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!~, l(.JSS: at the time of th(, tormati<)n ()~ an h~ternational 
:\io~<)rittmfic I~ang,da<,ge f(,r ( 'omputing Machines (sub- 
~,(t~t(~tly lmmed AL(;o~.), a project was started at  the 
! .  S. Naval Etectr()~fi('s Laboratory in San Diego to de- 
v~qoI) :~ translator for JAil.. ()vertaking the definition 
~,ff()rt, tiler d(qined their own language, doing so with a 
i,arti<'~.aiar u()z~trol apt)li(:atiozl in mill(l. Thus, a problem- 
,,ri(,t~ted la,,~guage based on A[.(a)L was defined and trans- 
i:~t(,'s w(.re bttilt for a mlnA)er of computers (Sperry- 
l~:i~,], l)atatron, CI)C as,it [t.L\I. among others). The 
v{,s(~l~]~ language (named NELIAC) was Mgebraic in 
~}mra('ter (like ALia)L} but niu('h simpler and straight- 
f,,rwar(l (ram (:{)ns('(iu('~t[y. nnM~ easier to lean~ al~d to 
~s,,). i\[i~im~tm effort principles were used in the design--  
:.i~(as. thi:~s that arc said fre(luel~tly can be said simply, 
:,.~t hist()riea] matt~enmtical ~otatiot~s are respected as 
i::~r as feasible. Using load-a~M-~o techniques, single-pass 
fast e()~npilation was possible (more than 5()00 object 
u, ~ l ( : l s  per minute), arm fast-vmming programs were 
,})tai1~(,(l, 

In l:tie f()ur years since Ell(, start of the activity, NELtAC 
~ms ev()lved through sev(ral generations with improve- 
~(,~t of power, speed of compiling and speed of object 
t ) r og rams .  S o m e  ve r s ions  permit nested parenthetical 
('xpressions in statements,  some generate relocatable bi- 
~mry ('odes aim some have elat)orate input  and output  for- 
"~, ~,,"~ and control capabilities. 

All \-ersions of NEr3AC are self-compiling; tha t  is, 
~heir tra~Mators are written in NELl:to. Due to fast com- 
pilation, changes to a~y N~.:LrAC program are always 
n~ade it~ source language. This gives the nontrivial ad- 
vantage that  documentatiolt  is ahvays up to date. Also, 
with 15 si~tfificant characters per identifier, a NELIAC 
pr()gram is an easily readable do(.ument. 

The version described here (cMled BC NEL~AC) is a 
descendant of the IB2~[ 704-IBM 709-IBM 7090 NELIACS 
developed at Fort Huachucha, which thenlselves came 
fl'()m the N nLIAC for the ~.perry-I{and 3.[460 in San Diego. 
5larry pe()ple were involved i~ this development. To 
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nlention a few: 3,[. Halstead at the U.S. Naval l:~lec- 
tronics Laboratow, I{. I,andon of Ramo-Wooldridge at 
Fort  Huachucha, and W. Wattellburg at the Universi(y 
of CMifornia. 

This paper defines the reference language attd hardware 
representation for B(: N~:LIAC. The authors of this paper 
have made certaill additions t<) the original IB~I 704 
NELtAC which make :it a more powerful, flexible and a 
more machine-independent language. Some of the features 
added are the following: subscripting with identifiers, 
logical A~\D and oP, expressions, ALGOL word delinfiters, 
character manipulating operations and absolute address- 
ing. Both the syntax and semantics of this language are 
discussed and examples are given. Rules for transliterati(m 
from the reference language to the hardware represer> 
tation, and a syntactical flowchart are included in tire 
appendix. 

M e t a l a n g u a g e  t~r S y n t a c t i c  Desc r ip t i on  

The Syntax of BC NELIAC is described using the AL- 
(;OL metalanguage. The basic symbols of this language 
are :  

:: = metalinguistic connective meaning 
is defined to be 

i metalinguistic connective meaning or 
(}  delimiting brackets which enclose metalin- 

guistic variables. 
Metalinguistic variables are a sequence of characters 

enclosed in the delimiting brackets (}. The symbols 
used for distinguishing the metalinguistic variables have 
been chosen to be woMs describing approximately the 
nature of the corresponding variaMe. This is done oMy 
for understanding and has no technical significance. A 
mark in a formula, which is not a variable, connective or 
delimiter, denotes itself (or the class of marks which are 
similar to it). Juxtaposition of marks and/or variables in a 
formula signifies juxtaposition of the marks and,'or 
variables in the language being defined. Metalinguis~c 
formulae are composed of inetalinguistic connectives, 
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variables enclosed w i t h i n  delimiti.~g brackets  a~.,,d a~ 
indicat ion of jux tapos i t i<  . Examptea: 

( ident i f ier} : :  = ( le t te r}  [ ( i d e n t i f i e r } d e t t e r }  { (identAfiec),(digi~ =. 

d e t t e r }  : : =  A i B i C i - . -  i Y  'i Z 
(digit} : : =  0 I 1 i 2  I --- i 8  9 

The formula for identifier is recursive since (idm~tifieLe 
appears  on both sides of the "det in ing eonnecti c . "  Tile 
metal inguist ic  var iable  (letter? indica tes  (id(mtifier 
can have the  value  A, or B, or C, etc. The marks  (iden- 
tifier> (digit) mean,  given some va lue  of (identifier), 
another  can be formed by  juxtaposit, ioning a va lue  of the 
var iable  (digit). If  the values of digi t  are the arabic nu- 
merals, then  the following are i l lustrat ions of legi t imate  
values of (identifier): 

A 
AB 
A1B 
Y55A 
XYZ799 

] .0° 

t.1. 

1.2. 

1.3. 

B a s i c  S y m b o l s ,  I d e n t i f i e r s ,  a n d  N u m b e r s  
1.0.1. Semantics: The language of NELI~C is 

constructed of the basic symbols  presented 

in this  section. 

1.0.2. Syntax: 

(basic  symbol~  : : =  ( let ter> i (digi t} i (de l imi te r>  

L E T T E R S  

1.1.1. Semantics: The R o m a n  alphabet, is used 
for letters. The letters are used to form 
identifiers and  do not h a v e  indiv idual  mean-  
ings. However,  the let ters  I through N have 
significance with respect to subscr ipts  (see 

2.1). 

