYPELRD? LENGTHIF(S)) =
LENGTH(G(SIDELF(S)])] = LENGTH[R(SIDE(Q(SIDE[F(S)])])]3

TYPELG) # (SIGNED UR REAL OR BOOLEAN)S TYPECLT] # (SIGNED OR
REAL UR BOULEAN)3 LENGTHIG(S)] =,
LENGTH[T(SIDE[G(S)])]} ADORESS(G(S)] = 0 MOD 43

ADURESS(T(SIDELG(S)))] = 0 MOD 43
TYPE(H] # (SIGNED UR REAL OR BOOLEAN)s; TYPELU) # (SIGNED OR

REAL OR BOOLEAN)3; IF TYPE[H] = ALpHA OR NUMERIC THEN
TYPELyJ = ALPHA OR NUMERIC] LENGTH(H(S)] =
LENGTHIUCSIDELH(S)1) 13 ADDRESSIH(S)] = 0 MOD 43
ADURESSCUCSIDELH(S)1II]) = 0 MOD 43

TYPELI] AND TYPE[V) VALID TYPE PAIR ACCORDING TO ABOVE

TABLE; TYPEC() # BOOLEANS _
TYPELJ) AND TYPECW) vALID TYPE PAIR ACCORDING TO ABOVE

TABLE: TYPelul # BOOLEAN)

CMPLAA(S)) s IF TYPE[LA) # (BOOLEAN OR ALPHA) AND TYPELK] #

(BUULEAN UR ALPHA) AND LENGTH{A(S)] # _
LENGTH(K) THEM COMPC{VALUELK]) ELSE <INUETERMINABLE>}
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CMPLBB(S)) = IF TYPE(B] # (BUOLEAN OR ALPHA) AND TYPEILL] ¢

-~
(BUULEAN UR ALPHA) AND LENGTHIA(S?] #
LENGTniL(SIDE[u(SJJ)l THEN
CUMP[VALUE[L(SIUELB(S)J)]J ELSFE CINDETERMINABLE>S
CMPLCC] = CMPIM(SIUVELC(S)])]3
7
CMPLOD] = CMPLN(SIVECD(S))) 13
CMPLEE] = CMP(S)}3 CMPIFF] = cCMPLS Y3
CMPLGG] = CMPLS)3 CMPIHH] = CMPISI3
-
CMPLII) = <INDETERMINABLE>S
CMP[JJ) = IF TYPE[W] = (ALPHA OR NUMERIC) THEN
COMPL#VALUE [W(SIDELJ(S)])])) ELSE
COMPLVALUELW(SIDELY(S)1I)
IN FORM BB (UNLy) THe FULLOWING RESERVED wWORDS MAY BE USED:
~\
V.Y
»M
)



-~ RESERVED
#0RD (L)
DATE
JUATE

~
ME MORY

) REMAINDER

~

LENGWTH
(8(3)1

©

3

(]

?

ROUTINETYPE 4

~
(SEGDICT]
TIME

- TIMEGD

" fo

-~

6

1v

10
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TYPE
i)

INTEGER
INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

6/05/73

VALUELB(S5)] C(RESULT) AND
COMMENTS

RUN TIME UATE IN FORM MMODYY,
RUN TIME DATE IN FORM YYDOD.

RUN TIME CORE ASSIGNED TO PROGRAM (IN
FORM CCCxxX wHERE CCC IS NUMBER OF
THUUSANDS OF DIGITS ASSTIGNED» XXX
INDETERMINABLE) .

REMAINUER OF THE LAST OIVIDE REQUEST
(UNLESS ([REM] WAS SPECIFIED ON THE
DIVIDE)., STZE AND TYPE DEPEND O« FORM
OF THE ARITHMETIC INSTRUCTION
INVOLVEDs IN GENERAL B SHOULOD 8E THE
SAME SIZE AND OF THE SAME TYPE AS THE
WIVIDEND,

INFORMATION NEEDED wHEN A USER CHOOSES

TO PROCESS HIS NaN FILE LABELS. USE
AND CONTENTS BEYUND THE SCOPE OF THIS
PAPER.

ADDRESS UF SEGMENT DICTTONARY. USE
BEYOND THE SCOPE OF THIS PAPER,

TIME OF DAY IN MILLESECONDS.

TIME OF 0AY IN HUURS, MINUTES»
SECONDS» AND 60THS OF SECONDS IN FORM
VOHHMMSSXX,
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CUNDITIUNAL STATEMENT

<CONDITIONAL STATEMENT>X $3= BIF $ <BOOLEAN EXPRESSIUN>3 & THEN $

<STATEMENT>TS
Y 133 $1F $ <BOULEAN FXPRESSION>C & THEN & <STATEMENT>U

- - $ ELSE $ <STATEMENT>V

EFFECTLX(S)) = IF VALUELB(S)] = TRUE THEN
EFFECTUT(SIDELB(S)I)] ELSE S3

EFFECTLY(S)) = [F VALUELC(S)] = TRUE THEN
EFFECTLUCSIDELC(S)I)] ELSE EFFECTIV(SIDELC(S)I)]
EXITIX(3)) = [F VALUELB(S)] = TRUE THEN EXITCT(SIDELB(S)])]

ELSE NURMAL3

EXITLY(S)) = IF VALUELC(S)) = TRUE THENW EXITLU(SIDELC(S))))
- ELSE EXITLV(SIDECC(S)1)]

CMPLX(S)) = IF VALUE(B(S)] = TRUE THEN CMPLT(SIDE(B(S) ]
ELSE CMP[B(S) I3 ‘

CMPLY(S)) = IF VALUE(C(S)] = TRUE THEN CMPLU(SIDELC(S)])]

) ELSE CMPLV(SIVELC(S)])]
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TRANSFER STATEMENT

<TRANSFER COMMANU> ttz 860 8 ,, <TRANSFER COMMAND> 8TO $
(YESs " GO TO TO ™ IS VALIDS)
~\
<TRANSFER STATEMENT>X t1= <TRANSFER COMMAND> <LABEL>L;
Y 1i= <TRANSFER COMMAND> <VARIABLE>I
EFFECTCXA(S)) = S EFFECTIY(SY] = SIDECI(S)]
a EXITIX(S)) a LABELLLIS EXITCY(S)] = AUDRESSLT(S))
CMPEX(S)) = CMPLS)3 CMPLY(S)1 = IF SIDECI(S)) = § THEN
CMPLS) ELSE CMP[SIDE[I(S)))
- (USUALLY THE SECOND FURM IS USED IN THE CASE OF
INUIRECTIUN, 1E5 I HAS A <TYPE MUDIFIER> OF nIAw,
HOWEVERs I7 IS VALID TO TRANSFER TO A DATA NAME
DIREUTLY.) i
R
o~
-
=
-~



|
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PRUCEDURE CALL

<PROCEDURE CALL>P 3i= <PROCEDURE NAME>N <PRUCEDURE ARGUMENT >A
EFFECTEP(S)) = EFFECTLPRUCEDURE N(5)]

EXITLP(3)]) 3 EXITINCGS)]

<PRUCEDURE NAME> 333 <NpMge>

<ARGUMENT> t3= <CONSTANT> // <IUVENTIFIER> /7 <LABEL> //
<PROCEDURE iNAML>

CARGUMENT LIST>A 3t= C¢ARGUMENT>X3
B 185 <ARoUMENT LIST>L 3.8 CARGUMENT>Y

NUMARGS[A] = 13 . NUMARGSLB] = NUMARGSCL) + 1
(NUMARGS[L) £ 9) :

ARGNUM[X] = 13 ARGNUMLY] = NUMARGSIL) + 1

¢PRUCEDURE ARGUMENT>A 3= <EMPTY>}
B 333 $(8 <ARGUMENT LIST>L $)8%

NUMARGSC(A) = 03 NUMARGSLB] = NUMARGS(L)

Tht wuMBER OF ARGUMENTS mMuST BE THE SAME AS THE NUMBER
OF FURMAL PARAMETERS IN THE PROCEUVURL OECLARATION FOR
<PROCEUURE NAME>, EACH ARGUMENT MUST BE OF THE SAME
TYPE aS THE CURRESPUNDING FORMAL PARAMETER, IF THE
FORMAL PARAMETER 1S A CALL=BY=NAML PARAMETER THE LENGTH
OF THE ARGUMENWT MUST BE THE SAME AS THE LENGTH OF THE
FOrMAL PARAMETER, ARGUMENTS NF THE FORM <LABEL?> UR
<PRUOLEUURE NAHME> MUST CURRESPOND TO CALL=BY=NAME
PARAMETERS,

PRUCLDURES MAY 8E CALLEU RECURSIVELY AND/OR NESTED IN
ANY FasHiuwn, SEE "PRUCEDURE DECLARATIONS» BELOW,
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MCP REGUEST

TH1S SECTIUN LEALS WITH ALL STATEMENTS THAT INVOLVE
PROCESSINu SEING DUNE FOR THE USER BY THE MCP (MASTER
CONTROL PRUGRAM). MOST MCP REQUESTS DEAL WITH I/0
OPERATIUNS, EVERY 1/0 UPERATION MUST BE DONE TD A" FILE. A
FILE 1S IVENTIFIED By A

<FTLE NAME> 1:3 <NAME>.

FILE NAMES MyST BE UNIQUE IN THE .FIRST 6 CHARACTERS AITHIN A

PROGRAM. wlITHOUT GETTING INTO VERY MUCH DETAIL OR
DISCUSSING vARIUUS SPECIAL PROCESSING wHICH CAN BE DONE.
EACH FILE HAS A RECURD AREA TO HOLD THE CURRENT RECORD BEING
PROCESSED., THIS RECURD AREA wILL BE NUTED 8Y

RECORDLF) 4 , |
WHERE F IS THE FILE NAME, THE SPECIAL WORDS TNPUT(F] AND
OUTPUT(F) wiLL BE USED TO INDICATE THE FACT THAT A RECURD
HAS BEEN REAU OR A RECURD WRITTEN,

THEREFURE BY S WE MEAN THE STATE VECTUR NOT INCLUDING
THE CONTENTS OF ANY FILES.,

NO ATTEMPT WwILL BE MADE TOQ COMPLETELY DEFINE THE EFFECT
TO A FILE UUE TU BLOCKING, OR WHAT HAPPENS wITH RANDOM DISK
FILES» ETC, - :

SINCE UNE UISKk FILE MAY BE SIMULTANEQUSLY ACCESSED 8Y
SEVERAL PROGRAMS IN EACH OF SEVERAL SEPERATE PROCESSURS
(SHARED FILE CONCEPT, NOT MULTIPROCESSING)» A FACILITY HAS
BEEN IMPLEMENTED Tu PREVENT OTHER PROGKAMS FROM ACCESSING A
FILE UR PART OF A FILE OURING CRITICAL PATH PROCESSING,
THIS IS CALLED "LOCK"™, AND CAN BE DONE ON A FILE OR RECOROD
BASIS,

THIS DISCUSION ASSUMES THAT THE USER IS NOT
"FIB=FIUDLING",» MOUIFYING THE CUNTENTS OF HIS FILE
INFORMATIUN BLUCK UDURING HIS RUN. SOME USEFUL ROUTINES CAN
BE DEVELUPED USING THESE METHOLS, BUT THEY 00 NOT LEND
THEMSELVES Tu A RIGUROUS DISCUSION ON THIS LEVEL,

BY "EQF" WE MEAN THE END=QF=FTLE CONDITION HAS BEEN
SENSED UN THE FILE IN QUESTION, IT CAW ALSO MEAN THAT THE
KEY FOR A RANDUM DISK FILE IS INVALID.

