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generaJIy from left to right, with the following additional 
rules: 

3.3.5.1. According to the syntax given in section 3.3.1 
the following rules of precedence hold: 

first: j 
second: X/+ 
third: +-

3.3.5.2. The expression between a leftparenthesis and 
the matching right parenthesis is evaluated by itself and 
this value is used in subsequent calculations. Consequently 
the desired order of execution of operations within an 
expression can always be arranged by appropriate posi­
tioning of parentheses. 

3.3.6. Arithmetics of real. quantities 
Numbers and variables of type real must be interpreted 

in the sense of numerical analysis, i.e. as entities defined 
inherently with only a finite accuracy. Similarly, the 
possibility of the occurrence of a finite deviation from the 
mathematically defined result in any arithmetic expression 
is explicitly understood. No exact arithmetic will be 
specified, however, and it is indeed understood that 
different hardware representations may evaluate arith­
metic expressions differently. The control of the possible 
consequences of such differences, must be carried out by 
the methods of numerical analysis. This control must be 
considered a part of the process to be described, and will 
therefore be expressed in terms of the language itself. 

3.4. BOOLEAN EXPRESSIONS 

3.4.1. Syntax 

(relational operator) :: = < I �~� I == I �~� I> I �~� 
(relation) :: = (simple arithmetic expression) 

(relational operator) (simple arithmetic expression) 
(Boolean primary) :: = (logical value)1 (variable)1 

(function designator) I (relation) I «Boolean expression» 
(Boolean secondary) :: "'" (Boolean primary) I, (Boolean primary) 
(Boolean factor) ::= (Boolean secondary)1 

• (Boolean factor) 1\ (Boolean: secondary) 
(Boolean term) :: = (Boolean factor) I (Boolean term) 

V (Boolean factor) 
(implication) .::= (Boolean term)l(implication)::>(Boolean term) 
(Rimple Boolean) ::= (implication)1 

(simple Boolean)== (implication) 
(Boolean expression) :: = (simple Boolean) 1 

(if clause) (simple Boolean) else (Boolean expression) 

3.4.2. Examples 

x= -2 
Y>VVz<q 
a+b > -5 1\ z-d > qj2 
pl\q V �x�~�y� 

g= ,al\bl\, cVdVe::>, f 
if k<1 then s>w else �h�~�c� 

if if if a then b else c then d else f then g else h <k 

3.4.3. Semantics 
A Boolean expression is a rule for computing a logical 

value. The principles of evaluation are entirely analogous 
to those given for arithmetic expressions in section 3.3.3. 

3.4.4. Types 
Variables and function designators entered as Boolean 

primaries must be declared Boolean (cf. section 5.1. 
Type Declarations and section 5.4.4. Values of Function 
Designators) . 

3.4.5. The operators 
Relations take on the value true whenever the corre­

sponding relation is satisfied for the expressions involved, 
otherwise false. 

The meaning of the logical operators.., (not), /\ (and), 
V (or), ::::> (implies), and == (equivalent), is given by the 
following function table. 

bI false false true true 
b2 false true false true -----------------------
,bl true true false false 
bl1\b2 false false false true 
bI Vb2 false true true true 
bI ::>b2 true true false true 
bI == b2 true false false true 

3.4.6. Precedence of operators 
The sequence of operations within one expression is 

generally from left to right, with the following additional 
rules: 

3.4.6.1. According to the syntax given in section 3.4.1 
the following rules of precedence hold: 

first: arithmetic expressions according to section 3.3.5. 
second: < �~� = �~� > �~� . 
third: , 
fourth: 1\ 
fifth: V 
sixth: ::> 
seventh: == 

3.4.6.2. The use of parentheses will he interpreted' in 
the sense given in section 3.3.5.2. 

3.5. DESIGNATIONAL EXPRESSIONS 

3.5.1. Syntax 

(label) :: = (identifier) 1 (unsigned integer) 
(switch identifier) :: = (identifier) 
(switch designator) :: = (switch identifier)[ (subscript expression») 
(simple designational expression) :: = (label)1 (switch designator)1 

«designational expression» 
(designational expression) ::= (simple designational expression)1 

(ij clause) (simple designational expression) else 
(designational expression) 

3.5.2. Examples 

17 
p9 
Choo,c;e[n-lj 
Town[if y<O then N else N+lj 
if Ab<c then 17 else q[if �w�~�O� then 2 else nl 

3.5.3. Semantics 
A designational expression is a rule for obtaining a label 

of a statement (cf. section 4. Statements). Again the 
principle of the evaluation is entirely analogous to that of 
arithmetic expressions (section 3.3.3). In the general case 
the Boolean expressions of the if clauses will select a 
simple designational expression. If this is a label the 
desired result is already found. A switch designator refers 
to the corresponding switch declaration (cf. section 5.3. 
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Switeh Declarations) and by the actual numerical value 
of its subscript expression selects one of the designational 
expressions listed in the switch declaration by counting 
these from left to right. Since the designational expression 
thus selected may again be a switch designator this evalua­
tion is obviously a: recursive process. 

3.5.4. The subscript expression 
The evaluation of the 'subscript expression is analogous 

to that of subscripted variables (cf. section 3.1.4.2). The 
value of a switch designator is defined only if the subscript 
expression assumes one of the positive values 1, 2,3, ... ,n, 
where n is the number of entries in the switch list. 

3.5.5. Unsigned integers as labels 
Unsigned integers used as labels have the property that 

leading zeros do not affect their meaning, e.g. 00217 
denotes the sa~e label as 217. 

4. Statements 

The. units of operation within the language are called 
statements. They will normally be executed consecutively 
as written. However, this sequence of operations may be 
broken by go to statements, which define their successor 
explicitly, and shortened by conditional statements, 
which may cause certain statements to be skipped. 

In order to make it possible to defi!1e a specific dynamic 
succession, statements may be provided with labels. 

Since sequences of statements may be grouped together 
into compound statements and blocks the definition of 
statement must necessarily be recursive. Also since decla­
rations, described in section 5, enter fundamentally into 
the syntactic structure, the syntactic definition of state­
ments must suppose declarations to be already defined. 

4 .• 1. COMPOUND STATEMENTS AND BLOCKS 

4.1.1. Syntax 

(unlahelled basic statement) :: = {assignment statement >1 
(go to statement)! (dummy statement) 1 {proced ure statement> 

{basic statement> :: = (unlabelled basic statement) 1 (label): 
{hasic statement> 

{unconditional statement> :: = {basic statement> 1 
{compound statement)1 (block) 

(statement) ::= {unconditional statement >1 
(conditional statement) I (for statement) 

(compound tail) :: = (statement) end 1 (statement) 
(compound tail) 

(block head) :: = begin (declaration) I (block head) 
(declaration) 

(unlabelled compound) :: = begin (compound tail > 
(unlabelled block) ::= (block head> ; (compound tail) 
(compound statement) :: = (unlahelled compound)1 

(label): (compound statement) 
(hlock) ::= (unlabelled block)l(label):(block) 
.(program) :: = (block> I (compound statement ) 

This syntax may be illustrated as follows: Denoting arbi­
trary statements, declarations, and labels, by the letters 
S, D, and L, respectively, the basic syntactic units take 
the forms: 

Compound statement: 

L: L: ... begin 8 ; 8 ; ... 8 8 end 
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Block: 

L: L: ... begin D ; D ; e. D ; 8 ; 8 ; ... 8 ; 
8 end 

It should be kept in mind that each of the statements S 
may again be a complete compound statement or block. 

4.1.2. Examples 

Basic statements: 

a := p+q 
go to Naples 
S'l'AR'l': CONTINUE: W := 7.993 

Compound statement: 

Block: 

begin x := 0 ; for y := 1 step 1 until n do 
x := x+A[y] ; 

jf x>q then go to STOP else if x>w-2then 
go to S ; 

Aw: Se: W := x+bob end 

Q: begin integer i, k ; real w ; 
for i := 1 step 1 until m do 
for k := i+l step 1 unt.il m do 
begin w := Ali, k] ; 

A[i, kJ := A[k, iJ ; 
A[k, iJ := wend for i and k 

end block Q 

4.1.3. Semantics 
Every block automatically introduces a new level of 

nomenclature. This is realized as follows: Any identifier 
occurring within the block may through a suitable declara­
tion (cf. section 5. Declarations) be specified to be local 
to the block in question. This means (a) that the entity 
represented by this identifier inside the block has no 
existence outside it, and (b) that any entity represented 
by this identifier outside the block is completely inacces­
sible inside the block. 

Identifiers (except those representing labels) occurring 
within a block and not being declared to this block will be 
nonlocal to it, i.e. will represent the same entity inside 
the block and in the level immediately outside it. A label 
separated by a colon from a statement, i.e. labelling that 
statement, behaves as though declared in the head of the 
smallest embracing block, i.e. the smallest block 'whose 
brackets begin and end enclose that statement. In this 
context a procedure body must be considered as if it were 
enclosed by begin and end and treated as a block. 

Since a statement of a block may again itself be a block . 
the concepts local and nonlocal to a block must be under­
stood recursively, Thus an identifier, which is nonlocal 
to a block A, mayor may not be nonlocal to the block B 
in which A is one statement. 

4.2. ASSIGNMENT STATEMENTS 

4.2.1. Syntax 

(left part) :: = (variable) : = I (procedure identifier) : = . 
(left part list) :: = (left part) I (left part list )(Jeft part) 
(assignment statement ) :: = (left part list) {ari thmetic expression >1 

(left part list> (Boolean expression> 



FORM AL-3-78 FORMULA ALGOL 

REVISED ALGOL 60 

4.2.2. Examples 

8 := p[OJ := n := n+l+s 
n := n+l 
A := BIC-v-qxS 
S[v,k+21 := 3-arclan(8Xzela) 
V:= Q>YAZ 

4.2.3. Semantics 
Assignment statements serve for assigning the value of 

an expression to one or several variables or procedure 
identifiers. Assignment to a procedure identifier may only 
occur within the body of a procedure defining the value of 
a function designator (ef. section 5.4.4). The process will 
in the general case. be understood to take place in three 
steps as follows: 

4.2.3.1. ,Any subscript expressions occurring in the left 
part variables are evaluated in sequence from left to right. 

4.2.3.2. The expression of the statement is evaluated. 
4.2.3.3. The value of the expression is assigned to all 

the left part variables, with any subscript expressions 
having values as evaluated in step 4.2.3.1. 

4.2.4. Types 
The type associated with all variables and procedure 

identifiers of a left part list must be the same. If this type 
is Boolean, the expression must likewise be Boolean. 
If the type is real or integer) the expression must be 
arithmetic. If the type of the arithmetic expression differs 
from that associated with the variables and procedure 
identifiers, appropriate transfer functions are understood 
to be automatically invoked. For transfer from real to 
integer type, the. transfer function is understood to 
yield a result equivalent to 

entier(E+O 5) 

where E is the value of the expression. The type asso­
ciated with a procedure identifier is given by the declarator 
which appears as the first symbol of the corresponding 
p;ocedure declaration (cf. section .5.4.4). 

4.3. Go To STATEMENTS 

4.3.1. Syntax 

(go to statement) :: = go to (designational expresf'ion) 

4.3.2. Examples 

go to 8 
go to exit [n+11 
go to Town[if y <0 then N else N + 11 
go to if Ab<c then 17 else q[if w<O then 2 else n1 

4.3.3. Semantics 
A go to statement interrupts the normal sequence of 

operations, defined by the write-up of statements, by 
defining its successor explicitly by the value of a designa­
tional expression. Thus the next statement to be executed 
will be the one having this value as its label. 

4.3.4. Restriction 
Since labels are inherently local, no go to statement can 

lead from outside into a block. A go to statement may, 
however, lead from outside into a compound statement. 

4.3.5. Go to an undefined switch designator 
A go to statement is equivalent to a dummy statement 

if the designational expression is a switch designator whose 
value is undefined. 