1.1.2. Syntax: 

( l e t t e r )  : : =  {sub l e t t e r  I i a ] K I L i M [ N 
(sub l e t t e r}  : =  A i B C [ D  i E I F i O ! H iO1 

P I Q I R i S  "I:[U V ' , W [ X I Y [  z 

DIGITS .  

1.2.1. Semanntics: Digits are used to form nuIn- 

bers and identifiers. 

1.2.2. Syntax: 

(d ig i t )  : : =  (oc ta l  digit: ,  8 19 
(oc ta l  d ig i t}  : : =  0 ~ 1 2 3 ] 4  i 5  i 6  17 

D E L I M I T E R S .  

1.3.1. Semantics: Most  de l imi ters  are operators 
or separators  indicat ing re la t ionships  among 
identifiers. B lank  space or change to new 
line have no significance in the  refelence 

language. 

1.3.2. Syntax: 
(delimiter} :: = (operator} i (separator) ! (bracket} ! 

(punctuation) I (specifier} 
(operator} : :=  (arithmetic operator}l 
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1.4. 

1.5. 

e<o. .~>nf .1  opera{or)  { (psuedo op(~" ~7o: -: 

( b i n a r y  opera.i:or:, " ' =  @ -- * / - - *  . ' -  
-.>= / re la t iona . i  opera turs , ,  = ---~ : ~" = : #: :~. ::> 

d o g i c a l  o p e r a t o r s ,  : :  = ":. ' , /  
(sequent : ia l  c, per_-~_* ~rs " ' =  '..';O T O  . i.V F; . ) i :  

D O  T H E \ -  ':'~ < ' :  

(p seudo  ouerators: :  " ' =  C)( . :T i::NP :\f'(.'i{ 
<separator}  " ' =  . : ,  :{ ; S T E P  UNTT[L 
(bracket : ,  " ' =  ( , : [ :  ! B E G I N  E N I )  

( [ ) u n c t u a t i o n )  " : =  , : " 
(specifier} = ]II: iAL ]:NTi::(~':" D 

PROOfi i l ) [71lE (specifier;  A i l i { : \ Y  /e~:~Dtv 

l A.1. ,~emantics: At~ i(t(~at:ifff'r is a string (:/ i~.-~ ~ .. 
attd d;~,-{f:q t i,,~, ~)egms witi, a ~etter. }~[~,~i,:. 

spac(~s :may appear '  as par t  of an i(:t,::~,~:-ific,~, 
No delimiters m a y  he used with a,~. ider~ti 
fier. [dent i fers  may  designate var:iai;les t,:.-- 
m a y  be used as labels in a program.  If a:~ 
identifier is used as a label it m a y  b e  cc)::~ 
sidered to apply  to either ~t:te point b:~ i l l  
p:rogram at which it occurs, or it ~:,lay ~:~ 
thought  of as the name ()f all. the  sec.ti<~ ~> 
coding which foll()ws. 
Rest'fictions: Only the first• 715 (qmtac-t(w> 
not cout-~ting spa(.es, are significa~tt :i:~t i(i~:~ • 

tifiers. 

I..4.2. Examples: 

Q 
D06 
G15 
I B M  704 
F O U R  
T R U E  

1.4.3. Syntax: 

( ident i f ie r )  : :  = d e t . t e r ~  ( ident i f ie r ) , ( le t te r -  

( ident i f ier) , (digi t )  
( p rocedure  ident i t ier3  : : = ( d e c l a r a t i o n  ide ~ t i fie r " 

( label)  : : = ( d e c l a r a t i o n  identif ier : ,  
{dec la ra t ion  ident i f ier}  : :  = (sub l e t t e r}  { 

( iden t i f i e r ' , ( l e t t e r )  ! ( ident i f ier ) (d ig i t>  

N U M B E R S .  

1.5.1. Sere, antics: Three types of n u m b e r s  art  
allowed: fixed point  or integer, f loat i i lg p o i ~ t  
or real, and octal. Numbers  which a r e  rea~ 
mus t  include a decimal point and power  of ~ i~ 
Restriction: ()nly ten digits are s ign i f i ca :~ t  

1.5.2. Examples: 

0 
0.0.0 
--26 
94.3* -- 2 
0.943* - 2 
O C T  74476 
+ 5  
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1,5.3. Syntax: 

(number) :: = (unsigned number) l 
+ <unsigned number) I 
- (unsigned number) 

(unsigned number) :: = (unsigned integer) [ 
(real number) 

(real number) :: = (decimal integer) 
<decimM fraction)(exponent part) 

<unsigned integer) :: = (dechnal integer) 1 
OCT(octal integer) 

(dec|raM integer} :: = (digit) ] 
(decimal integer)(digit} 

(octal integer) :: = (octal digit) i 
<octal integer)(octM digit) 

(decimal fraction) :: = .(decimal integer) 
( e x p o n e n t  part) :: = *<signed integer) 
(integer) :: = <unsigned integer) ] 

<signed integer) 
<signed integer) : : = ÷ (unsigned integer) t 

- (unsigned integer) 

1.6. COMi~IENTS. 

1.6.1. Semant@s: Comments  may be inserted at  
any a rb i t ra ry  place in the program. They  
have no influence on the meaning of the pro- 
gram. 

1.6.2. Example: 

(COMMENT- -NELLAC SENTENCE 
FORMAT) 

1.6.3. Syntax: 

<comment} : : =  (COMMENT <any sequence of 
letters, digits and delimiters except a right 
parenthesis)) 

2.0. Var i ab le s  

2.1. Semantics: A variable is used in BC NELt,C to 
denote any  quan t i ty  tha t  is referred to by name. 
The variable m a y  be used in expressions and its 
value may  be changed by means of an assigmnent 
s tatement.  Variables can be declared as fixed- 
point or floating-point quantities. 

A subscripted variable designates values which 
are components  of linear or single dimensional 
arrays.  The ar ray  component  lvferred to by  a sub- 
scripted variable is specified by the actual  nu- 
merical value of the subscript  expression and is an 
integer. 

