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General rules: 

1. A data type attribute must be specified 
scalars, arrays of scalars, and 
elements. 

for all 
structure 

2. All of the attributes given explicitly for a 
particular name must be declared together in one 
DECLARE statement. 

3. No attribute may be specified more than once for 
the same name. 

4. Attributes of EXTERNAL names, declared in separate 
blOCKS, must not conflict or supply explicit 
information that vas not explicit or implicit in 
other declarations. 

Declaration of structures: 

The outermost structure is a maior structure and all 
contained structures are minor structures. A structure is 
specified by declaring the major structure name and follow­
ing it with the names of all contained elements. F.ach name 
is preceded by a level number as defined in the syntax 
rules. A major structure is always at level one and all 
elements contained in a structure (at level ») have a level 
number that is numerically qreater than », but they need not 
necessarily be a level n+1, nor need they all have the same 
level number. 

A minor structure at level» contains all following items 
declared with level numbers greater than n up to but not 
includinq the next item with a level number less than or 
equal �t�o�~�.� A major structure description is terminated by 
the declaration of another item at level one, by the 
declaration of an item having no level number, or by the end 
of the DECLARE statement. 
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Examples: 

DECLARE «A FIXED, 
B FLOAT) STATIC, 
C ENTRY) EXTERNAL; 

This declaration is equivalent to the following: 

DECLARE A FIXED STATIC EXTERNAL, 
B FLOAT STATIC EXTERNAL, 
C ENTRY EXTERNAL; 

DECLARE 1 S AUTOMATIC, 
2 (T FIXED, 

U FLOAT, 
V CHARACTER(10»; 

This declaration is equivalent to the followiag: 

DECLARE 1 S AUTOPIATIC, 
2 T FIXED, 
2 U FLOAT, 
2 V CHARACTER(10); 

(see the PREE statement) 

Function: 

The DO statement delimits the start of a do-group and may 
specify repetitive or selective execution of the statements 
within the group_ 

General format: 

do-statement ::= 

[
WHILE (relational-expression) ] 

DO CASE (scalar-integer-expression 
variable = specification 
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specification ::= 

[
TO expr2 

expr1 
BY expr3 

Syntax rules: 

{ BY 

[TO 

31 MARCH 1972 

expr3 ]~ 
[WHIL~(relational-expression) ] 

expr21 

1. The "variable" is a scalar arithmetic variable of 
any storage class. 

2. Each "expr" in the specification is a scalar 
expressi on. 

3. If the BY clause is omitted from the specification 
and the TO clause appears, the value of expr3 is 
assumed to be 1. 

4. If the TO clause is omitted from the specification 
and the BY clause appears, the iteration is 
performed until termination by the WHILE clause, 
if present, or by some other statement within the 
qroup. 

5. If both the TO and BY clauses are omitted, this 
form of the specification implies a single execu­
tion of the do-qroup with the control variable 
having the value of expr1 or it implies no 
execution if the WHItE statement is false. 

General rules: 

1. In a simple DO statement without any iterative, 
relational, or selective specification, the state­
ment serves to delimit the start of a do-group. 

2. If only 
statement 
specifies 
following: 

a WHItP. clause is specified, the DO 
delimits the start of a do-group and 
repetitive execution defined by the 
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LABEL: DO WHILE ( relational-expression ); 
statement-1 ... 
statellent-n 

END; 
BEXT: statement 

The above is exactly equivalent to the following 
expansion: 

LABEL: IF ~(relational-expression) THEN 
GO TO NEIT; 
statement-1 
••• 
statellent-n 
GO TO LABEL 

NEIT: statement 

3. If a CASE clause is specified, the DO statement 
delimits the start of a do-group and specifies 
that a particular statement of the group is to be 
executed. Following execution of the selected 
statement, control passes to the statement follow­
ing the qroup unless the executed statement causes 
a transfer of control. A statement in this 
context may be a single statement, a do-group, or 
a BEGIN block. The execution of the DO CASE group 
is defined as follows: 

DO CASE (scalar-integer-expression); 
statellent-O 
••• 
statement-n 

END; 
NEXT: statement 

The above is exactly equivalent to the following 
expansion: 

DECLARE L(O:n)L1BBt CONSTANT(tO,L1, ••• Ln); 
GO TO L(sca1ar-inteqer-expression); 

LO: statement-O 
GO TO NEXT; 

L1: statement-1 
GO TO N!llT; 
••• 

Ln: stateaent-n 
NEXT: statement 
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If the value of the scalar-integer-expression is 
outside the range 0 to n then the program is in 
error and the results are undefined. 

4. If the no statement defines a variable and a 
specification, the statement delimits the start of 
a do-group and specifies controlled repetitive 
execution defined by the following: 

DO variable(a1, ••• ,am} = expr1 TO expr2 
BY expr3 WHILE(expr4); 
statement-l . . . 
statement-n 

LABELl: END; 
NEXT: statement 

This is exactly equivalent to the 
expansion: 

temp1 = a1; 
••• 
tempm = am; 
e1 = expr1; 
e2 = expr2; 
e3 = expr3; 
v = e1; 

following 

LAB'EL2: IF (e 3>=0) & (v>e2) ! (e.3(O) & (y(e2) THEN 
GO TO NEXT: 
IF (expr4) THEN; 
ELSE GO TO NEXT; 
statellen t-1 ... 
statement-n 

LABELl: v = v + e3; 
GO TO LABEL2; 

NEXT: statem~nt 

In the above expansion* a1, ••• *an are expressions 
that may appear as subscripts of the control 
variable* and temp1,... tempo are compiler­
created integer variables to which the expression 
values are assiqned; v is equivalent to "variable" 
with the associated "tellp" subscripts; "e1", "e2", 
and "e3" are compiler-created yariables having the 
attributes of "expr1", "expr2", and "expr3" respe­
ctively. In the simplest cases, there are no 
subscripts (i.e. II = 0) and the first statement 
in the expansion is therefore: e1 = expr1;. 
Additional rules for the above expansion follow: 
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a. If the WHILE clause is omitted, the IF 
statement immediately preceding statement-1 
in the expansion is omitted. 

b. If nTO expr2" is omitted, the statement "e2 = 
expr2;" and the IF statement identified by 
LABEL2 are omitted. 

c. If both 
omitted, 
as well 
oMitted. 

"TO expr2" and nBY expr3" are 
all statements involving e2 and e3 
as the statement GO TO tABEL2, are 

d. Although the above expansions show a specific 
order in which the BY and TO clauses are 
evaluated, this order is undefined. 

5. The WHILE clause specifies that before each asso­
ciated execution of the do-qroup , the relational­
expression is evaluated and, if the result is 
false, the iterations associated with the current 
iteration are terminated. 

6. In the specification, expr1 represents the start­
ing value of the control variable. Expr3 repre­
sents the increment to be added after each itera­
tion to the control variable. Expr2 represents 
the terminating value of the control variable. 
Iteration terminates as soon as the value of the 
control variable passes its terminating value. 
When the last specification is completed, control 
passes to the statement following the do-group. 

7. Control may, under any circumstances, be trans­
ferred into a do-group from outside the do-group 
provided that no iteration or selection is speci­
fied on the DO statement that delimits the group. 
If the do-group is selective or iterative, a GO TO 
statement can transfer control to a statement 
inside the group if the GO TO specifies an 
out-of-block transfer from a block that has been 
activated from within the do-group. 

8. The effect of allocating or freeing the control 
variable is undefined. 
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Examples: 

DO INDEX = Z WHIL!(A < B); 
DO I = 1 TO 9; 
DO CASE (3*I+5) ; 
DO; 
DO WHtLE(TAX - DP,DCT > ESTTAX * 4) ; 

Function: 

The END statement terminates blocks and groups. 

General format: 

end-statement ::= END [identifier] ; 

General rules: 

31 MARCH 1972 

1. The END statement terminates that group or block 
headed by the nearest preceding DO, BEGIN, PROCE­
DURE, or FOR EACH statement for which there is no 
other corresponding END statement. 

2. If an identifier follows the END, the block or 
group closed by the END statement must be preceded 
by the same label. 

3. If control reaches an END statement terminating a 
procedure it is treated as a RETURN statement. 

4. If control reaches an END statement terminating a 
begin block that is an on-unit, control is 
returned to the point specified for that particu­
lar interrupt. This is a "normal return" from the 
on-unit. 

Function: 

The ENTRY statement specifies a secondary entry point to a 
procedure. 
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General format: 

en try-statement .. -.. -

APPLE REFERENCE "ANUAL 

entry-name: ENTRY[ (paralleter [, parameter] ••• ) ] 
[ "RETURNS (data-at tributes) ]; 

General rules: 

1. Each "paralleter" identifies a variable that is to 
be received at the specified entry point. When 
the entry is invoked, a relationship is estab­
lisbed between the arguments of the invocation and 
the parameters of the invoked entry point. 

2. If the entry is invoked as a function reference, 
the RETURNS option must be specified. The data­
attributes of the RETURNS option specify the 
attributes of the value returned by the entry. 
The attributes that may be specified are the 
arithmetic, string, locator, and file attributes. 

3. An ENTRY statement cannot be internal to a begin 
block, nor can it be internal to a group that 
specifies iteration or selection. 

Function: 

The EXIT statement causes immediate termination of the 
program that contains the statement. 

General forllat: 

exit-statement ::= EXIT; 

General rule: 

If an EXIT statement is executed, the FINISH condition 
is raised. On normal return from the FINISH on-unit, 
the program is terminated. 
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Th~ND statem~ 

Function: 

The FIND statement is used to locate a specified entity that 
is a member of a set or container of a set. 