4.4. DUMMY STATEMEN'l'S 

4.4.1. Syntax 

(dummy statement) :: = (empty) 

4.4.2. Examples 

L: 
begin .... ; John: end 

4.4.3. Semantics 
A dummy statement executes no operation. It may 

serve to place a label. 

4.5. CONDITIONAL STATEMENTS 

4.5.1. Syntax 

(if clause) ::= if (Boolean expression) then 
(unconditional statement) ::= {basic statement)1 

(compound statement)1 (block) 
(if statement) :: = (if clause) (uncondit.ional statement) 
(conditional statement) ::= (if statement)l(if statement) else 

(statement >1 (if clause) (for statement)1 
(label) : (conditional statement) 

4.5.2. Examples 

if x>O then n := n+l 
if V>ll then V: q:= n+m else go to R 
if s<OV P~Q then AA: begin if q<v then a := vis 

else y := 2Xa end 
else if V>II then a ;= v-q else if v>8-1 

then go to S 

4.5.3. Semanties 
Conditional statements cause certain statements to be 

executed or skipped depending on the running values of 
specified Boolean expressions. 

4.5.3.1. If statement. The unconditional statement of 
an if statement will be executed if the Boolean expression 
of the if clause is true. Otherwise it will be skipped and 
the operation will be continued with the next statement. 

4.5.3.2. Conditional statement. According to the syn­
tax two different forms of conditional statements are 
possible. These may be illustrated as follows: 

if Bl then 81 else if B2 then 82 else 83 ; S4 

and 

if Bl then 81 else if B2 then 82 else if B3 then 83 ; 84 

Here B1 to Ba are Boolean expressions, while S1 to sa 
are unconditional statements. S4 is the statement following 
the complete conditional statement. . 

The execution of a conditional statement may be de­
scribed as follows: The Boolean expression of the if clauses 
are evaluated one after the other in sequence from left to 
right until one yielding the value true is found. T~en the 
unconditional statement following this Boolean is exe­
cuted. Unless this statement defines its successor explicitly 
the next statement to be executed will be S4, i.e. the state-



FORMULA ALGOL FORM AL-3-79 

ment following the complete conditional statement. Thus 
the effect of the delimiter else may be described by saying 
that it defines the successor of the statement it follows to 
be the statement following the complete conditional 
statement. 

The construction 

else (unconditional statement) 

is equivalent to 

else if true then (unconditional statement) 

If none of the Boolean expressions of the if clauses is 
true, the effect of the whole conditional statement will be 
equivalent to that of a dummy statement. 

For further explanation the following picture may be 
useful: 

f------------r------l 
if B1 <then 81 else if B2 then S2 else S3 ; 84 

l _________ J t _________ J 
B1 false B2 false 

4.5.4. Go to into a conditional statement 
The effect of a go to statement leading into a conditional 

statement follows directly from the above explanation of 
the effect of else. 

4.6. FOR STATEMENTS 

4.6.1. Syntax 

(for list element) ::= (arithmetic expression)1 
(arithmetic expression) step (arithmetic expression) until 
(arithmetic expression) I (arithmetic expression) while 
(Boolean expression) 

(for list) ::= (for list element)1 (for list) , (for list element) 
(for clause) ::= for (variable) := (for list) do 
(for statement) ::= (for clause)(statement)1 

, (label): (for statement) 

.4.6.2. Examples 

for q := 1 step s until n do A[q] := B[q] 
for k := 1, VIX2 while VI <N do 

, for j := I+G, L, 1 step 1 until N, C+D do 
A[k,j] := B[k,jj 

4.6.3. Semantics 
A for clause causes the statement S which it precedes to 

be repeatedly executed zero or more times. In addition it 
performs a sequence of assignments to its controlled 
variable. The process may be visualized by means of the 
following picture: 

r--------------~l 

Initialize test ; statement S ; advance ; successor 
t _______________________ ~_J 

for list exhausted 

In this picture the word initialize means: perform the first 
assignment of the for clause. Advance means: perform the 
next assignment of the for clause. Test determines if the 
last assignment has been done. If so, the execution con-
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tinues with the successor of the for statement. If not, the 
statement following the for clause is executed. 

4.6.4. The for list elements 
The for list gives a rule for obtaining the values which 

are consecutively assigned, to the controlled variable. This 
sequence of values is obtained from the for list elements 
by taking these one by one in the order in which they are 
written. The sequence of values generated by each of the 
three species of for list elements and the corresponding 
execution of the statement S are given by the following 
rules: 

4.6.4.1. Arithmetic expression. This element gives rise 
to one value, namely the value of the given arithmetic 
expression as calculated immediately before the corre­
sponding execution of the statement S. 

4.6.4.2. Step-until-element. An element of the form 
A step B until a, where A, B, and a, are arithmetic ex­
pressions, gives rise to an execution which may be de­
scribed most concisely in terms of additional ALGOL 
statements as follows: 

V:= A ; 
Ll : if (V - C) X sign (B) > 0 then go to element exhausted; 

statement S 
V:= V+B ; 
go to L1 ; 

where V is the controlled variable of the for clause and 
element exhausted points to the evaluation according to 
the next. element in the for list, or if the step-until-element 
is the last of the list, to the next statement in the program. 

4.6.4.3. While-element. The execution governed by a 
for list element of the form E while F, where E is an 
arithmetic and F a Boolean expression, is most concisely 
described in terms of additional ALGOL statements as 
follows: 

L3: V := E ; 
if ..., F then go to element exhausted 
Statement S ; 
go to L3 ; 

where the notation is the same as in'4.6.4.2 above. 
4.6.5. The value of the controlled variable upon exit 
lJpon exit out of the statement S (supposed to be com­

pound) through a go to statement the value of the con­
trolled variable will be the same as it was immediately 
preceding the execution of the go to statement. 

If the exit is due to exhaustion of the for list, on the 
other hand, the value of the controlled variable is unde­
fined after the exit. 

4.6.6. Go to leading into a for statement 
The effect of a go to statement, outside a for statement, 

which refers to a label within the for statement, is unde­
fined. 

4.7. PROCEDURE STATEMENTS 

4.7.1. Syntax 

(actual parameter) ::= (string)1 (expression)1 (array identifier)1 
(switch identifier)1 (procedure identifier) 

(letter string) ::= (letter)I(letter string) (letter) 
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(parameter delimiter) ::= ,i)(letter string):( 
(actual parameter list) :: = (actual parameter) I 

(actual parameter list) (parameter delimiter) 
(actual parameter) 

(actual parameter part) :: = (empty) I 
«actual parameter list» 

(procedure statement) :: = (procedure identifier) 
(actual parameter part) 

4.7.2. Examples 

Spur (A)Order: (7)Result to: (V) 
'l'ranspose (W ,v+ 1) 
Absmax(A,N,M, Yy,I,K) 
Innerproducl(A [l,P,uj,B[Pj,lO,P, Y) 

These examples correspond to examples given in section 
5.4.2. 

4.7.3. Semantics 
A procedure statement serves to invoke (call for) the 

execution of a procedure body (cf. section 5.4. Procedure 
Declarations). Where t.he procedure body is a statement 
written in AJ.JGOL the effect of this execution will be 
equivalent to the effect of performing the following opera­
tions on the program at the time of execution of the pro­
cedure statement: 

4.7.3.1. Value assignment (call by value) 
All formal parameters quoted in the value part of the 

procedure declaration heading are assigned the values 
(cf. section 2.8. Values and Types) of the corresponding 
actual parameters, these assignments being considered as 
bf'ing performed explicitly before entering the procedure 
body. The effect is as though an additional block embrac­
ing the procedure body were created in which these assign­
ments were made to variables local to this fictitious block 
with types as given in the corresponding specifications 
(cf. section 5.4.5). As a consequence, variables called by 
value are to be considered as nonlocal to the body of the 
procedure, but local to the fictitious block (cf. section 
5.4.3). 

~.7.3.2. Name replacement (call by name) 
Any formal parameter not quoted in the value list is 

replaced, throughout the procedure body, by the corre-
. sponding actual parameter, after enclosing this latter in 
parentheses wherever syntactically possible. Possible 
conflicts between identifiers inserted through this process 
and other identifiers already present within the procedure 
body will be avoided by suitable systematic changes of the 
formal or local identifiers involved. 

4.7.3.3. Body replacement and execution 
Finally the procedure body, modified as above is 

inserted in place of the procedure statement and executed. 
If the procedure is called from a place outside the scope 
of any nonlocal quantity of the procedure body the con· 
flicts between the identifiers inserted through thi~ process 
of body replacement and the identifiers whose declarations 
are valid at the place of the procedure statement or func­
tion designator will be avoided through suitable systematic 
changes of the latter identifiers. 

4.7.4. Actual-formal correspondence 
The correspondence between the actual parameters of 

the procedure statement and the formal parameters of the 
procedure heading is established as follows: The actual 
parameter list of the procedure statement must have the 
same number of entries as the formal parameter list of the 
procedure declaration h~ading. The correspondence is 
obtained by taking the entries of these two lists in the 
same order. 

4.7.5. Restrictions 
For a procedure statement to be defined it is evidently 

necessary that the operations on the procedure body de­
fined in sections 4.7.3.1 and 4.7.3.2 lead to a correct ALGOL 
statement. 

This imposes the restriction on any procedure statement 
that the kind and type of each actual parameter be com­
patible with the kind and type of the corresponding formal 
parameter. Some important particular cases of this gen­
eral rule are the following: 

4.7.5.1. If a string is supplied as an actual parameter in 
a procedure statement or function designator, whose 
defining procedure body is an ALGOL 60 statement (as 
opposed to nOn-ALGOL code, cf. section 4.7.8), then this 
string can only be used within the procedure body as an 
actual parameter in further procedure calls. Ultimately it 
can only be used by a procedure body expressed in non­
ALGOL code. 

4.7.5.2. A formal parameter which occurs as a left part 
variable in an assignment statement within the procedure 
body and which is not called by value can only correspond 
to an actual parameter which is a variable (special case of 
expression) . 

4.7.5.3. A formal parameter which is used within the 
procedure body as an array identifier can only corre­
spond to an actual parameter which is an array identifier 
of an array of the same dimensions. In addition if the 
formal parameter is called by value the local array created 
during the call will have the same subscript bounds as 
the actual array. 

4.7.5.4. A formal parameter which is called by value 
cannot in general correspond to a switch identifier or a 
procedure identifier or a string, because these latter do not 
possess values (the exception is the procedure identifier of 
a procedure declaration which has an empty formal 
parameter part (cf. section 5.4.1) and which defines the 
value of a function designator (cf. section 5.4.4). This pro­
cedure identifier is in itself a complete expression). 

4.7.5.5. Any formal parameter may have restrictions 
on the type of the corresponding actual parameter asso­
ciated with it (these restrictions may, or may not, be 
given through specifications in the procedure heading). 
In the procedure statement such restrictions must evi­
dently be observed. 

4.7.6. Deleted. 
4.7.7. Parameter delimiters 
All parameter delimiters are understood to be equiva­

lent. No correspondence between the parameter delimiters 
used in a procedure statement and those used in the pro­
cedure heading is expected beyond their number being the 
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same. Thus the information conveyed by using the elabo­
rate ones is entirely optional. 

4.7.8. Procedure body expressed in code 
The restrictions imposed on a procedure statement 

calling a procedure having its body expressed in non­
ALGOl, code evidently can only be derived from the charac­
teristics of the code used and the intent of the user and 
thus fall outside the scope of the reference language. 

5. Declara tions 

Declarations serve to define certain properties of the 
quant.ities used in the program, and to associate them with 
identifiers. A declaration of an identifier is valid for one 
block. Outside this block the particular identifier may be 
used for other purposes (cf. section 4.1.3). 

