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This section discusses how NCL source code is compiled.  It includes the following
topics:

The compilation process

Lexical elements of NCL

Statement analysis

Compiler directives

For help in understanding syntax notation, see “Notation Conventions” at the
beginning of this manual.

The Compilation
Process

When you execute an NCL procedure (either explicitly, using one of the NonStop
NET/MASTER MS START or EXEC commands, or implicitly), it is automatically
compiled if it has not been compiled before.  The compilation process converts a
source file of NCL statements to object code that is stored in an object file.

The object code of an NCL procedure is a list of NCL operations without absolute
addresses.  This means that the object code is relocatable and can be read into any
operating system process that can interpret NCL.  Absolute addresses are assigned
when the object code is loaded into an operating system process for execution.

Lexical Elements of
NCL

This subsection discusses the analysis of the lexical elements in an NCL procedure
during compilation.  There are five types of lexical elements:

Symbols, which include numbers as a subset

Quoted strings

Special characters

Variables

Operators

For information on variables, see Section 9, “Variables.”  For information on operators,
see Section 10, “Expressions and Operators.”  The effect of comments on lexical
elements and on the composition of labels is also discussed in this section.

Analysis of Lexical
Elements

NCL regards an NCL procedure as a sequence of lexical elements.  A lexical element is
the smallest meaningful unit within an NCL procedure.  Lexical elements are the
building blocks of an NCL source file.

The compiler uses the context in which a lexical element appears in a statement to
obtain its meaning.  Core statements, verbs, variables, built-in functions, expressions,
comments, and labels consist of lexical elements.

Note Comments and labels are not regarded in themselves as lexical elements by the compiler, though they
consist of lexical elements.
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Lexical elements are made up of alphanumeric and some nonalphanumeric characters.
Each type of lexical element has its own subset of legal (acceptable) characters.

Compilation Errors

Compilation errors are errors detected during the analysis of lexical elements.  There
are two types of compilation errors:  a fatal error causes the compilation of an NCL
procedure to stop immediately; other (non-fatal) errors do not stop compilation.

Illegal Characters

The compiler treats the characters listed in Table 8-1 as illegal characters, except within
quoted strings.

Table 8-1.  Illegal Characters

Character Name of Character

! Exclamation mark

? Question mark

~ Tilde

^ Caret

` Single opening quote

Control characters Not applicable

Here are some examples of lexical elements with illegal characters:

!oken1
to?en2
token~

The compiler reports an error message when it encounters illegal characters during
lexical element analysis, unless the illegal characters are within quotes.  If the compiler
finds an illegal character outside a quoted string, it reports an error and replaces the
character with a blank.  This allows compilation and error reporting to continue.  Here
are the same examples, now made legal because all characters are within quotes:

"!oken1"
'to?en2'
"token~"

Blanks

Blanks are of particular importance in lexical element analysis because the compiler
treats a blank outside a quoted string as a lexical element delimiter.  (Depending on
the context, a blank may be a blank operator.  This is a special use of the blank and is
discussed in Section 10, “Expressions and Operators.”)
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Rules for Delimiting Lexical Elements

If the compiler finds an illegal character, it regards the lexical element as all characters
up to, but not including, the illegal character.  The compiler uses the illegal character
to delimit the lexical element and treats the character that follows a delimiter as the
first character of the next lexical element.  It uses this character to work out the lexical
element type (described later in this section).  It then regards the lexical element as the
sequence of characters that is legal for that lexical element type.

The following is an example of a sequence of legal characters delimited by an illegal
character.  The compiler treats the sequence of characters &abc*1 as three lexical
elements because using the asterisk (*) is illegal within a variable (and so the asterisk
acts as a lexical element delimiter).  The three lexical elements are:

&abc (a variable)

* (an arithmetic operator for multiplication)

1 (a number)

The compiler treats comments as lexical element delimiters.  Comments are discussed
in more detail later in this section.

The compiler treats an end-of-line marker as a lexical element delimiter.

Table 8-2 lists the rules used by the compiler for delimiting each type of lexical
element.

Table 8-2.  Rules For Delimiting Lexical Elements

Lexical Element Type Rule

Symbol If the first character is a character that can make up a symbol, the compiler
treats the lexical element as a symbol.  The compiler delimits the symbol by
a blank or by a character that is illegal for the symbol type.