General format: 

find-statement ::= 

FIND find-specification {[,] ELSE statement J ; 

find-specification ::= 

entity-specification-1 f=( (integer-expression) ]] 
find-definition 

find-definition ::= 

{
ENTITY contain-clause } 

entity-identifier contain-clause exception-clause 

contain-clause ::= 

IN set-definition [ FROM entity-specification-2 )1 
CONTAINING entity-specification-2 
IN entity-specification-1 -) set-name 

exception-clause ::= 

((,T WITH relational-expression-1 ] 
([,1 UNTIL relational-expression-2 ] 

entity-specification ::= 

!locator-variable! 
entity-variable 

set-definition ::= 

locator-variable 
set-name [ OF (file-variable) ] 
character-strinq-expression r OF (file-variable) 1 
locator-variable -> set-name 
locator-variable -> (character-string-expression) 
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General rules: 

1. In the following rules, the value of the scalar­
integer-expression will be referred to as "~". If 
the integer is not specified, a constant integer 
value of one is assumed. 

2. The FIND statement searches the set referenced in 
the set-definition for the ~-th entity that satis­
fies the conditions defined in the "exception­
clause" part of the PIND statement. The locator 
or entity variable named in "entity-specification-
1" is set to reference this entity. 

3. If n is positive, the direction of search of the 
set is from the first entity to the last entity. 
If n is negative, the search is in the opposite 
direction. The Q-th member of a set is the entity 
that contains the set. 

4. If the FROM option is 
from the entity 
specification-2" and 
defined in rule 3. 

specified, the search starts 
referenced in "entity­

proceeds in the direction 

5. If the FROM option is omitted, the search starts 
at the first entity and proceeds in the direction 
defined in rule 3. 

6. The search is terminated wben either the required 
entity has been found, a successful search, or 
when the entity containing the set is encountered 
in the course of the search before ~BS (n) 
entities that satisfy the specified conditions 
have been found, an unsuccessful search. 

1. If the search is unsuccessful, "entity-
specification-1" will be set to reference the 
entity that contains the set unless the "set­
definition" references a file-set, in which case 
entity-specification-1 will be set to the value of 
the NULL built-in function. If the optional ELSE 
clause has been specified, the statement following 
the keyword ELSE will be executed. If no ELSE 
clause is specified, the FIND condition will be 
raised. . 
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8. If the keyword ENTITY is specified, all entities, 
regardless of name, are examined. 

9. If the keyword ENTITY is not specified, only 
entities that are generations of the entity speci­
fied by "entity-identifier" are examined. 

10. If the optional WITH clause is specified, the 
relational expression is evaluated for each entity 
examined, and the entity is only counted in the 
search if the relational expression yields the 
value true. 

11. If the optional UNTIL clause is specified, the 
relational expression is evaluated for each entity 
examined and the search is terminated if the 
relational expression yields the value true. In 
this case, entity-specification-1 will be set to 
reference the entity on which the search 
terminated. 

12. If a locator variable is used as the set­
definition, its value must have been set by the 
LET statement. The character-string-ex~ression 
specified in the set-definition must be the name 
of a defined set. If the character-string­
expression is itself a qualified based variable, 
it must be enclosed in parentheses. 

13. The keyword IN is synonymous with the keyword ON 
in the FIND statement. 

14. If the CONT~INING clause is specified, a search 
will be made for the ~-th entity that contains the 
set and member entity referenced by entity­
specification-2. The order of search (for posi­
tive values of nl corresponds to the order in 
which the reference entity was inserted onto 
different sets. Entity-Specification-1 must 
appear twice in the PIND statement; first as the 
unknown and second as the identifier of the class 
of sets to be searched. 

15. If the search for a containing entity is unsucces­
sful, the optional ELSE clause will be executed 
with entity-specification-1 set equal to entity­
specification-2. If the ELSF. clause is not pre­
sent, the FIND condition is raised. 
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16. The FROK clause cannot be used with the CONTAINING 
option. If the locator variable within a FROft 
clause has the value NULL, the search vill begin 
with the first member of the set. 

17. If a set-name or character-string-expression is 
used by itself in the set-definition, a FILE SET 
in the specified file (or the default "current" 
file) will be referenced. 

F.xaaples: 

FIND P1 = (1) ENTITY IN P2 -> SETA FROft P3 ; 

FIND PTR = (J) LINE ON BNDRY ELSE GO TO ERR ; 

FIND POINT = (1) ENTITY 
CONTAINIIG P -> POINT IN POINT -> PS!T : 

Function: 

The FOR BACH statement delimits the start of a group and 
defines the repetitive execution of the statements within 
the group_ 

General format: 

for-each-stateaent ::= FOR EACH find-specification; 

Syntax rule: 

The syntax of the "find-specification" is defined in "The 
FIND statement" in this chapter. 

General rules: 

1. The POR EACH statement is a means for the applica­
tion of an algorithm to all or selected members of 
a set or entities that contain a set. The scope 
of the POR EACH statement is teraiaated by the END 
statemeDt and all the rules applicable to an 
iterative do-group are also applicable to a for­
each group. 
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2. The effect of a fOR EACH statement is defined by 
the following: 

Examples: 

fOR EACH find-specification ; 
statement-1 ... 
statement-n 

END; 
NEXT: statement 

The above fOR EACH group is exactly equivalent to 
the following: 

ptemp = fromp; 
DO WRILE('1'B); 

END; 

FIND find-specification FROM ptemp ELSE 
GO TO NEXT; 
statement-1 ... 
statement-n 
ptemp = pfind; 

NEXT: statement 

where ptemp is a compiler nefined pointer vari­
able, fromp is the value of the entity­
specification-2 in the FROM clause or, if the PROM 
clause is omitted, is the value of the NULL 
built-in function, pfind is the locator-variable 
or entity-variable specified in 
entity-specification-1. 

rOR EACH P1 = ENTITY ON 51; 
A = A + P1 -> B ; 

END 

is equivalent to: 

P = NULL ; 
DO WHItE ( • 1 • B) ; 

END; 
DOMP. : 

FIND P1 = ENTITY ON 51 FROM P 
ELSE GO TO DONE ; 

A = A + P1 -> B ; 
P = P1 ; 

170 Chapter 8 -- Statements 



APPLE REFERENCE "ANUAL 

31 "ARCH 1972 

FOR EACH P1 = (2) LINE IN 'SETA' FROM P2 
WITH P1 -> LINE.X < 0 ; 

P1 -> LINE.! : 0 ; 
END: 

is equivalent to: 

P = P2 ; 
DO WHILE('1'B); 

FIND P1 = (2) LINE IN 'SETA' FROM P 
WITH P1 -> LINEX.X < 0 

ELSE GO TO DONE; 
P1 -> LINE.! = 0 ; 
P = P1 ; 

!Nn: 
DONE : 

Function: 

The FREE statement causes the storage allocated for speci­
fied based variables to be freed. 

General format: 

free-statement ::= 

FREE free-specification [,free-specification ••• J ; 

free-specification ::: 

[locator-variable ->] based-variable 
( INCLUSIVE] ( TN(scalar-file-variable) 1 

Syntax rule: 

The "based-variable" must be an unsubscripted level-1 based 
variable. 

General rules: 

1. A based variable can be used to free storage only 
if that storage has been allocated for a based 
variable having identical data attributes, includ­
ing values of bounds and lengths. 
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2. An IN option must be specified if the qeneration 
to be freed was allocated in a file. It may not 
be specified if the generation to be freed was 
allocated in scratch storage. The IN option must 
specify the file in which the generation was 
allocated. 

3. The effect of the FREE statement is to make the 
specified storaqe available for subsequent alloca­
tion by an ALLOCATE statement. 

4. If the reference to the variable to be freed is 
pointer-qualified by the POINTER built-in function 
(either explicitly, or implicitly by the 
appearance of an offset as the locator qualifier), 
and the IN option is absent, the statement is 
executed as if it contains the IN option naming 
the file that is the second argument of the 
POINTER built-in function. 

5. If the storage to be freed has been allocated in 
scratch storage, as opposed to a particular file , 
the FREE statement cannot include an IN option nor 
can an IN op-tioD be implied by the use of an 
offset as a locator qualifier. 

6. The PREE statement may be used to free the storage 
space for ENTITY variables. An entity that is 
freed will be removed from ~1! sets of which it is 
a member. Then the entity is freed. If the 
entity contains other sets, the member entities of 
these sets will be freed provided they are members 
of nQ other sets. If the INCLUSIVE option is 
used, all member entities will be freed regardless 
of their membership in other sets. This process 
continues recursively until no more entities can 
be freed. 

'Example: 

DECLARE P FILE, 
Q OPFSET (F) , 
V B1\ S ED (Q) ; 

FREE V; 

The FREE statement is equivalent to the statement: 

PREE POINTER(Q, P) -) V IN(F): 
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The_2l1 statement 

Function: 

The GET statement causes values, either from a sequential 
file or from a string variable, to be assigned to variables 
specified in a data list. 

General format: 

qet-statement ::= GET get-list; 

qet-list ::= 

{
FILECfile-variable) } 

data-specification 
STRING (character-string-variable)-

General rules: 

1. The file-variable .ust refer to a sequential file 
that has been opened. 

2. The "character-string-variable" refers to the 
fixed length character string that is to provide 
the data to be assigned to the data list. Each 
GET operation using this option alvays begins at 
the beginning of the specified string. If the 
number of characters in this string is less than 
the total number of characters implied by the data 
specification, the ERROR condition is raised. 

3. The rules concerning the "data-specification" are 
defined in "Data Lists" in Chapter 6. 

Function: 

The GO TO statement causes control to be transferred to a 
statement identified by a label prefix. 

General format: 
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qo-to-statement ::= 

General rules: 

{
GO TO} 

GOTO 

31 fURCS 1972 

,label-constant } • 

lscalar-label-variable • 

1. If a label variable is specified~ the GC TO 
statement has the effect of a multi-way switch. 
The value of the label variable is the label of 
the statement to which control is transferred. 
Since the label variable may have different values 
at each execution of the GO TO statement, control 
may not alvays pass to the same statement. 