Dynamically this implies the following: at the time of an 
entry into a block (through the begin, since the labels 
inside are local and therefore inaccessible from outside) 
all identifiers declared for the block assume the signifi­
cance implied by the nature of the declarations given. 
If these identifiers had already been defined by other 
declarations outside they are for the time being given a 
new significance. Identifiers which are not declared for the 
block, on the other hand, retain their old meaning. 

At the time of an exit from a block (through end, or by 
a go to statement) all identifiers which are declared for 
the block lose their local significance. 

A declaration may be marked with the additional 
declarator own. This has the following effect: upon a re~ 
entry into the block, the values of own quantities will be 
unchanged from their values at the last exit, while the 
values of declared variables which are not marked as own 
are undefined. Apart from labels and formal parameters 
of procedure declarations and with the possible exception 
of those for standard functions (cf. sections 3.2.4 and 
3.2.5), all identifiers of a program must be declared. No 
identifier may be declared more than once in anyone 
block head. 

Syntax. 

(declaration) ::= (type declaration)'(array declaration), 
(switch declaration), (procedure declaration) 

5.1. TYPE DECLARATIONS 

5.1.1. Syntax 

(type list) :: = (simple variable)' 
(simple variable) • (type list) 

(type) :: = real , integer I Boolean 
(local or own type) ::= (type)'own (type) 
(type declaration) :: = (local or own type) (type list) 

5.1.2. Examples 

integer P.q.8 
own Boolean Acryl.n 

5.1.3. Semantics 
Type declarations serve to declare certain identifiers to 

represent simple variables of a given type. Real declared 
variables may only assume positive or negative values 
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including zero. Integer deelared variables may only assume 
positive and negative integral values including zero. 
Boolean declared variables may only assume the values 
true and false. 

In arithmetic expressions any position whieh can be 
occupied by a real declared variable may be occupied by 
an integer declared variable. 

For the semantics of own, see the fourth paragraph of 
section 5 above. 

5.2. ARRAY DECLARATIONS 

5.2.1. Syntax 

(lower bound) :: = (arithmetic expression) 
(upper bound) :: = (arithmetic expression) 
(bound pair) ::= (lower hound): (upper bound) 
(bound pair list) :: = (bound pair), (bound pair list), (bound pair) 
(array segment) :: = (array identifier)[ (bound pair list) 11 

(array identifier), (array segment) 
(array list) :: = (array segment), (array list), (array segment) 
(array declaration) :: = array (array list), (local or own type) 

array (array list) 

5.2.2. Examples 
array a, b, c[7:n,2:ml, 8[-2:101 
own integer array A[if c<O then 2 else 1:20] 
real array q[-7:-1J 

5.2.3. Semantics 
An array declaration declares one or several identifiers 

to represent multidimensional arrays of subscripted 
variables and gives the dimensions of the arrays, . the 
bounds of the subscripts and the types of the variables. 

5.2.3.1. Subscript bounds. The subscript bounds for 
any array are given in the first subscript bracket following 
the identifier of this array in the form of a bound pair list. 
Each item of this list gives the lower ,and upper bound of a. 
subscript in the form of two arithmetic expressions sepa­
rated by the delimiter: The bound pair list gives the 
bounds of all subscripts taken in order from left to right. 

5.2.3.2. Dimensions. The dimensions are given as the 
number of entries in the bound pair lists. 

5.2.3.3. Types. All arrays declared in one declaration 
are of the same quoted type. If no type declarator is 
given the type real is understood. 

5.2.4. Lower upper bound expressions 
5.2.4.1 The expressions will be evaluated in the same 

way as subscript expressions (cf. section 3.1.4.2). 
5.2.4.2. The expressions can only depend on variables 

and procedures which are nonlocal to the block for which 
the array declaration is valid. Consequently in the outer-, 
most block of a program only array declarations with 
constant bounds may be declared. 

5.2.4.3. An array is defined only when the values of all 
upper subscript bounds are not smaller than those of the 
corresponding lower bounds. 

5.2.4.4. The expressions will be evaluated once at each 
entrance into the block. 

5.2.5. The identity of subscripted variables 
The identity of a subscripted variable is not related to 

the subscript bounds given in the array declaration. How-
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ever, even if an array is declared own the values of the 
corresponding subscripted variables will, at any time, be 
defined only for those of these variables which have sub­
scripts within the most recently calculated subscript 
bounds. 

5.3. SWITCH DECLARATIONS 

5.3.1. Syntax 

(switch list) :: = (designational expression)1 
(switch list), (designntional expression) 

(switch declaration) ::= switch (switchidentifier):= (switch list) 

5.3.2. Examples 

switch S := SI,S2,Q[m], if v>-5 then S3 else S4 
switch Q :=pl,w 

5.3.3. Semantics 
A switch declaration defines the set of values of the 

corresponding switch designators. These values are given 
one by one as the values of the designational expressions 
entered in the switch list. With each of these designational 
expressions there is associated a positive integer, 1, 2, ... , 
obtained by counting the items in the list from left to 
right. The value of the switch designator corresponding to 
a given value of the subscript expression (cf. section 3.5. 
Designational Expressions) is the value of the designa­
tional expression in the switch list having this given value 
as its associated integer. 

5.3.4. Evaluation of expressions in the switch list 
An expression in the switch list will be evaluated every 

time the item of the list in which the expression occurs is 
referred to, using the current values of aU variables 
involved. 

5.3.5. Influence of scopes 
If a switch designator occurs outside the scope of a 

qua:ntity entering into a designational expression in the 
switch list, and an evaluation of this switch designator 
selects this designational expression, then the conflicts 
be"tween the identifiers for the quantities in this expres­
sion and the identifiers whose declarations are valid at the 
place of the switch designator will be avoided through 
suitable systematic changes of the latter identifiers. 

5.4.) PROCEDURE DECLARATIONS 

5.4~1. Syntax 

(formal parameter) :: = (identifier) 
(formal parameter list) ::= (formal parameter)1 

(formal parameter list) (parameter delimiter) 
(formal parameter) 

(formal parameter part) ::= (empty)l«formal parameter list» 
(identifier list) :: = (identifier)1 (identifier list), (identifier) 
(value part) ::= value(identifier list) ; 1 (empty) 
(specifier) ::= string I (type)larrayl (type )arrayllabellswitchl 

procedure 1 (type )procedure . 
(specification part) ::= (empty)1 (specifier )(identifier list) ; I 

(specification part ) (specifier ) (identifier list) ; 
(procedure heading) :: = (procedure identifie~) 

(formal parameter part) ; (value part) (specification part) 
(procedure body) ::= (statement)1 (code) 
(procedure declaration) :: = 

procedure (procedure heading) (procedure body)1 
(type) procedure (procedure heading )(procedure body) 

5.4.2. Examples (see also the examples at the end of 
the report) 

procedure Spur(a)Order: (n)H.esult: (s) ; value n ; 
array a ; integer n real s 
begin integer k ; 
8 := 0 ; 
for k := 1 step 1 until n do s := s+a[k,kJ 
end 

procedure 1'ranspose(a)Order:(n) value n 
array a ; integer n ; 
begin real w ; integer i, k ; 
for i := 1 step 1 until n do 

for k := l+i step 1 until n do 
ht'gin w := a[i,kJ ; 

a[i,kJ := a[k,iJ 
a[k,ij := w 

end 
end 1'ranspose 

integf'r procedure Step (u) ; real u 
Step := if O~ul\1t~l then 1 else 0 

procedure A bsmax (a)size : (n,m)H.esult : (y)Subscripts :(i,k); 
comment The absolute greatest element of the matrix a, 

of size n by m is transferred to y, and the subscripts of this 
element to i and k ; 

array a ; integer n, m, i, k ; r~al y ; 
begin integer p, q ; 
y:= 0 ; 
for p := 1 step 1 until n do for q := 1 step 1 until m do 
if abs(a[p,q]»y then begin y .- abs(a[p,q]) ; i := p 

k := q 
end end Absmax 

procedure Innerproduct(a,b)Order:(k,p)Result:(y) ; value k 
integer k,p ; real y,a,b 
begin real s ; 
8 := 0 ; 
for p := 1 step 1 until k do s := s+aXb 
y := s 
end Innerproduct 

5.4.3. Semantics 
A procedure declaration serves to define the procedure 

associated with a procedure identifier. The principal con­
stituent of a procedure declaration is a statement or a 
piece of code, the procedure body, which through the use 
of procedure statements and/or function designators may 
be activated from other parts of the block in the head of 
which the procedure declaration appears. Associated with 
the body is a heading, which specifies certain identifiers 
occurring within the body to represent formal parameters. 
Formal parameters in the procedure body· will, whenever 
the procedure is activated (cf. section 3.2. li'unction 
Designators and section 4.7. Procedure Statements) 
be assigned the values of or replaced by actual parameters. 
Identifiers in the procedure body which are not formal 
will be either local or nonlocal to the body depending on 
whether they are declared within the body or not. Those 
of them which are nonlocal to the body may well be local 
to the block in the head of which the procedure declara­
tion appears. The procedure body always acts like a 
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block, whether it has the form of one or not. Consequently 
the scope of any label labelling a statement within the 
body or the body itself can never extend beyond the pro­
cedure body. In addition, if the identifier of a formal 
parameter is declared anew within the procedure body 
(including the case of its use as a label as in section 4.1.3), 
it is thereby given a loc~l significance and actual param­
eters which correspond to it are inaccessible throughout 
the scope of this inner local quantity. 

5.4.4. Values of fUllction designators 
For a procedure declaration to define the value of a 

function designator there must, within the procedure 
body, occur one or more explicit assignment statements 
with the procedure identifier in a left part; at least one of 
these must be executed, and the type associated with the 
procedure identifier must be declared through the appear­
ance of a type declarator as the very first symbol of the 
procedure declaration. The last vaJue so assigned is used 
to continue the evaluation of the expression in which the 
function designator occurs. Any occurrence of the pro­
cedure identifier within the body of the procedure other 
than in a left part in an assignment statement denotes 
activation of the procedure. 

5.4.5. Specifications 
In the heading a specification part, giving information 

about the kinds and types of the formal parameters by 
means of an obvious notation, may be included. In this 
part no formal parameter may occur more than once. 
Specifications of formal parameters called by value (cf. 
section 4.7.3.1) must be supplied and specifications of 
formal parameters called by name (cf. section 4.7.3.2) 
may be omitted. 

