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Switch 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 cvaluation 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 same 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 define 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

(unlabelled basic statement) ::= (assignment statement})
(go to statement )| (dummy statement )| {procedure statement )

(bdsic statement) ::= (unlabelled basic statement ){(label):
(basic statement )

(unconditional statement) ::= (basic statement)|
(compound statement )| (block)

(statement) ::= (unconditional statement )|
(conditional statement )|{for statement )

(compound tail) ::= (statement) end |(statement) ;
(compound tail )

- (block head) ::= begin (declaration)|(block head) ;

(declaration)
(unlabelled compound) ::= begin {(compound tail }
(unlabelled block) ::= (block head) ; {(compound tail)
(compound statement) ::= (unlabelled compound )|

(label ): (compound statement) .
(block ) ::= (unlabelled block )|(label):(block) .
{program) ::= (block )| (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:..beginS ;'S ; ..S ; Send
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Block:

L: L: ... begin D
S 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

y D; .D ;8 ;8 ; .8 ;

Basic statements:

a:=ptq
go to Naples
START: CONTINUE: W := 7.993

Compound statement:

begin z := 0 ; fory := 1step 1 until » do
z = z+AQyl ;
if z>¢q then go to STOP else if 2>w—2 then
gotoS ;
Aw: St: W := z+bob end

Block:

Q: begin integer 7,k ; realw ;
for 7 := 1 step 1 until m do
for k := i+1 siep 1 until m do
begin w := A, k] ;

Al k] := Alk, 1)
Alk, i) := wend for 7 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, may or 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) := |(procedure identifier) := .

(left part list) ::= (left part)|{left part list)(left part)

(assignmentstatement) ::= (left part list) (arithmetic expression)|
(teft part list ) (Boolean expression)
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4.2.2. Examples

8= pl0] := n := nd1+s
n = n41
= B/C—v—gXS8
S[v k2] := 3—arctan(sX zela)
V:=@Q>YANZ

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 (cf. 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 oceurring 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(E405)

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
- procedure declaration (cf. section 5.4.4).

4.3. Go To STATEMENTS
4.3.1. Syntax

(go to statement) ::= go to {designational expression)

4.3.2. Examples

goto8

go to exit [n+1}

go to Townlif y<0 then N else N+1]

go to if Ab<c then 17 else glif w<0 then 2 eise n}

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 s compound statement.

" (if clause)
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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 STATEMENTS
4.4.1. Syntax

(dummy statement) ::= (empty)
4.4.2. Examples
L: . .
begin ... ; John: end

4.4.3. Semantics
A dummy statement executes no operatlon It may
serve to place a label.

4.5. CONDITIONAL STATEMENTS
4.5.1. Syntax

::= if (Boolean expression) then
{unconditional statement) ::= (basic statement )|
(compound statement )|{bloek )
(if statement) ::= (if clause) (unconditional statement)
(conditional statement) ::= (if statement)|(if statement) else
{statement )| (if clause)(for statement)|
{label) : (conditional statement)

4.5.2. Examples

if >0 then n := n+1
if v>u then V: ¢q:= n+m else go to R
if s<OVP=Q then AA: begin if ¢<v then a := v/s
else y := 2Xa end
else if v>5 then a := vy—qg else if v>s5—1
then go to S

4.5.3. Semantics )

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 Si else if B2 the.n S2 else S3 ; S4
and
if Bl then Sl else if B2 then S2 else if B3 then 83 ; S4

Here Bl to B3 are Boolean expressions, while S1 to 83
are unconditional statements. 84 is the statement followmg
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. Then the
unconditional statement following this Boolean is exe-
cuted. Unless this statement defines its successor explicitly
the next statement to be executed will be 84, i.e. the state-
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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 :

if Bl then 81 else if B2 then 52 else 83 ; S4

b | ]

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)|
(arithmetic expression) step (arithmetic expression) until
(arithmetic expression)|(arithmetic expression) while
(Boolean expression )
(for list) ::= (for list element)|{for list) , {for list element)
({for clause) ::= for (variable) := (for list) do
(for statement) ::= (for clause)(statement})|
(label): {for statement) .

4.6.2. Examples

for ¢ := 1 step s until n do A[g] := Blg]
for k := 1, V1X2 while VI<N do
. for j :=I+G, L, 1 step 1 until N, C+D do
Alk,j] := Blk,j]

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:

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 exccuted.
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 C, where A, B, and C, are arithmetic ex-
pressions, gives rise to an execution which may be de-
scribed most concisely in terms of additional Arcorn
statements as follows:
V:i=A ;
L1: if (V=C)X sign(B)>0 then go to element exhausted;
statement S ;
V:=V+B ;
goto Ll ;

where V is the controlled variable of the for clause and
element erhausted 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 Arcor statements as
follows: ’
L3:V:=E ;

if —F then go to element exhausted ;

Statement S ;
goto 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

Ubon 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)|(expression)|(array identifier)|
(switch identifier )| (procedure identifier)
(letter string) ::= (letter)|(letter string)(letter)
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(parameter delimiter) ::= ,}) {letter string):(

(actual parameter list) ::= (actual parameter)|
(actual parameter list)({parameter delimiter)
(actual parameter)

(actual parameter part) ::= {(empty)|
({actual parameter list))

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

4.7.2. Examples
Spur (A)Order: (7)Result to: (V)
T'ranspose (W,v-+1)
Absmax(A,N,M,Yy,I,K)
Innerproduct(Alt, P,u],B{P],10,P,Y)

These examples correspond to examples given in section
54.2.