BY "ABURT®™ WE MEAN THAT THRE ACTION IS INVALIDO AND THE
PROGRAM IS TU uE TERMINATED BY THE MCP,

THE CONCEPT OF A VARIABLF WHOSE ATTRIBUTES ARE FIXED
WILL PRUVE USEFULS
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<CLEAN VARIABLE>A 3= <VARIABLE>V

(v CAN NUT HAVE A <TYPE MODIFJER> OF "IA"3 Vv CAN NOT
BE INUDEXEUS v CAN NOT HAVE AN INVIRECT FIELD LENGTH

APPLIED)Y -
TYPELA] = TYPELV]
LENGTHLA) = LENGTHLV]

ADDRES3(A) = AULRESS(V)

<CACCEPT STATEMENT>A 11= $ACCEPT 3 <CLEAN VARIABLE>V

(TYPELV] = ALPHA)

EFFECTLACS)) = s™ wrERE s™(V) = <QPERATOR MESSAGE>s s"(X) =
S OTHERwISE

EXITUA(S)) = NORMAL

Tuls STATEMENT ALLUWS THE PROGRAM TO REGEIVE pATA FROM
THE SYSTEM OPERATURs NO FILE IS INVOLVED. THE DATA IS
PLACED IN v JUST AS THE OPERATOR TYPED IT IN, STARTING
WITH THE FLRST CHARACTER UF V., IF THE OPERATOR TYPED

IN FEwtER CHARACTERS THAN LENGTH{V) THEN THE DATA IS
FOLLUWEY BY AN ETx (%03%), IF THe OPERATQOR TYPED MORE

THAN LENGTH[V) GHARACTERS, ONLY THE FIRST LENGTHCV] ARE
PLACED IN V, ’

<CLUSE STATEMENT>C 333 »CLOSE & <REEL?> <FILE NAME> <CLOSE TYPE>
<CRUNCH>

EXIT{C(>)] = NURMAL

THE CLOSE STATEMENT CLOSES THE SPECIFIED FILE ACCORDING
TO <CLUSE TYPE>., THE FILE MUST HAVE BEEN OPEN PRIOR TO
THE CLUSE.

<REEL> t1= <EMPTY> // EREEL &
CAW BE wREEL® ONLY FOR TApPE FILES TO INDICATE THAT THE
CURRENT REEL (OF A MULT1=REEL FILE) IS TO BE CLOSED.
(THE FILE REMAINS UPEW). THE END 0F REEL ACTION IS
PERFURMED AUTUMATICALLY BY THE MCP WHEN PHYSICAL END OF
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REEL IS REACHED.

<CLOSE TYPE> 335 <EMPTY> // & PURGES // % RELEASES //

$ RENINUS // & NG REWINDS /7 & ND REWIND RELEASES
// & REMOVES // & LOCKS // 8 NU DISCONNECTS

INUICATES TYPE UF CLOSE. *™NO DISCONNECT» IS vALID FOR
DATA COMM FILLS ONLY, ‘

<CRUNCH> 3:3 <EMPTY> s/ & CRUNCHS
wCRUNCH™ UNLY VALJID ON DISK FILES.

<DATA COMM I/U0 STATEMENT> == BEYOND THE SCOPE OF THIS PAPER,

<DISPLAY STATEMENT>A 38z $DISPLAY 8 <CLEAN VARIABLE>VS
B $33 SUISPLAY & <ALPHA CONSTANT>C

(LENGTHLV] € 605 TYPELV] = ALPHAS LENGTHLC) € 60)

EFFECTLA(S)) = §3 EFFECTIB(S)) = §

EXITIACS)) s NURMALS EXITLB(S)) = NORMAL
THE VALUELV(S)) OR VALUELC] IS DISPLAYED TO THE SYSTEM
OPERATOR.

<DNZE STATEMENT>A 3= BL0ZE & <INTEGER>IS

8 t83 gUULE & <CLEAN VARIABLE>V

EFFECT{A(S)) = S3 EFFECTCB(S)] = S

EXITIA(S)] 3 NORMAL; EXIT(B(S)] = NORMAL
(VALUELI) < 1000003 TYPE[vi s INTEGERS LENGTH[V] S 5)
THE DOZE STATEMENT SUSFENDS THE PROGRAM FOR THE

SPECIFIED NUMBER OF SECUNDS (EITHER VALUE(I) OR
VALUELV(S)) SECUNDS), AT THE EnND OF THAT TIMEs THE

PRUGRAM IS REINSTATED.

<DUMP STATEMENT>A 115 BUUMPS
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EFFECTLACS)) = §
EXITCA(S)) = NORMAL

THt UUMP STATEMENT CAUSES A COMPLETE CORE IMAGE DUMP OF

ALL THE PROGRAM=S MEMORY AND SPECIAL REGISTERS TO BE
TAKEN, THE OuUMP CAN BE PRINTED FUR ANALYSIS,

<FTLL STATEMENT>A $3= SFILL® 8 IN 8% <CLEAN VARIABLE >V <aHOM>P
B 83 $FILLY® & IN & <CLEAN VARIABLE>W <WHOM>Q
$(% <LABEL>L 31%3 , ,
C stz gFlLLs & UUT 3§ <CLEAN VARIABLE>Y <WHOM>R}
D 312 SFILLS & OUT 8 <CLEAN VARIABLE>Z <uHUOM>T
$[d <LABEL>M »1%

EFFECTCLACS)] = s" wHERE §"(V) = CORE=TuU=CORE MESSAGE» s"(X)
= S UTHERWLISE;
EFFECTIB(S)) = 5" WHERE S"(W) = IF SENVER READY THEN
CURE=TU=CURE MESSAGE ELSE S(W)» S™(X) = S OTHERWISE
EFFECT(C(S)) & S35 EFFECTCD(SY] = §

EXITLA(S)) = NORMALS EXITLC(S)] = NORMALS -
EXIT{B(S)) = IF SENDER NOT READY THEN LABEL([L) ELSE
NORMAL S - '
EXITLD(S) ) = LIF RECEIVER NOT READY THEN LABEL(M) ELSE
NORMAL '

<WHOM>A $1= <ALPHA CUNSTANT>L3 B t:= <CLEAN VARIABLE>V
(LﬁNbTH[LJ € 63 LENGTHLV] = 63 TYPELV] = ALPHA)

THE FILL STATEMENT IS ONE FORM OF INTER-PROGRAM
COMMUNICATIONe TN THE FIRST TWO FORMS*® THIS PROGRAM IS
WALTING FUR A MESSAGE FKOM PRDGRAM <wHOM>, IN THE LAST
TWJ CASESs THLS PROGRAM Is WAITING TO SEND A MESSAGE TO
PRUGKAM <wHOM>., ©SOTH PRNGRAMS MUST BE READY TO SEND
ANU RECEIyt BEFURE THE TRANSFER TAKES PLACE (IN CASES A
ANU C THE PROLRAM WILL BE SUSPENDEU UNTIL THE OTHER
PRUGKAM IS READY. IN CASES B AND 0s IF THE OTHER
PRUGKAM IS NOT REAUYs, CONTROL wWILL BE TRANSFERED TO
CLABEL>.) IF VALUE(<wHUM>] = 7 " THEN THE
TRANSFER wlLL Takk PLACE wITH ANy MATCHING PROGRAM,

SEL THE STUQUE STATEMENT FOR ANOTHER TYPE OF
INTER=PROGKAM CUMMUNICATION WHICH DOES NOT REQUIRE BOTH
PRUGKRAMS TU Be READY SIMULTANFEUUSLY,
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<MICR STATEMENT> == BEYUND THE SCUPE OF THIS PAPER.

<OPEN STATEMENT»>A 33:= SOPENS <OPEN MODE> <FILE NAME> <ONPEN TYPE>
EFFECT[A(S)) = & ‘

EXIT(A(S)) = NURMAL

OPENS A FILE. FILE MUST WAVE BEEN CLOSED BEFORE THE
OPEN.REQUEST. N0 1/0 CAN BE DONE TCO A FILE BEFQRE IT
1S OPENED,

<OPEN MUDE> s8= & LUT & /7 8 IN & 7/ 8 10 8 // & 0O &
INDICATES TyPt UF ACTION TO BE DONE TU THE FILE:
OUTPUT UNLY (Nkw FILE)» INPUT ONLY (EXISTING FILE)»

INPUT AND UUTPUT (EXISTING FILE)s QUTPUT AND INPUT (NEW
FILE) HESPECTIVELY., ®IUm AND »QI® vaALID FOR DISK FILES

ONLY e

<OPEN TYPE> 3t= <EMPTY> // & LOCKS // & LOCK ACCESSS$ /7

$ REVERSE® // % NO REWINDS
wNU KEAIND" VaLID FOR "OUT"™ OR "0I" ONLY: "LQCK" OR
wLUCK ACCESS™ VALID FOR »IOw DR wule DISK FILES ONLY,

<RFAD STATEMENT>A 13= SREAD S<FILE NAME>F <LOCK>3
B 333 SREAD & <FILE NAME>G <LOCK> 8([$ <LABEL>L $13

EFFECTCLA(S)) = IF EOF THEN S ELSE S" WHERE S"(RECORD[F)) =
INPUT[F1s Sn(x) = S OTHERWISE
EFFECT(B(S)) = LF EOF THEN S ELSE S™ WHERE
S"(RECORD(w]) = INPUTIG], S"(X) = S OTHERWISE

EXITLA(S)) = IF EGF THEN AMORT ELSE NORMAL;
ExiT((S)] = IF EOF TWEN LABEL{L] ELSE NORMAL

<LOCK>A $3= <BLANKS>3 B 3= 8 WITH $ $LUCK $¢
¢ 3332 $ LOCK §

FURMS o AND C ARE VALID FUR DISK FILES ONLY,

<SEEK STATEMENT>A $t= SSEEK & <FILE NAME> <LOCK>
vALIU FUR RANUOM DISK FILES ONLY, THE EXACT EFFECT OF
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A SEEK STATEMENT 1S BEYOND THE SCOPE OF THIS PAPER, THE
FILE MUST BE UPEN PRIUR TO THE SEEK STATEMENT BEING
EXECUTEDV.