2. A GO TO statement cannot pass control to an 
inactive block. 

J. A GO TO statement cannot transfer control from 
outside a group to a statement inside the group if 
the group specifies iteration or selection except 
in the case vhere the qO TO specifies an abnormal 
return from a block that has been invoked from 
within the group. 

4. A GO TO statement that transfers control from one 
block~ D~ to a dynamically encompassing block~ A 
has the effect of terminating block D~ as veIl as 
all other hlocks that are dynamically ijescendant 
from block A. On-units are reestablished and 
automatic variables are freed in the same way as 
if the blocks were terminated normally. When a GO 
TO statement transfers control out of a procedure 
invoked as a function, the evaluation of the 
expression that contained the corresponding func­
tion reference is discontinued. The value 
returned by the procedure being terminated is 
undefined, and control is transferred to the 
specified statement. 

5. A GO TO cannot terminate any block activated 
durinq the execution of an ALLOCATE statement. 

Examples: 

GO TO A2345; ... 
A2345: . . . 

The following example illustrates a GO TO statement that 
acts as a multi-way switch~ 
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DECLARE L LABEL INITIAL (L2) ; 
GO TO MEET; 

L1: X = Y - 1; 
L = L2; 
GO TO MEET; 

L2: Y = X - 1; 
L = L1; 

MEET: CALL FUDGE(X,Y,Z); 
IF Z = LIMIT THEN 
GO TO L; · . . 

The following procedure illustrates the use of the GO TO 
statement with a subscripted label variable to effect a 
multi-vaf switch: 

CALC1 : 

CALC2: 

CALC3: 

Function: 

DECLARE (N1, N2) FIXED, 
SWITCH(3) LABEL; 

SiTTCR{1) = CALC1; 
SWITCH(2) = CALC2; 
SWTTCH(3) = CALC3; 
GO TO SWITCH(MOD(N1 + N2, 3) + 1); 

· . . · . . .... · .. 
••• 
• • • 

The IF statement specifies evaluation of a relational 
expression and a consequent flow of control dependent upon 
the truth value of the expression. 

General format: 

if-statement ::= IF scalar-relational-expression 
THEN then-clause 

[ELSE else-clause] 

Synt.ax rules: 
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1. Each then-clause and else-clause is a group, a 
begin-block, or any statement other than DECLARE, 
END, ENTRY, or PROCEDURE. The unit may have its 
own labels. 

2. The IF statement is not itself terminated by a 
semicolon. 

General rules: 

, . The scalar-relational-expression is 
then: 

evaluated, 

a. If the value of the expression is true, the 
then-clause is executed and control is passed 
to the statement following the IP statement. 

b. T.f the value of the expression is false and 
an else-clause is specified, then the else­
clause is executed and control is passed to 
the statement following the IF statement. 

c. If the value of the expression is false and 
an else-clause is not specified, control is 
passed to the statement followinq the IF 
statement. 

2. Either the then-clause or the else-clause may 
contain GO TO statements that transfer control to 
statements outside the IF statement. If such a 
GO TO statement is executed, control will not be 
passed to the statement following th~ IF 
statement. 

1. IF statements may be nested, that is, either the 
then-clause or the else-clause, or both, may 
themselves be IF statements. Each ELS~ clause is 
always associated with the innermost unmatched IF 
in the same block or do-qroup. As a consequence, 
an ELSE or a THEN with a unit consisting of a null 
statem~nt may be required to specify a desired 
sequence of control. 
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Examples: 

IF A + B = Z THEN CALL X(O); 
ELSE CALL X(A); 

IF X < Y THEN 
I'P Z = W THEN 

L: Y = 1; 
ELSE; 

ELSE 
Y = A; 

IP A THEN 
GO TO PI; 

GO TO N; 

Function: 

The INSERT statement causes a referenced entity to be 
inserted on a specified set. 

General format: 

insert-statement .. -.. -
INSERT entity-specification-1 IN set-definition 

ri~i~:B en~i~y-speCifica~ion-21; 
lAPTER entity-specification-2 

entity-specification ::= 

!locator-variablel 
entity-variable 

set-definition ::= 

locator-variable 
set-name [ oP(file-variable) 1 
character-strinq-expression [ OF (file-variable) J 
locator-variable -> set-name 
locator-variable -> (character-strinq-expression) 
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General rules: 

1. The INSERT statement makes the entity referenced 
by entity-specification-1 a member of the speci­
fied set. If the optional FIRST, LAST, BEFORE, or 
AFTER clause is omitted, LAST viII be assumed. 

2. If the B~FORE or AFTER clauses are used, the 
entity referred to bV entitv-specification-2 must 
be a member of the specified set at the time the 
INSERT statement is executed. If this entity 
cannot be located, the FIND condition will be 
raised. 

3. The character-string-expression specified by the 
set viII be truncated to 8 characters if neces­
sary. If the expression itself is a qualified 
based character string, it must be enclosed in 
parentheses. 

4. If a locator variable is used as the set defini­
tion, the locator must reference an existing set. 
The LET statement can be used to set a locator­
variable to reference a set. 

5. The keyvord IN is synonymous with ON within the 
INSERT statement. 

6. The member ENTITY and SET in which it is to be 
inserted, must be contained in the same file. 

7. If a set-name or character-string-expression is 
used by itself in the set-definition, a PILE_SET 
in the specified file (or the default "current" 
file) will be referenced. 

Function: 

The LET statement sets a locator variable to reference a 
specified set. 
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General format: 

let-statement ::= LET locator-variable = set-definition; 

set-definition ::= 

locator-variable 
set-name r OP(file-variable} J 
character-strinq-expression [ OP(file-variable) ] 
locator-variable -> set-name 
locator-variable -> (character.-string-expression) 

General rules: 

1. The character-string-expression specified by the 
set definition will be truncated to 8 characters 
if necessary. If the expression itself is a 
qualified based character string, it must be 
enclosed in parentheses. 

2. If a set-name or character-string-expression is 
used by itself in the set-definition, a FILE_SET 
in the specified file (or the default "current" 
file) will be referenced. 

Function: 

The execution of the LOCK statement puts the program into 
locked status. 

General format: 

lock-statement:: = LOCK ; 

General rules: 

1. When a p.rogram is in locked status, all asynch­
ronous events will be queued. No on-units speci­
fied in ON EVENT statements will be invoked while 
a program is in locked status. 

2. On-units established for system conditions or 
programmer defined conditions are not affected by 
the locked or unlocked status of program. 
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3. The execution of a LOCK statement while in the 
locked status is equivalent to a null statement. 

4. A program will remain in locked status uDtil 
explicitly unlocked or until control reverts to a 
dynamically encompassing block in which the status 
is unlocked. 

Function: 

The null statement is a no-operation. 

General format: 

null-statement ::= ; 

Example: 

. . . 
ON OVERFLOW; 
• • • 

The overflow on-unit is a null statement. 

The ON st,f!temet.!! 

'Function: 

The ON statement specifies the action to be taken when an 
interrupt occurs for the named condition or Don-delayed 
event. For a discussion of conditions and events, see the 
description of "Interrupt HandlinqU, Chapter 1. 

General format: 

on-statement ::= 

ON [ EVENT 1 identifier (, identifier l ••• 

180 Chapter 8 -- Statements 

{
On-unit} 

SYSTEM 
. • 



APPLB RBFBRBNC! "ANUAL 

31 "ARCH 1972 

syntax roles: 

1. If the keyword EVENT is omitted, the "identifier" 
must be the name of one of the conditions 
described in Appendix 2. 

2. The "on-unit" is an action specification, and it 
is either an unlabeled siugle simple statement 
(other than BEGIN, DO, END, RETURN, ENTRI, PROCE­
DURE, FOR EACH, or DECLARE) or an unlabeled begin 
block. Since the on-unit itself requires a semi­
colon, none appears in the format. 

3. The "on-unit" may not be a RETURN statement, nor 
may a RETURN statement be internal to the begin 
block. 

4. If the keyword EVENT is present, the ON statement 
must be within the scope of a declaration of the 
identifier as an EVENT. 

5. The specification of more than one identifier is 
equivalent to the specification of identical 
actions for each named interrupt. 

General rules: 

1. An ON statement must be executed before its effect 
can be established. 

2. The standard action to be taken for all interrupts 
is defined in Appendix 2. When an interrupt takes 
place before an ON statement for that interrupt 
has been executed, standard s1stem action is 
taken. The ON statement with the SYSTEM option 
specifies that standard action is to be taken when 
the named interrupt occurs. 

3. The ON statement is a means for the programmer to 
specify action (other than standard s1stem action) 
that is to take place when the named interrupt 
occurs. The on-unit is treated as a block that is 
internal to the block in which it appears. 

4. Control can reach an on-unit on11 when the named 
interrupt occurs, or when a SIGNAL statement for 
the interrupt is executed. 

5. If an action specification is established by 
execution of an ON statement, it remains in effect 
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until it is overridden by another ON statement or 
REVERT statement specifying the same interrupt, or 
until termination of the block in which the ON 
statement is executed. 

The PROCEDURE statement -------_ .. - . -----

Function: 

The PROCEDURE statement has the following functions: 

1 • Identifies 
procedure. 

a portion of proqram text as a 

2. Defines the primary entry point to a procedure. 

3. Specifies the parameters for the primary entry 
point. 

4. Specifies the attributes of the value that is 
returned if the procedure is invoked as a function 
at the primary entry point. 

(jeneral format: 

procedure-statement ::= entry-name: PROCBDURE 

General rules: 

( (parameter [, parameter] ••• ) ] 
(RETURNS(data-attributes») ; 

1. Bach "parameter" is a name that specifies the 
parameters of the entry point. When the procedure 
is invoke1, a relationship is established between 
the arguments of the invocation and the parameters 
of the invoked entry point (see "Correspondence of 
Arguments and Parameters" in Chapter 2.) 