5.4.6. Code as procedure body 
It is understood that the procedure body may be ex­

pressed in nOn-ALGOL language. Since it is intended that 
the use of this feature should be entirely a question of 
hardware representation, no further rules concerning 
this code language can be given within the reference 
language 

Exalllpies of Procedure Declarations: 

EXAMPLE 1. 

procedure euler (fct, sum, cps, tim) ; value cps, tim ; 
integer tim ; real procedure fct ; real sum, cps ; 
comment euler computes the sum of fct(i) for i from zero up to 
infinity by means of a suitabley refined euler transformation. The 
summation is stopped as soon as tim times in succession the abso­
lute value of the terms of the transformed series are found to be 
less than cps. Hence, one should provide a function fct with one 
integer argument, an upper bound cps, and an integet tim. The 
output is the sum sum. euler is particularly efficient in the case 
Of a slowly convergent or divergent alternating series ; 
begin integer i, k, n, t ; array m[O:15] ; real mn, mp, ds 
i := n := t := 0 ; m[O]:= fcl(O) ; sum:= rn[0l/2 
nextlerm: i := i+1 ; mn:= fct(i) ; 

for k := 0 step 1 until n do 
begin mp := (mn+m[k])/2 m[k} := mn 

mn : = mp end means ; 
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if (abs(mn)<abs(m[n])!\(n<15) then 
begin ds := mn/2 ; n ;= n+1 ; m[n) := 

mn end accept 
else ds := mn ; 
sum : = sum + ds ; 
if abs(ds)<eps then t := t+1 else t := 0 
if t<tim then go to ncxtterm 

end euler 

EXAMPLE 2.8 

procedure RK(x,y,n,FKT,cps,eta,xE,lIE,ji) ; value x,v ; 
integer n ; Iloolean ji ; real x.eps,eta,xE ; array 
y,yE ; procedure FK'1' ; 
comment: IlK integrates the system Yk'=!k(X,YI ,Y2 , '" ,Yn) 
(k= 1,2, ... ,n) of differential equations with the method of Runge­
Kutta with automatic search for appropriatc length of integration 
step. Parameters are: The initial values x and y[k] for x and the un­
known functions Yk(X). The order n of the system. The procedure 
FK'1'(x,y,n,z) which represents the system to be integrated, i.e. 
the set of functions !k . The tolerance values eps and eta which 
govern the accuracy of the numerical integration. The end of the 
integration interval xE. The output parameter yE which repre­
sents the solution at x=xE. The Boolean variable ji, which must 
always be gi ven the value true for an isolated or first entry into 
RK. If however the functions y must he available at several mesh­
points Xo , XI , ... , Xn , then the procedure must be called repeat­
edly (with X=Xk , xE =Xk+h for k=O, 1, ... ,n-1) and then the 
later calls may occur withji=false which saves computing time. 
The input parameters of F K'1' must he x,y,n, the output parameter 
Z represents the set of derivatives z[k)=fk(x,y[l),y[2), ... , y[n]) 
for x and the actual y's. A procedure comp enters as a nonlocal 
identifier ; 
begin 

array z,y1,y2,y3[1 :n) ; real x1,x2,x3,H ; Boolean out 
integer k,j ; own real S,H8 ; 
procedure RKlST(x,y,h,xe,ye) ; real x,h,xe ; array 

y,ye ; 
comment: RKlST integrates one single RUNGE-KUTTA 

with initial values x,y[k) which yields the output 
parameters xe=x+h and ye[k], the latter being the 
solution at x~. Important: the parameters n, FKT, Z 

enter RKlST as nonlocal entities 
begin 

array w[l :n), a[1 :5] ; integer k,j 
a[l) := a[2] := a[5] := h/2 ; a[3] := ar41 := h 
xe := x ; 
for k := 1 step 1 until n do ye[k] := wrkl := y[k] 
for j := 1 step 1 until 4 do 
begin 

FKT(xe,w,n,z) 
xe ; = x+a(j) ; 
for k := 1 step 1 until n do 
begin 

w[k] := y[kl+a[jJXz[k) ; 
yelk) := ye[k) + a(j+1]Xz[k)/3 

8 This RK-program contains some new ideas which are related 
to ideas of S. GILL, A process for the step-by-step integration of 
differential equations in an automatic computing machine, 
[Proc. Camb. Phil. Soc. 47 (1951), 96]; and E. FROBERG, On the 
solution of ordinary differential equations with digital computing 
machines, [Fysiograf. Siillsk. Lund, Forhd. 20, 11 (1950), .136-152). 
It must be clear, however, that with respect to computing time 
and round-off errors it may not he optimal, nor has it actually 
been tested on a computer. 
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end k 
end J 

end RKlST 
Begin of program: 

ifji then begin H := xE-x ; s:= 0 end else H := Hs 
out := false ; 

AA: if (x+2.01 X H -xE>O)=-=(H>O) then 
begin H8 := H ; out := true ; H := (xE-x)/2 

end if ; 
RKlST (x,y,2XH,xl,yl) 

BB: RKlST (x,y,H,x2,y2) RK1ST(x2,y2,H,x3,y3) 
for k := 1 step 1 until n do 

if comp(yl(k],y3[k],eta»eps then go to CC 

cOJmnent: comp(a,bc,) is a function designator, the value 
of which is the absolute value of the difference of the 
mantissae of a and b, after the exponents of these quan­
tities have been made equal to the largest of the exponents 
of the originally given parameters a,b,c 

x := x3 ; if out then.go to DD ; 
for k := 1 step 1 until n do y[k) := y3[k] ; 
if 8=5 then begin 8 := 0 ; H:= 2XH end if 
8 := 8+1 ; go to AA j 

CC: H:= O.5XH ; out:= false ; xl := x2 
for k := 1 step 1 until n do yl[k) :=. y2[k] 
go to BE ; 

DD: for k .- 1 step 1 until n do yE[k) := y3[k1 
end RK 

ALPHABETIC. INDEX OF DEFINITIONS OF CONCEPTS AND SYNTACTIC UNITS 

All references are given through section numbers. The references are given in three groups: 
def Following the abbreviation "def", reference to the syntactic definition (if any) is given. 
synt Following the abbreviation "synt", references to the occurrences in metalinguistic formulae are given. Refer­

ences already quoted in the def-group are not repeated. 
text Following the word "text", the references to definitions given in the text are given. 

The basic symbols represented by signs other than underlined words [in typewritten copy; boldface in printed copy-Ed.1 
have been collected at the beginning. 

The examples have been ignored in compiling the index. 

+, see: plus 
-, see: minus 
X, see: multiply 
/, +, see: divide 
i, se.e: exponentiation 
<, ;i!, =, ~, >, ~, see: (relational operator) 
=, ~, V, /\, " see: (logical operator) 
" see: comma 
., see: decimal point 
10, see: ten 
:, see: colon 
;, see: semicolon 
:=, see: colon equal 
U, see: space 
( ), see: parentheses 
[ ], see: subscript brackets 
• ': see: string quotes 

(actual parameter), def 3.2.1, 4.7.1 
(actual parameter list ), def 3.2.1, 4.7.1 
(actual parameter part), def 3.2.1, 4.7.1 
(adding operator), def 3.3.1 
alphabet, text 2.1 
arithmetic, text 3.3.6 

(arithmetic expression), def 3.3.1 synt 3, 3.1.1, 3.3.1, 3.4.1, 4.2.1, 
4.6.1, 5.2.1 text 3.3.3 

(arithmetic operator), def 2.3 text 3.3.4 
array, synt 2.3, 5.2.1, 5.4.1 
array, text 3.1.4.1 

(array declaration), def 5.2.1 synt 5 text 5.2.3 
(array identifier), def 3.1.1 synt 3.2.1, 4.7.1, 5.2.1 text 2.8 
(array list), def 5.2.1 
(array segment), def 5.2.1 
(assignment statement), def 4.2.1 synt 4.1.1 text 1, 4.2.3 

(ba..qic statement), def 4.1.1 synt 4.5.1 
(basic symbol), def 2 
begin, synt 2.3, 4.1.1 

(block), def 4.1.1 synt 4.5.1 text 1, 4.1.3, 5 
(block head), def 4.1.1 
Boolean, synt 2.3, 5.1.1 text 5.1.3 

(Boolean expression), def 3.4.1 synt 3, 3.3.1, 4.2.1, 4.5.1, 4.6.1 text 
3.4.3 

(Boolean factor), def 3.4.1 
(Boolean primary), def 3.4.1 
(Boolean secondary), def 3.4.1 
(Boolean term), def 3.4.1 
(bound pair), def 5.2.1 
(bound pair list), def 5.2.1 
(bracket), def 2.3 

<code), synt 5.4.1 text 4.7.8, 5.4.6 
colon :, synt 2.3, 3.2.1, 4.1.1, 4.5.1, 4.6.1, 4.7.1,5.2.1 
colon equal :=, synt 2.3, 4.2.1, 4.6.1, 5.3.1 
comma. ,synt 2.3, 3.1.1, 3.2.1, 4.6.1, 4.7.1,5.1.1, 5.2.1,5.3.1,5.4.1 
comment, synt 2.3 
comment convention, text 2.3 

(compound statement), def 4.1.1 synt 4.5.1 text 1 
(compound tail), def 4.1.1 
(conditional statement), def 4.5.1 synt 4.1.1 text 4.5.3 

(decimal fraction), def 2.5.1 
(decimal number), def 2.5.1 text 2.5.3 
decimal point. , synt 2.3, 2.5.1 

(declaration), def 5 synt 4.1.1 text 1, 5 (complete section) 
(declarator), def 2.3 
(delimiter), def 2.3 synt 2 
(designational expression), def 3.5.1 synt 3, 4.3.1., 5.3.1 text 3.5.3 
(digit), def 2.2.1 synt 2, 2.4.1, 2.5.1 
dimension, text 5.2.3.2 
divide / +, synt 2.3, 3.3.1 text 3.3.4.2 
do, synt 2.3, 4.6.1 

(dummy statement ),def 4.4.1 synt 4.1.1 text 4.4.3 

else, f'lynt 2.3, 3.3.1, 3.4.1, 3.5.1, 4.5.1 text 4.5.3.2 
(empty), def 1.1 synt 2.6.1, 3.2.1, 4.4.1, 4.7.1, 5.4.1 
end, synt 2.3, 4.1.1 
entier, text 3.2.5 
exponentiation i, synt 2.3, 3.3.1 text 3.3.4.3 

(exponent part), def 2.5.1 text 2.5.3 
(expression), def 3 synt 3.2.1, 4.7.1 text 3 (complete section) 
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(factor), def 3.3.1 
false, synt 2.2.2 
for, synt 2.3, 4.6.1 

(for clause), def 4.6.1 text 4.6.3 
(for Jist), def 4.6.1 text 4.6.4 
(for list element), def 4.6.1 text 4.6.4.1, 4.6.4.2, 4.6.4.3 
(formal parameter), def 5.4.1 text 5.4.3 
(formal parameter list), def 5.4.1 
(formal parameter part), def 5.4.1 
(for statement), def 4.6.1 synt 4.1.1, 4.5.1 text 4.6 (complete 

section) 
(function designator), def 3.2.1 synt 3.3.1, 3.4.1 text 3.2.3, 5.4.4 

go to, synt 2.3,4.3.1 
(go to statement), def 4.3.1 synt 4.1.1 text 4.3.3 

(identifier), def 2.4.1 synt 3.1.1, 3.2.1, 3.5.1, 5.4.1 text 2.4.3 
(identifier list), def 5.4.1 . 
if, synt 2.3; 3.3.1,4.5.1 

(if .clause), def 3.3.1, 4.5.1 synt 3.4.1, 3.5.1 text 3.3.3, 4.5.3.2 
(if statement), def 4.5.1 text 4.5.3.1 
(implication), def 3.4.1 
integer, synt 2.3, 5.1.1 text 5.1.3 

(integer), def 2.5.1 text 2.5.4 

label, synt 2.3, 5.4.1 
(label), def 3.5.1 synt 4.1.1, 4.5.1, 4.6.1 text 1,4.1.3 
(left part), def 4.2.1 
(left part list), def 4.2.1 
(letter), def 2.1 synt 2, 2.4.1, 3.2.1, 4.7.1 
(letter string), def 3.2.1,4.7.1 
local, text 4.1.3 

(local or own type>, def 5.1.1 synt 5.2.1 
(logical operator), def 2.3 synt 3.4.1 text 3.4.5 
(logical value), def 2.2.2 synt 2, 3.4.1 
(lower bound), def 5.2.1 text 5.2.4 

minus -, synt 2.3, 2.5.1, 3.3.1 text 3.3.4.1 
multiply X, synt 2.3, 3.3.1 text 3.3.4.1 

(multiplying operator), def 3.3.1 

nonlocal, text 4.1.3 
(numbH), def 2.5.1 text 2.5.3, 2.5.4 

(open string), def 2.6.1 
(operator), def 2.3 
own, synt 2.3, 5.1.1 text 5, 5.2.5 