EXITLA(S)) = IF EUF THEN ABORT ELSE NORMAL.
<SORT STATEMENT> == BEYOND THE SCOPE OF THIS PAPER,

<SPUMESSAGE STATEMENT>A stz SSPOMESSAGE $ <CLEAN VARIABLE>V
<BLANKS> <CLEAN VARIABLE>W; B ii= $SPUMESSAGE $ <ALPHA
CONSTANT>C <BLANKS> <CLEAN VARIABLE>Z

(AUDRESSIW] = 0 MGD 2, ADDRESSI{Z] = O MOD 23 TYPELW] =
ALPHA)

EFFECTLA(g)) = g" WHERE g"(w) = <gYSTEM REGPONSE To
VALUE(V(S) 1>, S"(X) = S OTHERWISES
EFFECT(B(S)) = S" WHERE S"(Z) = <SYSTEM RESPONSE TO
VALUE[C)>» S"(X) = S OTHERWISE

EXITCIA(S)) = NURMALS EXIT(B(S)] = NORMAL

V UR C MAY CONTAIN ANY VALID SYSTEM QPERATOR REQUEST OR

QUESTIUN. THE RESULT OF THE INPUT IS PLACED IN W OR Z,
THE FORM UF THE REQUESTS AND ANSWERS IS BEYOND THE

SCUPE uf THIS PAPER,

<STUP STATEMENT>A ts= $sTUP$3 B $:= $STOP & <CLEAN VARIABLE>VS
C 3= $STUuP & <ALPHA CONSTANT>C

(TYPELV] = ALFHA)
EFFECT[LA(S)) = S EFFECTLB(S)] = S3 EFFECT(C(S)) = S

EXITCA(S)] = STOPS EXITIB(S)) = NORMAL3 EXITLC(S)) =
NORMAL

THE FIRST FORM TEKMINATES THE PROGAM NURMALLY. (NOTE?
A STUP IS ADDED AFTER THE FINAL "ENO"™ IN A PROGRAM BY
THE CUMPILER.) THE OTHER FORMS DISPLAY VALUELV(S)] OR
VALUE[L) Tu ThHE SYSTEM OPERATNR AND WAIT FOR A
RESPUNSE, THt RESPONSE IS NNT PRUVIDED TO THE PROGRAM,
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<STUQUE STATEMENT> == BLYUND THE SCOPE OF THIS PAPER, (A STORAGE
QUEUE METHUD OF INTER=PRUGRAM COMMUNICATION).

<TRACE STATEMENT>A t= sTRACE § <BODLEAN CONSTANT>S
EFFECTCA(S)) = § "

EXITLA(S)) 3 NURMAL

1F VALUELBJ = TRUE THEN TRACE IS TURNEU ON (AN
INSTRUCTIUN BY INSTRUCTION TRACE ufF THE PROGRAM 1§
PRINTEU SHUWING THE RESULT OF EACH INSTRUCTION)} IfF
VALUEL (8] = FALSE THEN THE TRACE IS TURNED OFF,

<UNLOCK STATEMENT>A t3= BUNLOCK $ <FILE NAME »F

EFFECTLA(S)) = 5
EXITCA(S)) = NUKRMAL

vALIU FOR UISK FILES ONLY., UNLOCAhS A RECORD THAT HAD
BEEN READ WITH LOCK. THFE FILE MUST BE OPEN,

CWRITE STATEMENT>A 31= SWRITE % <FILE NAME>F <LOCK>}
B tiz swRITE & <FILE NAME>G <LOCK> ${8 <LABEL>L $]$}
C 135 $ARITE $ <FILE NAME>H <PKINTER OpPTION>

D 1313 SWRITE $ <FILE NAME>I <PRINTER OPTION>
$0é <LABEL>M 813

EFFECT(ACS)) = S3 EFFECTCB(S)] = S EFFECTLC(S)) = S3
EFFECTLO(S)] = &
IF NUT EOF THEN OUTPUT[F] = RECORDCF]; IF NOT EOF THEW

QuTPUTCu] = ReCuRLEGIS IfF NOT EOF THEN OUTPUT(H] =
RECURGLHIS IF NOT EOF THENW QuUTPUTCLI) = RECORDII)

EXITLA(S)) = IF: £0F THEN ABORT ELSE NORMALS
ExITLB(S)] IF EUF THEN LABELCL] ELSE NORMALS

EXLTLC(S)] NORMAL S
ExITLDCS) ] [F ENU=OF=PAGE THEN LABELIM) ELSE WORMAL

FURMS C & U AKE VALID FUR PRINT FILES ONLY,
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<PRINTER UPTION> 112 <EMPTY> // & PAGES // & SINGLES //

F_Y
a $ VUUBLES 7/ & nus // <INTEGER?>I
PaGE CONTRULS: <EMPTY> IS THE SAME AS "DOQUBLE™
(SPACING), "nNU» mEANS NO SPACING (OVERPRINT),
CINTEGER> IS S$SKIP=TU=CHANNEL NUMBER (01 < VALUEC(I) <
12)e NOTE: LINE IS PRINTEDs THEN SPACING IS DONE .
-~
<Z1P STATEMENT>A 333 $ZIP 8§ <CLEAN VARIABLE>VS
B g3s $ZIP % <ALPHa CCNSTANT>C
EFFECTCLACS)) = 53 EFFECT(B(S)) = S
= EXITCA(S)) = NORMALS EXIT(B(S)} = NORMAL
(TYPELV] = ALPHA)
THE VALUECV(S)) OR VALUELC) IS HANDLED AS A McP cONTROL
- INSTRUCTIUN AND PROCESSED ACCNRDINGLY.,
NOTE THAT THE EXAC1 EFFECT OF MANY OF THESE STATEMENTS
DEPENDS ON S IN NUN=TRIVIAL WAYS, INDIVIDUAL CASES CAN BE
ANALYSED UNLER FIXED CONDITIONS, BUT GENERAL STATEMENTS MUST BE
- VAGUE. FOR EXAMPLE, IT IS POSSIBLE TO CHANGE THE STATE VECTOR OF
A PKOGRAM BY A ZIP STATEMENT (EITHER THE ZIPPING PROGRAM OR SOME
—~ UTHER PROGRAM). .
-~
<MPC STATEMENT>A 33= <ACCEPT STATEMENT>B;
C 113 <ULUOSE STATEMENT>US
€ 3315 <UATA COMM I/0 STATEMENT>F;
-~ G 383 <UISPLAY STATEMENT>HS
) I 233 <DULE STATEMeNT>J?
K 383 <UUMP STATEMENT>LS
M 333 <FILL STATEMENTONG
0O 3181 <MICR STATEMENT>PS
Q 133 <UPEN STATEMENTO>K3
-~ S 3313 <REAy STATEMENI>T:
U 823 <SEEK STATEMENT>VS
W 333 SSORT STATEMENT>XS
Y 1313 <SPUMESSAGE STATEMENT>Z3
A .
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$3= <STOP STATEMENT>CD3
$4= <STOQUE STATEMENT>GH}
1J $33 <TRACE STATEMENT?>KL3
MN $:= <UNLUCK STATEMENT>OP3
QR 133 <WRITE STATEMENT>ST:
UV 833 <ZIP STATEMENT>HWX

- : AB
EF

EFFECTCA(S)) = EFFELCTIB(S))S

EFFECTC(E(S)) = EFFECTLF(S))S
EFFECTIH(S))S EFFECTLI(S)) =
EFFECT(K(S)) = EFFECT(L(S)]}
EFFECTIN(S))3 CEFFECTLO(S)] =

- EFFECT(W(S)] = EFFECTIR(S)]S
EFFECT(T(S)13 EFFECT(U(S)] =
EFFECT(W(3)) = EFFECT(X(S)1}
EFFECTL2(s))3 EFFECTLAB(S)]) = EFFECTICD(S) )
EFFECTLEF(S)) = EFFECTLGH(S) ] EFFECTLIJ(S)) =
EFFECTIKL(S)); EFFECTIMN(S)) = EFFECTLOP(S) )

al EFFECTCQR(S)] = EFFECTIST(S)13 EFFECTIUVI(S)T =
EFFECTLAX(S)] '

EFFECTCC(S)) = EFFECTID(S)1S
EFFECT(G(S)) =

EFFECTLJ(S))?
EFFECTIM(S)]
EFFECTIP(S) )3
EFFECTIS(S)) =
EFFECT(V(S) 1}

EFFECTLY(S)) =

EXITLA(S)) = EXIT(B(S)1} CEXITLC(S)) = EXITLD(S)I3

EXLTLE(S)) = EXIT[F(S)li EXITCG6C(S)) = EXITLH(S))}
: EX1TLI(S)) = EXITLJ(S)I3. EXIT(K(S)] = EXTTLL(S) 13
) EXLTIM(S)] = EXITIN(S)Y3 EXITIO(S)) = EXITCP(S) )}
' ExLTl@(s)) = eXITIR(S)1S EXITESC(S)) = EXITIT(S))S
— ExITIu(s)) = EXITIV(S))3 EXITIW(S)) = EXITIX(S) )3
EXITLY(S)) = EXITLZ(S)} EXTTCAB(S)) = EXITICD(S)I3
ExITIEF(S)] = EXITEGH(S) I} EXITLIJ(5)) = EXITIKL(S)I)S
EXITIMNC(S)) = EXITLOP(S)Is EXITIWR(S)] = EXITIST(S)]S
- Ex1Tlyv(syd = EXTITIWX(S)]
~
rY
-~
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LOOP STATEMENTS

CWHILE STATEMENT>X 33= SWHILE $ <BOCLEAN EXPRESSION>B $ DO $

CSTATEMENT>T

THE <wHLLE STATEMENT> HAS EXACTLY THE SAME EFFECT AND
ExIT INDEX AS THE FOLLOWING SECTIuUN:

Ls IF <BOULEAN EXPRESSION>B THEN
BEGIW
<STATEMENT>I3
Gy TO L3
ENU

NOTE THE <BUULEAN EXPRESSION, IS COMPLETELY RE=EVALUATED

EACH TIME,
WHILE TRUE DO <STATEMENT>
GENERATES AW EFFICIENT INFINITE LOOP wlTH NO COMPILER

GENERATEU CHECKS.

QUNMTIL STATEMENT>X 38z 30U $ <STATEMENT>T $ UNTIL 8

<BOOLEAN EXPRESSION>o

THE <unTle STATEMENT> HAS EXACTLY THE SAME EFFECT AND
ExLT IWUEX AS THE FOLLOWING SECTIUNS

LS <STATEMENT>TS
If NUT <BUULEAN EXPRESSION>B THEN GO T0 L

NOTE THAT THE <BOOLEAN txXPRESSION> IS RE=EVALUATED EACH
TIME.

<LNOP STATEMENT>A 388 <wHILE STATEMENT>X}

B t113 <UNTIL STATEMENT>Y |
EFFECT(ACS)] = EFFECTIX(S)13 EFFECTIB(S)]) G,EFFECT[Y(S)J

EXITLA(S)) = EXITUX(S))5 EXIT(8(S)) = EXITIY(S)]

CMPLA(S)) = CMPIX(d)J); CMP[B(S)) = CMPLY(S5)]
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CASE STATEMENTY

<CASE STATEMENT>C 33:s $CASE ¥ <VARIABLE»>v & DF 3 BBEGIN $
<STATEMENT>sU $ ELSE 8 <STATEMENT>S1 § ELSE 8 <STATEMENT>SZ2
$ ELSE B oo0 <STATEMENT>SN 8 ENDS
D s3a $CASE & &NU % <VARIABLE>w 8 0OF % $SBEGIN $
<STATEMENT>TO 3 ELSE $ <STATEMENT>T1 & ELSE 5 oo
<STATEMENT>THM o ENUS

(AS MAWNY STATEMENTS MAY BE USED IW EITHER FORM AS
DESIREVU, oY SI OR TI wE MEAN THE I=TH SUCH STATEMENT,
THE eos IMPLIES THE PRESENCE OF THE MISSING (IF ANY)
STATEMENTS,.)