2. If the entry is invoked as a function reference, 
the RETURNS option must be specified. The data­
attributes of the RETURNS option specify the 
attributes of the value returned by the entry. 
The attributes that may be specified are the 
arithmetic, string, locator, and file attrihutes. 
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Function: 

The PUT statement causes the values of expressions to be 
converted to a character string representation accordinq to 
specified formats and to be transmitted to a designated 
sequential file or string variable. 

General format: 

put-statement ::= PUT put-list; 

put-list ::= 

{
PILE(file-Variablel J 

data-specification 
STRIMG(character-strinq-variable) 

General rules: 

1. The "character-string-variable" refers to the 
character string variable that is to receive the 
transmission. After appropriate conversion, the 
data specified in the data-specification is 
assigned to the string starting at the leftmost 
character. Any subsequent PUT statement naming 
the same string will start assigninq at the 
leftmost character. If the string is not long 
enough to accommodate the data, the ERROR condi­
tion will be raised. 

2. The "file-variable" must refer to a sequential 
file that has been opened. 

3. The rules concerning the "data-specification" are 
contained in "Data Lists" in Chapter 6. 

The R~~9VE ~tatemeA! 

Punction: 

The REKOV! statement is used to remove an entity from a set. 
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REMOVE entity-specification FROM{set-definitiOn}; 
all-value 

entity-specification ::= 

{ lOcator-variable} 
entity-variable 

set-definition ::= 

locator-variable 
set-name ( OF (file-variable) ] 
character-strinq-expression ( OF (file-variable) 1 
locator-variable -> set-name 
locator-variable -> (character-string-expression) 

General rules: 

1. The character expression 
evaluated and truncated 
sary. If the expression 
based character string, 
parentheses. 

in the set-definition is 
to 8 characters if neces­
itself is a qualified 
it must be enclosed in 

2. If the referenced entity is not a member of the 
specified set the REMOVE statement has the effect 
of a null statement. 

1. The "all-value" is the value returned by the ALL 
built-in function which, if used, must be declared 
with the BUILTIN attribute. The entity will then 
be removed from all sets that contain it. 

4. If a locator variable is used to specify a set, 
the locator variable must reference an existing 
set. The LET statement must be used to set a 
locator variable to reference a set. 

5. If a set-name or character-strinq-expression is 
used by itself in the set-definition, a FILE-SET 
in the specified file (or the default "current" 
file) will be referenced. 
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The RETURN stat~n! 

Function: 

The RETURN statement terminates execution of the 
that contains the RETURN statement and returns 
the invoking procedure. The RETURN statement 
return a value. 

General format: 

return-statement ::= RETURN [(scalar-expression)]; 

General rules: 

procedure 
control to 

may also 

1. If the procedure is not invoked as a function 
procedure, i.e., it has been invoked by a CALL 
statement, the RETURN statement may specify a 
scalar expression, but the value viII be ignored 
by the invoking procedure. 

2. If the procedure is invoked as a function proce­
dure, the RETURN statement used to terminate tbe 
procedure must specify a value that is to be 
returned to the invoking procedure by specifying a 
scalar expression. There is no type conversion 
implied by the RETURNS attribute on the PROCEDURE 
or ENTRY statement. 

3. If control reaches an END statement corresponding 
to the end of a procedure, this END statement is 
treated as a RETURN statement that does not 
specify a value to be returned. 

Q. A RETURN statement may not be internal to a 
begin-block. 

Function: 

A REVERT statement specifying a given condition or event is 
used to cancel the effect of one or more previously executed 
ON statements. 
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REVERT {EVENT] identifier (, identifier] ••• ; 

Syntax rules: 

1. If the keyword EVENT is omitted, the "identifier" 
must be the name of one of the conditions 
described in Appendix 2, or the name of a user 
defined condition appearing in a DECLARE 
statement. 

2. If the keyword EVENT is present, the REVERT 
statement must be contained within the scope of a 
declaration of the identifier as an EVENT. 

General rule: 

The execution of a RRVERT statement has the effect described 
above only if (1) an ON statement, specifying the same 
conditions or events and internal to the same block, was 
executed after the block was activated and (2) the execution 
of no similar REVERT statement has intervened. If either of 
the two conditions is not met, the REVERT statement is 
treated as a null statement. 

Function: 

The SIGNAL statement simulates the occurrence of the named 
interrupts. 

General format: 

signal-statement • e­
o .-

signal cond-or-event(, cond-or-event] ••• ; 

cond-or-event ::: 

{ identifier } 
EVENT event-name ( (locator-expression) ) 
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Syntax rules: 

1. If the keyword EVENT is omitted, the "identifier" 
must be the name of one of the conditions 
described in Appendix 2. 

2. If the keyword EVENT is present, the SIGNAL 
statement must be contained within the scope of 
the declaration of the identifier as an EVENT. 

General rules: 

1. The SIGNAL statement with the EVENT option can be 
used to simulate the occurrence of the external 
interrupt associated with the event-name. The 
event viII be set complete and if it is in the 
delayed state, the occurrence will be added to the 
event queue. If the event is non-delayed, the 
associated on-unit will be entered, (see "Inter­
rupt Handling" in Chapter 7) • 

2. The optional locator-expression associated with an 
event-name may be used to supply the block of 
status information associated with the event and 
will be made available to the program handling the 
interrupt through the use of the ONPTR built-in 
function. If the locator-expression is omitted, 
the value of the corresponding invocation of the 
ONPTR built-in function will be the value of the 
NULL built-in function. 

Punction: 

The execution of the UNLOCK statement puts the program into 
unlocked status. 

General format: 

unlock-statement ::= UNLOCK; 

General rules: 
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is in the unlocked status, asynch­
may be processed. For details on 

of asynchronous events see "Inter­
in Chapter 7. 

2. The execution of an UNLOCK statement while the 
program is in the unlocked status has the same 
effect as the execution of a null statement. 

3. 

Function: 

A program will remain in unlocked status until 
explicitly locked, or until control reverts to a 
dynamically encompassing block in which the status 
is locked. 

The WAIT statement is used to synchronize the processing of 
delayed event completions. The terms "delayed" and "comple­
tion" are defined in Chapter 7 -- "Interrupt Handling" • 

General format: 

wait-statement ::= 

WAIT{<event [,event] ••• ) [SET (fixed-scalar-variable) ) } ; 

ANY) 

General rules: 

1. The items specified in the list may be any delayed 
events. If any of the events are non-delayed, the 
ERROR condition will be raised. 

2. The ANY option specifies the set of all delayed 
events. If the set is empty, the ERROR condition 
will be raised. 

3. The WAIT statement is satisfied and execution 
proceeds to the statement following the WAIT 
statement when at least one of the specified 
events becomes complete. If the SET option is 
used, a fixed-scalar-variable will be set equal to 
the index of the event that became complete. If 
none of the specified events is complete, execu-
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tion is suspended until one of the specified 
events becomes complete. 

4. If a non-delayed event becomes complete while in a 
wait state, the on-unit for that event viII be 
entered. Upon normal return from the oD-unit, the 
wait state viII be resumed. 

5. If a delayed event that is not specified in the 
event list for the WAIT statement becomes complete 
while in the wait state, no action is taken. 
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INTFOOUCTION 
----~ 

All of the built-in functions, built-in procedures, and 
pseudo-variables that may be invoked by the Apple programmer 
are listed in this appendix. Each function or pseudo­
variable that has an argument list may be used without 
declaration, unless an identifier has been declared with the 
same name. In this case, the function or pseudo-variable 
must be redeclared usinq the BUILTIN attribute. Each 
built-in function or pseudo-variable that has no argument 
must be declared with the BUILTIN attribute. 

The built-in functions, procedures, and pseudo-variables are 
separated into the following classes: arithmetic, array, 
associative data handling, conversion, interrupt handling, 
mathematical, storage management, string handling, and 
miscellaneous. 
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llITH"ETI£ 

ABS 
CEIL 
FLOOR 
"00 

01" 
HBOUND 
LBOUND 

~~g!!llLI!!I!.J!A NDLJ]!~ 

APLESET 
APLF.VA~. 
APLINDX 
APLNU"B 
APL\QWNI 
APLOWRS 
APLSNA" 
APLTYPE 

** ALL 

£Q1!VEMIO! 

* BYTE 
CHAF 
ENTRY 
FIXED 
FLOAT 
HEX 
OFFS!T 
POINTER 

* - Also pseudo-variables 

!NTERR9~T HANDLI~9 

CO"PLETION 
* DELAY 

** ONFILE 
** ONLOC 

ONPTR 

t1ATHJMAll£AL 
ATAN 
COS 
LOG 
SIN 
SORT 
TAN 

ADDR 
DESCR 

** NULL 

~TRING H!1!DLING 

INDEX 
LENGTH 

*** RAL * SUBSTR 

** DATE 
INLINE 

** TIME 

** - Must be declared with the BUILTIN attribute 
*** - Ma, only be used as a pseudo-variable 
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AIITHKE1tC PUNCTI0!2 

The ABS function returns the absolute value of~. The 
argument ~ must be a scalar arithmetic quantity. The value 
returned by ABS has the same scale and precision as 1_ 

The CEIL function returns 
greater than or equal to A. 
arithmetic quantity. The 
same scale and precision as 

the smallest integer that is 
The argument ! must be a scalar 
value returned by CEIL has the 

the argument .I. 

'the 'FLOOR 
does not 
ari thlletic 
saBle scale 

function returns the largest integer value that 
exceed~. The argument ! must be a scalar 
quantity. The value returned by PLOOR has the 
and precision as 1_ 

The MOD function returns the remainder froll the division of 
A by g. The arguments 1 and g must be scalar arithmetic 
quantities. The result has the same sign, scale, and 
precision as 1. 

m~Y FUN£TIQ!!~ 

Dl"l~ ..... .ru. 
The DIM function returns the current extent of the gth 
dimension of a. The argument g must be a unsigned fixed 
point constant. The argument ~ must be a reference to an 
array that has at least g dimensions. The value returned is 
an integer. 