(parameter delimiter), def 3.2.1, 4.7.1synt 5.4.1 text 4.7.7 
parentheses ( ), synt 2.3, 3.2.1, 3.3.1, 3.4.1, 3.5.1, 4.7.1, 5.4.1 

text 3.3.5.2 
plus +, synt 2.3, 2.5.1, 3.3.1 text 3.3.4.1 

(primary), def 3.3.1 
procedure, synt 2.3, 5.4.1 

(procedure body), def 5.4.1 
(procedure declaration), def 5.4.1 synt 5 text 5.4.3 
(procedure heading), def 5.4.1 text 5.4.3 
(procedure identifier) def 3.2.1 synt 3.2.1, 4.7.1, 5.4.1 text 4.7.5.4 
(procedure statement), def 4.7.1 synt 4.1.1 text 4.7.3 
(program), def 4.1.1 text 1 
(proper string), def 2.6.1 

real, synt 2.3, 5.1.1 text 5.1.3 
(relation), def 3.4.1 text 3.4.5 
(relational operator), def 2.3, 3.4.1 

scope, text 2.7 
semicolon ;, synt 2.3, 4.1.1, '5.4.1 

(separator), def 2.3 
(sequential operator), def 2.3 
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(simple arithmetic expression), def 3.3.1 text 3.3.3 
(simple Boolean), def 3.4.1 
(simple designational expression), def 3.5.1 
(simple variable), def 3.1.1 synt 5.1.1 text 2.4.3 
space U, synt 2.3 text 2.3, 2.6.3 

(specification part), def 5.4.1 text 5.4.5 
(specificator), def 2.3 
(specifier), def 5.4.1 
standard function, text 3.2.4, 3.2.5 

(statement), def 4.1.1, synt 4.5.1, 4.6.1, 5.4.1 text 4 (complete 
section) 

statement bracket, see: begin end 
step, synt 2.3, 4.6.1 text 4.6.4.2 
string, synt 2.3, 5.4.1 

(string), def 2.6.1 synt 3.2.1, 4.7.1 text 2.6.3 
string quotes' " synt 2.3, 2.6.1, text 2.6.3 
subscript, text 3.1.4.1 
subscript bound, text 5.2.3.1 
subscript brackets [ I, synt 2.3, 3.1.1, 3.5.1, 5.2.1 

(subscripted variable), def 3.1.1 text 3.1.4.1 
(subscript expression), def 3.1.1 synt 3.5.1 
(subscript list), def 3.1.1 . 
successor, text 4 
switch, synt 2.3, 5.3.1, 5.4.1 

(switch declaration), def 5.3.1 synt 5 text 5.3.3 
(switch designator), def 3.5.1 text 3.5.3 
(switch identifier), def 3.5.1 synt 3.2.1, 4.7.1, 5.3.1 
(switch list), def 5.3.1 

(term), def 3.3.1 
ten 10, synt 2.3, 2.5.1 
then, synt 2.3, 3.3.1, 4.5.1 
transfer function, text 3.2.5 
true, synt 2.2.2 

(type), def 5.1.1 synt 5.4.1 text 2.8 
(type declaration), def 5.1.1 synt 5 text 5.1.3 
(type list), def 5.1.1 

(unconditional statement), def 4.1 .1,4.5.1 
(unlabelled basic statement), def 4.1.1 
(unlabelIed block), def 4.1.1 
(unlabelled compound), def 4.1.1 
(unsigned integer), def 2.5.1,3.5.1 
(unsigned number), def 2.5.1 synt 3.3.1 
until, synt 2.3, 4.6.1 text 4.6.4.2 

(upper bound), def 5.2.1 text 5.2.4 

value, synt -2.3, 5.4.1 
value, text 2.8, 3.3.3 

(value part), def 5.4.1 text 4.7.3.1 
(variable), def 3.1.1 synt 3.3.1, 3.4.1, 4.2.1, 4.6.1 text 3.1.3 
(variable identifier), def 3.1.1 

quantity, text 2.7 while, synt 2.3, 4.6.1 text 4.6.4.3 

END OF THE REPORT 
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The following are a list of limits on the numbers of objects available 

in the system: 

(a) The maximum number of distinct identifiers and labels allowable 

is 100 where print names of 6 characters or less count one and 

print names of 7 or more characters count 1 for the first six and 

1 for each 4 or fraction of 4 characters. Note that any 2 

identifiers which have the same first six characters may be 

treated as the same name (including reserved words). This re­

striction does not affect the internal working of the program. 

It means only that when an identifier overflows and the table is 

printed, what is printed is unpredictable. 

*(b) The maximum number of declared objects (variables, arrays, etc.) 

plus block entries is 300. 

(c) The maximum number of nested dynamic blocks is 180. 

(d) The maximum number of dynamically defined (e.g., by recursion) FORM 

and SYMBOL variables is 832. 

(e) The maximum number of words of code produced by the compi.1er is 

/21000. 

(f) The maximum number of words for variables and array storage is 

/11600. 

(g) Available space is constructed from the unused part of (e) and 

(f). This gives roughly 6800 cells for small programs. 

*(h) The maximum number of procedure declarations and labels at one 
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level is 24. 

For a rough estimate, each element of a list and operand or operator of 

a formula takes up two words of available ~pace. 

* It is possible to extend the maximums in these cases. See the user con­

sultant. 
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APENDIX 3 

DEBUG SNAPSHOTS 

FORM'AL-3-89 

The following is a list of snapshots which may be inserted between lines 

of a Formula Algol program. They provide special commands to the compiler for 

printing, corrections, and debugging. The Format is "SN" in columns 1 and 2, 

the name of the snapshot starting in column 10, and two optional parameters in 

columns 15 and 25. Teletype tabs will give the correct columns. MOst of them 

have effects at compile time; the ones which don't are so indicated. 

In the following explanations whenever a snapshot may have a parameter 

'of either 0 or 1, it will be denoted "0,1". It is to be understood that for 

all these snapshots, the 1 turns on a certain action and the ° turns it off. 

Only the action will be described. 

Some of these snapshots require a more detailed knowledge of the system. 

In these cases see [4] or the user consultant. 

SN ~ND 

SN AND 

SN BKPT 0, 1 

SN CDLC 0, 1 

SN $ CMPL <VAL> 

The And system is entered at compile time. 

The And system is entered at run time. 

At the end of each line a transfer to 

a closed subroutine is compiled. At 

routine, this subroutine prints the 

location of the line of code to which 

control has arrived. (It is, in effect, 

a logical trace of the progr~m's ex- . 

ecution.) 

At the end of each line a command is 

compiled to load the current location 

of compiled code into an index register. 

This feature is normally on. 

<vAL> is compiled as a machine command 
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SN CODE 

SN COR 

SN DEES 

SN DUMP 

SN ENTR 

SN EXEC 

SN IXRS 

SN LINE 

SN LOOK 

SN PAGE 

SN Q1 

SN REMO 
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APPENDIX 3 (continued) 

0,1 

<LOC> <VAL> 

0, 1 

0, 1 

<NUM> 

0, 1 

0, 1 

directly into the current location 

for compiled cod~. 

Code is printed as it is compiled. 

This can be used to change the 

contents of locations at compile time. 

First <LOC>, its contents, and <vAL> 

are printed. The VAL replaces the 

contents of <LOC>. 

This prints out a series of critical 

entry points of the compiler. 

This causes the compiled code and the 

generated abcons to be printed after the 

compilation of the.program and before it 

is run. 

A trace of all table entries is printed. 

This prints a trace of the 'calls on the 

semantic routines with parameters. 

This prints the index registers /30-/77 

at compile time. 

This upspaces <NUM> lines at compile time. 

A trace of all table look-ups is printed. 

The printer is upspaced to the next page. 

This allows the action of SN DUMP to be 

printed on TTY. 

The program prints on the teletype. 



.SN RCOR 

SN RTRC 

SN -RUN 

SN SCAN 

SN STAC 

SN STOP 

SN TRAC 

SN 
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APPENDIX 3 (continued) 

<LOC> <VAL> 

<NUM> <LOC> 

0, 1 

<NUM> <LOC> 

0, 1 

Program output will print if REMO 

is 1 at the end qf compilation. 

At run time <VAL> replaces the 

contents of <LOC>. 

This has the same effect as SN TRAC, 

except at run-time. 

The program will be terminated after 

compilation. 

Characters of the input string are 

printed as they are read by subscan. 

At compile time, the semantic stack is 

printed. 

Halts compilation immediately. 

At compile time, commands flags are put 

on <NUM> words starting at location <LOC>. 

When these words are executed Monitor 

trace routines will print them. 

A trace of the syntax analyzer is 

printed. When an attempt is made to 

match a production, the top of the 

stack and the production are printed. 
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APPENDIX 4 

ERROR MESSAGES 

FORM AL-3-93 

There are three kinds of errors in Formula Algol: Syntax errors, 

semantic errors, and run errors. The first two kinds of errors occur 

at compile time, and the third at run time. Some of these messages re­

quire a more detailed knowledge of the systemo In these cases see [4] 

or the User Consultant. 

SYNTAX ERRORS 

These are of the form 

ERROR XXX 

o Program does not start with 'BEGIN' 

Statement does not begin with legal character 

2 Statement starts with identifier not followed by legal character 

3 First character of an expression expected but not found 

4 Expression formed but not followed by legal character 

5 'J' is not preceded by a legal construct 

6 Array element not found in legal context 

7 ' : ' not preceded by a legal construct 

8 ' f-' not preceded by a legal construct 

9 ' ) , not preceded, by a legal construct 

10 
, , 

not preceded by a legal construct , 

11 'WEN' not preceded by a legal construct 

12 'ELSE' not preceded by a legal construct 

13 Illegal statement construction 

14 Impossible error, system error 

17 'STEP' not preceded by a legal construct 
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18 'UNTIL' not preceded by a legal construction 

19 'WHILE' not preceded by a legal construction 

20 'DO' not preceded by a legal construction 

21 'GO' not followed by a legal construction 

22 'GO TO IF ..• THEN ••• I not followed by 'ELSE' 

24 Obscure error in GO TO statement 

25 'I~' not in stack after scanning 'BEGIN' 

28 Too many 'END's within a procedure 

38 Illegal const~uction within an IF ••• THEN ••• statement 

39 More than one subscript in a switch call 

42 Array declaration does not contain bounds expression 

44 System error in GO TO statement 

62 Attempt to 'ALTER' a non-symbol 

75 • PRINT , not followed by '(' 

76 Function designator not followed by legal character 

77 '.' not followed by legal character 

78 Class operator not formed correctly 

80 A value of 'OPERATOR' was not an operator 

81 Improper description list construction 

85 Operator expected and not found 

98 'I~' not in stack at beginning of statement 

99 System error 

100 Illegal operator or control character scanned 

101 ABCON table full 

102 Number incorrectly formed (while scanning '. ') 

103 Number incorrectly formed (while scanning '==') 

104 Impossible error, system error 



105 Illegal bar variable 

106 Illegal SY card 
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108 Impossible error, system error 

'109 An insertion locator was expected but not found 

110 An expression has been found in an illegal context 

111 A selector was expected but not found 

112 A selector is not followed by 'PF' 

113 / not followed by [ 

115 Improper 'INDEX' construction 

116 Improper, 'PARALLEL FOR' construction 

117 DOT not followed by identifier in text 

118 Class Name improperly formed 
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144 Variable declaration does not terminate properly or '[ I missing 

144 In array declaration 

145 Array declaration does not terminate properly 

163 Procedure head is incorrectly formed 

164 Value or specifier part is incorrectly formed 

171 Specifier list not initiated properly 

174 Declaration does not begin with a legal construction 

190 Identifier not found in identifier list 

194 ')' missing in formal parameter list 

195 Value list not terminated properly 

196 Specifier list not terminated properly 

200 Formal parameter list for EVAL does not contain all identifiers 

201 EVAL statement not formed correctly 

250 Switch declaration improperly initiated 

251 Missing delimiter in switch declaration 

999 Impossible error, system error 
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SEMANTIC ERRORS 

These are of the form 

FAULT XXX 

2 Procedure not declared as such 

5 An identifier in a value list is not a formal parameter 

6 An identifier in a specifier list is not a formal parameter 

7 An identifier is not declared or 

7 A procedur~ is used where a function is expected or 

7 An array identifier is used where a simple variable is expected or 

7 A switch identifier is used where a simple variable is expected 

12 An identifier as an actual parameter has not been declared 

15 In 'GO TO S[ ... ]', S is not a switch 

16 In an array access the identifier is not an array 

20 Function has not yet been declared 

21 Function designator not declared 

22 Identifier of a class operator is not a variable 

27 Boolean expression expected in 'WHILE' clause, and not found 

30 In 'IF B THEN •••• ' B is not of type Boolean 

44 Switch identifier is used without parameter 

47 Expression in ordinal selector is not of type integer 

59 Improper editing statement construction 

61 System error 

63 Attempt to apply selector to non-symbol 

69 A value of 'OPERATOR' is not an operator 

70 In 'EVAL F', F is not a formula or symbol 

72 In 'EVAL( ••• )F( ••• )', F is not formula or symbol 
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75 A class operator is not a symbol 