(TYPE[V] = INTEGER OR NUMERIC3 TYPE(w] = INTEGER OR
NUMERIC)

"FOR NUTATIUNAL CONVENIENCE. LET
1 3 MINIMUMEN, VALUECV(S)]]» J = VALUELW(S)]

EFFECTCL(S)) = EFFECTCSI(SIDEIV(S)]))3

EFFECTIV(S)) = IF u & M THEN FFFECT{TJ(SIDELW(S)]1)) ELSE
CINDETERMINABLE>

EXITIC(3)) s EXITISI(SIDEIV(S)])Is
EXITCU(S)) = IF U & M THEN EXITLTJ(SIDE[W(S)I)] ELSE

<INDETERMINABLE>
CMPLC(S)) = CMP{SI(SIDETV(S8)1))}

CMPLO(S)) = IF U € M THEN CMP{TJU(STDELN(S)])]) ELSE
CINUETERMINABLE) '

(THE FIKRST UPTIUN (C) DUES CHECKING AS TO THE VALUE OF!
Vv ANU HANDLES ANY UUT OF sOUNDS CUNDITIUNS [NOTE FOR f
VALUELv) > N» STATEMENT SN IS USED], THE SECUND OPTION
(D) VOES NU CHECKING FOR VALUE[®) < ®, _IF W IS Qul OF
gOUNUS, RESULTS DEPEND ON WHAT FOLLOWS THE CASE
STATEMENTs MUST UFTEN» THE RESULT IS SUME RUN=TIME
PRUGRAM ERROR CAUSING THE PRAGRAM TO BE SUSPENDED BY

THE MCP,)
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COMPARE STATEMENT

<CNMPARE STATEMENT>X :3= SCOMPARE $ <BONLEAN EXPRESSION>B;

Y 3132 SUUMPARE $ <ITEM>] 8 TD & <ITEM>J;
7 112 $CUMPARE 3 <LUGICAL TERM>L $ OR § <LOGICAL TERM>M

EFFEC?[x(S)J = SIDECB(S))s EFFECTLY(S)) =
SIVELJ(SIDELI(S)1)13 EFFECTIZ(S)) =
SIVELM(SIVEIL(S)YI)]

EXITOX(S)) = NURMALS EXITLY(S)) = NORMAL: EXIT(Z(S)} =
NORMAL

CMPL X(S)) = CMPLB(O) IS
CMPLY(S5)) = CMPLVALUELI(S)) = VALUECJ(SINECIC(S)))DIS
CMP[L(S)] = CMP{VALUE(L(S)) NR VALUE[(M(SIDECL(S)1) 1]

THE COMPARE STATEMENT PROODUCES THE SPECIFIED TEST B8UT
NO CONUITIUNAL BRANCH IS PERFNRMEU, SEE BOOLEAN
EXPRESSIUN ANu LOGLCAL EXPRESSION ABOVE.
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CUNVERT STATEMENT

SWTTH> 382 g WiTH & // <HBLANKS>
<TO> 313 & TU & // <BLAWKS>

<PTCTURE>P 133 <NAME>N

TYPE(P] = ALPHA
(SEE PICTURE uECLARATION)

GEDIT STATEMENT>A $t3 BeWIT § CIDENTIFIFER>T <W1TH> <PICTURE>P
<T0> <IUENT1FIEN>J

EFFECT[A(S)) = S" wHERE Sw(J(SIDE(1(S)))) = PICTURE P
APPLIEVU TU VALUE[I(S))s S"(S) = S DTHERWISE

A <PICTURE> IS A COBOL=LIKE PICTURE, THE DATA IN T IS
EOLTED ACCURUDING TO THE INDICATED PICTURE AND PLACED IN

Jo
(TYPE[J) = NUMRIC OR ALFHA)

<TRANSLATE STATEMENT>A $3= STRANSLATE & <IODENTIFIER>I <HITH>
CIDENTIFIER>T <T0> <IDENTIFIER>J

(TYPE[I] # BOULEAN; TYPE[J] = ALPHA OR NUMERIC)
TYPELT) = ALPHA OR NUMERIC3 LENGTH(I(S)] =
LENGTHIJ(SIVECT(SIDELI(S)})1))3 ADDRESSET(SIDECI(S)])]

= U MOV 10V0)

EFFECTCACS)) = S"™ wHERE S"(J(SIVECT(SDIELI(S)1)])) =
TRANSLATE TABLE T APPLIED TO VALUELI(S)]» S"(X) = S

OTHERWISE
EXITLA(S)) 2 NURMAL

Tut TRANSLATE STATLMENT ALLOWS Tut TRANSLATION OF A SET

OF UATA Tu A UIFFERENT SET (IE: FUR CUDE CONVERSION).
THE ExACT FORM UF THE TKANSLATE TABLE IS BEYOND THE

SCUPE UF THIS PAPEH,
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<CONVERT STATEMENT>A stz <EDIT STATEMENT>E3 8 gia
<TRANS ATE STATEHENT>T

EFFECT[A(S)) = EFFECTIE(S) ]S EFFECTIB(S)) = EFFECTLT(S))

EXITCA(S)) = NUKMALS EXIT[{B(S)] = NORMAL

THE EOLT AND TRANSLATE STATEMENTS ARE DIRECTLY
IMPLEMENTEU IN THE HARDWARE. <
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FIND STATEMENT
<NDIsE>7:s= <HLANKS> // % FOR §
CEQUAL> 333 <BLANKS> // & EQUAL 8

<FIND TERM>A 132 <CONSTANT>C3 8 t1s <IDENTLFIER>V
VALUELA] = VALUELCI3 VALUECB(S)] = VALUEIV(S))
TYPE(A] = TYPE[CIS TYPE[B) = TYPE[V]
LENGTHEA] = LENGTHCLC]3 LENGTHLB(S)) = LENGTHLV(S)]

<SCAN STATEMENT>A 333 8SCANS <EQUAL> <FINV TERM>DR <nOISE> <FIND
TERM>T3 B K
B 313 $SCANS 3 UNEWUAL § <FIND TERM>U <NOISE> <FIND TERM>V3
C 11z $5CANS & LUNES <EQUAL> <FIND TERM>W <NOISE>
- <FINU TERM>X3 : L
D 131= $35CAN $ SZONES & UNEQUAL 3 <FIND TERM>Y <NOISE>

<FINVD TERM>Z

(THE SCAN STATEMENT USES A FIELD IN THE USER=S CORE TO
GIVE INFORMATION UN THE RESULT OF THE SCAN., WE SHWALL
CALL THIS FIELD "SR"™ (FUR SCAN RESULT)e SR HAS THE
FOLLUWING ATTRIBUTESt ADDRESS{SR] = 383 TYPELSR) =
INTEGERS LENGTHISR) = 2 (OIGITS)«)

THE SCAW INSTRUCTIUNS ARE uStD TO SCAN A FIELD FOR A SET.OF
DELIMETERS (JR THE ABSENCE OF A SET UF DELIMETERS), DEFINE
SCAN[As B) = = 1 1F NO CHARACTER/VIGIT OF A = ANY
CHMARACTER/DIGIT OF Bs = 0 Iy THE FIRST CHARACTER/DIGIT OF A

IS SOME CHARACTER/VIGIT OF B» =3 1 IF THE SECOND
CHARACTER/DLuIT OF A IS SOME CHARACTER/DIGIT OF B (AND THE
FIRST WAS NUT)»s osees = N IF THE (N+1)ST CHARACTER/DIGIT OF A
IS SOME CHARACTER/VIGIT OF B AND THE FIRST N
CHARACTER/DIGITS OF A ARE NOT CHARACTER/0IGITS OF Be (IN
THE ABOVE» IF THE TYPE UF A AND B IS ALPHA OR NUMERIC READ
CHARACTLR FUR CHARACTER/DIGIT ELSE -READ DI1GIT,)

(TYPELR] = TYPE[T}: TYPE(U] = TYPE[V]S TYPE[W) =
ALFHA UR NUMERIC; TYPELX] = ALPHA OR NUMERIC} TYPE(Y]
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~— s ALPHA OR NUMERIC3 TYPE(Z) = ALPHA UR NUMERIC)

EXIT(A) = NURMAL; ExIT[B) = NURMAL; ExIT[C) = NORMAL;
EXITLD] = NORMAL

EFFECTCA(S)) = 8™ WHERE S™(SR) = IF
SCAN{VALUELR(S)J»s VALUELT(S)I] = =1 THEN LENGTH[R(S)] =
1 ELSE SCAN{VALUE[R(S))s VALUELT(S)1]1» S"(K) =
SIVELT(SIVECR(S(K))))) UTHERWISE

CMPLA(S)) = IF SCANLIVALUELR(S))s VALUELT(S))) = =1 THEN LESS
ELSE [F SCANLVALUELR(S))», VALUELIT(S)]] = 0 THEN FQUAL |
-~ ELSE GREATER ’

DEFINE CUMPLEMENT (A] TO BE: IF TYPE(A) a ALPHA OR
NUMERIC THEN ALL pOSSIgLE EgenIc CHARACTERS wHIcH 00
NOT APPEAR IN A (THEREFORE LENGTHLCOMPLEMENTCA)) = 256
‘ = LENGTHLAJ)S UTHERWISE aLL POSSIBLE DIGITS AND
-~ UNUIGITS wHICH LD NUT APPEAR IN A (THEREFORE
LENGTHLCOMPLEMENTCAY)Y = 16 = LENGTH(AL),
LET N(S) = SCAN[{VALUELUC(S))» VALUL[COMPLEMENTLV(S)]1]1].,

EFFECT(B(S)) = §" WHERE S™(sSK) = IF N(§) = =1 THEN
LENGTHLUCS)] = 1 ELSE N(S)» S"(K) =
~ SIVELV(SIUECUC(S(K))])] UTHERWISE

o~ CMPIB(s)) = IF n(s) =.=1 THEN LEsS ELSE IF N(S) = 0 THEN
EQUAL EtLSE GREATER '

DEFINE ZONELK) TD BE THE RESULT OF RESETTING ALL THE
-~ ODU ADURESS DIGLITS UF THE ALPHA 0OR NUMERIC FIELD K,
1€
ZONELK] = vALUELK]) AND  REPEATI%FO%, LENGTHIKII,
EFFECTLC(S)) = S wHaRL S"(Sk) = IF
SCAN[ZUNE[W(S)Is £ONE[{X(S))) = =1 THEN LENGTH[{W(S)] = 1

~ ELSE SCAN[ZONELW(S))» ZONELX(S))1» S"(K) =
SIDELX(SIDEIW(S(K)I)I)) OTHERWISE

I
._I

CMPLC(S)] = IF SCAN[ZONE[W(S))» ZONE[X(S)3] = =1 THEN LESS
ELSE IF SCAN[ZONE[W(S)1» ZONEC{X(S)1) = 0 THEN EQUAL
ELSE GHEATER

LET N(S) = SCAN[LZONELY(S))» ZONETCOMPLEMENTLZ(S)])1].