Variables m a y  specify subfields of a complete 
computer  word by specification of the low and high 
order bit numbers.  Also, variables m a y  be considered 
as consisting of a chMn of characters or symbols 
in which each character  is t reated as a separate 
enti ty.  

The letters I th rough  N are reserved for variables 
of a part icular  type  known as indices, and they  
must  not  be declared. 
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2.2. 

2.3. 

3.0. 
3.1. 

Examples: 
Variables Subscripts 

A [J-1] 
WORD [ T A 6 - 2 0 ]  [LOCATION-5] 
ADDRESS [J-10](10--d5) [N] 
SYMBOL 1 [K-11](,6) [M+5] 
N [3626] 
RACK [OCT 26762] 

Syntax: 
(variable) :: = (identifier)(subscript) 

(structure specification) 
<subscript) :: = (empty) i [(subscript expression)] 

(subscript expression) :: = <index) ] 
(index}(signed integer) i (unsigned integer) I 
<signed integer) I <identifier) 

(index) : : =  I i J  ] K I L ] M ] N  
<structure specification) : : = <part word limit) 1 

(chain declaration) t <empty) 
(part word limit) : : = <<unsigned integer) -+ 

<unsigned integer)) 
(chain declaration) :: = (*<unsigned integer)) 

E x p r e s s i o n s  
ARITHMETIC EXPRESSIONS 
3.11.1. Semantics: Arithmetic  expressions are used 

to compute  a numerical value by executing 
the indicated arithmetic operations on the 
actm~l numerical values of the primaries of 
the expressions. The arithmetic expression 
is followed by a left to right arrow to denote 
replacement and a variable which is set 
equal to the vahle of whatever  preceded 
the arrow. Par t  word, subscripted variables 
arid subscripted par t  words can also be used 
as variables in the expression. A function, 
which has a number  of inputs and one out- 
put,  can be called any  place within an arith- 
metic expression. In  binary computers the 
pseudo operator E X P ,  used in arithmetic 
expressions in the form 2 E X P  n, will shift 
the contents of an arithmetic expression n 
bits to the right or left depending on the 
mult iplying operator  preceding the 2. The 
o p e r a t o r / s h i f t s  the contents to the right 
while the operator * shifts the contents to 
the left. The normal order of processing is: 
exponentiation is done first, followed by 
multiplication and division, followed finally 
by addit ion and subtraction. Where other- 
wise ambiguous, processing is f rom left to 
right. 
Restriction: In  BC NEma.c real and integer 
quantities cannot  be mixed and parenthetical 
grouping is not allowed in arithmetic ex- 
pressions. 

3.1.2. Examples: 

A/5 
A + B  
A , 2 E X P 5  
B + 24 • D(R, S, T-t-V) -4- I 
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3.1.3. Syntax: 

(arithmetic expression) :: = (term) ! 
(arithmetic expression}(adding operator} 
(term) 

(term} :: = (factor) i (term) 
(multiplying operator)(factor) 

(adding operator) : : =  ÷ ! -  
(factor) :: = (primary) I (primary) * 2 EXP 

(unsigned integer) [ (primary)/2 EXP 
(unsigned integer) 

(multiplying operator) :: = * ! / 
(primary) :: = (unsigned number) / 

(variable) { (function designator) 
(function designator) :: = (procedure 

identifier)(actual parameter part) 
(actual parameter [)art) :: = ((actual 

parameter list)) 
(actual parameter list) : : = 
(parameter) ] (actual parameter 

list), (panmmter) 
(parameter} : : = (expression) 

(expression) :: = (arithmetic 
expression} t 
(chain expression) t 
(logical expression) 

CHAIN EXPRESSIONS 
3.2.1. Semantics: Chain expressions are intended 

to simplify operations involving character  
manipulations.  A variable will consist of a 
chain of characters or symbols when a 
chain declaration is applied to it. Two opera- 
lions m a y  be performed on chain variables:  
"ea tena te"  and "obtain first character" .  

The catenat ing operation will adjoin one 
character  a t  the right of a chain variable. 

The obtain first character operat ion will 
get the left :most  character  of a chain variable 
and has the form " ,  variable followed by a 
b i n a w  operator ."  

3.2.2. Examples: 

A + + B  
* A + + D  
A / D  -- B + + R 

3.2.3. Syntax: 

(chain expression) : : = (expression) 
+ +  (w~riable) i* (expression) 

LOa~CAL EXPnESSmN (available in b inary  computer)  
3.3.1. The  logical operat ion of two variables is 

performed in the logical expression. Logical 
operations are frequently used in a process 
called "masking". This is the process of ex- 
t raet ing one or more small parts  of a word 
from the whole word. 

The  AND and ol~ concept is used with log- 
ical operations. When two primaries are 
combined by  an AND, they are matched 
tilt+for-bit according to the following t ru th  
table. 
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¢-, ] 
0 . 4 ,  

4 . 0 .  

0 o o 
o 1 o 
i o 0 

i i I 

An oa  function also matches two primarie. 
bit-for-bit. The following t ru th  table applies 

Bit (ff primacy ~ Bit of prirm~ry 2 Resu~til~g O~ bit 

0 0 0 
0 1 1 
l 0 1 
1 1 1 

3.3.2. Examples: 

TAG/~, ADI)RESS V SYMBOL 
OPCODE A 64/k STORAGE 

3.3.3. Syntax: 

(logicM expression} :: = (primary) ] 
(logical expression}(logieal operator)(l)rinlary 

(logical operator) :: = A [ V 

[{ELAT[ON 
3.4,1. Semantics: A lvlation is a logical or Boolean 

variable used in a conditional statement. 
I f  the condition stated is satisfied, the vain( 
of the relation is true; otherwise, it is false. 

3.4.2. Examples: 

A ¢ B  
A < B < C  
A ÷ C < 1) < E 
2 N X _ ~  Y ~ t 0  

3.4.3. Restriction: In  a relation it is necessary 
tha t  all relational operators be the same. 

3.4.4. Syntax: 

(relation) :: = (simple relation) I (relation'? 
(relational operator)(variable} 

(simple rel~tion) :: = (expression} 
(relational operator}(variable) 

(expression) :: = {arithmetic expression; i 
(chain expression) [ (logicM expression 

S t a t e m e n t s  
4.0.1. Scmankics: Basic s tatements  are the units 

of instruction in the NEMAC language. Ae 
cording to different tasks, there exist dif + 
ferent types of basic statements,  all of which 
may  additionally be labeled. They  are de+ 
scribed in the following Sections 4.1 +4.6. 