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 the procedure body is a statement
written in Arcor 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
being 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).

4.7.3.2. 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 this 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
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the procedure statement and the formal parameters of the
procedure heading is cstablished 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 heading. 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 Arcor 60 statement (as
opposed to non-ALcoL 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-
AvcoL 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-
AvLcoL 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. Declarations

Declarations serve to define certain properties of the
quantities 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 inacgessible 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 any one
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 | Boolean
(local or own type) ::= (type)lown (type)
{type declaration) ::= (local or own type)(type list)

5.1.2, Examples

integer p,q,s
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 declared 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 which 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 bound): {upper bound)

(bound pairlist) ::= (bound pair)|(bound pair list ), (bound pair)

(array segment) ::= (array identifier)[(bound pair list)]|
(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, ¢[7:n,2:m], s{—2:10]
own integer array A[if c<0 then 2 else 1:20]
real array ¢[—7:—1]
5.2.3. Semantics v
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 subseripts 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 subseripted 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-

seripts within the most recently calculated subscript
bounds.

5.3. SwircH DECLARATIONS
5.3.1. Syntax

(switch list) ::= (designational expression)]
(switch list ), (designational expression)

(switch declaration) ::= switch (switch identifier ):= (switeh list)
5.3.2. Examples
switch 8 := 81,82,Q[m], if v>—5 then S3 else S4

switch Q :=plw

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 ifems 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 all variables
involved.

5.3.5. Influence of scopes

If a switch designator occurs outside the scope of a
‘quantity entering into a designational expression in the
switch list, and an evaluation of this switch designator
selects this designational expression, then the conflicts
between 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 )]
(formal parameter list)(parameter delimiter)
(formal parameter)
{formal parameter part) ::= (empty)|({formal parameter list))
(identifier list) ::= (identifier)|(identifier list),(identifier)
(value part) ::= value(identifier list) ; |{(empty)
(specifier) ::= string](type)|array|(type)array|labellswitch|
procedure|{type )procedure
(specification part) ::= (empty)|(specifier)(identifier list) ; |
(specification part)(speciﬁer)(identiﬂer list) ;
{procedure heading) ::= (procedure identifier)
(formal parameter part) ; (value part)(specification part)
{procedure body) :: (statement Y {code)
(procedure declaration) :
procedure (procedure headmg)(procednre body)l
(type) procedure (procedure heading)(procedure body)
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5.4.2. Examples (sce also the examples at the end of
the report)

procedure Spur(a)Order:(n)Result:(s) ;
array @ ; integern ; reals ;
begin integer k :

s:=0 ;
for k :=
end

value n ;

1 step 1 until n do s := s-talk.k]

procedure T'ranspose(a)Order:(n) ;
array a ; integern ;

begin real w ; integeri, &k ;
for ¢ := 1 step 1 until n do

valuen ;

for k := 147 step 1 until n do
begin w := ali,k] ;
alt k] := alk,i] ;
alki]l := w
end
end Transpose
integer procedure Step (u) ; realu ;

Step := if 0SuAu=1 then 1 else 0

procedure Absmaz(a)size:(n,m)Result:(y)Subscripts:(ik);

comment The absolute greatest element of the matrix a,
of size n by m is transferred to y, and the subseripts of this
element to 7 and k& ;

array ¢ ; integern,m,i, k ; realy ;

begin integer p, ¢ ;

y:=0 ;

for p := 1 step 1 until » do for ¢ := 1 step 1 until m de

if abs(alp.gl)>y then begin y := absalpg)) ; 7 := » ;

ki=¢q
end end Absmaz

procedum Innerproduct(a, b)Order (k,p)Result:(y) ; valuek ;
integer k,p ; realyab ;

begin real s ;

s:=0 ;
for p :=
Yy =38
end Innerproduct

1 step 1 until k¥ do s := s+aXb ;

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. Function
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 local significance and actual param-
eters which correspond to it are inaccessible throughout
the scope of this inner local quantity.

5.4.4. Values of function 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 value 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-Arcow 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

Examples of Procedure Declarations:

ExampLE 1.

procedure euler (fct, sum, eps, tim) ; value eps, tim ;
integer tim ; real procedure fc! ; real sum, eps ;
comment euler computes the sum of fet(?) for ¢ from zero up to
infinity by means of a suitabley refined euler transformation. The
summation is stopped as soon as #im times in succession the abso-
lute value of the terms of the transformed series are found to be
less than eps. Hence, one should provide a function fet with one
integer argument, an upper bound eps, and an integer {zm. The
output is the sum sum. euler is particularly efficient in the case
of a slowly convergent or divergent alternating series ;
begin integer ¢, k, n,t ; array m[0:15] ; real mn,mp,ds ;
ti=n:=10:=0 ; m[0] := fet(0) ; sum :=m[0}/2 ;
nextlerm: 1 := 1+1 ; mn := fct(@) ;

for &k := 0 step 1 until n do

begin mp := (ma+mlk]))/2 ; mlk} = mn ;
mn := mp end means ;
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if (abs(mn)<abs(m[n])) A\ (n<15) then
begin ds := mn/2 ; n := n+l ; mn] :=
mn end accept
elseds := mn ;
sum = sum + ds ;
if abs(ds)<eps then ¢ := (+1 elset :=0 ;
if (<tim then go to nexiterm
end euler