EFFECTLL(S)] = S™ wHERE S"(SR)Y = IF N(3) = =1 THEN
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LENGTHLY(S)] = 1 ELSE N(S)» S"(K) =
STVELZ(STVELY(S(K))1)) UTHERWISE

CMPLU(S)] = IF N(S) = =1 THEN LESS ELSE IF N(S) = O THEN

EquAL ELSE GREATER

THE SCAN STATEMENT (TYPES A OR B) HAS ogvigus usts IN
SCANNING UATA FOR CERTAIN CHARACTERS. NOTE THAT IT
STUPS wHEN THE FIKST MATCH (OR NON=MATCH) IS FOUND»
PRUVIDES A POINTER TO THE CHARACTER/DIGIT FOUND» AND
THE.CUMPARISON INUDICATOR INDICATES WHETHER THE SCAN WAS
SUCCESSFUL. THE SCAN ZONE FORMS (C AND D) ARE USEFUL
FoOR FINDING CLASSES OF UATA, FOR EXAMPLE, THE
CHARACTER ZERU IS A FO IN EBCDIC. ALL NUMBERS N ARE FN
IN EBCUIC, SINCE THE OTHER SIX EBCDIC CHARACTERS WHICH
START WITH F ARE NON="PRINTABLE (FAs FBse FCo FD» FE»
AND FF)» A CHECH FUR A NON=NUMBER IN A FIELD CALLED
SOCIALSECURITYNUMBER CAN BE DONE oY

SCAN ZUNE UNEQUAL SUCIALSECURITYNUMBER FOR "0}

IF LE@ THEN & HAVE A NON=NUMRER IN THE FIELD.

<SEARCH FIELU>A 1313 <IDENTIFIER>I}
B 3113 .<IVENTIFIER>y & THRU $& <IDENTIFIER>K

(AT MOST ONE uUF J OR K CAN' BE AN <ARRAY VARIABLE>.

NONE OF Is Js OR K MAY HAVE AN <TYPE MODIFIER> OF "IA".
TYPECI) # SOOLEAN3 TYPE(J) # BOOLEANS TYPELK]) #
BOJLEAN)

THE SEARCH STATEMENT wORKS FROM-A START ADDRESS TO AN
ENU ADURESS: :

STARTAQDRESS{A(S)) = ADORESSLI(S)]3 STARTADDRESSI[B(S)] =
ADURESSLJ(3)]

ENDADDRESS[A(S)]) = IF (TYPECI]) = ALPHA OR NUMERIC) THEN
ADURESSLI(S)) + 2xLENGTHEI(S)] ELSE IF TYPE(I]) = SIGNED
THEN ADURESSCI(S)]) + LENGTHLTI(S)] +‘1 ELSE

ADURESS(I(S)) ¢ LENGTHLI(S)]3
ENDAUDRESS[B(S)) = ADDRESSC{K(SIDE(J(S)1)]

TYPELA] = TYPELIIs TYPELB) = TYPE(J]
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SIDECLA(S)) = SIUE[I(S)]’ SIDECB(S) = SIDELK(SIDELJ(S)II)]

-
<INCREMENT>A 11z <EMPTY>3 B 31tz & INCREMENT 8 <INTEGER>IS
C st1a g INCREMENT 5 $ADDRESS s <VARIABLE>V;
D 1= § INCREMENT & <VARIABLE>W
- THE SEARCH STATEMENT NEEDS AN INCREMENT VALUE DEPENDING
ON THE TYPE OF THE SEARCH FIELD. LET SFTYPE = IF THE
SEARCH FIELD TYPE IS NUMERIC OR ALPHA THEN ALPHA ELSE
IF THE SEARCH FIELD TYPE IS SIGNEU THEN SIGNED ELSE
INTEGER, ‘
- INCREMENTUA] = IF SFTYPE o INTEGER THEN 1 ELSE 2;
INCREMENTUR) = IF SFTYPE = ALPHA THEN 2xVALUECI) ELSE IF
SFTYPg = SIGNED THEN VALUELIT + 1 gLSg VALUgCI) ,
INCREMENT [C(S)] = LF SFTYPE = ALPHA THEN 2xVALUE[V(S)) ELSE
IF SFTYPE = SIGNEU THEN VALUECLV(S)) + 1 ELSE
-~ VALUE[V(S) )3
INCREMENTCD(S)) = ADDRESSCw) = STARTAOQURESSIS)
(VALUECI] < 1003 Vv CAN NOT BE INUEXED3 v CAN NOT HAVE
A <TYPt MODIFIER> OF mIam; ADDRESS{V] < 403
ADURESSLV] = O MOD 23 LENGTHCV) = 2 (INDIRECT FIELD
~ LENGTH AGAINI; w CAN NOT BE INDEXEDs W CAN NOT HAVE A
<STYPE MODIFIER> OF "IA™3 ADDRESSEw] > STARTADDRESS([S])
<SEARCH STATEMENT>A 333 $SEARCH3S <EQUAL> <SEARCH FIELD>T <NOISE>
SFIND TERM>U <INCREMENT>I3
-~ B 115 $SEARUHS & Luw 8 <SEARCH FIELD>V <NOISE> <FIND TERM>w

CINCREMENT>JS o
C 113 $SEARCHS & LUWEST 3 <SEARCH FIELD>x <NOISE>

CFIND TERM>Y <INCREMENT>K

(TYPLLT) = TYPELUIS TYPECV) = TYPEIWI} TYPELX]) =
-~ TYPELY))

THE SEARCH STATEMENTS HAVE ExACTLY THE SAME EFFECT AS
THE FOLLOWING PSEUDU SECTIONS, ALL VARIABLES WHICH
START WITH "x" ARE NOT IN THE USER=S SPACE. THE

STATEMENT ENDSTATEHWENTLCOMPARISON] 1§ USED IN INDICATE
THE END OF THE SEARCH STATEMENT PRUOCESSING AND THE

-~
’ VALUE uF THE COMPARISON INDICATORS AT THE CONCLUSION OF
THE STATEMENT, ‘
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At
XA e STARTAuuREostrcb)]:
WHILE xA < ENDAOORESS(T(S)3 LO
BEGIN
IF VALUE(U(SIDECLT(S)))) =
cuNTENT(xAp LENGTHLU(SIDECT(S)1)]» TYPECLUI]) THEN
BEalw
IX1 ¢ XA; -
ENUSTATEMENT(EGUAL]S
ENU3
XA & XA ¢+ INCREMENTLICS)):
END3
ENDSTATEMENT[&K&ATLRJ!

B3 ,
XA ¢ STARTAUDRESSIV(S)I}
WHILE XA < ENOAUDRESSCV(S)) LD
BEGIN
IF VALUELW(STUELV(S)I1)] >
CUNTENTEXA» LENGTHIW(SIDELV(S))))» TYPELW]) THEN
BEolIN '
1X1 € XA}
. ENOSTATEMENTCEWUAL]S
ENV; _
XA ¢ XA + INCREMENTLJ(S))3
END3
ENDSTATEMENT(GREATERSS

C:

XF & (3.

XL ¢ ADURESSCY(SIDELX(S)1)13

XA ¢ STARTAUVDRESS[x(S))3

WHILE xA < ENODADDRESS(X(S)) vLO

BEGIN. . '

IF CUNTENTIOXL,» LENGTHLYCSIDEL(S)1))s TYPELYI1] >
CUNTENTCXAs LENGTHLY(S)1))s TYPELY)) THEN BEGIN
XF € 13 , _
XL € XAS

ENUS

XA ¢ XA + INCREMENTIK(S)):

END3 : :
IfF XF = 0 THEN ENDSTATEMENT[GREATER]}
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- IX1 ¢« xbL3
ENDSTATEMENTCEwUALDS

IN wWURUS» THE SEARCH STATEMENT ALLOWS A FIELD TO BE

= SEARCHED FUR A SPECIFIC WORD (CASE A)»s AN ITEM SMALLER
THEN THE SPECIIFED wORD (CASE B). OR THE SMALLEST 1TEM

IN A LISTe TF THE INCREMENT TS 1» THE SEARCH STATEMENT
SCANS LUWN THE SEAKCH FIELD TRYING EACH SUCCESSIVE
GRUUP UF CHARACTERS/D1GITS FOR THE SPECIFIED ITEM. IF

THE SPECIFLED CUNUITION TI$ SATISFIED (IF AN ITEM IN THE
- SEARCH FIELD SATISFIES THE CONDITIONS)s THE COMPARISON

INULCATUR 1S SET 10 EQUAL AND IX) POINTS TO THE
SATISFYING FIELUL,

<FIND STATEMENT A t1= <SCAN STATEMENT >T 3
- B s1= <SEARCH STATEMENT>U
EFFECT(A(S)) = eFFECTIT(S)I)S EFFECTIB(S)) = EFFECTLU(S)]
EXITLA(S)) = NURMALS EXIT(B(S)] = NORMAL
CMPIA(S)] = CMPLT(S)1s CMPIB(S)]) = CMPLU(S)]

THE SCAN AND SEARCH STATEMENTS ARE DIRECTLY IMPLEMENTED
IN THE HARUWARE.
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DECLARATIUNS

THE UVECLARATIONS DEFINE THE ENyIRONMENT OF THE BLOCK
(PROGRAM)e. nEt UEFINE ENVIR[] (OF A BLOCK) TO BE THE SET oF

ORDERED PAIRS UF ALL <NAMESS DECLARED wWITHIN TrAT 8LO0CK» EACH
wITH ITS SET OF ATTRIBUTES, TGGETHER wiITH THE BLOCK NUMBER, NOTE

THE ENVIRUNMENT UF A BLOCK & (AS UPPOSED TO ENVIR[B]) IS COMPOSED
OF ENVIRIB) <Ue EnvIROXJ FOR ALL ELOCKS X WITHIN WHICH B IS
NESTED (SEE $Cupt OF IDENTIFIERS).

To DEFINE THE ATTRIBUTES OF AN IDENTIF1ER, WE INTRQDUCE
ATTRIBUTEL<IVOENTIFIER>1] = (A=ADDRESSL1]» L=LENGTH(I ),
T=TYPE[1]s I=<INITIAL VALUE OF I>, D=DIMENSION[{I))
WHICH COMPLETELY JEFINES I, mAzcuUmpILED" MEANS -THE ADDRESS AS
DETERMINED 8Y THE CUMPILER (USUALLY THE NEXT AVAILABLE LOCATION
wITH NECESSAKY SYNC OPEKATIONS PEFORMED y. wI=DEFAULT" FOR THE
INITIAL VALUE MEANS THE UNSPECIFIED COMPILER PRESET VALUE
~ (USUALLY 0 FUR INTEGER OR -SIGNED» = © FOR NUMERIC OR ALPHA ([NOTE
w % HAS A CUOUE OF %40%» THEREFORE #v " = 01).

REPEATING THE SYNTAX DEFINITION OF A <pBLpCK>!