Quoted string If the first character is a single quote (') or a double quote ("), the compiler
treats the lexical element as a quoted string.  The compiler operates as if
the last character of the lexical element is a quote of the same type, and it
uses the closing quote to delimit the lexical element.

Variable If the first character is an ampersand (&), the compiler treats the lexical
element as a variable.  The compiler delimits the variable by a blank, by a
character that is illegal for the variable type, or by a mismatched
parenthesis.

Operator If the character is an operator, the lexical element is the longest acceptable
number of operator characters that can follow it.  Some operators have
more than one character.

Special character If the character is a special character, then the lexical element is the
character itself.
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Symbols A symbol is a lexical element that consists of one or more of the characters in Table 8-3.
The compiler delimits the symbol by a blank, by a character that is illegal for the
symbol type, or by the end of the line.  A symbol can be an unquoted string, a
keyword, or a number.

Table 8-3.  Symbol Characters

Character Name of
Character

Restrictions

A-Z Uppercase letters Letters remain as uppercase letters in all circumstances.

a-z Lowercase letters Letters may be converted to uppercase, depending on context.

0-9 Digits None.

. Period None.

_ Underscore None.

@ At sign None.

# Number sign None.

$ Dollar sign None.

+ Plus sign Used only after the exponent in a valid number.

- Minus sign Used only after the exponent in a valid number.

Some examples of valid symbols are the following:

Symbol Meaning

A An unquoted string of a single uppercase letter.

ABC An unquoted string of uppercase letters.

abc An unquoted string of lowercase letters.

.XY_Z An unquoted string using the period and the underscore.

123 Either an unquoted string or a number depending on context.

.7H An unquoted string but not a number (since it does not follow the numeric syntax
described later).

WHILE Either an unquoted string or a keyword, depending on context.

The meaning of a particular symbol depends on the context.  For example, the
compiler treats the symbol THEN as either an unquoted string or a keyword,
depending on its context.  In the statement SAY THEN, the compiler treats THEN as
an unquoted string and displays the sequence of characters THEN on your screen.
However, in an IF statement, the compiler treats THEN as a keyword.

In another example, the compiler treats the number 0023 as either an unquoted string
or a number, depending on its context.  In the statement SAY 0023, the compiler treats
0023 as an unquoted string and displays the sequence of characters 0023 on your
screen.  However, in the statement SAY 0023+0, the compiler treats 0023+0 as a
number and displays the result of adding 0 to 23 on your screen:  that is, 23.
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Symbols are not variables.  The value of a symbol is the symbol itself, whereas the
value of a variable can change.

Uppercase alphabetic characters in the symbol remain as uppercase characters.
Lowercase characters are not converted to uppercase except when the language
requires it:  for example, when the letters represent a label.

Symbols include numbers as a subset.  If a symbol is in a context that permits it to be a
number, it must begin with a digit (0 through 9) or a period (.), and it must follow the
syntax:

[ 0–9 … ] [ . ] [ 0–9 … ] [ e [ + | - ] [ 0–9 … ]]

If a symbol is in a context that permits it to be a number, but one or more of these
conditions fail, the compiler regards the symbol as an unquoted string.  Moreover, if
the context requires it to be numeric,  the compiler raises an error.

A number can also include a plus sign (+) or minus sign (-), indicating the sign of the
exponent (indicated by the letter e).  Only a symbol that is a number can use these
characters, and this is the only position in a number in which a plus sign or minus sign
can occur.  A plus sign or a minus sign before a number is regarded as a unary
operator and not as part of the number itself.

For example, the sequence of characters 123.7e+2 (in which the plus sign is a unary
operator) is a single symbol (and, therefore, a single lexical element), but the sequence
of characters 123.45e-x6 is not a single symbol—it is three lexical elements:  123.45e, -,
and x6.  This is the case because the x after the minus sign cannot be used in that
position.

Note An exponent is always the power to which 10 is raised.  For example, 7e2 represents 7 multiplied by 100
(10 raised to the power of 2); the result is 700.

Quoted Strings A quoted string is a lexical element that begins with a single quote (‘) or double quote
(“) and ends with a quote of the same type.  The compiler operates as if the last
character of the quoted string is a quote of the same type, and it uses the closing quote
to delimit the lexical element.  A compilation error occurs if the quotes are not of the
same type.