ExamrLe 2.8

procedure RK(z,ynFKTepsetaxEyE,fi) ; value zy ;
integer 7 ; Boolean fi ; real =zepselaxgE ; array
yyE ; procedure FKT ;
comment: RK integrates the system u./'=fi(z,y1,¥2,...,Yn)
(k=1,2, ... ,n) of differential equations with the method of Runge-
Kutta with automatic search for appropriate length of integration
step. Parameters are: The initial values z and y[k] for x and the un-
known functions yx(z). The order n of the system. The procedure
FKT (x,y,n2) which represents the system to be integrated, i.e.
the set of functions f; . The tolerance values eps and eta which
govern the accuracy of the numerical integration. The end of the
integration interval zE. The output parameter yE which repre-
sents the solution at z=zE. The Boolean variable fi, which must
always be given the value true for an isolated or first entry into
RK. If however the functions y must be available at several mesh-
points & , 21 , ... , T» , then the procedure must be called repeat-
edly (with z=2,, 2E=1,, for k=0, 1,..., n—1) and then the
later calls may occur with fi=false which saves computing time.
The input parameters of FK7 must be z,y,n, the output parameter
z represents the set of derivatives zk]=fi(z,y(1],¥(2], ..., yIn])
for x and the actual y’s. A procedure comp enters as a nonlocal
identifier ;
begin
array z,yly2,y3(1:n] ; real z122,23,H ; Boolean ouf ;
integer k,; ; own real sHs ;
procedure RKIST (z,yh,xeye) ; real
yye ;
comment: RK1ST integrates one single RUNGE-KUTTA
with initial values z,y(k] which yields the output
parameters re=z-+h and yelk], the latter being the
solution at xe. Important: the parameters n, FKT, z
enter RK1ST as nonlocal entities ;
begin
array wil:n}], a[1:5] ; integerk, ;
a[l] := ¢l2] := al5] := h/2 ; al3] := al4]l :=h ;
ze ;=1 ; )
for k := 1 step 1 until n do ye[k] := wik] := ylk] ;
for j := 1 step 1 until 4 do
begin
FKT (zewnz2)
ze = z+alj] ;
for k := 1 step 1 until n do
begin
wlk] := ylkl+alilXzlk] ;
yelk] := yelk} + ali+1]1Xz[k]/3

zhaxe ; array

8 This RK-program contains some new ideas which are related
to ideas of 8. 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, [Fystograf. Sdllsk. Lund, Férhd. 20, 11 (1950), 136-152].
It must be clear, however, that with respect to computing time
and round-off errors it may not be optimal, nor has it actually
been tested on a computer. :

FORM AL-3-83



FORM AL-3-84 FORMULA ALGOL

REVISED ALGOL 60

end k comment: comp(abe,) is a function designator, the value
end ; of which is the absolute value of the difference of the
end RK1IST ; mantissae of @ and b, after the exponents of these quan-
Begin of program: tities have been made equal to the largest of the exponents
iffithenbegin H :=zE—x ; s:=0Oendelse H := Hs ; of the originally given parameters ab,ec ;
out := false ; z := 23 ; if oul then.go to DD ;
AA:if @+2.01X H—2E>0)=(H>0) then for k := 1 step 1 until n do ylk] := y3k] ;
begin Hs := H ; out := true ; H := (zE—z)/2 if s=5 then begin s := 0 ; H := 2XH endif ;
. ’ ’, s :=s5+1 ; goto AA ;
end if ;

CC: H := 05XH ; out:= false ; zl :=22 ;

RKIST (zy,2XHalyl) ; for k := 1 step 1 until n do yllk] := y2k] ;
BB: RK1ST (zy,Hax242) ; RKIST(x2,y2,H3,43) ; go to BB
for k& := 1 step 1 until n do DD: for k := 1 step 1 until n do yEk] i= y3(k]
if comp(yllk)y3lkleta)>eps then go to CC ; 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 abbrevjation ‘‘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 tha.n underlined words [in typewritten copy ; boldface in printed copy—Ed.}
have been collected at the beginning.
The examples have been ignored in compiling the index.

+, see: plus (Boolean expression), def 3.4.1 synt 3, 3.3.1, 4.2.1, 4.5.1, 4.6.1 text
—, see: minus 3.4.3
X, see: multiply (Boolean factor), def 3.4.1
/, +, see: divide {Boolean primary), def 3.4.1
1, see: exponentiation (Boolean secondary), def 3.4.1
<, =, =, 2, >, #, see: (relational operator) (Boolean term), def 3.4.1
=, D, V, A, -, see: (logical operator) (bound pair), def 5.2.1
,, 8€€: comma (bound pair list), def 5.2.1
., see: decimal point (bracket), def 2.3
10, 8ee: ten
:, see: colon (code), synt 5.4.1 text 4.7.8, 5.4.6
;» 8ee: semicolon colon :, synt 2.3, 3.2.1, 4.1.1, 4.5.1, 46.1, 47.1, 5.2.1
:=, gee: colon equal colon equal =, synt 2 3,4.21,46.1,53.1
u, see: space : comma, , synt 2.3, 3.1.1,3.2.1, 4.6.1, 471511 521531541
( ), see: parentheses comment, synt 2.3
[ ], see: subseript brackets ) comment convention, text 2.3
¢ ¥, see: string quotes {eompound statement ), def 4.1.1 synt 4.5.1 text 1
(compound tail), def 4.1.1
(actual parameter), def 3.2.1, 4.7.1 (conditional statement), def 4.5.1 synt 4.1.1 text 4.5.3