<BLOCK>X 33= SBEGIN $ CUECLARATIONS>D <SECTION>T & ENDS

— ENVIRLX) = ENVIR(D)

<DECLARATIONS>A $3= <DECLARATION>US B 3= <DECLARATIONS>E
-~ _<DECLARAT10N>F

ENVIRCLA) = ENVIRIDI} ENVIRIB] = ENVIRIE] oUe ENVIRCF)

<DECLARATION>A 1% <SIMPLE DECLARATION>ES
-~ B s$1= <ARRAY DECLARATIUN>RS
' C t11=3 <LABEL DECLARATIUON>L
D $83 <PRUCEDURE DECLAKATIUN>P}
X 313 <FILE QECLARATIONS>F

ENVIRLA)J = ENVIR[EJ)3 ENVIR(B) = ENVIRL(R)YS ENVIR(C] =
) ENVIR[L)S ENVIRID] = ENVIRCPIS ENVIRIX] = ENVIRIF)

THE FOLLOWING SECTLONS DISCUSS THESE TYPES OF DECLARATIONS
INDIVIDUALLY (FILE DECLARATIONS ARE BEYOND THE SCOPE OF THIS
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PAPER) .
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SIMPLE DECLARATIONS

<BIT ITEM>A $t= <NAMED>N;S
B 132 <NAME>M H¢% <BUOLEAN CUNSTANT>C

ATTRIBUTE(A)} = (A=COMPILEDs, Ls1 B1T» Ta300LEAN, I=FALSES
0=1)3

ATTRIBUTE(3) = (A=COMPILED, L=l BIT, T=BOULEAN, IsVALUE(C ]
D=1)

ENVIRCAJ = (N» ATTKIBUTELAJ)S ENVIR(B) = (M» ATTRIBUTE(B))

<BTT LIST>A $3= <ol1T 1TeM>1s
B t383 <o8IT LIST>L $»3 <BIT ITEM>J

ENVIR{AJ = ENVIR[IJS ENVIRCB] = ENVIRIL] .U. ENVIR(J)

<BTT DECLARATIUN>A 33= $BIT & <BIT LIST>L 838

ENVIRCAJ = ENVIR{L]

<PTCTURE DECLARATION>A 332 SPICTURE $ <NAME>N $¢5
$"g <COBUL PICTURE>P 3"% $3%

ATTRIBUTELA] = (AaCUMPILED, L=LENGTHIMICRO=OPS[{P]]s TzALPHA»
JaMICRU=OPSCP]» N=1)

ENVIRLA) = (s ATTRIBUTELA))

THE ExACT FORMS OF A <COBUL PICTURE> AND THE MICRO=OPS
GENERATED ARE BEYUND THE SCOPE OF THIS PAPER. THE USE
OF A <PICTURE DECLARATIUN> OR AN <EDIT STATEMENT>

REWUIRES [HAT
CUNTENT[48s ALPHA» B8] = m+=+,,80 "™ (SUPPLIED BY

THE CUMPILER).

<SYNC>A t3= <EMPTY>; B i1:= & MOD $ sINTEGER>I

(0 < yALUECLI] < 1,060,000)
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SYNC[A) 3 15 SYNC{B] = VALUELI)

DEFINE MOD[X» 1) = Y SUCH THAT Y = 0 MOD I, X € Ys AND IF 2
= 0 MOD [ AnJ £ $ Y THEN Y € Z (IE: THE NEXT NUMBER

STARTING WITH x THAT IS O MOD I).

<DATA RIGHT PART>A ii3= <SYNC>Y3
B 113 $85 <CLEAN VARIABLE>V}
C 383 <SYNC>L des <CUMNSTANT>C
TYPE(] '(TVPE OF DECLARATION TQ WHICH THIS BELONGS)

LENGTH[) (LEN4TH OF THE DECLARATION Tu wHICH THIS BELONGS).

ADDRESS(A) = MUL[CUMPILEDs SYNCLY]1} ADDRESSCB] =
ADURESS(V]3 . ADDRESSIC] = MODCCOMPILEpDs SYNC(Z1]

INITIALLA] = DEFAULTS INITIAL[B] = DEFAULTS
INLTLIALEC) = VALUELC)

(TYPELLC) = TYPEC]3 LENGTHIC) € LENGTHLD)

<UATA LEFT PART>A 313 <WAME>N $($ <INTEGER>I )8
LENGTH[{A) = VALUELL]

NAMELA] = N
(0 < VALUELI) < 1,000,000)

<OATA ELEMENT»A 31z <DATA LEFT PART>L <DATA RIGHT PART>R
TYPEL] (TYPE OF DLLCARATION TO wHICH THIS BELUNGS)

ATTRIBUTE(A) = (A=ADURESSIR]» LELENGTH(L)s T=TYPELD»
»IslNiTlAL[R): 0=1)

ENVIR[A) = (NAMECLJs» ATTRIBUTECAD)

COATA ELEMENT LIST>A 38z <DATA ELEMENT>DS
B s3= gUATA CLEMENT LIST2L 808 <DATA ELEMENTOE
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ENVIR[A)} = ENVIR[DJS ENVIRIB) = ENVIR(L] «Us EMVIRLE]

<VARIABLE DATA TYPE>L ti1= $INTEGERK $3 S $3= SSIGNED INTEGER 83
A 183 BALPHA $3 N 3i= SNUMERIC &3 R $3= SREAL $3 D $i=
$DQUBLE §

TYPECI] = INTEGERS TYPE(S) = SIGNEDs TYPELA] = ALPHA}
TYPELN] = NUMLRIC3 TYPECR) = REAL; TYPE[D] = SIGNED

<VARIABLE DECLARATIUN>A ti= <VARIABLE DATA TYPE>T
<DATA ELEMENT LIST>L 8338

ENVIRCAJ = ENVIR[L)

<FTXED DATA TYPE>L $t= SFIXELD INTEGER $¢ D $t= SFIXED DOUBLE 83
R 33z sF IXED REAL 83 a 8¢z BINDIRECT $

TYPE[;] s SLuUNED3 TYPELU) = SIGNEDS TYPE[R] = REAL}
TYPELA) = INTEGER _

LENGTH{I) = 73 LENGTHID) = 19; LENGTH(R] = 113 LENGTH(A)
2 6 (8 IF ON A g4700) C

SFIXED DATA LLEMENT>A 332 <NAME>N <DATA LEFT PART>L

TYPE(]

LENGTHL]

ATTRIBUTE({A] = (A=1F TyPE[] = INTEGER THEN MOD{ADORESS([L],2)
ELSE MUDCAUDRESSILI?d4)» L=LENGTH(]» T=TYPE[]"®
I=In(TEALLILYs D=U)

ENVIR{AJ = (N» ATTRIBUTELA])

<FIXED DATA ELEMENT LIST>A 1t= <FIXED DATA ELEMENT>D}
B 383 <FIAED DATA ELEMENT LIST>L $+3 <FIXED OATA ELEMENT>E

ENVIRCAJ = ENVIR{D]3 ENVIRIB) = ENVIRIL] +Us ENVIRLE)
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<FIXED DECLARATIUN>A 333 <FIXED DATA TYPES>T

M —
SFIXED UATA ELEMENT LIST>L $38
ENVIR[A) = ENVIRCL) '
- <SIMPLE DECLARATION>A 332 <BIT DECLARATION>TS
- B t1s <PICTURE DECLARATION>P;
C t1328 <VARIABLE DECLARATION>V}
0 st= <FIXELD DECLARATION>F
ENVIRCA) = ENVIKLTIS ENVIREB) = ENVIR{P): ENVIR(C) =
- ENVIKCVIS ENVIKCD) s ENVIROF)
~
-
/-\
-~
:p;
~
™~
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ARRAY DECLARATIONS

¢

<ARRAY PRESET LIST>A 3t= <CUNSTANT>CS
B gts ¢ARKAY PRESET LIST>L 8,8 <CONSTANT>D

TYPEL]
LENGTHL) (THE LENGTH OF ONE ARRAY ELEMENT)

DIMENSIUNCA} = 13 DIMENSIUN[A) = 13 DIMENSION([BY =
DIMENSLUNILY + | _

INITIALLA) = VALUELCI:
INLITALLB] = INITIALCL) .Ue VALUg(D]

(TYPELC) = TYPE(}3 TYPELD) = TYPECL]; LENGTHIC) <
LENGTHL]? LENGTHID] € LENGTHLYD)

IN THIS CASEs INITIAL IS A SEy OF VALUES CORRESPONDING
OT THE OTHs 18T» 2NDs ee. ETC ELEMENTS OF THE ARRAY,

<ARRAY RIGHT PAR[>A 2313 <SYNC>Y3

B $133 $33 <CLEAWN VARIABLE>VS
C 312 <SYNC>Z €5 <ARRAY PRESET LIST>L

TYPEL]
LENGTH([]

ADDRESS[A] = MOU[CUMPILEDs SYNCEY113 ADCRESSC8) =
ADURESSLV)S ADURESSCC) = MODLCUMPILEDs SYNC(ZJ}]

INITIALCA) s DEFAULTs INITIAL[B) = DEFAULT3 INITIALILC) =
' INITLALLL]

DIMENSIUNCA] = NONE; OUIMENSINNIB) = NUNE3 DIMENSIONIC) =
DIMENSIUNLL) '

<APRAY DECLARATIUN>A $8a <VARIABLE DATA TYPEST $ARRAY $ <NAME>N
808 <INTEGER>I 518 3($ <INTEGER>J $)3% <ARRAY RIGHT PART>R

(0 € VALUELI) < 1500000003 0 < VALUE(CJ] < 1+000.000;
VALUELK) = TYPE[LT)S IF DIMENSIONCR) # NONE THEN
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DIMENSIONIN] = VALUECI] + 1)

ATTRIBUTELA) = (AsADURESSCRI» LaVALUECLJY» T=2TyeErTI
I=INITLALIR]s D=VALUELL) + 1)

(I I#DICATES THE HIGHEST VALID SUWSCRIPT VALUE)

ENVIRCA) = (ne ATTRIBUTELAD)



, 8 P L 6705773

LArelL DECLARATION

-
<LABEL ELEMENT>A $3= <LABEL>L A
ATTRIBUTECA] = (A=COMPILED, L=0» TZINTEGERs» Dal)
-~ ENVIRCA) = (Le ATTRIBUTECAD) |
CLABEL LIST>A $313 <LABEL ELEMENT>ES B 13= <LABEL LIST>L .3
<LABEL ELEMENT>F
- ENVIKLA] = ENVIRCE)3 ENVIRCB) = ENVIRIL] JU. ENVIR(F)
CLABEL DECLARATIUN>A t3= SLABEL & <LABEL LIST>L 838
- ENVIR[A) 3 ENVIRCL]
~
-,
1
“A
-
- ,
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PROCEUUKE DECLARATION

PROCEDURE BUGY>X 13 <BLUCK>B3 Y 13 <COMPOUND STATEMENT>C
EFFECTLA(S)] = tFFECTLB(S)IS EFFECTLY(S)] = EFFECTLC(S)]
EXITIX(S)] = EXITIB(S)15 EXITLY(S)) = EXITIC(S)]

EACH CALL ON A PRUCEDURE ADDS ANOTHER LEVEL TO THE
PROGRAM®=S STACK; EACH RETURN FROM A PROCEDURE REMOVES
THE TQP ENTRY FROM THE PRQGRAM STACK, EACH STACK ENTRY
CONTAINS ALL PASSED PARAMETERS AND INFORMATION ABOUT
WHERE TU RETURN TO. THEREFOREs PROCEDURES CAN BE
CALLED RECURSIVELY UR NESTED wITH NO RETURN PROBLEMS.
DECLARATIUNS WITHIN A PROCEDURE BUDY AS DEFINED IN
DECLARATIONS ABUVE CAN NOT BE PRESET SINCE THEY ALSO
APPEAR IN THE STACK (TO ALLOW RECURSIVENESS). IF
DECLARED ITEMS ARE NOT TO BE CHANGED (OR THE PROCEDURE
IS NOT CALLED RECURSIVELY)» "OWN » MAY PRECEED THE
DECLARATIUN., 1IN THIS CASE THE OATA MAY BE PRESET SINCE
THE ITEM 1S NUT PLACED IN THE STACK, ALL FILE AND FILE
RECORD UECLARATIONS IN A PROCEDURE BDOY MUST BE "OWN",
THE INITIAL VALUE OF NON=OWNN TTEMS 1S <INDETERMINABLE>,

THE HARUWARE USES I[x3 TU POINT TO THE CURRENT STACK
LEVEL AND BASE+40 FOR 6 DIGITS TO POINT Ty THE NEXT
STACK LEVEL, THE CHANGING OF EITHER OF THESE FIELDS
WITHIN A PHROCEDURE wILL PRODUCE INDETERMINABLE RESULTS
(USUALLY), ThE INITIAL VALUE OF dASE+40 [S SET UP BY
THE COMPILER. :

A SPECIAL STATEMENT CAN BE USED Tu RETURN FROM A
_ PRUCLDURE (THE FINAL "END"™ OF A PROCEDURE ACTS AS A
RETURN)?