76 System error processing extractor which is array element 

77 System error in class operators 

78 Attempt to erase description list of non-symbol 
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83 System error in pattern construction with types as primaries 

85 In'F = = p' or in 'F.»P' F is not a formula 

87 A label in a pattern is not of type form 

88 In 'IF B THEN ••• ' B is not Boolean or formula 

91 A label is used twice in the same block 

94 In a DOT array the identifier is not an array 

97 Expression in < > is not a symbol 

98 The second parameter of 'DERV' is not a formula 

99 System error in print routine 

100 In a binary arithmetic expression one of the operands is of illegal 

type 

103 Attempt to add local description list to non-symbol 

105 In a binary Boolean expression one of ~e operands is of illegal 

type 

106 Attempt to access non-symbolic attribute 

107 Parameter of a function designator is not numeric or formula 

108 Attempt to access description list of non-symbol or non-formula 

109 Improper value entry construction 

112 Attempt to store into illegal entity or legal entity of wrong type 

116 '.' is not followed by Boolean or logic expression 

155 Boolean procedure or pattern list expected and not found 

175 Attempt to construct non-symbolic attribute 

176 Attempt to'store list or do value entry with non-symbol 
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179 Value of index is not declared integer 

183 Attempt to test non-symbol against symbolic pattern 

184 Expression following $ is not of type integer 

186 Non-symbolic label in list pattern 

189 Identifier in description list expression is not formula 

190 Impossible error, system error 

191 An identifier is not declared 

192 Form or symbol variable expected and not found 

198 Designational expression is used as actual parameter 

203 Attempt to count non-symbol 

213 Non-symbol in symbolic 'FOR' statement 

214 Argument of 'ATTRIBUTES OF' other than symbol 

229 Expression preceding ordinal selector is not of type integer 

230 Argument of ERADL other than symbol 

235 Second parameter to AMONG is not of type symbol 

239 Parameter of 'EMPTY' is not a symbol 

315 Switch not declared 

391 Obscure error in procedure calls 

512 Attempt to store non-numeric expression into a numeric variable 

612 Attempt to store non-Boolean expression into Boolean variable 

712 Attempt to store into a constant 

912 System error 

990 Impossible error, system error 

998 System error 

999 System error in 'STEP' statement 

4L01 Improper left side of DOT assignment 
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RUN ERRORS 

Run Errors in Formula Manipulation 

These are of the form: 

RUN ERROR NNN AFTER LOCATION XXXXX 

LLLLL 

where NNN refers to the list below, XXXXX indicates the line in which the 

error occurred and LLLLL is the location of the error routine. 

'1< Attempt to eval an expression containing ~, .~ , . or I I · . , 
6 Attempt to eval an expression containing +, -, x, /, or t in 

which one of the operands is neither a formula nor a number. 

10 In eval I'V x, x is not logic, boolean, or formula. 

* 20 Error when printing, a formula. 

21 In eval xAy or XVy one of the operands is not logic, boolean, 

or formula. 

22 In eval XAy or xvy, there is a mixture of types logic and boolean. 

25 Recursion stack overflow. 

27 Run-time symbol table overflow. 

* 30 Error when printing a chain. 

* 31 Attempt to find an attribute on an ill-formed chain. 

37 Too many subscripts in an array element. 

38 Subscript in an array element is too small. 

39 Subscript in an array element is too large. 

40 Not enough subscripts in an array element. 

46 Too many block entries. 

48 Subscript in a switch designator is out of bounds. 

50 Available space is empty. 
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56 In derv(f,x), f is not a number or a formula. 

57 A boolean data term was expected and not found. 

63 Obscure error when storing a chain into a symbol. 

* 79 In f • l s, s has no contents attribute. 

82 In f • l s, s has a parallel production within a parallel 

production. 

83 In f . l s, s has a formula which is not a production. 

85 A malformed formula (system error), or 

A class Qperator encountered within a formula to which a pro­

duction is to be applied, or 

In a dot array (production), a subscript (parameter) is not 

of type form. 

100 Attempt to eval In(-infi) or sqrt(-infi). 

141 In EVAL (x <r> y) where r is >,<" <, or, >, one of the 

operands is either undefined, a symbol chain, or of type 

Boolean. 

* 182 Variable of interpretive store has undefined type. 

183 Interpretive store of undefined mixture of variable types, or 

interpretive store into a symbol is not implemented. 

271 In eval of A.[sl, ••• , sn], some subscript si is not a formula 

or a number. 

325 In eval . if B then . .. , B is neither a boolean or a formula. 

600 In F = = P, F is the pattern of( ) . 
601 In F = = P, F is a symbol. 

602 Obscure error in F = = P, probably an attempt to test a pattern 

against another pattern. 

603 In F = = P, P has a class operator which has no attribute 'operator'. 



* 

701 

702 

703 

711 

721 

731 

751 

5501 

5502 

6702 

*7701 

7\702 

7703 

7704 

9009 

9011 
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Attempt to compute 0 t -number. 

Attempt to compute X t A where x<] and A is not an integer. 

Attempt to compute X t A where A*ln{x) > 160.117. 

Attempt to compute In(X) where X < O. 

Attempt to compute E~P(x) Where ~ is out of range. 

Attempt to compute sin (X) where X is out of range. 

Attempt to compute sqrt(X) where X < O. 

Attempt to eval the pattern 'of(B)'. 

Attempt tb compute replace(F) Where F.» A:atom. 

A c la.ss operator or extrac tor encountered in a formula to which 

a production is to be applied. 

Attempt to create A I[T]I B where T has no contents attribute. 

Attempt to create A I[T]I B where [T]is empty. 

Attempt to create A I[T]I B where [T] is unary. 

Attempt to create I[T]I B where [T] is binary. 

Attempt to EVAL (OtO). 

Attempt to EVAL (ANY/O). 

denotes a system error. 
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Run Errors in Symbol Manipulation 

The following messages are printed: 

Recoverable Errors 

Not enough chain operands cf. p. 

Unless store into unused chain 

Attempt to store into open chain 

Attempt to get interior of empty clsd ch 

Attempt to discard nil 

First element of plural list uncarried 

Attempt to select non-existant referent 

Class name undefined 

Non-Recoverable Errors 

Parity of chainacc destroyed 

Negative chainacc 

Attempt to store in non~symbol 

Malformed chain 

Chainacc exceeded 

Plural list used Where symbol needed 

Attempt at VR from non-symbol 

Attempt at VR without attribute' 

Empty list used where symbol needed 

Attemp,t to generate ATRS. of non-chain 

, Sy~tem Error 

Illegal selector 

Non~primitive for ID. routine 

For attempts to generate non-list 

P-for control variable non-symbol 
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No.contrl.var 1 = no. of lists in P-for 

Malformed pattern 

Non-numeric data term used as number 

Available space exhausted 

Improper symbol array access 

Value of symbol array el.no exst. 

Illegal transfer function 

Run Errors in Recursi'on 

These are of the form: 

xxxx 

MM:SS:ss 

<octal dump> 

xxxx MM:SS:ss 

<octal dump of index registers /50, •.• ,/77 > 

is the name of the error. 

is the running time in sixtieths of a second. 

indicates the state of the program. 
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* CLOB . System error indicating that the historian has been clobbered. 

STOR 

HIST 

* PROe 

* LINK 

LABL 

~4K 

Variable stack overflow. 

Historian stack overflow. 

Obscure error related to procedure names as actual parameters. 

Premature or illegal attempt to leave a codepiece. 

Attempt to goto an undefined label or to call an undefined 

procedure or switch. 

Request for extra memory was refused 

indicates a system error. 
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INPUT - OUTPUT 

Formual Algol has no'read statements. 

FORM AL-3-105 

At the present time, Formula Algol contains a primitive print statement 

of the form PRINT(X), where X is a list of any of the following possible 

objects: 

(a) The name of any declared variable, in which case the value of 

that variable will be printed. 

(b) Any arithmetic, Boolean or Formula expression, in Which case 

the value of the expression will be pri~ted. 

(c) Any symbolic expression provided a switch is set as indicated 

below. 

For example: 

FORM F, G; REAL A,B; BOOLEAN C; SYMBOL S; 

LOGIC L; HALF H; 

F f- F + G; A f- 3.5; B f- 2 X A; C f- B < A 

S f- [F, A]; L f- 10; H f- 2.8; 

PRINT(F,G,A,B,C,S,L,H, 111, G+.A); 

This causes the following to be printed: 

F + G 

G 

.35000000000w +01 

. 7000000000010 +01 

FALS 
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/[CONT: F-f{;, (.350,0000000010 +01) ][NAME: S] 

00000000012 

.28000000000ro +01 

111 

G+ (.35000000000 10 +01) 

Lists may be printed in three styles: style 0, style 1, and style 2. Style 0 

is in the system to begin with and causes description lists to be printed. 

Style 1 prints lists and sublists with square brackets [,] and commas separat­

ing the elements, each sublist being delimited by a pair of square brackets. 

Style 2 prints lists without square brackets and commas by concatenating the 

elements directly into the print line. 

For example: 

SYMBOL S, ADJ, EC, TIVE, A,B,C, COLOR, APPLE,RED; 

APPLE ~ /[COLOR: RED]; 

S ~ [A,A, [B,B, [C,C,C],B],A]; 

A ~ [ADJ ,EC, TIVE]; 

In Style 0 the statement PRINT(APPLE, S, A) gives: 

/[CONT: APPLE][COLOR:RED][NAME:APPLE]; 

/[CONT: A,A, /[CONT:B,B, /[CONT:C,C,C][NAME:],B][NAME:], 

A] [NAME : S] 

/[CONT: ADJ, EC, TIVE][NAME:A] 

In Style 1 the same print statement gives: 

[APPLE] 

[A,A,[B,B,[C,C,C],B],A] 

[ADJ, EC, TIVE] 
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In Style 2 the same print statement gives: 

APPLE 

AABBCCCBA 

ADJECTIVE 
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Thus, Style 0 is used to print description lists, Style 1 is used to print 

lists and sublists, and Style 2 is used to print compacted lists. Executing 

the fpllowing snapshot correction changes the style switch. 