(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 1,421,
46.1, 5.2.1 text 3.3.3

(a.nthmetw 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

(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 sectlon)
(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, 24.1, 25.1

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, synt 2.3, 3.3.1, 3.4.1, 3.5.1, 4.5.1 text 4.5.3.2

(basic statement), def 4.1.1 synt 4.5.1 (empty), def 1.1 synt 2.6.1, 3.2.1, 4.4.1, 4.7.1, 5.4.1
(basic symbol ), def 2 em!, synt 2.3, 4.1.1

begin, synt 2.3, 4.1.1 entier, te;ft ?3.2.5

(block ), def 4.1.1 synt 4.5.1 text 1, 4.1.3, 5 exponentiation 1, synt 2.3, 3.3.1 text 3.3.4.3
{block head), def 4.1.1 (exponent part), def 2.5.1 text 2.5.3

Boolean, synt 2.3, 5.1.1 text 5.1.3 (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 list ), 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. 1,321,351, 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, 471
(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

nonloeal, text 4.1.3
{number), 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, 4.7.1 synt 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, 54.1
text 3.3.5.2
plus 4, 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 4.7.54
(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

quantity, text 2.7
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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

sernicolon ;, synt 2.3, 4.1.1,'5.4.1

(separator), def 2.3

(sequential operator), def 2.3

(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, 46.1, 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

subseript brackets [ ], synt 2.3, 3.1.1, 3.6.1, 5.2.1

(subscripted variable), def 3.1.1 text 3.1.4.1

(subscript expression), def 3.1.1 synt 3.5.1

{subseript 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
(unlabelled 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 313
(variable identifier), def 3.1.1

while, synt 2.3, 4.6.1 text 46.4.3

END OF THE REPORT
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APPENDIX 2
CUiRENT SYSTEM LIMITS

May 1, 1967

The following are a list of limits on the numbers of objects available
in the systems
(a) The maximum numbér 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 fdr 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 numbér 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 definea (e.g., by recursion) FORM
and SYMBOL variables is 832.
(e) The maximum number of words of code produced by the compiler 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
(£). This gives roughly 6800 cells for smallkprograms.

%*(h) The maximum number of procedure declarations and labels at one
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level is 24,
For a rough estimate, each elemént of a list and opefand or operator of
a formula takes up two words of available space.‘
* It is possible to extend the maximums in these cases. See the user con-

sultant.
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APENDIX 3

DEBUG SNAPSHOTS

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
prinfing, corrections, and debugging. The Format is "SN" in columns 1 and 2,
the name of the snapshot starting in column 10, and two optionai 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 0 turns it off.
Only the action will be described.

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

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

SN AND The And system is entered at compile time.
SN AND . The And system is entered at run time.
SN BKPT 0,1 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 program's ex-
ecution.)

SN CDLC 0,1 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.

SN 5 CMPL <VAL> <VAL> is compiled as a machine command
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APPENDIX 3 (continued)

directly into the current location
vfor compiled code.

SN CODE b,l Code is printed as it is compiled.

SN COR <LOC> <VAL> 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 <1LOC>.

‘SN DEES ' This prints out a series of critical
éntry points of the compiler.

SN DUMP This causes the compiled code and ﬁhe
generated abcons to be printed after the

compilation of the program and before it

is rumn.
SN ENTR 0,1 A trace of all table entries is printed.
SN EXEC 0,1 This prints a trace of the'calls on the

semantic routines with parameters.
SN IXRS This prints the index registers /30-/77
at compile time.

SN LINE <NUM> This upspaces <NUM> lines at compile time.

SN LOOK 0,1 A trace of all table look=-ups is prinfed.
SN PAGE : The printer is upspaced to the next page.
SN Q1 This allows the action of SN DUMP to be

printed on TTY,

SN REMO 0,1 The program prints on the teletype.



SN

SN

SN

SN

SN

SN

SN

SN

RCOR

RTRC

~-RUN

SCAN.

STAC

STOP

TRAC
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APPENDIX 3 (continued)

<LOC> <VAL>

<NOM> <1L.OC>

0,1

<NUM> <LOC>

0,1

Program output will print if REMO

is 1 at the end of 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 Mbnitof
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 &

ERROR MESSAGES .

There are three kinds of errors in Formula Algol: Syntax errors,
semantic errors, and run errors. The fi?st 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 system. In these cases see [4]

or the User Consultant,
SYNTAX ERRORS

These are of the form

ERROR XXX

0 Program does not start with 'BEGIN'

1 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 ']' is not preceded by a legal construct

6 Array element not found in legal context

7 ':' not preceded by a legal comstruct

8 '<' not preceded by a legal construct

9 ')!' not preceded by a legal construct

10 ',' not preceded by a legal construct

11 'THEN' not preceded by a legal comnstruct

12 'ELSE' not preceded by a legal construct

13 1Illegal 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...' not followed by 'ELSE'

24  Obscure error in GO TO statement

25 '|-' not in stack after scanning 'BEGIN'

28 Too many 'END's within a procedure

38 Illegal construction 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 Attemét 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 '|-' not in stack at beginning of statement

99 System error

100 Tllegal 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
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105 1Illegal bar variable

106 1Illegal SY card

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

144 Variable declaration does not terminate properly or '[' missing
144 ‘ In array declaration

145 Arfay 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 procedure 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 qlass 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