Basic st~tements may  be catenated. Nor 
really a comma is written as a punetuati0~ 
symbol in between basic statements;  how- 
ever, for clarity a period may  be plated after 
a GO TO statement.  A sequence of basic 
s ta tements  separated by commas is called 
an unconditional statement.  

Uncondit ional  s tatements  m a y  be pre + 
fixed by  conditions, thus forming a condi- 
tional s ta tement  (4.7); furthermore, a se + 
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4.!. 

u-,,r,i< T:(]:(;'~\ - - ~ t : \ - i~  q . . . .  f o i m i ~  :~ 
,,.(:mp(~ui~(is!~':('me~t (i ,S Siit(?eac,()ntp(){ t(i 
~.i&{(~i~i(:'i ~ (q . ) l lSi ( l .q( ' (1  3 s  a ~  l l ! t ( ' ( ) i ! ( ] i { i o I l a ~  

5{ U.i ( ' i i ] ( ' i i  [:, Jg [)FON('[i{. > Ii})0 TiiQ;~IIS i'OF C~:t S-. 

,-:,di~g (:()~diti()ns. After  the de l imi ter  P[:{O- 

is (.c)~s~dered as a pro.-e(i~lee body.  

• i.(). 2. S/f:-~.g,~;~v 

~ia~eme~.~I " " = (ur ic< n,. t i~io,aal s.'.:~..:eme'a~., 

~ c o n d i t S o n a !  s t a t e m e n t  ) 

: :.~be!i" s t a i e m e l ~ t  , .pro( ' (~( iurc })o(ty) ,  

uneo>.ditional statemenV "" = 
.:),:)asic statement,) ,lmsic si:~tement', 
(Ul~Condi~iomd st atement ' 
(e()iii t)ot! [l(t s t a t e m e n t  > 

,(}):,sic si atement. " " = ::,assignment: statement: i 
(go to ~t~,tem~ml'> (pr(me(hlre staLement) ! 
fo r  staten.tent>{ (dummy stai;emeni i 
(eocle:. (!abel :(Imsie sta,:=en~eut) 

, \  ~ i ( ;  NM E N T  Sq 'A T [!:MI£.NT:< 

4. I, !. ,'4,,~ma.~,[ic.,v The  assiK~mm~t stat:emet~t spool- 
lies an expr(,ssio~ whi(,h is to be e vah ta ted  
~ ( l  a var iable  which is to have  the :res~tlt:i~g 
\z~l~<:, assig~md to it. All var iables  must  t)e 

d(~(:lare(t t.<) be of the same type.  If the  vari-  
able to the r ight  ()f an  ar row is (tesignatinlz a 

' ( y h  part ia l  word, then the par t . sa  of the word 
~L()t= des igna ted  r(,mai,,~ ,utaffe(~ted by the 

ttssi~,a n ient  stat(?lllelit. 
A~ assig~m~ent staten~ent; is r xecutcd in 

tim following steps:  (I) The  expression to 
{ h e  !eft of t h e  arr()w is eva lua ted .  (2) The  
s~bscript  expression of the  var iable  to the 
r ight  of the left-m()st a r row is evahmted .  
(3) T h e  var iable  is assigned the value <)f the  
('xpr(,ssion. (-1) l:'or each following variable  

steps '2 and  3 are performed se(iue,,~tially. 

i .I . '2.  E:rampb,.~: 

A =, B 
X[I] + X[J] --, A --, B 
2 --~ B 

4 .  ' )  

4.1.3. S y n l a x :  

(assignment statement) :: = (cxpression.~(right 
part list) 

(expression:. :: = (arithmetic expression) 
(chain expression) [ (logienl expression.) 

(right part list) :: = (right part> (right part 
list :.(right part} 

(right part} :: = -* (variable} 

G.O T O  STATEMENTS 
4.2.1. Semant ics :  Uncond i t iona l  t r ans te r  of con- 

t rol  s t a t e m e n t s  are formed by  following t he  
words GO TO wi th  an  identifier.  Thus  the  
next  s t a t e m e n t  to be executed  will be the  
one being labeled wi th  th i s  identifier.  A 
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4.3. 

4 .2  ° . ~ .  

z[ .  - - .  ,;). 

4 . 2 . 4 .  

switch s t a t e m e n t  may  be referenced by  a 

GO TO s t a t e m e n t  which is subscripted.  A 
switch s t a t e m e n t  consists of a label by which 

:it is referenced,  and a list of a l t e rna t ive  
poin ts  in. a p rog ram to which cont ro l  may  be 

t ransferred.  The  selection of the ac tua l  
poil l t  to  which  control  is t ransfer red  de- 
pends  on the  value of the subscr ip t  expression 
in the  GO TO s ta tement .  
li'cstriclion: A (l()  T() s t a t e m e n t  may  not  

refer to a label  occurring wi th in  a compound  
s t a t e m e n t  unless the GO TO s ta ten len t  is 

par t  of the  compound  s t a t e m e n t  itself. 
Ne i the r  m a y  a GO TO s t a t e m e n t  refel' to 
the label of t h a t  compound  s t a t e m e n t  (pro- 
cedure body)  inside wlfich i t  s tands.  

Examples :  

GO TO :EUROPE 
GO TO WINDOW [1.5] 

Syn tax :  

(go to s tatement)  :: = GO TO (lal,el)(subscript) 

-q ) . .  
( ; ( ) M I  OL.N D "" ~ T A T E M E N T S  

4 . 3 . 1 .  Semant ics :  The  con-lpound s t a tmnen t  con- 
sists of a group of s t a t emen t s  which are 
separa ted  b y  p u n c t u a t i o n  marks  and en- 
closed by  t he  words B E ( ; I N  and  E N D .  It, 

is genera l ly  of the  fornl 

BI l l ( ] IN S S, S E N D ,  ~ . . . . . . . . .  

where S represents  a r b i t r a r y  s t a tements ,  
wlfich themse lves  m a y  be compound  s ta te-  
ments .  In  order  to fac i l i ta te  reading of a 
p rog ram con ta in ing  nested compound  state-  
ments ,  the label of a compound  s t a t emen t  
(if there  is one) m a y  be repea ted  af ter  the  
closing word E N D .  This  ident i f ier  will t hen  

be regarded  as if i t  were a commen t .  After  the  
w o r d  d e l i m i t e r  P R O C E D U R E  a labe l ed  c o m -  

p o u n d  s t a t e m e n t  is called a procedure body.  
A procedure  m a y  not  be called recurs ively 

(see S e c t i o n  4 .2 .2 . ) .  