SN RCOR 55212 sets Style to 1 

SN RCOR 55212 2 sets Style to 2 

SN RCOR 55212 0 sets Style to 0 

This snapshot follows the same conventions as other debug snapshots (see 

Appendix 3). 
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APPENDIX 6 

SYNTAX INDEX 

SYNTAX CLASSES 

<Array Formula> - Chapter III, Page 26 
<Assignment Formula> - Chapter III, Page 26 
<Assignment Statement> - Chapter IV, Page 52 
<Augmented Type> - Chapter IV, Page 55 

<Boolean Expressiori> - Chapter III, Page 26 

<Class Definitiori> - Chapter IV, Page 61 
<Class Name> - Chapter IV, Page 61 
<Comm Segment> - Chapter III, Page 37 
<Conditional Formula> - Chapter III, Page 26 

<Description List> - Chapter IV, Page 53 
<Description List Editing Statement> - Chapter IV, Page 64 

<Editing Statement> - Chapter IV, Page 64 
<Elementary Position> - Chapter IV, Page 55 
<Evaluate Fonnula»-Chapter III, Page 32 
<Extractor> - Chapter III, Page 37; Chapter IV, Page 58 
<Expressiori> - Chapter IV, Page 51 

<For Clause> - Chapter IV, Page 63 
<For LisL> - Chapter IV, Page 62 
<Formula Expression> - Chapter III, Page 26 
<Formula Expression List> - Chapter III, Page 32 
<Formula Pattern> - Chapter III, Page 37 
<Formula Pattern Primary> - Chapter III, Page 37 
<Formula Pattern Structure> - Chapter III, Page 37 
<Formula Primary> - Chapter III, Page 26 

<Locator List> - Chapter IV, Page'64 
<Insertion Locator> - Chapter IV,Page 64 
<Index Segment> - Chapter III, Page 37 
<Is Phrase> - Chapter IV, Page 65 

<Kind> - Chapter IV, Page 55 

<List> - Chapte"r IV, Page 51 
<List Element> - Chapter IV, Page 51 
<List Expressiori> - Chapter IV, Page 51 
<List Pattern> - Chapter IV, Page 58 
<List Pattern Primary> - Chapter IV~: Page 58 
<Logical Value List> - Chapter III, Page 37 
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<Operator ClasS> - Chapter III, Page 37 
<Operator Class Assignment> - Chapter III, Page 37 
<Operator Class Name> -' Chapter III, Page 37 
<Operator LisL> - Chapter III, Page 37 
<Ordinal Selector> - Chapter IV, Page 55 
<Ordinal·SuffiX> - Chapter IV, Page 55 

<Parallel Elements> - Chapter III, Page 43 
<Parallel Production> - Chapter III, Page 43 
<PopUp Operator> - Chapter IV, Page 61 
<Pop Up Statement> - Chapter IV, Page 62 
<Position> ... Chapter IV, Page 55 
<Procedure Formula> ... Chapter III, Page 26 
<Push Down Operator> ... Chapter IV, Page 61 
<Push Down Statement> - Chapter IV, Page 61 

<Schema> - Chapter III, Page 43 
<Schema Assignment> - Chapter III, Page 43 
~chema Element> - Chapter III, Page 43 
<Schema Variable> - Chapter III, Page 43 
<Selection Expression> - Chapter IV, Page 55 
<Selector> ... Chapter IV, Page 55 
<Se lector List> ... Chapter IV, Page 43 . 
<Single Production> - Chapter III,Page 43 
<Substitution List> - Chapter III, Page 32 
<Symb or List> - Chapter IV, Page 5.8 
<Symbolic Expression> - Chapter IV, Page 49 

<Transformed Formula> ... Chapter Ill, Page 43 
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RESERVED WORDS 

ANY - Chapter III, Page 36, Page 42 (appears thrice) 

ATOM - Chapter III, P~ge 36 

COMM - Ch~pter II~, Page 36 

ELSE - Chapter III, Page 25 

EVAL - Chapter III, Page 31 (appears twice) 

FALSE - Chapter III, Page 36 (appears twice), Page 42 

IF - Chapter lIt', Page' 25 

INDEX - Chapter III, Page 36 

OF - Chapter III, Page 36 (appears twice) 

REPLACE - Chapter III, Page 31, Page 42 

SUBS - Chapter III, Page 31 

THEN - Chapter III, Page 25 

TRUE - Chapter III, Page 36 (appears twice), Page 42 

AFTER - Chapter IV, Page 53, Page 62 

ALL - Chapter IV, Page 53 (appears twice) 

ALSO - Chapter IV, Page 62. 

ALTER - Chapter IV, Page 62 

AND - Chapter IV, Page 53 

ANY - Chapter IV, Page 53 

ATOM - Chapter IV, Page 53 

ATTRIBUTES - Chap~er IV, Page 60 

BEFORE - Chapter IV, Page 53 (appears twice), . Page 62 

BETWEEN - Chapter IV, Page 53 

BOOLEAN - Chapter IV, Page 53 
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DELETE - Chapter IV Page 62 (appears twice) 

ELEMENTS - Chapter IV, Page 60 (appears twice) 

FIRST - Chapter IV, Page 53 (appears twice) 

FOR - Chapter IV, Page 60 

~ - Chapter IV, Page 53 

INSERT - Chapter IV, Page 62 

INTEGER - Chapter IV, Page 53 (appears twice) 

12 - Chapter IV, Page 62 (appears twice) 

~ - Chapter IV, Page 53 (appears twice) 

~ - Chapter IV, Page 53 

NIL - Chapter IV, Page 47 

!Q! - Chapter IV, Page 62 

OF - Chapter IV, Page 51, Page 53, Page 60 (appears thrice),. Page 62 (appears 

5 times) 

PARALLEL - Chapter IV, Page 60 

~ - Chapter IV, Page' 53 

~ - Chapter IV, Page 53 

~ - ,Chapter IV~ Page 53 

SUBLIST - Chapter IV, Page 53 

SYMBOL - Chapter IV, Page 53 

, TH - Chapter IV, Page 53 

THE - Chapter IV, Page 51, Page 62 

TO - Chapter IV, Page 62 
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APPENDIX 7 

COMPLETE EXAMPLES 

FORM AL-3-113 

The attached photocopies of computer output present three ways that 

Formula Algol can be used to solve an algebraic equation for the single oc­

currence of the variable X. These three solutions are by Markov Algorithms, 

by recursion, and by iteration. Formula Algol is well suited to programming 

this problem because its data structures and source language instructions were 

chosen to be well adapted to problems in formal algebraic manipulation. It 

can be seen from the attached programs that the Formula Algol programmer has 

detailed control' over the specification of formula manipulation algorithms 

and that,at the same time, abbreviation devices, such as the Markov Algorithm, 

make it convenient to write them. Brief explanations of the three solutions 

are as follows. 

I. MARKOV ALGORITIIM SOLUTION 

Lines 12 to 29 define a Markov Algorithm which gives the rules of trans­

formation by which equations are to be solved for X. The equation to be solved 

for X is stored as the value of the variable E in line 30, and line 31 prints 

both E and E. ~S the result of applying the Markov Algorithm S to E, which re­

sult is the solved equation. In lines 10 and 11, plus and times are defined 

to be operators with commutative properties so that in lines 14 and 15 commuta­

tive instances of ~B and A+B will be considered. Lines 7,8, and. 9 define A 

to be a formula pattern which will match any subexpression of a formula con­

taining an occurrence of X, and Band C to be formula patterns which will 

match any arbitrary subexpression of a formula. The A's, B's, and C's are 

used in the construction of the left hand sides of the transformations in the 

Markov Algorithm and stand for patterns with these properties. On the right 



FORM AL-3-114 FORMULA ALGOL 

hand sides of the t~ansformations the .A's, .B's, and .e's are objects which 

are replaced by the sUbexpressions which match the A's, B's, and e's when 

given transformation applies to an input equation. 

II. RECURSIVE SOLUTION 

Lines 4, 5, and 9 define patterns A, B,and C with the same properties 

as in the Markov Algorithm solution. The recursive procedure SOLVE(LHS,RHS) 

given in lines 8 to 28 analyzes the form of the left hand side of the equation, 

LHS, ~ich is assumed to contain X, and recursively calls SOLVE with that sub­

expression of LHS containing X as its new first parameter, and an appropriate 

inverse expression composed of an appropriate inverse operator applied to RHS 

and a subexpression ofLHS not containing X as its new second parameter. 'nle 

procedure Answer(E) given in lines 30 to 34 analyzes the input equation-E to 

see which side contains X and passes the side containing X as the left band 

side and the side not containing X as the right hand side to SOLVE which de­

livers the answer to the problem. An equation is assigned to E in line 36 

and both E and Answer(E) are printed in line 37. The printed solution is the 

same as that given in the first and third solutions. 

I I I.. ITERATIVE SOLUTION 

Lines 6 and 7 define two operator classes OP1 and OP2 consisting respec­

tively of the binary operators to be used in input equations and the unary 

operators to be used in input equations. An integer variable I is attached 

to the definition of each operator class as an "Index". In lines 12 and 13 

the input equation Gis compared with two patterns. The first pattern matches 

if the left hand side of G contains a binary operator in the class OP1 and the 

index vari .le I is set to contain an integer denoting the ordinal po~ition of 

this operator in the list of operators given on line 6. Similarly, the second 

pattern matches if G's· left hand side is of the form <unary o~erator>«expression» 
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and the index I is set to the ordinal position of the unary operator in the 

list of unary operators in line 7. The integer value of this index I is used 

in a designational expression containing a switch to transfer control to an 

appropriate statement to perform the required transformation of the equation. 

These transformations are given in lines 15 to 27. The iteration is under 

the control of a FOR-WHILE statement and halts when the equation G has X as 

its left hand side~ The printed solution is the same as that for solutions 

I and II. 

. IV. COMPARISON OF THE THREE SOLUTIONS 

Markov Algorithm Recursion Iteration 

seconds required 5 + 1 4 + 1 3 + 1 

cells required 232 471 183 

code required 771 826 595 

The times givetl here are not measured as precisely as they should be for a 

truly useful comparison. 
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A (1"[11. r202 24 OCT 6622:23:34 AND PAGES: 50 TIME: :1 
993 ~C;?2062 CC~OJ011~03* T501 

STATUS r,,~.\'. 25 9 19G6: EXpmUjEtJiAl SYSTEM. 
C~.2: At BESH~ 
C03: 11(;02 FO~r.1 E,K9M,H_N,P; 
0:14: 11020 FO:lM I\~O oC ,X; SVUllOL PLUS, TI MES, S; 
OJS: 11037 OOOlEAN F~OCEOmE HASX( F); VALUE F; FORM F; 
006: 11C31 HASX .. f » X; 
CO 1: 11060 A<-A: O~( HAS X); 
cas: 11072 B+-OgAWI; 
C09: 11103 C.cgAt.N; . 
010: 11114 PLUS~/[O?mATon :+1 (CO~t\~ lRUE1; 
011: 1111~4 TIMES"'/[O?ERATO~:*] [COMM: lRUE]; 
012: 11174 S ... [ 
013: [ 
01ll: . 11177 ( A I TIMES 10) = C ... .A = .C / ~8, 
015: 11243 (AI PLUS 10) = C ... .A = .C - .8, 
016: 113110 A - D :: C ... .A = .C + .8, 
011: 11353 0 0 A = C ... .A = .3 - .C, 
010g 11t}16 A I () = C ... .A = .C * .6. 
019: 11t~61 II / A = C ... .A = .0 I .C, 
02e: 11524 A t, o = C .. .A=.C t(1/.Fl), 
,021: 11574 D t A = C .. .A = IN( .C) IlN( .6), 
0223 11643 - A = C ... .A = -.e, 
023: 11677 fJtP(A) =c ... .A : IN( .e), 
02t~: 11733 IN(A) = C .. .A = EXP( .C), 
G2~g 11167 S(!;lY(A) = C ... .A = .C t 2, 
02o~ 12026 A.~CiAN(A) =c ... .A = S I r~c .c) ItOS( ee), 
027g 12013 S I ~J(A) : C .. .A = fJlCTAt!(.C IS (:l V( 1-.Ct2», 
020: 12152 . CCS(A) =c .. .A = ARCTAN(SQ~T( 1-.Ct2)/.C), 
ce.9: 12231 x = C ... .x = .c ] 1; 
03C~ 12263 E ... f<?2 + lt~(M + SIN( (Xt3-K)/(IH·4)(rMt5 )tN - K)*M 
031g 12310 pru tJi( E1) E.tS ); 
032: , 121~OO p;t I fJi( CELLS); 
033~ 12~OJ END; 

(J Enno;(s 

BEGaN EXECUTION 22:28:53; 006423 AVAILABLE CEllS 
(1'2 ? lrJ(r.1 + S I N( (Xt3 - K)/CH +4)*M,5)tN -' 1< )*M::? 
. it:{ Anc 1 ( ( E}C? ( (P - K 12 ) 1M) + t( - WI) t( 1/N) IS QR T (1 .; (EXP( ( P 
.. Ie 12 ) I~.'J) + t< - t.'l) t( 1/ N) 1'2 » /Mt5*( H + 4) + K) t( 
.J33333333330+C3) 
6191 

= 

TH.~ tlSEO: oa:C':36 PAGES: 3 
22:3Jg20 Eva> 

12404 22:23:59 0 284 3 0 0 0 0 0 46 0 

FORM AL':'3-117 

P; 
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993 200500CYl 00003011403* TS01 16:0 
FORM AL-3-118 

STATUS MAR. 25,1966: EXPERIMENTAL SYSTEM. 
2. 11002 BEG IN FORM E,K ,M,N,H ,P ,f ,G ,X; 
3 • 11026 SY MBOL PL US tTl MES; 
4. 11033 BOOLEAN PROCEDURE HASX(F); VALUE F; FORM F; HASX.r»X; 
5. 11053 PLUS"'/(OPERATOR:+] [C'OMM: lRUEl; TI MES+-/(OPERATOR:*](COMM: lRUE1; 
6. 
7. 
8. 11132 
9. 11137 

10. 11201 
11. 11243 
12. 11305 
13. 11345 
14. 11405 
15. 11445 
16. 11505 
17. 11554 
18.· 11622 
19. 11656 
20. 11712 
21. 11746 
22. 12005 
23. 12053 
24. 12071 
25. 12134 
26. 12152 
27. 12215 
28. 12241 
29. 
30. 12244 
31.' 12247 
32. 12256 
33. 12323 
34 •. 12344 
35. 