75
76
77
78
83
85
87
88
91
94
97
98
99

100

103

105

106
107
108
109
112
116
155
175

176
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A class operator is not a symbol

System error processing extractor which is array element
System error in class operators

Attempt to erase description list of non-symbol

System error in pattern construction with types as primaries
In'F = = P' or in '"F>>P' F is not a formula

A label in a pattern is not of type form

In 'IF B THEN...' B is not Boolean or formula

A label is used twice in the same block

In a DOT array the identifier is not an array

Expression in < > is not a symbol

The secoﬁd parameter of 'DERV' is not a formula

System error in print routine

In a bipary arithmetic expression one of the operands is of illegal
type

Attempt to add local description list to non-~-symbol

In a binary Boolean expression one of the operands is of illegal
type

Attempt to access non-symbolic attribute |

Parameter of a function designator is not numeric or formula
Attempt to access description list of non-symbol or non-formula
Improper value entry construction

Attempt to store into illegal entity or legal entity of‘wrong type
'' is not followed by Boolean or logic expression

Boolean procedure or pattern list expected and not found

Attempt to construct non-symbolic attribute

Attempt‘to'store list or do value entry with non-symbol
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179
183
184

186
189
190
191
192
198
203
213
214
229

230
235
239
315
391
512
612
712
912
990

998

FORMULA ALGOL

Value of index is not declared integer

Attempt to test non-symbol against symbolic pattern
Expression following $ is not of type integer

Non-symbolic label in list pattern

Identifier in description list expression is not formula
Impossible error, system error

An ideptifier is not declared

Form or symbol variable expected and not found

Designational expression is used as actual parameter

Attempt to count non-symbol

Non-symbol in symbolic 'FOR' statement

Argument of 'ATTRIBUTES OF' other than symbol

Expression preceding ordinal selector is not of type integer
Argument of ERADL other than symbol

Second parameter to AMONG is not of type symbol

Parameter of 'EMPTY' is not a symbol

Switch not declared

Obscure error in procedure calls

Attempt to store non-numeric expression into a numeric variable
Attempt to stofe non-Boolean expression into Boolean variable
Attempt to store into a constant

System errox

Impossible error, system error

System error

999 System error in 'STEP' statement

41.01 - Improper left side of DOT assignment
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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

6

10
20

21

22
25
27
30
31
37
38
39
40
46
48

50

Attempt to eval an expression containing — , «--, :, Or | l.
Attempt to eval an expression containing +, -, X, /, or t in
which one of the operands is neither a formula nor a number.
In eval ~ x, x is not logic, boolean, or formula.

Error when printing, a formula,

In eval %Ay or xVy one of the operands is not logic, boolean,
or formula.

In eval xAy or xVy, there is a mixture of types logic.and boélean.
Recursion stack overflow.

Run-timé symbol table overflow.

Error when printing a chain.

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

Too many subscripts in an array element.

Subscript in an array element is too small.

Subscript in an array element is too large.

Not enough subscripts in an array element.

Too many block entries.

Subscript in a switch designator is out of bounds.

Available space is empty.
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56 In derv(f,x), f is not é 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 . } s, s has no contents attribute,
82 1In £ . | s, s has a parallel production within a parallel
production.
83 In f . | s, s has a formula whichvis not a production,

85 A malformed formula (system errdr), or

A class operator 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 Tn(-infi) or sqrt(-infi).

141 1In 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 1In eval of A.[si, .es, 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 InF = =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
7702
7703
7704
9009

9011

Attempt
Attempt
Attempt
Attempt
Attempt
Attempt
Attempt
Attempt

Attempt

to

to

to

to

to

to

to

to

to
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compute 0 ¢ -number.

compute X t+ A where x<] and A 1s not an integer,
compute X t A where A*¥In(x) > 160.117.

compute In(X) where X < 0.

compute EwP(x) where | is out of range.

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

compute sqrt(X) where X < 0.

eval the pattern 'of(B)'.

compute replace(F) where F>> A:atom.

A class operator or extractor 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
Attempt
Attempt
Attempt

Attempt

to

to

to

to

to

create A |[T]| B where [T] is empty.
create A |[T]| B where [T] is unary,
create A |[T]| B where [T] is binary.
EVAL (010).

EVAL (ANY/0).

denotes a system error,
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Run Errors in Symbol Manipulation

The following messages are printed:

Recoverable Errors

Not énough chain operands cf. p. 1
Unless store into unused chain

Attempt to store intd 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 chainv

Chainacc exéeeded

Plurai list used whe;e symbol needed

Attempt at VR from non-symbol

Attempt at VR without attribute

Empty list used where symbol needed

Attempt to‘generate ATRS. of non-chain
- System Error

Illegal selector

Non-primitive for ID. routine

For atfempts to‘generate non-list

P-for control variable non-symbol "
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No.contrl.var — = 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 Recursion

These are of the form:

XXXX MM:SS:ss

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

XXXX is the name of the error.

MM:SS:ss is the running time in sixtieths of a second.

<octal dump> indicates the state of the program.

FORM AL-3-103

* CLOB System error indicating that the historian has been clobbered.

STOR  Variable stack overflow.

HIST Historian stack overflow.

* PROC Obscure error related to procedure names as actual parameters.

* LINK Premature or illegal attempt to leave a codepiece,

LABL  Attempt to goto an undefined label or to call an undefined

procedure or switch,

~b4K  Request for extra memory was refused

indicates a system error.
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APPENDIX 5

INPUT - OUTPUT

"Formual Algol has no:read statements.
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 printed.