4 . 3 . 2 .  Examples :  

BEGIN A 4- B -~ X, C ..4- D ~ Y END 
BEGIN IF  A ~ B THEN 

BEGIN IF A = B THEN GO TO NEW YORK. 
ELSE WEST; END; ELSE EAST; END 

PROCEDURE P: BEGIN 0 .... x --~ Y END P 

4 . 3 . 3 .  Syntax: 
(compound statement} :: = B E G I N  (compound 

tail} E N D  
(procedure body} :: = P R O C E D U R E  (procedure 

identifier}: (compound statement} 
(compound tail} :: = (statement} ] (statement) 

(compound tail) 
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4.4. 

4.5. 

4.6. 

372 

PROCEDURE STATEMENTS 
4.4.1. Semantics: A procedure is a part  of a pro- 

gram that is written only once but is to be 
executed at several points throughout  the 
same program. A procedure is called by a 
procedure statement which effectively in- 
serts the procedure body into the program 
taking the place of the procedure statement. 
If tile actual parameter part of tile procedure 
statement is not empty, theft the formal 
parameters of the called procedure body 
must be previously declared. This must be 
done in a declaration list immediately pre- 
ceding the procedure body, which therefore 
takes the form of a flowchart. The  variables 
in tile declaration list of this flowchart at'(; 
assigned the values of the corresponding 
actual parameters of the procedure state- 
ment. The correspondence is established 
by taking the entries of the actual parameter 
list in tile same order as the variables on tile 
declaration list. This implies tha t  tile num- 
ber of actual parameters is less than or equal 
to the number of variables declared. 

4.4.2. Examples: 

GET SYMBOL 
FINI)  RESII)I!;NT (CITY, STREET,  NUMI~ER) 

4.4.3. Syntax: 

{procedure statement} : : = 
(procedure identifier) (actual parameter  part} [ 
(procedure identifier} 

DUMMY STATEMENT 

4.5.1. Semantics: A dmnmy statement may serve 
to place a label or a clarifying punctuation. 
For example, it may be used to label the 
end of a compound statement. The dummy 
statement may also occur as art empty  false 
part in a conditional statement. 

4.5.2. Syntax: 

(dummy statement} : : = (empty) 

CODE 

A basic statement may have the form of a code. 
Thus operations may be stated which are not other- 
wise describable in this language. Codes will, e.g., 
be used to specify input-output operations. 

All instruction which represents exactly one 
machine instruction is written in the following form: 

IVICH XX_XXXXX (address} 
{address} :: = {unsigned integer) [ <identifier} 

The seven octal digits X X X X X X X  represent the 

C o m m u n i c a t i o n s  of  t h e  ACM 

4.7. 

4.8. 

prefix, de(:rement a~ld tag parts of l;h(, II{i\l 70,t 
7090 instruction in octal form. 
15'xample." 

MCt[4534004 iNI )EX means LXI) INDEX, 4 

CON D[T[ONAL ~TATEMENT 

4,7.1. Semantics: Conditional statements cause, 
statements to be executed or skipped de~ 
pending on the current values of t, he sped- 
fled relation. The conditional statemehi 
consists of a relation preceded by the word 
IF and followed by the word THEN, a 
"true part",  and a "false part" .  Both "true" 
and "['alse parts" are unconditional state, 
ments. They are normally terminated by ~ 
semicolon. 

If the relation is true, tile statenlent f01. 
lowing THIi;N is executed, after which eon~ 
trol is transferred to tile beginning of th(~ 
next statement following the "false parQ 
unless tile " t rue part"  terminates with a 
GO TO statement. If tile relation is fais(,, 
the "false par t"  is executed, after which e0~> 
trol is transferred to the beginning of ~he 
next statement urfless a GO TO statement 
terminates the "false part".  Either "true" or 
"false parts" may be left vacuous by imm(,- 
diately terminating it with a scmicol0i~ 
(dummy statement). 

4.7.2. Examples: 

IF  X + Y = Z THEN GO TO :i; 

E L S E  X - Y - - ) Z ;  

IF  B[ A B2 V B3 = TRUE TIIEN SET FLAGS; 
IF  LL < X < UL THEN TRUIi~ --, FLA(',; 

ELSE FALSE --~ FLAG, GO TO ERROR; 
I F 2  N X 6 Y =< 8 THEN BEGIN IF X = 5 

THEN GO TO S1 ; ELSE ;; ELSE G() TO $2; 

4.7.3. Synlax: 

(conditional statement} ::= IF (relati(m} T[:[ti;~ 
(unconditional statement}; ELSE (unconditio~ml 
statement}; 
IIF (relation} THEN (unconditional statemcIIt';; 

FOR 

4.8.1, 

STATEMEN" 'S 

Semantics: The FOR statement facilitate:' 
writing an iterative operation. The iz~dex 
specified in tile FOR clause takes on rallies 
beginning with a first limit and is modifi(~t 
by an increment for each successive execu- 
tion of the iterative operation. Tile exe cu~ 
tion of the FOR statement ends when :* 
successive application of the inercme~ 
would cause the index to pass beyond the 
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:--i'('()ii<{ ll~!~i ~ t ii(' ]~J!!l(.lil~ V.~t.III(?>~ C~1.111i(){ }K~ 

;~ 2. :(.r<:te:p/:..: 
i.'~.)[-{. K - [NITii.\i. VAI,U}'; STEP 3 (TNTil, 

I 'INAi. \:AL[;It3 i){) I~E(iIN VIIiST VLA(; 
:K  . ><i,;(?()N1) !CI,Aii IK] ..... FI,A(i [K] I N ! )  

i-~)l,/ N .... o STEP 1 (SNTiI, 100 J)O BEGIN 
VE(~'i'()I-( ! iN],  VECTOi( 2 (N) -~- SUM ..... 
.<[3.! }:;NI) 

4.8.3. ,~;m.la ~:" , i  . . . .  

f<)r sl :~i~}nwllI- : : = ( for  e l : - m s e > ( e o m p o u n d  

SI ',it e i t le l l t  ; 

-i(>r clause : : =  FOIl (index) = (for limit" 
STEP /integer? UNTIL (for limit, 1)O 

<f<,vlimit " '=  (identifier) ! (integer) [ 
(identifier)(signed integer? 