A quoted string can cross source line boundaries without requiring a line
continuation character (,).  (Trailing blanks are stripped from a line during
compilation, but leading blanks on the next line are part of the quoted string.  For
more information, see “Terminating and Continuing a Statement” later in this section.)
A quoted string must end before the end of the current source file.
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A quoted string always has a constant value, corresponding to the sequence of
characters within the quotes.  The maximum length of a quoted string is 2000
characters.  A quoted string can include any character within the quotes, although to
aid readability or portability, it is recommended that you do not use unprintable
characters, such as control characters.  Some examples of valid quoted strings are:

"A QUOTED STRING"
'The following characters are legal within quotes: !?~'

An example of an invalid quoted string is:

"Must use the same quote at the end'

You can include a quoted string within a quoted string.  This is called nesting quotes.
If the inner quotes are of the same type as the outer quotes, you must double the inner
quotes to represent a quote.  If the inner quotes are not of the same type as the outer
quotes, you do not have to double the inner quotes.  Some examples of nesting quotes
are:

What You Type Resultant String Contents

'A ''B'' C' A 'B' C

"A ''B'' C" A ''B'' C

"A ''B"'"" C' A ''B"" C

"A ''B"""" C" A ''B"" C

"A ''"'B"'""" C" A ''B"" C

You have considerable flexibility in how you can use nested quotes to produce a
particular result.

Comments and compiler control statements are not recognized within a quoted string;
they are regarded as being part of the string.  For example, the compiler does not
recognize the comment in the following quoted string:

"/* COMMENT */ This comment is part of the string"

Nor does the compiler recognize the compiler control statement in the following
quoted string:

'%%OPTION NODEFER This statement is part of the string too'

You can represent values in a quoted string.  You can represent a hexadecimal string if
you follow the closing quote with the character X (or x) and this character is not the
start of another symbol.  You can represent a binary string if you follow the closing
quote with the character B (or b) and this character is not the start of another symbol.

A hexadecimal string can contain only the characters 0 through 9, A through F, a
through f, and blank.  If you use an odd number of hexadecimal digits, the compiler
adds a leading 0.  Blanks are permitted only at logical byte boundaries, and no leading
or trailing blanks are permitted.  The value of the string is the ASCII equivalent of the
hexadecimal characters.
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Some examples of hexadecimal strings are:

What You Type Resultant String Contents

'313233343536'x 123456

'4a 4b 4c 4d'X JKLM

'4A4B4C4D'x JKLM

In the following example, “313233343536” is a hexadecimal string because the plus
sign (+) is a lexical element delimiter, delimiting the lexical element “313233343536”X
from the symbol 123:

"313233343536"X+123

This is the same as 123456+123.

However, the string “313233343536” in the following example is not an example of a
hexadecimal string because the compiler treats the X after the closing quote as the
beginning of the symbol X123:

"313233343536"X123

The compiler regards the closing quote as a lexical element delimiter.  The two lexical
elements are 313233343536 and X123.

A binary string can contain only the characters 0, 1, or blank.  Blanks are permitted
only at logical byte boundaries, and no leading or trailing blanks are permitted.  Up to
seven leading zeros can be prefixed to make the string a multiple of eight bits.  The
value of the string is the ASCII equivalent of the eight binary bits.

Some examples of binary strings are:

What You Type Resultant String Contents

'00110001 00110010 00110011'b 123

'01001010 01001011 01001100'B JKL

The rules that are used to delimit binary strings are the same as those used to delimit
hexadecimal strings.

You can use a quoted string as a number if the quoted string is in a context that
permits it to be a number, and the characters within the quotes are consistent with the
following syntax:

[ … ][+|-][ … ][ 0–9 … ][ . ][ 0–9 … ][ E [+|-][ 0–9 … ]][ … ]

Then the compiler treats the sequence of characters within the quotes as a number.
You can include leading blanks, a leading plus or minus, more leading blanks, and
trailing blanks, if you wish.  For example, the quoted string “-455.3e-3” is a number in
the following context:

&a = 1 + "-455.3e-3"

The quoted string is still a number even if it has more blanks, as shown next:

'     -   455.3e-3            '
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Single quotes are used in the previous example to show that NCL will accept either,
provided that the same type of quote character is used on either side of the quoted
string.