(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 +G; Ac3.5; Be2yxA; C«<B<A;
S «[F, A]l; L «10; H « 2.8;
ggggg(F,G,A,B,c;s,L,H, 111, GHA);

This causes the following to be printed:
F+G

G

.35000000000,, +01

. 70000000000, +01

FALS
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/[CONT: F+4G,(.35000000000,, +01) J[NAME:S]
00000000012

.28000000000,, +01

m

G+ (.35000000000, +01)

Lists may be printed in three styles: style 0, style 1, and style 2, Style 0
is in the system to begiﬁ 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];
/ICONT: 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’CJQB]’A]

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

APPLE
AABBCCCBA

ADJECTIVE

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 following snapshot correction changes the style switch.

SN RCOR 55212 1 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 Expression> - Chapter III, Page 26

<Class Definition> - 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 Formula> - Chapter III, Page 32

<Extractor> - Chapter III, Page 37; Chapter IV, Page 58
<Expression> - Chapter IV, Page 51 o

<For Clause> - Chapter IV, Page 63

<For List> - Chapter IV, Page 62.

<Formula Expression> - Chapter III, Page 26
<Formula Expression List> - Chapter III, Page 32
<Formula Patternm> - 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> - Chapter IV, Page 51

<List Element> - Chapter IV, Page 51

<List Expression> - 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 List> - 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
" <Pop Up 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
XSchema Element> - Chapter III, Page 43
<Schema Variable> - Chapter III, Page 43
<Selection Expression> - Chapter IV, Page 55
<Selector> - Chapter IV, Page 55

<Selector List> - Chapter IV, Page 43
<Single Production> - Chapter III, Page 43
<Substitution List> - Chapter III, Page 32
<Symb or List> - Chapter IV, Page 58
<Symbolic Expression> - Chapter IV, Page 49

<Iransformed Formula> - Chapter I1III, Page 43
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RESERVED WORDS

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

coMM

Chapter III, 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 III, Page 25

INDEX - Chapter III, Page 36

‘ OF - Chapter III, Page 36 (appears twice)

REPLACE - Chaptef III, Page 31, Page 42

§g§§:- 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 - Chapter IV, Page 60

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

BOOLEAN - Chapter IV, Page 53

FORM AL-3-111
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DELETE - Chapter IV Page 62 (appears twice)
| ELEMENTS - Chapter IV, Page 60 (apﬁears twice)
FIRST - Chapter IV, Page 53 (appears twice)
FOR - Chapter IV, Page 60
FORM - Chapter IV, Page 53
INSERT - Chapter IV, Page 62
INTEGER - Chapter IV, Page 53 (appears twice)
IS - Chapter IV, Page 62 (appears twice)
- LAST - Chapfer IV, Page 53 (appéars twice)
ND - Chapter IV, Page 53
NIL - Chapter}IV, Page 47
NOT - Chapter IV, Page‘62
Qg - Chapter IV, Page 51, Page 53,'Page 60 (appears thrice),'Pagé 62 (épﬁears
~ 5 times)
PARALLEL - Chapter IV, Page 60
RD - Chaptér IV, Page 53
| REAL - Chapter IV, Page 53
ST - Chapter iv; éage 53
SUBLIST - Chapter IV, Page 53
SYMBOL - Chapter IV, Page 53
.-EE - Chqpter IV, Page 53
THE - Chapter IV, Page 51, Page 62

TO - Chapter IV, Page 62
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APPENDIX 7

COMPLETE EXAMPLES

The attached photocopies of computer output presént 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 p;oblem because its data struétures 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 thé three solutions

are as follows.

I. MARKOV ALGORITHM SOLUTION

Linés 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, {5 the result of applying the Markov Algorithm S to E, which re-
sult is the solved eqﬁaﬁion. 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 AxB and A4B will be considered. Lines 7,8, and 9 define A
to be a formula pattern which will match any subexpression of a formula con-
tainihg an occurrence of X, and B and 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
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hand sides of the transformations the .A's, .B's, and .C's are objects which
are replaced by the subexpressions which match the A's, B's, and C's when

given transformation applies to an input equation.

I;. RECURSIVE SOLUTION
| Lines 4, 5, and 9 define‘pattgrns A, B, and C with the same propertigs
as in the Markov Algorithm solution. The recursive procedure SOLVE (LHS,RHS)
given in iines 8 to 28 anal&zes the form of the left hand side of the equation,
LHS, which is assumed to contain X, and recursively calls SOLVE with that sub-
‘ expression.of LHS containing X as its new first parameter, and an aépropriate
inverse expression’éomposed of an appropriate inverse operator applied to RHS
and a subexﬁression of LHS not containing X as its new second parameter. The
procedure Answer(E) given in lines 30 to 34 analyzes the input equation E to
sée which side contains X aﬁd passes the side containing X as the left hand
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 assigﬁed 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.