(c >mp()und staten,eat) " ' =  BEGIN (eon~pound 
tail> t;N D 

<eomp<)un(l tail> :: = (statement) i 
<statement >(compound tail) 

5 .0 .  D e e l a r a t i o n  I,is ts  

5.0.1. Nemanlic.s.: Declara t ions  occur a t  the begin- 
;::ring of a f lowchart  and serve to define cer- 
ta in proper t ies  of the var iables  in the  pro- 
g ram.  The  declarat ions will be vMid for the 
entire p rogram,  not  only for the par t icu la r  
f lowchar t  i~ which they  are declared. All 
identitiers used i,t the p rog ram except labels 
and  indices must  be declared. 

The declara t ion  list consists of specifiers 
to define the  types  of var iables  named by 
identifiers and a declara t ion  to define cer- 
ta in  proper t ies  of the identifiers. The declara-  
tion m a y  consist of a declara t ion  identifier, 
a l t e rna te  name,  s t ruc tu re  declarat ion and  

vMue list. 
The  dec lara t ion  identifier is the  name by 

which the  declared variable will be referred. 
I f  more t h a n  one name is given to the iden- 
tical var iable ,  a l t e rna te  names  m a y  be listed 
with a colon in between.  The s t ruc ture  dec- 
lm'ation contains  informat ion abou t  the 
subs t ruc tu re  of the variable,  which m a y  
consist  of a chain of charac te rs  or of several 
pa r t  words.  The s t ruc ture  declarat ion m a y  
be combined with the  a l t e rna te  name feature ,  
such t h a t  different names  l:vfer to the same 
word but assign different s t ructures  to it. 
By  means  <)f the value list a numeri<'al value 
can be preass igned to the variable before 

execution of the program.  
Examples: 5.0.2. 

IN TE(Hi;i{ A., B, C, II.EA[, X, Y, Z 
N [I,C,I:A{ A, llI~;AL ARII.AY R (3) ~ 1.1 *'~ 

2.5 * 7, - -0 .33  * 3 
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5.2. 

5.0.3. ,<;yntax: 

(declaration list:> " '=  (specifier>(deelaration) { 
(declaration list>, (declaration list) i (empty) 

(specif ier)"= REAL INTEGER i 
(specifier) ARRAY [(empty) i 

)( ,,, ) t L_)Cz!~I [ : l IE  
(declaration> " '=  (declaration identifier)(structure 

declaration> (al te rnate name ) (wdue 1 ist ) 
(alternate name, " '=  (empty> :(declaration 

identifier,(chain declarationi,(alternate name) 

See SeciJ(m 1.4.3 for definition of declaration identifier. 

S T R  UCT URE I ) E C L A R A T I O N S  

5.1.1. Semantic.s: The s t anda rd  field for a var iable  

is a computer  word;  however,  var iables  m a y  
represent  subfields or par t s  of words. All 
names  referring to pa rVwords  are included 
within a B E G I N  and E N D  in the declara- 
tion. E a c h  par t  word name  is followed by a 
definition of the par t  or subfield of the com- 
pu te r  word  and is dependent  on the par t icu lar  
compute r  used. This definition is enclosed 
in parentheses .  For  the  I B M  704 and  I B M  
7090 machines,  a variable is represented by  
36 bits. The pa r t  word  limits then  specify 
the r ight-most  (lowest) and the  lef t-most  
(highest) bit, belonging to the named pa r t  

word. 
A variM)le m a y  also consist of a chain of 

characters ,  symbols,  or groups of bits which 
in the p rog ram will be t rea ted  as separa te  
entities. In  this  ease the  number  of bits 
forming a charac te r  or symbol,  preceded 
by an as ter isk  and enclosed in parentheses,  
follows the  declarat ion identifier as a chain 
declarat ion.  For  the I B M  704 version n has 

to sa t isfy  1 =< n -5 12. 
5.1.2. Ezamples: 

L O C A T I O N : B E G I N  P R E F I X  ( 3 3 ~ 3 5 ) ,  D E C R E -  
M E N T  (18-+32),  T A G  (15--+17), A D D R E S S  
(0-+14) E N D  

STRING (.6), CONVEttTED STRING (.7) 

5.1.;/. Syntax: 

(structure declaration) :: = (,part word 
declaration) i (chain declaration) [ (empty) 

(part word declaration) : ' =  : B E G I N  (part 
word list) E N D  

(part word list) : ' =  (declaration identifier) 
(part word limit) [ (part word list), 
(part word list) 

(part word limit) ": = ((unsigned integer)--~ 
(unsigned integer)) 

(chain declarati(m) ": = (,(unsigne(t integer))i 
(empty) 

YA L c n  L I S T S  

5.2.1. Semantics: The value list. m a y  preassign a 
mmmriea l  value to a variable a n d / o r  define 
the diinension of a var iable  in the case of an 
a r ray .  The  value list consists of two parts ,  
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6 . 0 .  

bo th  of which  m a y  be e m p t y .  The  f:irs~ pa r t  

defines the  d imens ion  of the  varh~ble in the 
case of an  a r r a y  (if it. is e m p t y ,  t he  d imen-  

sion is a ssumed  to be 1). T h e  second p a r t  
is the  n u m b e r  list in. t he  ease of an  a r ray ,  

wMch reduces to a i~.:mber in the  ease of a 
single var iab le .  I f  the  n u m b e r  list is e m p t y ,  

the var iab le  is preass igned the  va lue  0. 