!!DOI1NDJa, d) 

The aBOUND function returns the current upper bound of the 
gth dimension of~. The argument § must be a unsigned fixed 
point constant. The argument ~ must be a reference to an 
array that bas at least g dimensions. The value returned is 
an integer. 
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The LBOUND function returns th~ current lower bound of the 
dth dimension of~. The argument 1 must be a unsigned fixe~ 
point constant. The argument ~ must be a reference to an 
ar.ray that has at least d dimensions. The value returned is 
an integer. -

~Q£!!TI!]_~!lA-!Q!£!lQ!~ 

AL1 

The function returns a value that has meaning in the 
following contexts: 

a. Remove the referenced entity from all sets of 
which it is a member when ALL is used in the 
REMOVE statement. 

b. Search all members of the referenced set when ALL 
is used as an argument to the APLINDT built-in 
function. 

c. Count all members of the referenced set when ~LL 
is used as an argument to the APLNUMB built-in 
function. 

d. Count all entities that contain the referenced set 
when ALL is used as an argument to the APLOWR5 
built-in function. 

If this function is used, it must be within the scope of 
declaration of the identifier ALL with the attribute 
BUILTIN. 

The function returns a value of '1'B or 'O'B dependent on 
whether or not the file-set s has ever been created in the 
file determined by the value of SYSPILE.CORRENT. The 
set-reference, 2' must be a character-string-expression. 

The function returns a pointer variable that identifies the 
entity that contains the set 2. tf the referenced set is a 
file-set, the value returned is the value of the NOLL 
built-in function. The set reference must be a locator 
variable set by the LRT statement. 
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The function returns an integer whose value is the ordinal 
of the entity ~ in the set §o The entity reference .ust be 
a locator variable. The set reference must be a locator 
value that has been set by the LET statement. If ~ is a 
character-string-expression it must contain the name of 
those entities to be included in the search. If ~ is a 
reference to the built-in function ALL, then all members of 
the set will be included in the search. If the search is 
unsuccessful, the value returned is zero. 

The APLNU~B function returns an integer whose value is a 
count of the number of entities that are members of the set 
s. The set reference, s, must be a locator value that has 
been set by the LET statement. If £ is a character-strinq­
expression, it must contain the name of those entities to be 
included in the count. If c is a reference to the built-in 
function ALL, every member of the set viII be included. 

!!tOWN1(e, s&_cl 

The APLOWNI function returns an integer whose value is the 
index of the set! from amongst all the sets having the name 
£ of which ~ is a member. The entity reference, ~, must be 
a locator variable. The set reference, s, must be a locator 
value that has been set by the LET statement. The value of 
the character-string-expression, ~, must be the name of the 
set §, else the ERROR condition will be raised. If the 
entity ~ is not a member of the set §, the value zero is 
returned. 

The APLOWRS function returns an integer whose value is the 
number of entities named d that contain a set named c of 
which ~ is a member. - The entity reference ~ must-be a 
locator variable. The set reference c must be a character­
string-expression whose value is the name of a set. If S is 
a character-string-expression, it contains the name of those 
entities to be included in the count. If d is a reference 
to the built-in function ALL, every entity .111 be included. 
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The APLSNA" function returns a character-strin~ of length B. 
If the value of j is 1, the return value is the name of the 
!th set of which the entity ~ is a member. If the value of 
j is 0, the value returned is the name of the !th set 
contained by the entity~. The entity reference ~ must be a 
locator variable. Both! and j are fixed binary values of 
precision(23, 0). If j has a value other than 0 or 1, the 
~RROR condition is raised. If the search is unsuccessful, 
the value returned is (B)' I. 

APLTYPE~l 

The function returns a character string of length A. The 
value of the string is the name of the entity~. The entity 
reference ~ must be a locator variable. 

£ONVER§IQ!_FU!£tIO~ 

~YTE(xrL-iJl 

The BYTE function interprets the first operand, ~, as a 
vector of bit strings of length 8, aligned on an B-bit 
boundary and with a lover bound of 1. The second argument, 
i, is interpreted as a subscript specifying which element of 
the array is to be referenced. (If ! is omitted, 1 is 
assumed.) The 8-bit bit-string is converted to a positive 
PIXED BINARY(47) (see Chapter 4, Type Conversion, 4. Bit­
string to Arithmetic) value which is returned by the BYTE 
function. The BYTE pseudo-variable can be used to assign a 
fixed-point value to an unsigned 8-bit integer which is the 
!th element of the array defined on~. The range of i is 
limited to ~245. 
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The CHAR function returns the scalar arithlletic, entry or 
file value, ~, converted to a character string according to 
the followinq rules: 

a. If y is a fixed point value of decimal precision 
g, the value is converted according to the EDIT 
format 'F(~+1). 

b. If! is a floating point value of decimal preci­
sion ~, the value is converted according to the 
EDIT format E(g+8, ~-1). 

c. If! is an entry value, the result is a character 
string containing the entry Dame left aligned. If 
! is not an external entry point, the ERROB 
condition will be raised. 

d. If Y is a file value, the result is a character 
string containing the name of the external data 
set. If the file value is not an opened file, the 
UNDEFIN!DPILE condition will be raised. 

The optional argument, 1, if supplied, must be a positive 
integer constant. If 1 is specified, the value of CHAR is 
the character strinq formed by taking the Iiqhtm2!! 1 
characters of the string formed by the above rules. Other­
wise, the result of CHAR is the fixed length character 
string formed according to the above rules. 

The ENTRY function returns the entry value corresponding to 
the external entry point whose name is the value of the 
character-string-expression £. If there is no external 
entry point of name £, the ERROR ccondition vill be raised. 
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The FrXED function returns the value of the string or 
arithmetic expression, ~, converted to fixed point. The 
optional argument, R, which must be an unsigned decimal 
integer constant, specifies the decimal precision of the 
result. If E is not specified, 15 is assumed. The rules 
for the conversion of ! to a fixed point value are: 

a. If ~ is of arithmetic type, the process is as 
described in "Arithmetic Conversion" in Chapter 4. 

b. If! is a character string then the conversion is 
according to F format conversion as described in 
Chapter 6, Fixed-point Format Items. 

c. If! is a bit-string, the conversion takes place 
according to the rules in "Type Conversion -- 4. 
Bit-string to Arithmetic" in Chapter 4. 

The FLOAT function returns the value of the character string 
or arithmetic expression, ~, converted to floating point. 
The optional argument, E, which must be an unsigned decimal 
integer constant, specifies the decimal precision of the 
result. If E is not specified, 15 is assumed. The rules 
for the conversion of Z to a fixed point value are: 

a. If! is of arithmetic type, the process is as 
described in "Arithmetic Conversion" in Chapter 4. 

b. If! is a character string, then the conversion is 
according to E format conversion as described in 
"Floating-point Format Items" in Chapter 6. 

The HEX function returns a character string containing the 
hexadecimal equivalent of the argument 1. If the optional 
arguments are omitted, the resulting character string viII 
represent the full extent of !, however, if the extent of 1 
is greater than 32,767 bytes, only the first 32,767 bytes 
will be represented in the result. The optional arguments! 
and ! are used in the same way as the second and third 
arguments of the built-in function SUBSTR (q.v.) to select 
a sub-string of the result. Thus, BEX(f, i, 1) is exactly 
equivalent to SUBSTR(HRI{f), i, 1). Any misuse of the BEl 
built-in function will bring dovn a curse on the program. 
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The OFFSET function returns the offset value that identifies 
the same generation in the file ! as is identified by the 
locator expression R. The argument ! must be a file 
variable. the result of OFFSET is undefined if R does not 
identify a generation in !. 

The POINTER function returns the pointer value that identi­
fies the same generation in the file ! as is identified by 
the offset expression 2- The argument t must be a file 
variable. The result of POINTER is undefined if 2 does not 
identify a generation in t. 

I~1ERRUPT, ~ANDL!NG 19N~%IO!~ 

£Q~ill.TIONj~l 

The COMPLETION function returns a bit value of 'O'B or '1'B 
dependant upon whether the event ! is incomplete or 
cOlllplete. 

The DELAY function returns a bit 
dependant upon whether the event 
delayed state. (DEtAY lIIay 
pseudo-variable). 

value of 'O'B or "'B 
! is in the non-delayed or 

also be used as a 

The ONFILE function returns a varying length character 
string givinq the name of the file for which an ENDPILE, 
CONVERSION, OR ERROR condition has been raised. If the 
condition is not associated with a file, a null string is 
returned. If this function is used, it must be within the 
scope of a declaration of the identifier ONPILE with the 
attribute BUILTIN. 
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QNJ,OC 

Whenever a condition is raised or non-delayed event is 
completed, reference to the ONLoe function will yield a 
varying length character string giving the name of the entry 
point to the procedure that was interrupted. The names of 
internal procedures are qualified by the names of the 
statically encompassing procedures. If the OHLoe function 
is used out of context, a null string is returned. If this 
function is used, it must be within the scope of a 
declaration of the identifier OHLOC with the attribute 
BUIL'rIN. 

The ONPTR function returns a pointer value that identifies 
the Event Completion Block that vas associated with the 
event ~ when it became complete. Reference to ~ in this way 
also sets the event ~ to incomplete. Reference to ONPTR(~) 
when ~ is incomplete yields the null pointer value. 

The function AT AN returns the principle value of the inverse 
tangent of the arithmetic expression ~ expressed in radians. 
The precision of the result is the precision of ~. 

'rhe function COS returns the value of the cosine of the 
arithmetic expression ~ expressed in radians. The precision 
of the result is the precision of ~. 