III, ITERATIVE SOLUTION
Lines 6 and 7 define Fﬁo operator classes OP1 and OP2 consisting respec-

tively of the binary operators to be used in input equations and the uhafy
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 G is coﬁpared with two patterns, The first pattern matches
if thé left hand side of G contains a binary operator in the cléss OP1 and the
index vari .le I is set to contain an integer denoting the ordinal position.of
this operator in the iist of operators given on line 6., Similarly, ﬁhe second

pattern matches if G's left hand side is of the form <unary operatoﬁ>6<expressioﬁ>)
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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’ 541 4+ 1 3+1
cells required : 232 47 183
code required 771 ‘ 826 595

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

truly useful comparison.
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A OPER, 1202 24 OCT 66 22323334 AND PAGES: 50 TIME:
993 bC3I52062 CC203011605% 1501

STATUS MR, 25,19668 EXPERIMENTAL SYSTEM,
€o2e AL BEGIN
CO3s 11602 FORM E,K MyHyN,P3
Cots 11020 FORM AD,CoXp SYKBOL PLUS, TIMES, S3

€03 110337 DOCLEAN FROCEDURE HASXCF)3 VALUE Fs FORM F;

€06: 11051 HASX « F »> X3

€37 11060 AN OFCHASX) g

€08 11072 BeD2AlV 3

€C9: 11103 = Ce«CsANVg

010 1111 PLUS«-/[G’ERATO’( s+){COoMMs TRUED
011z 11144 TIMES«/LOPERATOR 2% ] [C OMM2 1RUE1 s
0128 11174 SeI

013s t

Otde - 1NTT7 (AITIMES|B) =C = A= .C /.8,

0158 11283  (A|PLWS IB) =C -+ A= C - .B,

0163 ?1310 A hd B = C ad .A = .C + -B,

o172 . 11353 B had A=C s A= B - .C,

018 11816 A / B=C - A=, *,.B

019 11061 ] / Az=C = A=.0/7 .

€203 11524 A T B=C » A=.L1¢ (1/.3),

€213 11574 4] ¢ A=C = A= LNLIAND),

223 11643 - A=¢C - oA S =, 0

0233 11677 PPCAY =C -» LA = LNO)Y,

2hs 11733 LNCAY =C = A= BIP(L),

€252 1767~ SMTA) =C =-» A= 1?2,

(263 12026 ARCTANCA) =C =» A= Slf‘(aC)/‘OS( L)y

27 12073 SINCAY =C - A = IRCTAN( .C/S(:'W(‘l—.C?Z)),
C28: 12152 -CO8CAY =C » A = ARCTAN(SGRT(1=.C%2)/.0),
C@% ‘52231 ) X s C - .X s .C ] ]’

0303 12263 E e (62 <+ LNM+ SINC (X?3-K)/(H~G-l3)n'r!‘.1?5 N = K)xM

0313 12370 PRINTC €, Eo88 )3
032 . 12400 FR!N?(CEE.LS)s
0333 12403 ENDs

0 ERQORS

BEGIN EXECUTION 222283533 06423 AVAILAGLE CELLS

Ke2 & LUCM + SINCCX®S = K)/CH + 8)=Mied) TN = K)sM=P
ALARCTCCENPCCP = Ke2)/M) + K = M2CI/N) SQRT(T = CEXPCCP
= K323/t + K = IDC1/M$2 ) /MeSx(H + 8 + K)1(
«3333333333354C0)

6191

TINE USEDs C0sCJ336 PAGES: 3 1240% 22128359 O 286300000460

22333323 EI\D

3
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00003011403

MES 9
1501 1620

STATUS MAR, 25,19663 EXPERIMENTAL SYSTEM,

2.
3.
b

28,
290
30.

31.

32
33.
34,
35.
J6.
37.
38.

0 ERRORS

11002
11026
11033
11053

11132
11137
11201
11243
11305
11345
11405
11845
11505
11554

1162
11656

11712
11746
12005
12053
12071
12134
12152
12215
12211

12244

12247
12256
12323

12344
12352

12457

12472

BEGIN
FORM PROCEDURE SOLVE(LHS RHS); FORM LHS RHS;

BEGIN FORM E,K M,N,H P ,F,G X3
SYMBOL PLUS,TIMESS

BOOLEAN PROCEDURE HMASXCF); VALUE F3 FORM F3 HASXeF>>X;
PLUS«/[OPERATOR.+][COMM'IRUE]'TlMES*%[OPERATOR'*][COMM:IRUE];

BEGIN FORM A B ,Cs A«ASOF(HASX)3B«BSANYC«C2ANY;

IF
IF
IF
IF
IF
IF
13

IF

IF
IF
IF
IF
IF
IF

IF

F

LHS
LHS
LHS
LHS
LHS
LHS
LHS
LHS
LHS
LHS
LHS
LHS
LHS
LHS

LHS

LHS

END;

(A|PLUSIB) THEN SOLVE*SOLVE(AJ?HS-B )3
(A|TIMES|B) THEN SOLVE«SOLVECA RHS/B )3
A-B THEN SOLVE « SOLVECA RHS+8);

B-A THEN SOLVE « SOLVECA B-RHS)3

A/B THEN SOLVE « SOLVECA RHS4B )3

B/A THEN SOLVE « SOLVECA ,B/RHS),

A1 THEN SOLVE « SOLVECA RHST(1/B))3

= B1A THEN SOLVE & SOLVECA ;L NCRHS)/ZLN(B))3

<A THEN SOLVE « SOLVECA,-RHS); :

EXPCA) THEN SOLVE « SOLVECA L NCRHS))3

LNCA) THEN SOLVE « SOLVECA,EXP(RHS))s

SQRTCA) THEN SOLVE « SOLVECA RHS12 )3

ARCTANCA) THEN SOLVE « SOLVE(A,SIN(RHS)/COS(RHS)),
SINCA) THEN

SOLVE « SOLVE(A,ARCTAN(RHS/SQRT(‘!-RHS?Z DIH

COSCA) THEN

SOLVE « SOLVECA ,ARCTANC SQRT(1-RHS12 JRHS)I);