As a special  fea ture ,  a var iab le  m a y  be 
assigned a p r e d e t e r m i n e d  loca t ion  in the  

maclhine (absolute  address ing) ,  by  following 
the var iab le  witt:~ • O C T  and  the  ootal  in- 
teger. 

5.2.2. Syntax: 

(value list.) " ' =  (empty) i .... (value) i 
(dimension) i ,./dimension) ~-- (number list) 
(absolute address) 

(dimension} ": = ((unsigned integer)) 
(number list} :: = (value) [ (value), 

(number list) 
( v a l u e ) ' :  = ( integer) [ (number)  

(absolute address) : ' =  * OCT (octal integer.:, 

F l o w c h a r t s  

6.0.1. Semantics: T h e  logical  segment  of the  

NELIAC p r o g r a m  is the  f lowchar t .  I t  con- 
sists of a dec l a r a t i on  list and  a c o m p o u n d  

tail .  T h e  l a t t e r  is the  ac tua l  p r o g r a m  which  

specifics the  opera t ions  to  be per formed on 
the vm'iables  defined in the  dec lm'a t ion  list,. 

The  c o m p o u n d  ta i l  consis ts  of a sequence  
of s t a t e m e n t s  which  are s epa ra t ed  by  punc-  

t u a t i o n  m a r k s  (usual ly  commas) .  B y  label ing  
single s t a t e m e n t s  w i th  an  ident i f ie r  and  a 

colon, t h e y  m a y  be referred to f rom o the r  

po in t s  of t he  p r o g r a m J  
N o r m a l l y ,  s t a t e m e n t s  will be execu ted  

consecut ive ly .  This  rule m a t  be b roken  by  
in t roduc ing  GO TO s t a t e m e n t s  wh ich  ex- 

p l ic i t ly  specify the  nex t  s t a t e m e n t  to be 
executed.  A n o t h e r  excep t ion  to th i s  rule is 

made  wi th  labeled  c o m p o u n d  s t a t e m e n t s ,  
which  are i n t e r p r e t e d  as p rocedure  bodies 

and  there fore  are no t  considered a p o r t i o n  

of the  n o r m a l  sequence  of the  p rog ram.  
These  m a y  be a c t i v a t e d  f rom a n y  place in 
the  p r o g r a m  by  procedure  s t a t emen t s .  T h e  

processing sequence  of the  p r o g r a m  m a y  be 
cont ro l led  b y  cond i t iona l  s t a t emen t s ,  wh ich  

m a y  cause ce r t a in  s t a t e m e n t s  to be skipped.  

A N~:LX~tc p r o g r a m  consists  of a sequence  
of f lowcharts .  The  f lowchar ts  are no t  inde- 

pendei i t .  Variables  declared or labels  occur-  
r ing in a n y  f lowchar t  m a y  be re fer red  to  
f rom wi thh i  a n y  a r b i t r a r y  f lowchar t ;  t how- 

ever,  norn ia l ly  var iab les  should  be dec la red  

before t h e y  are  called. 

L See Section 4.2.2. for restrict ion when referencing other  po ints  
of a program. 

3 7 4  C o m m u n i c a t i o n s  o f  t h e  A C M  

(kO.2. £'xa,npies. 
t.&) 

TEMP, 
~ .  v ? v )  

N UMBt .... (100) 
SORT" 
(COMMENT A R()UTINE. . . . . .  THAT S()RTS A '~I~ .... ~" OI i~: 

UNSIGNEI) INTt.;C;t.;I{.S INTO NCMEt~IC ~)~>I)I.;i.~, ,~ [Tqi'~-c: 
THE SHUTTLE EXCHANGE 5IETHOD.) 

i:()II~ I = 0 STEP 1 UNTIL 98 DO 
BEGIN IF NUMBER [t/ >NUMBEt{ [i+!.i 

THEN BEGIN NUMBER [I] --, TEMP, 
N[TMBER [I÷1] --~ NUMBER [I], 
TEMI ....... NUMBER [I+l],  I - - ,  ,l, 
X X ' i F  J > 0 

THEN BEGIN IF NUMBEI(. [J] < Nv'.T~:~.~) ~__~ 
THEN NUMBER. [J]--* TEMP, 

NUMBER [J--I] --~ NUMBEI{ [J[ 
T E M P ~  NUMBER [ J - l ] ,  J - 1  . . . .  I, 
GO TO X X .  

ELSE; END; 
ELSE; E N D ;  

ELSE; END.. 

(b) 
ARIIAY X (,6)(6), XX (6), Y (.6) (5); 

(COMMENT MANIPULATE WILL CONVERT TI:[il 
A R R A Y  X : 

A0, B0, CO, DO, E0, FO 
A1, B1, C1, D1, El ,  F1 
A2, B2, C2, D2, E2, F2 
A3, B3, C3, D3, E3, F3 
A4, B4, C4, D4, E4, F4 
A5, B5, C5, ]i)5, E5, F5 INTO THE ARRAY Y: 
B0, B1, B2, B3, B4, B5 
CO, C1, C2, C3, C4, C5 
DO, D1, D2, D3, D4, D5 
E0, El ,  E2, E3, E4, E5 
F0, F1, F2, F3, F4, F5 END COMMENT) 

MANIPULATE : 
MOVE, FOR J = 0 STEP t UNTIL 4 DO 
BEGIN MOVE, JOIN, END, 

PROCEDURE MOVE: 
BEGIN FOR I = 0 STEP 1 UNTIL 5 DO 
BEGIN • X [I] ~ X X  [I], 

X [I] + +  0 ~ X [I], END, END MOVE, 
PROCEDURE JOIN : 

BEGIN FOR I = 0 STEP 1 UNTIL 5 DO 
BEGIN Y [J] + +  X [I] --~ Y [J], END, END JOIN ... 