Special Characters A character is considered as a special character when it acts as a delimiter in a
statement.  Such a special character becomes simply another character when used
within a quoted string.  Table 8-4 lists special characters.

Table 8-4.  Special Characters

Character Name of Character

, Comma

( Opening parenthesis

) Closing parenthesis

: Colon

; Semicolon

Comma

You can use the comma (,) in a procedure or function call, between items in a list, or as
the line-continuation character.  Examples of using the comma appear in the following
table:

Example Use of Comma

call proc1(a,b,c) Delimits parameters in a procedure call.

&a = func1(1,2,3) Delimits parameters in a function call.

msgread vars=(&a,&b,&c) Delimits items in a list.

f1: function share &a*,&b* Delimits items in a list.

The line-continuation character is described in “Terminating and Continuing a
Statement” later in this section.

Parentheses

Parentheses are mainly used in expressions.  See Section 10, “Expressions and
Operators,” for more information and more examples.  However, you can use
parentheses elsewhere:  for example, when invoking a procedure or function.
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Some examples of using parentheses are shown next:

Example Use of Parentheses

&z = &a * (&b + &c) Alters the order of evaluation in an expression.

&z=(&a*(&d**2)*&b)+&c Delimits terms in an expression to clarify the code.

&z=(&a||&b)(&c,xyz) Delimits an expression that resolves to the name of a local
or external function.

call proc1(a,b,c) Delimits parameters in a procedure call.

&a = func1(1,2,3) Delimits parameters in a function call.

msgread vars=(&a,&b,&c) Delimits items in a list.

signal (label) Delimits a keyword in a statement.

Colon

The colon (:) is used to delimit a label.  See “Labels,” later in this section, for more
information.

Semicolon

The semicolon (;) is used to explicitly delimit the end of a statement, as in the
following example:

CMD SHOW USERS;SAY F(1,2,3);

Including the semicolon at the end of a line is optional.  See “Terminating and
Continuing a Statement,” later in this section, for more information.

Comments The compiler does not regard a comment as a lexical element.  Logically, the compiler
replaces the comment with a blank, which is then a lexical element delimiter.
(Depending on the context, this blank may be a blank operator.  This is a special use of
the blank and is discussed in Section 10, “Expressions and Operators.”)

For example, the compiler regards the comment in the following line of code as a
blank:

token1/* This comment is between two tokens */token2

The compiler replaces the comment by a blank to produce the following output:

token1 token2

In this way, comments are effectively ignored by the compilation process.

A comment that spans several source lines causes any compiler control statements in
those source lines to be ignored.  The compiler control statements are effectively
hidden within comment delimiters.  The following example shows a compiler
directive that is ignored:

/*This is the first line of a comment.
%%INCLUDE …
This is the third line of a comment.*/
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Labels A label that begins a statement is made up of two lexical elements:  a symbol or a
quoted string (excluding a hexadecimal or binary string), followed by a colon (:).

Here are some examples of valid labels:

this_is_a_label:
"this_is_a_label":
123456:
"123456":
LABEL_1:
label_17:
ABC1$:
POSITION_1:
LABEL1:LABEL2:LABEL3:

The following table shows some examples of invalid labels:

Invalid Label Reason

label(1): A symbol cannot contain parentheses.

LABEL&1 A symbol cannot contain ampersands.

Begin_Loop:: A label is suffixed by only one colon.

“POSITION1:” The colon must suffix the quoted string.

‘313233343536’x: This quoted string represents a hexadecimal number.

“0011000100110010”B: This quoted string represents a binary number.

Statement Analysis An NCL procedure consists of source lines that make up a collection of statements.
This subsection discusses the different elements that define an NCL statement and the
different types of statements that NCL recognizes.  It also describes the difference
between compilation and run-time errors.

Terminating and
Continuing a Statement

A statement is terminated by a semicolon (;).  However, to eliminate the need to
explicitly terminate a statement by a semicolon, NCL uses the following conventions:

If a source line does not end with a semicolon, the compiler operates as if the
semicolon is there unless:

The line is part of a comment that continues on to the next line (the comment
is open).