X THEN SOLVE « X = RHS3

FORM PROCEDURE ANSWERCE)s FORM Ej

BEGIN FORM F,Gg
IF E == G:ANY=F:ANY THEN BEGIN IF F>>X THEN
ANSHER*SOLVECF,G) ELSE ANSWER*SOLVECG,F) END ELSE
ANSWER~.NOEQUAT I0N; END;

BEGIN EXECUTION 163202243 ‘
K2 + LNCM + SINCCXT3 = K)/C(H + B)*MI5) TN = K)*M=P
X=CARCTCCEXPC(P = K12 /M) + K = MITC1/N)/SQRT(1 = (EXP((P
= KRYM) + K = MITCI/NIT2 ND/M5%(H + 4) + KIT(1/3)

59 ’47

TIME USED: 00°00’32 PAGES‘ 2

£« K12 + LNCM + SINCCX13=K )/CHHU)HMT5ITN-K )M =Ps

PRINTCE,ANSWERCE)); PRlNT(CELLS),
ENDs END°

006418 AVAILABLE CELLS

12474 16:20:28 00000 00 050 0



NG Tl

CUTPUT

TIME USEDs GD3G03h2 PNAGESE 3 1212% 00241217 00 0G0 0OONKS 0

FORMULA ALGOL

A OPER, SIG2 25 OCT 66 60300236 AND  PAGES: 50 TIVEs 3
66003011003 7501

993 haes2052

CRO9 7801

50 /

)

32 s 3

STATUS MAR, 25,19663 EXPERIMEMTAL SYSTEM,

BEGIN

FOR Gy %oMoHoMoPy Ay B, CoXgSYEOL OP1,0P28
INTEGER g STIVCN Le LI,L2,L3,L8,155 '
0P/ TOPERATOR g = o/ # 1L INDEX 21T

CoPg
033
G0hg
(NI H
0052
6072
G033
Go9e
G100
0112
0122
G132
01ihsg
0132
0153
0172
0132
0192
1202
0213
G223
G233
G2b 2
0253
0262
Gels
0233
0299

0302

G317¢
03232

O ERRORS

11002
11034
19652
1073
116
11233

11310

11363
11635
176
11503
19537
11573
19627
11663
1731
1M733
11745
11757
11771
12003
12030
12052

2118

12116
12123

6P~/ 1 OPERATORG = EXP LM, SART ,ARCTAN, SI1,COSIT INDER 20T g

Ge={22 LTSI QUe3=10) ARSI $1=1 2Nzl g

FOR G « 6 THILE =(G == X=ANY ) U0

BEGIN

IF 6 == ¢AeANYIOPIB2ANYIZCEANY THEN GO TO LINYg

IF 6 == ¢>~{eP2] AgANYI=CSANY TEEN €0 TO QUIY o
PRINTC,NTIFQUATIONYg GO TO CONTINUGZg

LigGe=1F f=mX THEN A=C/8 ELEE D=C/Ag 60 TO CONTINUES
L29C~IF Mo THEN A=C-D ELSE B=C-A3 60 TO CONTINUES
L3261F A»=X THEM A=C43 ELSE B=A=Cg GO TO CONTVINUTS
LEsGe-1F Nl THEN A=CxB ELSE B=A/Cs GO VO CONTINUES
LSeGeIF MeeX THEW A=Ce1/78) ELSE B=lNCT) AN(AYs

60 TO COMTINUE
0136~N=2-Cg GO VO CONTINUES
0226-A=1N(CYg GO TO CONTINUEg -
032G-N=ERXP¢CYg GO TO CONTINUE S
QhsG-A=Ce2g GO TO CONTINUES
0526-N=S111¢CY L£CSCCYg GO TO CONTINUE g
063G-A=ARCTANCC/SART(1=C42))g GO TO CONTINUEg
07 2C~-N=ARCTAN(SORT(1=C12)/C)g GO TO CONTINUZ g
CONTINUEs ¢
ENDg

PRINT(GYg PRINTCCELLS) g
ENDsg

BEGIN EXECUTION CDsh12153 06529 AVAILABLE CELLS
{2 (RCTCEXP P = Ke2) A + K = 1137 CI/NY/SORTCT = (EXPCCP
e KE2YAD I = MIECIZNIR2IIMESECH + B + K7 C1/3)

6344

| TIMT USED2 003003h2 PAGES: 3

60305221 €010

12125 00281297 00000000 L50

FORM AL-3-119
ASNAN
0023
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APPENDIX 8
CURRENT SYSTEM BUGS

May 1, 1967

The folldwing 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 (|VOWEL|) where the code for VOWEL uses the "nTH" selector).

4, "Own" variables.

5. The '">>" predicate will ﬁot 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:

~>,..0F(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. Al «x; does not work (stores logic)

A[i] «— X+0; 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 referenced nor recursively
referenced.

13. Print routine will not print incompiete chain,

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

PRINT(...,[.,IJ); « incomplete chain
Inasmuch as this 1is now a nonrecoverable error, caution should
be exercised to avoid using this construction.

14. 1In 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
b1§ck structure. They act as though they were all declared
globally, |

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

17. 1In a procedure, A t B does not work unless A and B are either
not local to any procédures or‘local to the same procedure.

18. SYMBOL and FORM variables which are formal parameters of a
procedure cannot .be dotted.

19. The cdnstruction

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 extracted 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.
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