BEGIN 
FORM PROCEDURE SOLVE(LHS~HS); FORM (jtS~HS; 

BEG IN FORM A 13 ,e; ~4-A:OFCHASX);B+B:ANY;C+C:ANY; 
IF LHS == CAlpLUsIB) THEN SOLVE+-SOLVE(A~HS-B);' 
'F LHS == CA' TIMES IB) THEN SOlVE4-50L VEC A ~ HSIB ); 
IF. LHS == A-B THEN SOL VE .. SOLVEC A ,RHS+B); 
IF LHS== B-A THEN SOLVE'" SOLVEC A ~ -RHS); 
IF LHS == AlB THEN SOL VE ... SOLVE< A. ~ HS*8 >; 
IF LHS :: B/A THEN SOLVE ... SOLVE(A~IRHS); 
I.F LHS == A18 THEN SOLVE'" SOLVECA .RHSt(1IB »; 
IF LHS == BfA THEN SOLVE+- SOLVE(A,LNCRHS)ILNCB»; 
IF LHS =: -A THEN SOLVE ... SOLVECA,-RHS); 
IF LHS == EXP( A) THEN SOL VE ... SOL VEC A ~ N(RHS»; 
IF LHS == IN( A) THEN SOL VE +- SOL VECA ,EXPCRHS »; 
IF lHS :: SQRT( A) THEN SOL VE ... SOL VEC A .R HS 12 ); 
IF LHS == ARCTAN(A) THEN SOLVE'" SOLVECA,sINCRHS)/COSCRHS»; 
IF LHS == SINCA) THEN 

SOLVE'" SOLVECA,ARCTAN(RHS/SQRT(1-RHS12 »); 
IF LHS := COSCA) THEN 

SOL VE ... SOL VEC A ,A RC TANC SQRT (1-R HS 12 )IR HS ) >; 
IF LHS :: X THEN SOLVE'" X = RHS; 
END; 

FORM PROCEDURE ANSWERCE); FORM E; 
BEGIN FORM F,G; 
IF E == G :ANY=F:ANY THEN BEG I N IF F»X THEN 
ANSWER..-sOL VEC F ,G) ELSE ANSWER .-sOL VECG, F)·. ENO ELSE 
ANSWER .... NOEQUATION; END; 

36. 12352.E'" Kt2 + LNCM + SIN(CXt3-K )/CH+4)*Mt5)tN-K )*M :P; 
37. 12457 PRINTCE,ANSWERCE»; PRINT(CELLS~ 
38. 12472 END; END; 

o ERRORS 

BEG I N EXEC UT ION 16: 20: 24; I) 06418 A VA I L AB L E CELL S 
K 12 + lNCM + SINC (Xt3 - K)/CH + 4 >*Mt5 )tN - K )*M=P 
X=(ARCTCCEXPCCP - 1<12 )/M) + K - M)tC1/N)/SQRTC1 - CEXPC(P . 
- K12 )/M) + K - M)t(1/N)t2 »/Mt5*CH + 4) + 1()1'(1/3) 
5947 . 

TIME USED: 00:00:32 PAGES: 2 12474 16:20:28' 0000 000 0·500 
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C~Jljl;UT 

i~rE USED: Ga~OO~~2 rAG~S~ 3 1212~ 00:41:11 0 0 0 0 0 0 0 0 45 0 
A oprR o St~G2 25 OCT 6G OG~r~O~3() 
993 ~OO~2052 00003011003 

AND PA~£S: 50 TV~~~ 3 
YS01 

C~09 TS01 32 3 

STI\TUS nAn .. 25,19~G:ExrERI~rMTnl SYSTEM. 
CG2::: 
(;.033 
o;r}:! 
CGJ~ 
OfJ5g 
O[t?: 
0083 
CC9~ 
OuO~: 
0113 
Ou2~ 
0133 
Ouf};: 

Ou:;~ 
ow):! 
017;: 
01G: 
019~ 
0202 
021~ 
0223 
u23~ 
02£}~ 

02?~ 
02c5: 
027: 
023: 
0292 
OJ()~ 

031: 
032~ 

0 tn~OI1S 

11002 
1103r.} 
11C32 
11073 
111fJO 
11233 

11353 
11r~3~ 
11f}7G 
11503 
11537 
11573 
11027 
11()()3 
11731 
11733 
111l }? 
117S7 
11771 
1200$ 
12030 
12062 

12114 

1211(') 
12123 

OEG O~.l 
rom'" Go r(\')r.1~NflNot' f) fl., 0, c"x;svr.mOl OP1~O?2; 
H1Y(G[n u ~ snrucn l~ l1f)l2pl3ot49l5; . 
snOYC~'l 0 0.- q1\)G2~Q390C}~Q?!)Q6f)Q7; 
OPL~"'/[Ort~l\ um1~:::~)}f'~p/ 1)~] [ I NDE}C2' 1 ; 
Gr~.>"/[OPERA uO«~-oE~{r VlNf) SQRl ,{lr<C7i~No SUNf)COS] { I NOEx: D]; 
G~"";C'7'2 "~'lr1 n~~·s ~ r.] ( (){ 13.,.,t< ) I{H,N} ),:~r~1~>5 > -rfJ·",:< )~!~~;:P; 

FOR G (- G \II-lUtE ...,(G :::: X=ANV ) no 
n~GnN . 
Dr- G == (A~ANV'OP1'B:t\N'I)=C:I\NV TnZN GO 10 l(ll; 

UF G =: (,~·~or21 I\~I\NV)=C:/U~V wHEN GO 10 Q[ ~ 1 ; 
pn~NT(oN0~QUAY~ON); GO TO CON1~fnjE; 
l1gG~"QF I\:>~.j{ ullEN A::C/B ELSE O::C/I~; GO 10 CONTUNUE: 
l2~G~-~f A~»{ ul~[EN I\::C-O ELSE O=Cq:oA; GO 10 corrv~NUJt; 
l3~G'~H'" I\'»}{ 1~1tJ' J\=C~·3 ELSE B::r\~c; GO 10 COiJVH-HJf; 
ll~r:G~-~~ I\:">:">}{ Y~1EN f\:C:::3 EtSE O:t\/C; GO YO CON1H~UE; 
L~~G1--~f I\,>~j( rnEN A=C?(1/B) ELSE B=LN(C) ILN(A); 

GO 10 COrruHJUEg 
Q1~G~""I\~=C ~ GO YO CONT rNUE; 
Q2~ G1-I\=lN (C) ~ GO 10 CONTI NUt; , 
03~~}:""f\:"!\D{r(C)~ GO TO corrrUNUE; 
Q4~~-A=C12; GO TO CONTINur; 
Q§i2G~A=S~N(C) ~OS(C)~ GO TO CONTHHjr~ 
QD~G<!-f\::l\nC1i\N (C/SORY (1 .... C12 )); GO TO CONTH~UE; 
(ri~l~}!-I\::!\\lC1rIN(SO\{1(1""Ct2)/C); GO 10 CONT9NU[; 
CONTI NUt: : ; 
END; 

PQONT(G)3 PQINT(CEtlS); 
ENO; 

BEGHl Ei{ECUTDON OD:'}1:15; 005529 f\VIHlf\BlE CEllS 
i(!:{ARCT«!D{P«P - f('?2)/M) + rc ~ r,1)?(1/N)/SQt11(1 .. (EXP«P 

} - [(12)/i',n -} t{ - t(1)1'(1/N)t2»/Mt5:::(f"1 J} l~) -:- {{)1(1/3) 
63tH) 

T~ME USED: 00=00:42 PAGES: J 
GU3 f)() 3 21 lEnD 

12124 OD~41:17 0 0 0 0 0 0 0 0 45 0 

FORM AL-3-119 

\\\\ 

00:3 
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APPENDIX 8 

CURRENT SYSTEM BUGS 

May 1, 1967 

FORM AL-3-12l 

The following is a list of constructions which are currently not 

functioning in Formula Algol: 

1. Attempting to access a switch with an index which is out of 

bounds.' Gives a run error instead of returning as defined in 

Algol 60. 

2. Recursive class names. 

3. A selector using itself within itself through a class name (i.e., 

3RD (IVOWELI) where the code for VOWEL uses the "nTH" selector). 

4. "Own" variables. 

5. The n»" predicate will not test for subformulae of subscripts 

to an array formula or parameters to a procedure formula; schema 

will, however. 

6. "SUBS" in either array, procedure, assignment or conditional 

formula. 

7. A construction of the form: 

F» •.• OF(B) ... 

where B is of the form: 

BOOLEAN PROCEDURE B: FORM X: 

G» ••• OF(B) .... 

8. Cannot pass switches as parameters. 

9. Real arrays are not stored into properly if the right hand side 

is only a variable, not an expression. 

e.g. A[I] ~X; 

A[I] ~ X+O; 

does not work (stores logic) 

works 
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10. Logic Arrays are always accessed arithmetically. 

11. A procedure which has the form of a compound statement is 

treated as a block in the declaration of labels. 

12. Switches may neither be forward refe'renced nor recursively 

ref~renced. 

13. Print routine will not print incomplete chain. 

PROCEDURE P( ••• ,L), SYMBOL L; 'L' is called by name 

PRINT(. •• , (., LJ); ~ incomplete chain 

Inasmuch as this is now a nonrecoverable error, caution should 

be exercised to avoid using this construction. 

14. In the EVAL operation, the formulae which are substituted are 

not evaluated in themselves, but only in combination with the 

rest of the formula. Thus, if '3+4' is one of the substituted 

values, it will not be reduced. 

15. The identity of atomic formulae does not follow the outlines of 

block structure. They act as though they were all declared 

globally. 

16. A multiple assignment statement for a description list is not 

allowed. 

17. In a procedure, A t B does not work unless A and B are either 

not local to any procedures or local to the same procedure. 

18. SYMBOL and FORM variables which are formal parameters of a 

procedure cannot .be dotted. 

19. The construction 

S ~ (if B then C else D) + E 

will not work if C is an arithmetic expression, but D is a 
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number which is to be ext,racted from a list or formula 

structure. Reversing C and D fails also. 

The construction 

FOR I ~ 1 STEP 1 UNTIL EVAL F DO S; 

fails for the same reasons. 

FORM AL-3-121 
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