The function LOG returns the natural logarithm of the value 
of the arithmetic expression~. If the value of J is SO, 
the ERROR condition is raised. The precision of the result 
is the precision of ~. 

'rhe function SIN returns the sine of the 
arithmetic expression ~ expressed in radians. 
of the result is the precision of ~. 

value of the 
The precision 
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SQRT(xl 

The function SQRT returns the positive square root of the 
value of the arithmetic expression 1_ If ! is < 0, the 
ERROR condition will be raised. The precision of the result 
is the precision of 1_ 

The function TAN returns the tangent of the value of the 
arithmetic expression! expressed in radians. The precision 
of the result is the precision of 1_ 

§TORAG1~!!!2EMEN~_fYH~llQ!§ 

ADDIUyl 

The ADDR function returns a pointer value that identifies 
the generation of the variable ~. 

The DESCR returns a descriptor value consisting of the value 
of the arithmetic expression! as the length and the value 
of the locator or arithmetic expression ~ as the pointer 
part. 

IILE(gl 

The FILE function returns a file value corresponding to the 
file in which the generation of the based variable 
referenced by g is allocated. 

The NULL function returns the null pointer value. The null 
pointer value compares unequal with all pointer values that 
identify generations. Any use of this function must be 
within the scope of a declaration of the identifier NULL 
with the BUILTIN attribute. 
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The INDEX function searches the string 2 for the string 
pattern E. If the configuration is found, INDEX returns an 
integer giving the starting location of E in 2. If more 
than one instance of E exists in 2, the location of the 
first onp. found in a left-to-right search will be returned. 
If E does not exist in ~ or the length of either of the 
arguments is zero, the value 0 will be returned. Both 2 and 
E must be character string variables or expressions. 

LENGTH{~l 

The LENGTH function returns the length of the string 2. 

~he RAL pseudo-variable is used for assigning strings with 
right-hand alignment instead of the normal left-hand align­
ment. If the source string is shorter than the target 
string h, the source string will be extended on the left 
with blanks or zeros according to whether £ is a character 
string or bit string. If the source string is longer than 
the target, it will be truncated on the left. The string ~ 
must be a fixed length string. 

The SUBSTR extracts a substring of user-defined length from 
the string 2 and returns it. The value of i specifies the 
starting point of the substring an1 j, if specified, 
represents the length of the substring. Both! and j must 
be arithmetic expressions and are converted to integers. 
Assuming that the length of s is ~, then ! and j must 
sat.isfy the following conditions: 

a. ~ must be ~ o. 
b. ! must be ~ 1. 
c. The value of i+j-1 must be ~ k. 

Thus, the substring as specified by ! and j must lie within 
s for the value of SUBSTR to be defined. If j is not 
specified, it is assumed to be equal to the value of k-i+1 
i.e., it is assumed to be the remainder of the string 
starting at the !th position. If j is zero, the result is 
the null string. 
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The DATF. function returns the current date as a character 
string of length 7, ~!~!Wgg where: 

~~ is the current year. 
m~m is the first three letters of the month. 
gg is the current day. 

Any use of the DATE function must be within the scope of a 
declaration of the identifier DATE with the BUILTIN 
attribute. 

The INLINE procedure is used to insert arbitrary STAR 
machine-instructions inline at compile time. Each parameter 
specifies a byte of the instruction in left to right order. 
The first operand, !, specifies the function code of the 
STAR instruction. The 32-bit instructions require four 
operands and the 64-bit instructions require eight operands. 
The operands ~, §, and ! specify the numbers of the STAR 
registers; g specifies the S-bit sub-function designator; ~, 
~, and £ specify string or vector descriptor registers; !, 
y, and ~ specify index or offset registers. The! and 3 
operands must be numeric constants; the rest of the operands 
may be numeric constants, variables, or arithmetic 
expressions. 

If a variable of REGISTER storage-class is used as an 
operand, the number of the register allocated to that 
variable is inserted in the instruction; otherwise, for 
variables not stored in a register, the number of the 
register containing a descriptor of the variable is inserted 
in the instruction~ 

Example: 

DECLARE SOURCE CHAR(SO), 
TARGET CHAR(100); 

CALL INLINE(ftFS", 5, 0, SOURCE, 0, "20", 0, TARGET); 

In this example the registers containing the descriptors of 
SOURCE and TARGET are used by the "move characters" instruc­
tion to move the SO-character source strinq into the tarqet 
string and fill the remaining 20 characters with blanks. 
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When an arithmetic expression is used as an operand, the 
expression is first evaluated so all of the instructions 
necessary to evaluate the expression will precede the 
instruction being produced by INLINE. The number of the 
register containing the arithmetic result is then inserted 
into the instruction produced by INLINE. 

~xample: 

DECLARE J 
COUNTER 
KEYWORD 
TABLE (SOO) 
MASK(S) 

COUNTER = 0; 

FIXED BINARY (47) , 
FIXED REGISTER, 
FLOAT REGISTER, 
PLOAT DECIKAL(14) AUTO, 
FLOAT DECIMAL (14) 
CONSTANT ("FFFPOOOOOOOOFFFF", 

"FFPFOOOOOOFFFFFF", 
"FFPFOOOOFFFFFPFF", 
"FPFFOOPFFFFPFFFP", 
"PFFF'FFPFFFFFFPP") ; 

CALL INLINE("PF", 0, COUNTER, DESCR( 100, TABLE), 
0, DESCR( 1, KEYWORD), 

J+2, MASK); 

This example will cause the compiler to generate code for 
constructing the descriptors of TABLE and KEYWORD and 
evaluating the expression J + 2 before it generates the 
"search for masked key word" instruction. The reqisters 
containing the results of the DESCR function are used in the 
"FF" instruction which searches the first 100 elements of 
TABLE for a match with the contents of KEYWORD masked by 
MASK(J+2). 

If INLINE is used as a function, its value is the contents 
of the right-most register ! or £. Thus one can write: 

DCL R FIXED 
COUNT (10) FIXED 
PATTERN BIT(100); 

REGISTER, 
AUTOMATIC, 

COUNT(S) = INLINE("1P", PATTERN, 0, R); 

which would cause the compiler to emit an instruction to 
count the number of one bits in the PITTER. followed by an 
instruction to store the result in COUNT(S). 
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The 'TIME func~ion re~urns the current tiae of day as a 
character string of length 11, hh:BB:§!.ag where: 

hh is the current hour of the day 
EE is the current minute within the hour 
§§ is the current second within the minute 
~g is the decimal fraction of the current second. 

Any use of the TIME function must be within the scope of a 
declaration of the identifier TIME with the attribute 
BUILTIN. 

204 

Appendix 1 -- Built-in ~unctioRSw Procedure., 

and Pseudo-yarlabl •• 



APPLE REFERENCE MANUAL 

31 MARCH 1912 

For each condition, the description in this appendix 
includes the circumstances under which the condition is 
raised, the standard sfstem action that would be taken in 
the absence of programmer-specified action, and, where 
applicable, the result. 

Conditions may be specified in the ON, REVERT, and SIGNAL 
statements (see Chapter B Statements and Chapter 1 
Interrupt Handling). 

If no ON statement is currently in effect when a condition 
is raised, the standard system action for that condition is 
taken. 

£ONV]B~ICN_CONQIT!Q! 

The CONVERSION condition can be raised whenever an illegal 
conversion is attempted within the conversion built-in 
functions: FIXED, FLOAT, CHAR, BIT, and ENTRY, or execution 
of a GET statement. Conversion across the equal sign in an 
assignment statement (see Chapter 4 Data Manipulation), 
and implicit fixed to float and float to fixed conversions 
will not raise the CONVERSION condition. 

R~§u~t~ The result is undefined. On normal return from the 
on-unit, the ERROR condition is raised. 

§t.an ds!:fL2.Y.§teL-~.Q!!~ 
condition. 

Comment and raise the ERROR 

Appendix 2 -- Conditions 205 



APPLE REPERENCE MANUAL 

31 MARCH 1972 

~!pFILE CON~ITION 

The condition of the form: ENDFILE (file-variable) may be 
raised during any GET operation on the Apple file referred 
to by the file-variable. It is caused by an attempt to read 
past the file delimiter. If the file is not closed after 
the ENDFILE condition is raised, any subsequent GET opera­
tions on the same file viII raise the condition again. The 
execution of a SIGNAL ENDFILE (file-variable) statement will 
also raise the ENDFILE condition. 

Re~ylt~ On normal return from the on-unit, execution con­
tinues with the statement immediately following the 
statement which raised the ENDPILE condition. 

~t~nqard system actionl 
condition. 

~RROR CONQIT~ON 

Comment and raise the ERROR 

The ERROR condition is raised by: (1) the standard system 
action taken when another condition is raised which includes 
the ra1s1nq of the ERROR condition, (2) the result of an 
error, for which there is no condition, occurring during 
program execution, and (3) the execution of a SIGNAL ERROR 
statement. 

~esQltl On normal return from the on-unit, the FINISH 
condition is raised. 

~!Anq~~~l~t~m ~c!ion; 
condition. 

Comment and raise the FINISH 

The FIND condition is raised whenever (1) the FIND statement 
with no ELSE clause is executed, and the specified entity 
cannot be found, and (2) the INSERT statement with the 
BEFORE or AFTER option is executed and the specified entity 
cannot be found. 

~~qd~~~ __ ~Istem _agtiqpl 
condition. 
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!!!l~_£Q!QITION 

The FINISH condition is raised by: (1) the standard system 
action taken for the ERROR condition, (2) the action taken 
on normal return from the on-unit for the ERROR condition, 
(3) the execution of a statement that would cause termina­
tion of an Apple program (an EXIT statement), and (4) the 
execution of a SIGNAL FINISH statement. 

Re~lt~ On normal return from the on-unit, the program is 
terminated. 