(e) 
TRA = 1, CLA = 2, STO = 3 
M E M O R Y  (1000), 
INSTRUCTION COUNTER:IC,  
INSTRUCTION REGISTER: IR:  

BEGIN 0P CODE (18--~32), ADDRESS (0--d4) END. 
ACCUMULATOR: AC; 

(COMMENT THIS PROGRAM SIMULATES A COMPUTE[: 
WITH INDIRECT ADDRESSING FACILITY ANI) TI{J; 
FOLLOWING OPERATIONS: TRA, CLA, STO) 

CYC LE : 
MEMORY tIC] --~ IR, IC + 1 -~ IC, 

INDIRECT ADDRESS TEST: 
IF MEMORY (35---~35) [ADDRESS] = 1 THEN 
M E M O R Y  (0--d4) [IR] --~ ADDRESS, 
GO TO INDIRECT ADDRESS TEST. ELSE; 

E X E C U T E  : 
IF OP C O D E  = T R A  T H E N  A D D R E S S  ~ IC, GO TO cYCLL 

ELSE; 7 
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i}:' ()i '  ( '()i}K -- ( 1 + \  T H E N  hiF:Sit)l{Y [[l{{ ~, AC, (;()  T() 
( / Y (  L];:. i iLSE;  

[Y OP C( ) i )E  -- 51£'(; T H E N  AC ,) , ! i£2\I()1{Y [ i l l  GO TO 
C YC]2]-:. EI.S K . . .  

{; Q 3 '~;/:J/::P" 

:{]+,\vcl~a;:~ ' : : -: (..:ieclsra* D)n list : 

t M i  ' . .  

=('(-~i~poti:~td t a { i  : : :  s t a i ( ' t : t e ~ t t  

Si l t rec i te [ i ( : ,  COlt lp t . ) t l t t (~  t a i l  

C() : I i i ) l  )HII(]  

A P P E N D I  X A 

S y n t a c t i c a l  F l o w c h a r t  for  BC NELI .kC 

As an :ti(l in unders t : ind iug  the  syn tac t i ca l  rules el BC NE.LIAC, 
~ f lowchart  s imilar  to t he A ~;u:)L 60 Fh}weimrt has t}een developed.  
The shapes  of ene!(~sure (,n tlm char t  have t!,.e fu !hming  meanings :  

Me~ai inguis t ie  var iables  appear  in ellipses and indica te  the 
7. enclosed var iab le  is defined at tha t  place on tile e}m.rt. 
- -  Me{ai inguis t ic  var iabies  appear ing  in rec tangles  mean  the 

w.triable is defined elsewhere on the char t .  Grid  coord ina tes  
for ~he defini t ion appea r  at t:he r ight  of the rec tangle .  

X 3 . 4  F o r m s  A L G O L  T a s k  G r o u p  

[(di(oc'.s NO!el 7'ke./)>L/ou:i+nF ;'esol.lion, ;'ep;+esen, ls lt+e ach:on 
• - : )  / 

i ,)/" X&.5.2/o ca;W~ ont #u" direclice giPen, to it  b!/ X,)..:: in, lt;e 
I _i LGOr ; 'es . l . / ion.s  ¢>/-" lke +1 p; i l  26,  1963  ;;;eelir+f/ to c+m+side: + 

: ~ f • . 

+.ic,;oL ?};;+ ?';,:,:erna!ionat s/a~+.dardization, a n d  to cell, side;" 

{ :/e i+ntern.al :lz; +;oc ~i[]";;'t as  a basi.s ,/b/" a nal ion ,  al  ,+!anda;'d. 

i:: +/.(:;. 

:1 . 1, }(},}, :+i: A t  t h e  A S A  X3.4: nteet:i[u,g in 1 ) e t r o i t  ()t~ M a v  20,  ( "" 

:,]:~ the  fo!l,,)wipo~ resohutio:~_, w a s  i } r e s e n t e d  bv+. X:-L-[.2 att(t. 

i adopted bv X3.4" 

:! "Reso lved  t tmt a Task  (_;t'(}t£I:} known as Xa.4.2.A will be formed 

1 to develop a d ra f t  s t ~ t I l d a I ' d  o n  AI,GOI, and  to act  as an informat i (m 
::{: exchange for discussion on AL(:;o[,60, ineluding inq) lementa t ions ,  
i witi,~ n t}e .  (TnitedSt:, . tes, andeor respond ing 'nm,  m b e r s h i p w i t h o u t  

voiing membershit} open to all in te res ted  pa r t i e s . "  

::i 

ii ] 
{ 

:i. {: 

1 
:{: 
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-~ V o . l u m e  6 / N u m b e r :  / Ju ly- ,  1963 

Mr. Jack Merner was appointed elmirnmn of X3.4.2.A. 
The fo!lowino" list was suggested as a t)asis for the forma- 
tion of XaA.e.A" 

The old ALGOL Working Group 
The ALGOL Compiler writers appearing in the C A C M  

survey 
The Utfited States members of Working Group 2.I 
"['h.e S:HAPd:: ALGOL Committee 
T h e  a t t t h o r s  of  a l g o r i t h m s  in t h e  C o m m t m i e a t i o t t s  of  

t h e  A C M  

T h e  U n i t e d  S t a t e s  ALGOL a t , a h o r s  

C O O l  } U s e r s  ( . i r oup  

C U B E  U s e r s  G r o u p  

J U G  U s e r s  G r o u p  

( s i g n e d )  R .  F .  CLIPPiNGER 

O F;a:ic s\mi)~>i: a.re enclosed iu circles. 
Xh.,vtieui arrows [ndicu.te a defini t ion of a meta l inguis t ic  

+ vari,.d)ie ;,hall follows. 
Hor izonta l  :arrows e{mnect the ha.sic symbols  and  meta l inguis-  
tic w.u+ial~ies which form a definit ion.  

1.2verv metalinguist:ie formula  used to describe BC N~:taAc in 
this rep{)rt appears  on the  svntae t ica!  flowchart: 

_t I ' I 'ENI) I  X !1 

T r a  n s l i t e r a t i o n  l / u l e s  

This  apt)endix represents  a s tnnmary  of equiva lences  beBveen 
the cha rac t e r  set used with the hardw:H'e represen ta t ion  BC 
N~:L~.xc on the I B M  704 digb,:d c o m p u t e r  and the BC NEL[A(: 
Reference  t ,anguage.  All of the word de lhni te rs  must  be set_)arated 
t)y b lanks  in the hardw:~re ret)resenta.tion (bhmks shown by " ._" 
in ha rdware  representa.ti tm}. 
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