CEXIT STATEMENT>A 33= SEXITS; B t:= SEXITS <T0> <LABEL>L3 C 1313
SEXITS <Tu> <VARIABLE>V

ALL THREE FORMS PUP THE STACK, THE FIRST FORM IS A
NORMAL SUBROUTINE RETURN, THE LAST TWO ACT LIKE A
CTRANSFER STATMENT> OF THE SAME FURM IN AQDITION TO
 POPPING THE STACK, THE USE OF AN <EXIT STATEMENT>
OUT310E OF A PRUCEDURE WILL HAVE [NDETERMINABLE RESULTS
(USUALLY).
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<SEGMENTED> 313 <EMPTY> // SSEGMENTED $
<PERIOD> 113 <BLANKS> // 8.8

<PARAMETER LIST>A ti= <NAME>N} B 113 <PARAMETER LIST>L $,8
<NAME>M

NUMARGSCA] = 13 NUMARGSEB] = NUMARGS(L] + |
(NUMARGSTL) € 9) '

ARGNUM{N] = 13 ARGNUMIM] = NUMARGSCL) + 1
<VALUE LIST> 132 <EMPTY> // $VALUE 8 <PARAM£TER LIST> 838

<FNRMAL PARAMETER PART>A ttn <EMPTY>3 B 11z g(g <PARAMETER
LIST>L $§)% <VALUE LIST>V  <«DECLARATIONS>D

NUMARGSLA] s 03 NUMARGS[B] = NUMARGS[LI

EVERY PARAMETER IN L MUST BE DECLARED IN D (AND NOTHING
ELSE MAY 8E DECLARED IN D)e PARAMETERS CAN BE EITHER
CALL="BY=NAME UR CALL=BY=VALUE, EACH CALL=BY=VALUE
PAKAMETER MUST APPEAR IN ys THE VALUE OF THE CALLING
ARGUMENT IS PASSED FOR A CALL=BY=VALUE PARAMETER; THE
ADURESS OF THE CALLING PARAMETER IS PASSED FOR A
CALL="BY*NAME PARAMETER, THE COMPILER HANDLES ALL
INDIRECTIUN NECESSARY DUE TO CALL=BY"NAME PARAMETERS.,
IF A CALL=BY=NAME PARAMETER IS ON THE LEFT SIOE OF THE
$¢d 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 gE CHANGED AS
THE PROUCEDURE SEES 1T,

<PRUCEDURE DECLARATIUN>A :3= SFORwWARD PROCEDURE $ <NAME>N <FORMAL
PARAMETER PART>F; B s3= <SEGMENTED> $PROCEDURES <PERIGD>
<NAME>M <FORMAL PARAMFETER PART>G <PROCEpyRE BOpY>P

THE FORWARU PRUCEUURE DECLARATION IS USED TO SPECIFY

THL EXISTANCE OF A PROCEDURE WHOSE PROCEDUYRE 8OOY CAN
NOT APPEAR YET (AS WHEN PROCEDURE A CALLS PROCEOURE 8
ANU PRUCEUURE B CALLS PROCEDURE A3 ONE OF A QR 8 MUST
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'BE DELCAREU FURWARD), IF <SEGMENTED> IS “SEGMENTED"
"TH1S PROCEUVURE FORMS A SEPERATE SEGMENT (SEGMENTATION

1s BEYOND THE SCOPE OF THIS PAPER), IF <PERIOD> IS n,"
THEN THIS PROCEUURE MAY NUT CALL UTHER PROCEDURES: THE
COMPILER wILL NOT INCREASE THE STACK ENTRY SIZE TO
INCLUDE THE NON~QAN LOCAL VARIABLES,
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SCUPE UF IDENTIFIERS

RULE 13 cvERY IDENTIFIER MUST BE DELCARED BEFORE [T CAN BE
REFERENCED (EXCEPT WITHIN A <UEFINE STRING>),

EACH BLUCK AUTOMATICALLY INTRODUCES A NEW LEVEL OF
NOMENCLATURE. THEREFOREs ANY NAMED DECLARATION OCCURRRING wITHIN
THF BLOCK IS SAID TO BE LOCAL TO THE BLOCK IN QUESTION, SUCH A
DELCARATION MEANS ==

A, THE ENTITIY RLPRESENTED BY THE IDENTIFIER INSIDE THE

BLUCK HAS NO EXISTANCE OUTSIDE THE BLOCK.,
Be ANY ENTLTY REPRESENTED BY THE SAMt IDENTIFIER QUTSIDE
THE BLUCK IS CUMPLETELY INACCESSIBLE INSIDE THE BLOCK,

AN IUENTIFIER UCCUKKING WITHIN AN INNER BLOCK AND NOT

DELCARED WITHIN THAT BLUCK wILL BE NONLOCAL (OR GLOgAL) TO IT3
THAT 1S, THE IUENTIFLIER wlLL REPRESENT THE SAME ENTITY INSTDE THE

BLNcK AND IN THE LEvEL UR LEVELS IMMEDTATELY QUTSIDE IT. urP TO
AND INCLUUDINw THt LEVEL IN wHICH THE IDENTIFIER WAS DECLARED.

SINCE A STATEMENT wITHIN A BLOCK MAY ITSELF BE A BLOCK. THE
CONCEPTS UF LUCAL AND NUN=LOCAL TO A BLOCK #uST BE JNDERSTOOD
RECURSIVELY, THUS AN IDENTIFIER WHICH IS NUNLOCAL 7O BLOCK A MAY
OR MAY NOT BE NONLOCAL TO HBLOCK B IN WHICH BLOCK A IS NNE

STATEMENT,

BLOCK B IS SAID TO BE NESTED IN BLOCK A IF BLOCK B IS A
WHOLLY CONTALNEY STATEMENT WITHIN BLOCK A,

BLOCK A AND bLOCK B ARE SAID TU BE DISJDINT IF NEITHER IS A
STATEMENT WITHIN THE OTHER,

A LABEL MUST Bt DEGCLARED IN THE HEAD OF THE INNERMOST BLOCK
IN WHICH THE ASSUCIATED LARELLED STATEMENT APPEARS, IF ANY
STATEMENT IN A PRUCEDUREL BODY 1S LABELLED. THE DECLARATION oF
THIS LABEL MUST APPEAR wlTHIN THE PRUCEDURE BODY.

IDENTIFLERS IN A PrOCEDURE BODY WHICH ARE NOT FORMAL
PARAMETERS ARE LUCAL TO THAT PROCEDURE AND ARE INACCESSIBLE FROM
OUTSIDE THE PRUCEUURE.
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APPENDIX A3 RESERVED wORDS

RESERVEU wURDS URDERED BY LENGTHS

LENGTH 23 -
00 G0 [A IF IN I0 N~NM NO OF OI OR SN TO UA UN

LENGTH 3¢ . .
ALL ANv BIT CHWR DIV END IX1 IXx2 1Ix3 JSL JSR MOD
MUL MFL MvD NOT UUT DwN REM TGL Twx WDS xCH ZIP

LENGTH 41 :
BASE 8500 CASE (CUPY DATE vIsCc 0IsKk 00Ze DOuwP EDIT
ELSE - EXIT FILE ¢tILL FLOW LOCK OPeN .PAGE POPQ PUTQ
READ - RtAL REEL SCAN SEEK SORT STOP TAPE THEN TIME
TRUE TT28 WITH

LENGTH 58 .
ALPHA ARRAY BEGIN B2500 B3500 B47v0 B9350 B9352
CDATE CLUSE ENTER ENTRY FALSE FIXED JOATE LABEL
POLLG PULLY PUNCH PURGE PUSHQ@ SPACE STORE TAPE?
TAPE9 TC500 TC700 TRACE UNTIL VALUE WHILE WRITE

LEMGTH 68 ' .
ACCEPT . ACCESS ACTION ATTBAL COMMON CRUNCH DACCUM

DEFINE ODEMAND DOUBLE TACCUM LISTER -MEMORY RACCUM
READER . REMUVE REWIND SEARCH SEGMNO SIGNED SINGLE
SORTER TAPEPE TIME6O :

LENGTH 73

ADDRESS CHANNEL COMMENT COMPARE CONTROL DCT2000
DISPLAY FORWARD IBM1030 IBM1050 INTEGER LINKAGE
NUMERIC PICTURE PRINTER PTPUNCH RELEASE REVERSE

SEGDICT SEGMENT

LENGTH 81 . .
DATACOMM DISKPACK INDIRECT OQVERFLOW PTREADER

LENGTH 9
OLBANKING PROCEDURE REMAINDER SEGMENTED TOUCHTONE

TRANSLATE

LENGTH 103 .
DISCONNECT FRIDEN7311 SPOMESSAGE SUBRCUTINE
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LENGTH 118 . , ,
DISPLAYUNIT ExITROUTINE ROUTINETYPE UNSEGMENTED



- 161 =

6/05/73

APPENUIX Bt EQUIVALENCES

THE FQOLLOWING TABLE LISTS THE STRING USED IN THE

SYNTAX/SEMANTLCS OEFINITION OF BPL AND

THE EQUIVALENT STRING(S)

THAT CAN BE USED IN THEIR PLACE AT ANY POINT,
SYMBOL AS USED | EQUIVALENT SYMBOL(S)
s¢s | <FILLER> $¢8 <FILLER>
‘  <FILLER> $1=8 <FILLER>
$38 <FILLERs 8§38 <FILLER,
ST <FILLER> s:; <SFILLER>
$,8 <FILLER> §,5 <FILLER>
s(s | <FILLER> ${$ <FILLER>
$18 . <FILLER> $)8 <FILLER>
s(s : <FILLER> $(8 <FILLER>
$)8 <FILLER> $)8 <FILLER>
$4% <SFILLER> $+% <FILLER>
$=5 : <FILLER> 8=8 <FILLER>
$*$ <FILLER> g»$ <FILLER>
' <BLANKS> SMULS <BLANKS>
$/8 < ILLER®> 8/8 <FILLER>
: <BLANKS> $DIVs <BLANKs>
sas CFILLER> $=8 <FILLER>
, <BLANKS> SEQLS <BLANKS>
$ NEU § <FILLER> $5%8 <FILLER>
<BLANKS> SNEQ$ <BLANKS>
$<$ , ~ <FILLER> $<$ <FILLER>
$L5Ss <BLANKS>