The OVERFLOW condition is raised when the exponent of a 
floating-point number exceeds the permitted maximum. This 
maximum is a630 for long float, and 33 for short float • 

.!Ht§ul.t~ On normal return from the on-unit, program execu­
tion continues near the point of overflow. The 
value of the floating-point number is set to an 
undef ined val ue. 

~landa!1--~§.t~_ac.ti~l 
condition. 

~~Q?]A~MF.R-]]!!~~~.CON]1!lQ] 

Comment and raise the ERROR 

The condition of the form: CONDITION (identifier) allows a 
programmer to establish an on-unit that will be executed 
whenever a SIGNAL statement is executed specifying CONDITION 
and the identifier. Proqrammer-defined conditions must be 
declared with the CONDITION attribute. The programmer­
defined condition can only be raised by a SIGNAL statement 
specifyinq that condition. 

Standard 2I~l~~ti£nl 
condition. 

comment and raise the ERROR 
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~1Q!!g]~DITIO! 

The STORAGE condition is raised by: (1) an attempt to 
allocate a based variable in an Apple file that contains 
insufficient free storaqe for the allocation to be made, or 
(2) the execution of a SIGNAL STORAGE statement. 

!!sult~ If the condition is raised due to insufficient free 
storage being available for an allocation to be 
made, on normal return from the on-unit, the 
options in the ALLOCATE statement are reevaluated 
and the allocation is attempted again. If the 
condition vas raised by a SIGNAL statement , on 
normal return from the on-unit, the statement 
following the SIGNAL statement is executed. 

~1~a~~~~~I§tem aC11Q!: 
condition. 

Comment and raise the ERROR 

This condition is raised by the PUT, GET, ALLOCATE, FOR 
EACH, INSERT, REMOVE, FIND, LET, and FREE statements, and 
the use of the CHAR built-in function to convert from a file 
value to a character string, if the file referenced in these 
statements has not been opened. 

!2~~ On normal return from an on-unit, execution con­
tinues with the next statement. 

Standa~~-!~1~~_ acti2U: 
condition. 

Comment and raise the ERROR 

The UNDERFLOW condition is raised when the exponent of a 
floating-point number becomes smaller than the permitted 
minimum. This minimum is -8630 for float long, and -33 for 
float short. 
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Re§u!t~ On normal return from the on-unit, program execu­
tion continues near the point of underflow. The 
value of the floating-point number is set to zero. 

standard SY2tem~tion~ Comment and continue. 

~~~Q]l!IDE £ONDITION 

The ZERODIVIDE condition is raised when an attempt is made 
to divide by zero. This occurs if the divisor is zero. 

Resul!: On normal return from the on-unit, execution con­
tinues near the point of zero-divide. The quotient 
is set to indefinite. 

~tandard sIste~cti~: 
condition. 

Comment and raise the ERROR 
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KEYWORD ABBREV~A!IQ!~ 

Abbreviations are provided for certain keywords. The abbre­
viations themselves are keywords and vill be recognized as 
synonymous in every respect vith the unabbreviated keywords. 

{SEYWQ!!J2 

A 
AFTER 
ALIGN 
ALLOCATE 
ANY 
AUTOMATIC 
B 
BASED 
BEFORE 
BEGIN 
BINARY 
BIT 
BUILTIN 
BY 
CALL 
CASE 
CHARACTER 
COLUMN 
CONDITION 
CONSTANT 
CONTAINING 
CONVERSION 
DECIMAL 
DECLARE 
DO 
E 
EACR 
EDIT 
END 
ERDFILE 
ENTITY 
ENTRY 
ERROR 

!D~.uVIATI2! 

AUTO 

BIN 

CHAR 
COL 
COND 

DEC 
DCL 

EOF 
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EVENT 
EXIT 
EXTERNAL 
F 
FILE 
FIND 
FINISH 
FIRST 
FIXED 
FLOAT 
FOR 
FREE 
FROM 
GET 
GO 
GOTO 
IF 
IN 
INCLUSIVE 
INITIAL 
INSERT 
INTERNAL 
LABEL 
LAST 
LET 
LIKE 
LINE 
LOCK 
NEAR 
OF 
OFFSET 
ON 
OVERFLOW 
PAGE 
POINTER 
PROCEDURE 
PUT 
REGISTER 
REMOVE 
REMOTE 
RETURN 
RETURNS 
REVERT 
SET 
SIGNAL 
SKIP 
STATIC 
STRING 
STORAGE 
THEN 

EXT 

INIT 

INT 

OFL 

PTR 
PRoe 

REG 
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TO 
UNDEFINEDPILE UNOP 
UNDERFLOW UFL 
UNLOCK 
UNTIL 
VARIABLE VAR 
VARYING 
WAIT 
WHILE 
WITH 
X 
ZERODIVJ.DE ZDIV 
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KEYWORD SYNONYMS ------ -

The followinq list of synonyms is provided for those 
programmers who have written PL/I proqrams using the APL 
statements. Each synonym will be recognized by the Apple 
compiler as the indicated language keyword. 

E..!NONYf! 

CREATE 

CALLED 

DELETE 

ENTITY_VARIABLE 

E_VAR 

ENTITY_S YSTEJI! } 

E_SYS 

ENTITY_SET 

E_SET 

SET_VARIABLE 

IN 

} 

ALLOCATE 

SET 

FREE 

POIN'J'ER 

PTR 

ENTITY 

POINTER 

PTR 

ON 
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The Apple data 
defined in TABLE 
subset and TABLE 
A-Z,a-z,and 0-9. 

character set is the ASCII character set 
1. TABLE 2 describes the control character 
3 the graphic character subset, excluding 

b8 0 0 0 0 0 0 0 0 
b7 0 0 0 0 1 1 1 , 
b6 0 0 1 1 0 0 1 1 
b5 0 1 0 1 0 1 0 1 

Q21 0 1 2 3 q 5 6 7 
b4 b3 b2 b1 !tQ.! 

0 0 0 0 0 NUL DLE SP 0 ij} p \, p 
0 0 0 1 1 SOH DCl 1 A Q a q 
0 0 1 0 2 STX DC2 " 2 B R b r 
0 0 1 1 3 ETX DC3 t 3 C S c s 
0 1 0 0 4 EOT DC4 S 4 D T d t 
0 1 0 1 5 ENQ NAK % 5 E U e u 
0 1 1 0 6 ACK SYN & 6 P V f v 
0 1 1 1 7 BEL ETB 7 G W q v 
1 0 0 0 8 BS CAN ( 8 R X h x 
1 0 0 1 9 HT EM ) 9 I Y i y 
1 0 1 0 A LF SUS * . J Z 1 z .. 
1 0 1 1 B VT ESC + " K [ k ( t 

1 1 0 0 C PF FS , < L "- L I 
1 1 0 1 D CR GS = M ] m } 
1 1 1 0 E SO as • > N .... n ..... 
1 1 1 1 F SI US / ? 0 0 DEL 

TABkL1-=-~fPLE DATA_~l!!.E!£TER SET 

The remaining internal codes (bS=1 ) are undefined. 
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NUL Null 

SOH start of Heading (CC) 

STX Start of Text (CC) 

ETX Bnd of Text (CC) 

EOT End of Transmission 
(CC) 

ENQ Enquiry CCC) 

ACK Acknowledge (CC) 

BEL Rell (audible or 
attention signal) 

BS Backspace (FE) 

HT Horizontal Tabulation 
(punched card skip) 
(FE) 

l.P Line Peed (PD) 

VT Verical Tabulation 

PF Form Feed (FE) 

CR Carriage Return (FE) 

50 Shift Out 

5I Shift In 

APPLE REFERENCE MANUAL 

DLE Data Link Escape (CC) 

DC1 Device Control 1 

DC2 Device Control 2 

DC3 Device Control 3 

DC4 Device Conrol 4 

NAK Negative Acknowledge 
(CC) 

SIN Synchronous Idle (CC) 

ETB End Transmission 
Block (CC) 

CAN Cancel 

E" End of Medium 

SUB Substitute 

ESC Escape 

FS File Spearator (IS) 

GS Group Separator (IS) 

RS Record Separator (IS) 

US Unit Separator (IS) 

DEL Delete 

Note: fCC) Communication Control 
(FE) Format Effector 
(IS) Information Separator 
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£OLUtlNLF9! 51"1301 mJ 

2/0 BLANK 
2/1 ! OR SYMBOL 
2/2 " DOllBLE QUOTATION MARK 
2/3 • NUMBF:R SIGN 
2/4 $ DOLLAR SIGN 
2/5 " PERCENT SIGN 
2/6 & AND SYMBOL 
2/7 t SINGLE QUOTATION MARK 
2/8 ( LEFT PARENTHESIS 
2/9 ) RIGHT PARENTHESIS 
2/A * ASTERISK OR MULTIPLY SY~BOL 
2/B + PLUS 
2/C , COMMA 
2/D MINUS 
2/E • PERIOD OR DECIMAL POINT 
2/P / SLASH OR DIVIDE SYMBOL 
3/A · COLON · 3/B · SEMICOLON , 
3/C < L1':SS THAN 
3/T) :: EQUAL OR ASSIGNMENT SYMBOL 
3/E > GREATER TRAN 
3/F ? QUESTION MARK 
4/0 i AT SYMBOL 
5/B [ LEF1.' BRACKET 
5/C , REVERSE SLASH 
S/D ] RIGHT BRACKET 
SIB .., NOT SYPIBOL 
S/F - BREAK CHARACTER 
6/0 " GRAYE ACCENT 
7/B { LEFT BRACE 
7/C J VERTICAL LINE 
7/D } RIGHT BRACE 
7/E TILDE 
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General Format: 

control-statement ::= ~ commandr ( parameter-list) ]; 

General Rules: 

1. A control statement may appear anywhere that a 
statement may appear in an Apple source program. 

2. The commands which control the printed listing, 
such as ~ PAGE; % SKIP (3); or % LIST (CODE); are 
performed at the point where thay occur in the 
printed listing. Other commands merely request 
that some information be printed at the end of the 
printed listing such as ~ LIST(OBJECT) ;. 

3. The commands which set a switch for a continuing 
action, (such as ~ LIST (CO DE); wh icn causes the 
emitted object code to be listed) may be turned 
off by a counter-command that is formed by prefix­
ing the letters "NO" to the command, such as 
t( NOLIST (CODE);. 

Appendix 5 -- Compile-time Controls 217 



APPLE REFERENCE !ANOAL 

31 lURCH 1972 

The following table lists the currently defined commands and 
their function. 

CO,t!!JAlfD 

I( SKIP (n) 

" PAGE; 

"l!NCTION 

Skip n lines on the printed listing. 
The parameter n must be an unsigned 
integer greater than zero. 

Eject to the top of a new page on the 
listing. 

"LIST(o~tion, ••• ) Insert into the printed listing addi­
tional information designated by the 
options. 
where the options may be: 

CODE List the emitted instructions 
MACRO List the expansions made during the 

literally expansions (see Appendix 8). 
WARNINGS List the warning messages generated dur­

ing compilation 
OBJECT Dump the object module in hexadecimal 
CONTROLS List the compile-time page controls 

(I PAGE and • SKIP) where they occur 
inthe source text. 

" INCLUDE file-name{ (entity) ] 
Replace this command with the source 
text contained in the named file, or 
entity in the named file. 

~ DECLARE See Appendix 8. 
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The entire manual uses a uniform system of notation that is 
nQ! a part of the lanquage. This notation describes the 
syntax or construction of the language. The following rules 
describe the use of this notation: 

1. A ~Q!~!!~variable consists of lower-case letters 
and hyphens, must begin with a letter, and may be 
enclosed in braces. 

F,xamples: 

a. 

b. 

diqit 

do-statement 

this denotes the occur­
rence of a digit 0 
through 9 inclusive. 

this denotes the occur­
rence of a Do-statement. 

2. A llQtation_~~~! appears in upper-case and 
denotes the literal occurrence of the indicated 
characters. The constant may be enclosed in 
braces and is defined by the syntax of the 
lanquage. 

Example: 

DBCLABF. this denotes 
occurence of the 
DECLARE. 

the 
keyword 

3. The term "syntactic unit" is used in the following 
as: 

4. 

a. a single variable or constant 

b. a collection of notation variables, 
notation constants, and symbols enclosed 
in braces or brackets 

Braces with the vertical stroke 
stacking of syntactic units 
choice is to be made. 

(I) or 
indicates 

vertical 
that a 
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Examples: 

identifier { FIXED} 

FLOAT 

identifier {FIXEDIFLOAT} 

5. Anything enclosed in square brackets may appear 
once or not at all. Vertical stacking with square 
brackets indicates that no more than one of the 
stacked units can appear. 

Example: 

f VARYING J 

6. The ellipsis ( ••• ) denotes the occurrence of the 
preceding unit one or more times. 

Example: 

digit ••• 

7. Most notation variables are defined in terms of a 
general format. A general format is a sequence of 
the name being defined, followed by the definition 
symbol ( ::= ), followed by the definition. The 
definition symbol says that the named item "can be 
represented byU the indicated definition. The 
definition may involve notation constants or other 
named notation variables. 

Example: 

scope-attribute ::= EXTERNALIINTERNAL 

8. Blanks appearing in formats do ng! represent the 
character blank of the language character set. 
Blanks are used as delimiters of the syntax and to 
improve the readability of the definitions. Any 
two notation variables or constants are separated 
by blanks. Any explicit use of the character 
blank of the language character set will be 
denoted by a b. 
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The problem of mapping a data structure concerns the 
assignment of addresses to the elements of a structure and 
at the same time ensuring that the addresses meet the 
hardware requirements for access. In Apple, all data will 
be stored so that it may be accessed as rapidly as possible, 
even at the expense of some wasted space. To do this, the 
hardware requires that bit addresses be some multiple of an 
al~gqm~n1-!~Q£ that is defined for each data type. The 
alignment factors are as follows: 

r , 
I I 
I ~~~ I 
I I 
I-- . 
t I 
1 BIT (n) I 
I I 
ICHARACT~R(n) I 
I VARYINGI 
, I 
,ENTRY I 
, I 
IEVENT f 
, I 
IFILE I 
t 1 
1PIXED or I 
I PLOAT BINARY(p) 1 
'1~p~23 I 
'24~pS42 I 
I , 
,LABEL I 
J I 
IOFFSET I 
I I 
I POINTER I 
I I 
I DESCRIPTOR I 
I , 

, 
J I 

Alignmeqt-1!£!~ I ~ength I 
I t , ~ 

, I 
1 I n I 

I J 
8 I an I 
8 I 8(n+1) I 

, I 
64 ,192 I 

I I 
64 I 64 I 

I I 
64 I 64 I 

t I 
1 I 
J I 

32 I 32 , 
64 I 64 I 

I I 
64 1128 I 

I I 
32 I 32 1 

I I 
64 I 64 I 

I f 
64 I 64 I 

I I 
----------~------------------~.----------~ 
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The layout of a structure in storage has the following form: 

w (1) f (2) v (2) f (3) 
, i , i i 

I illlll'l I1I1111I 
I I111111I I111111I 
litem(1l tlllllllitem(2) JIIIIIII 
, 1IIIIIIt I11111II 
I JIIIIIII I11I111I 

L. .. 

< < 
> > 

< < 
> > 

< < 

f (n) w (n) 
, • f , 

1111I11I I 
I1111I1I I 
1IIIIIIIitem(n) J 
I111I11I I 
1IIIIIIf I 

..L .J 

<--- -----_._--------------- --------------------> 

where the length of the i-th item is w(i) and its 
alignment ~actor is a(i). The fields of length f(2),f( 
3), ••• ,f (n) are padding introduced so that item(2) I ••• I 

item(n) will have the correct alignment. The total 
length of the mapped structure is v -= w(1) + f(2) + 
w(2) + ••• + fen) + w{n) and the alignment factor is a 
= MAX (a (1) I ••• ,a (n)). The following algorithm defines 
the method by which the lengths of the padding are 
calculated. The algorithm assumes that it is mapping a 
set of elements whose alignment and length are deter­
mined. If these elements are substructures they must 
have been mapped using the same algorithm. 

a = MAX(a(1), ••• ,a(n)); 

w -= w(1); 

DO k = 2 TO n; 

f (It) = a (k) * FLOOR ( (w+a (It) -1) la (It») - w; 

v -= " + f (It) + w ("It) ; 

END; 
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The LITERALLY compile-time specification allows the pro­
grammer to 1esignate that certain identifiers will be 
replaced by specified character strings throughout the 
external procedure before compilation~ 

Genera I format: 

literally-specification .. -.. -
% DECLARE substitution-specification ; 

substitution-specifica~ion ::= 

identifier [LITERALLY] [(parameter-list)] 
character-string-constant 

parameter-list ::= parameter [, parameter] ••• 

General rules: 

1. The scope of the literally-specification is the 
whole of the external procedure and all its 
contained blocks. 

2. The specification states that the compiler should 
replace each appearance of the identifier within 
the scope of the specification by a character 
string before compilation. The replacing string 
is then to be scanned for further replacements. 

3. If nO.parameter list follows the keyword LITERAL­
LY, then the identifier is to be replaced by the 
"character-string-constant". 

4. If the keyword LITERALLY is followed by a paramet­
er list, then each subsequent occurrence of the 
identifier must be followed by an argument list 
with the same number of arguments as there are 
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parameters. The character string that is used to 
replace the identifier is then constructed by 
replacing in the "character-string-constant", each 
occurrence of the characters that form the para­
meter identifiers by the characters in the corres­
ponding argument position. 

5. The replacing character string must not be used to 
form a part of a syntactic unit except for 
strings. 

6. A literally-specification may not be given for any 
keyword listed in Appendix 3. 

7. The literally-specification must occur before the 
first appearance of the identifier. 

An argument must not contain unbalanced 
parentheses. 

9. An argument must not contain the character .,. 
unless it is contained within parentheses, possib­
ly with other characters. The parentheses will 
then form part of the replacing cbaracter string. 

Examples: 

1. Literally specification without parameters: 

I DECLARE SYTYPE LITERALLY 'SYT(12)'; 

All appearances of the identifier SYTYPF. within 
the scope of the above specification will be 
replaced by SYT(12), thus the statement: 

IF SYTYPE = 235 THEN ••• 

will be compiled as thouqh 
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IF SYT(12) = 235 THEN ••• 

had been written. 

2. Literally specification with parameters: 

, DECLARE BITS LITERALLY(A1, A2) 'A1 * A2 * 64'; 

Within the scope of this specification, the 
statement 

I = BITS(J, 8); 

will be compiled as 

I = J * 8 * 64; 

and, assuming the specification in Example 1 
above, 

I = BITS(SYTYPE, A(I, J»; 

will be compiled as: 

1= SYT(12) * A(I, J) * 64; 

3. ~ DECLARE STROCT (NA ME) 
'1 NAKE BASED, 

2 N FIXED, 
2 X(2*I REFER (NAME.N» FLOAT'; 

DECLARE STRUCT(A), 
STRUCT (B) ; 

The above declarations are equivalent 
following: 

DECLARE 1 A BASED, 
2 N FIXED, 
2 X(2*! REFER (A. N) ) PLOAT, 

1 B BASED, 
2 N FIXED, 
2 X(2*I REFER (B. N) ) FLOAT; 

to the 

Appendix 8 -- Literally 225 



APPLE REFERENCE PiA NUlL 

31 MARCH 1912 

226 