<BLANKS >



$ LEQ §
$>8

$ GE@ 8§
$ NOT $

$ AND s
$ OR &

8

SOVERFLUWS

$ ENDS

P

L
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<FILLER>
<BLANKS>

<FILLER>
<BLANKS>

<FILLER>
<BLANKS>

<FILLER>
<BLANK S>

<BLANKS>
<BLANKS>
<BLANKS>

<BLANKS>
<FILLER>

6/05/73

$<3% <FILLER>
SLERS <BLANKS>

$>% <FILLER>
$GTRS <HBLANKS>

$>23 <FILLER>
$GEQS <BLANKS>

$<8 <FILLER>
$SNOTS <BLANKS>

S$ANDS <BLANKS>
$ORS <BLANKS>
$SOVERFLOWS <BLANKS>

$ENDS - <FILLER>
$3% <FILLER> SENDS

<FILLER>
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APPENDIX ¢t DEFINES

THE 8PL CUMPILER HAS IMPLEMENTED A MEANS OF COOING SHORTHAND
CALLED ®DEFINES®, USE OF DEFINES CAN TRANSFORM THE LANGUAGE TO A

COMPLETELY DIFFERENT TYPE OF LANGUAGE. DEFINES CAN BE USED TO
INCREASE (OR REDUCE) READIBILITY OF A PROGRAM,

<DEFINE PARAMETER LIST> 31z <NAME> // <DEFINE PARAMETER LIST>
88 <NAME> :

<DEF INE 10> t3= <NAME>

<DFFINE LEFT PART> s$i1= <DEFINE ID> // <DEFINE ID> 8($
<DEFINE PARAMETER LIST> $)8

<DEFINE STRINuU> 83z <ANY STRING OF EBCDIC CHARACTERS NOT
CONTAINING A @9F@ (R §#$>

<DEFINE RIGHT PART> 133 $38 <DEFINE STRING> $3%

<DEFINE LIST» i3 <UEFINE LEFT PART> <DEFINE RIGHT PART> //
<DEFINE LIST> $»8 <DEFINE LEFT PART> <VEFINE RIGHT PART>

<DEFINE DECLARATION> 3t= SDEFINE & <DEFINE LIST> $3%

THE UEFINE DECLARATION IS NOT A REAL DECLARATION? [T
DOES NUT DETERMINE IF A COMPOUND STATEMENT BECOMES A
BLOCK, NU SYNTAX CHECKING IS DONE AT DECLARATION TIMEo
'ONLY WHEN THE DEFINE IS CALLED,

<DEFINE CALL PARAMETER> 83= <ANY STRING NUT CONTAINING $»8 OR
89F@> // $($ <ANY STRING NOT CONTAINING $)$ OR @9Fe> $)$

<DEFINE CALL PARAMETER LIST> tts <DEFINE CALL PARAMETER> //
- <DEFINE CALL PARKAMETER LIST> 8,3 <DEFINE CaALL PARAMETER?>
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<DEFINE CALL> $13 <DEFINE [0> // - |
<DEFINE 10> (5 <DEFINE CALL PARAMETER LIST> $)$

WHEN A <DEFINE (D> 1S FOUND IN THE SOURCE STRINGs ITS
CORRESPONDING <DEFINE STRING> 1S CONSIDERED TO APPEAR IN PLACE OF
THE <DEFINE CALL>. IF ANY <UVEFINE CALL PARAMETERS>S ARE
PROVIDED, THE <ODEFINE CALL PARAMETER>S REPLACE THE CORRESPONDING
'DEFINE PARAMETERS WHENEVER THE DEFINE PARAMETERS APPEAR IN THE
<OEFINE STRING>, NOTE THAT THE NUMBER OF PARAMETERS DOES NOT
NEED TO MATCH. EXTRA <UEFINE CALL PARAMETER>S ARE IGNOREDe EXTRA
DEFINE PARAMETERS REMAIN UNCHANGED IN THE <DEFINE STRING>.

SYNTAX CHECKING RESUMES AFTER THE DEFINE HAS BEEN EVALUATED
AT THE START OF THE NEW STRING. :

DEFINES CAN BE NESTED, PARAMETERS CAN HE DEFINES, ETC. CARE
~ SHOULD BE TAKEN TQ AVOIv DEFINE LOOPS, )

NOTE THAT NU SYNTAX CHECKING IS DONE AT DECLARATION TIME,
THEREFORE A SDEFINE STRING> MAY CUNTAIN AN IDENTIFTER WHICH HAS
NOT BEEN DECLARED YET, BUT THAT IULENTIFIER MUST HAVE BEEN
DECLARED BEFURE THE VEFINE CALL ON THAT DEFINE IS MADE.

<DEFINE CALL> CAN APPEAR ONLY wHERE A <NAME> WOULD APPEAR IN
THE BPL SYNTAXe CONSIDER THE FOLLOWING EXAMPLE:

DEFINE PLUS = + 2

SETX(Y) = X ¢ Y #}

X ¢ 8 PLUS 13
SETX(B + 1)}

ASSUMING EVERYTHING IS DECLARED, BOTH STATEMENTS WwouLD APPEAR TO
HAVE THE SAME EFFECT (X ¢ B + 1), THE FIRST FORM wILL GENERATE A
SYNTAX ERRORs THE SECOND wILL NOT. ,
CARE MUST ALSO BE TAKEN WITH w;™ IN DEFINE STRINGS.
CONSIDERS ‘
DEFINE A
>

:11-14»1#9
B 1 ¢ I « 43 # 3

IF X THEN A ELSE oo & 0K
IF X THEN B ELSE e 8 ERROR.
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- APPENDIX D
Y
NOTE ABOUT THIS KEPORT
~ Tnts DOCUMENT WAS PREPARED BY A PROGRAM DEVELOPED BY THE
AUTHOR wHILE HE wAS EMPLOYED BY BURROUGHS CURPORATION ON THE NAvVY
STOCK POINTS PROWRAMe THE PROGRAM» WRITTEN IN BPLe ALLOWS
AUTOMATIC CREATIUN OF TABSs SPECIAL CONSTRUCTS» A TABLE OF
CONTENTSs AND AN INDEXe THE PROGRAM IS CURRENTLY BEING USED TO
- MATNTAIN IN HOUSt DUCUMENTATION ON vARIOUS DEVELOPING PROJECTS,
-~
-~
Ve
Y
lan
Wina
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 CHAPTER S IX

DESCRIPTION OF FORTRAN

(for the CDC 6400, 6600, etce, using the RUN compiler)

1

BY

LAWRENCE H. YEUNG
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LISP is a list-processing hnmae vhich bears little’ resemblance to
the better known algebraic languages such as mm or AIGOL. }Iowmr, |
many of the ideas presented by Protessor Haurer in s:rntax and Semntics
of Prograzmming Langueges" are directly api»iiéable.‘ Due to T1&P's mathe-
natical nature and recursive capabilitios, 1ts smpls syntu: very often
belies the semantic camplexitys. |

In an sbbempt to structure this report in o similar fashicn %o Pro-
fessor Maurer's book, I have divided the language into four categoﬂes.
Constants and Primaries; m:-esaions, Mts, and Progrm Fea.ture
Under the heading of Constants and Pr:lmi.oo, I have placed the definitions
of octal and decinai nunbers, T, NIL, atc_ns, and the basic S-expression
format. The unit ent_itied Expressions conteins lambda-expressions end forms,
vhile the Statement section inclundes vhat I have dubbed "laxbda-statements”
(encompassing the bindings), SET, SEIQ, CSET, and CSEIQ functions to corre-
spond to algebraic assignment, conditional, and transfer statemnts. Al-
though there is no reaaon one should need a sequential program with trans-
fer statements, given recursion and the conditicnal expression, I have in-
cluded the program feature to correspond to the concept of "program” as it is
generally defined in algebraic languagese |
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Constants and Primaries
In LISP, constants are entities which contain one
value for an entire progres, Unlike FORTRAN where a constant
nay be changed. if used as the argument of & enbﬁ:oéran cadl,

- LISP constants--numberic atoms, literal hton. and free
vgiriables have values equivaleat to their ‘aames'
‘throughout the progran,

I chose to include the notion of atohs, s-expressions
and free vatiable (identi:ie:) here bccauao of their primary
nature and usage. All LISP oxﬂtudm are combinations
of a-expressions whigh are combinations of atoms, |
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Expressions

'Expression' is somewhat of a misnomer due to the
fact that everything couid be nanmdd an expression (and
Benerally is) in LISP, I have chosen to catesorize
the LAMBDA expression and the concept of forms as the

' class 'expressions.

The body of the LAMBDA expression is not na],;l.ke
an algebraic formula in that it deacribes» how the variables
are to be combined, The varlist merely defines which are
the variables (im the FORTRAN sense), Thus, in FOR‘IRAN
an expression such as A*B+c nisht look like:

\me (A B C) (PLUS (TIMES A°B) §)) in LISP,
s:l.nuarly, and since LISP functions are biilt out of
LAMBDA expressions, I chose to include the idea _ot.tcm
as forms are funcion-like entities. |
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Statements

: , . o

In order to approximate the type of ideas used in the
- Maurer book, i Kave isolated some commonly used expressions
which have either an effect on the st&te 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 'assisnmeut-liké‘
functions SET, SETQ, CSET, CSETQ., The I/0 statements
have effects of the parts of the state vector ropregent%ns

the reader and printer, I found it necessary to fﬁfﬁTT"

the definition of~statement.indices agﬁ;hgt I could

allow for recursion and such multi-statements as conditional
expressioﬁs. It was decided to include conditional expressieus
. 4n the statement section because they tiﬂuﬁ%kves might '
contain various statements, And, trans:er statenents

must be included as the only means for brgnéhins (in'the :
usual sense of the word), although they are only

permitted within & PROG 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 part. of a program, It need
not be nsgd at all; but I have included it in order to be
able to include t¥ansfer and labelled statements,

The reader can note also that the definition of
<section) applies to LISP programs based on recursion as
well as based on a PROG, The grog—variablé is a declaration
of the local variables allowed to exist throughout the
PROG and as sgcp it sets up a local environment inherited
by the section, (Lambda variables are identical in usage
but limited to the single LAMBDA expression) A somewhat -
similar situation (though quite differen t usage) is ghown

«x.nlg after the PROG.~ Hue pseudo function DEFINE
actually sets up functiow names and their definitidns
‘to establish-mbre 'ofithe.environment to be inherited by
the program in order for the functions to perform proberly
when invoked, |
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Program Feature

The program feature allows for sequential execution
of statements as well as transfer of comtrol to particular
statements, This feature can be used to describe an
entire LISP program or any part: of a program, It need
not be usgd 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
<section)applies to LISP programs based on recursion as
well as based on a PROG, The grog-variablé is a declaration
of the local variables allowed to exist throughout the
PROG and as sych it sets up a local environment inherited
by the section, (Lambda variables are identical in usage
but limited to the single LAMBDA expression)‘A somewhat
similar situation (though quite differen_t usage) is ghown

w0 vy after the PROG.~ Mue pseudo function DEFINE
actually sets up functimf names and their definitidns
to establish—more of.the.entvironment to be inherited by
the program in order for the functions to perform properly
when invoked, |
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& DESCRIPTION OF COBOL

(as described in Stern and Stern's COBOL Programming)
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