The line is part of a quoted string that continues on to the next line (the quoted
string is open).

Trailing blanks are stripped from lines before parsing, so that trailing blanks
on the line are not part of a quoted string.  Leading blanks on the next line,
however, are significant.

The last noncomment lexical element on the line is the line continuation
character (,).  In this case, the comma is logically replaced by a blank and no
semicolon is assumed.
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The compiler ignores the null statement (a semicolon by itself).  You can use the
NOP statement as an explicit do-nothing statement.

Certain statements allow or assume a semicolon before and/or after certain
keywords.  For example, the IF core statement assumes a semicolon before and
after its keywords THEN and ELSE.  This means that these statements can cross
lines at certain points without needing a comma to indicate statement
continuation.

You must use a semicolon when you want to place more than one statement on a
single source line.  The semicolon then separates the individual statements as in the
following example:

say hello; say how are you; say goodbye

Determining Statement
Type

When NCL begins to process the lexical element(s) in a new statement, it treats any
symbol, or a quoted string (excluding hexadecimal and binary strings) followed by a
colon (:), as a label.

After processing the label, NCL uses the lexical element that follows to determine the
statement type.  It checks to see if the lexical element is a recognized statement.  There
are two types of statements:  core statements and verb statements (normally called
“verbs”).

An unrecognized statement is treated as an error.  The following rules apply to
unrecognized statements:

During compilation, the statement causes a compilation error.  You can use the
compiler directive %%OPTIONS DEFER to flag the statement as unrecognized and
to force the compilation to continue.

During execution, the statement causes a run-time error.  You can trap (or
intercept) the error with an error handler in your NCL procedure.  For more
information on error handlers, see the ON core statement in Section 2, “Core
Statements.”  For examples of how to trap run-time errors, refer to the NonStop
NET/MASTER NCL Programmer’s Guide.
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Compiler Directives A compiler directive is an NCL statement used to control the compiler during the
compilation of an NCL procedure.  Compiler directives begin with two percent signs
(%%).  A compiler directive must be the only statement on an NCL source line, and it
cannot continue to another line.

Here is the general syntax of a compiler directive:

%%directive

Table 8-5 summarizes the compiler directives.  It is followed by a description of the
compiler directives in alphabetic order.

Table 8-5.  Compiler Directives

Directive Meaning

DEFINE Defines a symbol with a textual value.

INCLUDE Specifies the name of another source file to be logically included in the current NCL
procedure or function.

OPTIONS Controls the compilation of unrecognized verbs and unknown system variables.

UNDEFINE Removes a textual definition from a symbol.

You cannot precede a compiler directive with a label.  You can precede a compiler
directive with blanks or a comment.  You can follow a compiler directive by blanks or
a comment, providing that the comment terminates before the end of the line.  Lexical
elements on the compiler directive are delimited by blanks.  Any comments on the line
are logically replaced by a blank prior to analyzing the line.

A compiler directive is not recognized if it is read as the continuation of another
statement.  It is not recognized if it is within an open comment or a quoted string.  In
this case, the compiler directive becomes part of the comment or quoted string.  The
compiler does not produce object code for a compiler directive.

%%DEFINE The %%DEFINE directive defines a symbol with a textual value.  The symbol is
replaced by the textual value during compilation.

%%DEFINE symbol text

symbol

must be a symbol, but not a number.  Alphabetic characters in symbol are case-
sensitive.
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text

can contain any characters, including illegal characters, since the compiler does
not analyze them.

During compilation, NCL reports a fatal compilation error if symbol has already been
used in a define directive, and compilation stops immediately.

Here are some examples of how the %%DEFINE compiler directive is used:

Assign a long verb to a short symbol:

%%DEFINE wr write intens=high alarm=yes data=The data is

Assign constant numbers to more meaningful symbols:

%%DEFINE columns 80
%%DEFINE rows    24

%%INCLUDE The %%INCLUDE directive specifies the name of another source file to be logically
included in the current NCL procedure or function.  The included source file logically
replaces the compiler directive.

%%INCLUDE filename

filename

is the name of any edit file, such as an external NCL procedure or function.

During compilation, NCL reports a fatal compilation error if it cannot find the file or if
the included file ends in an open comment or open quoted string.  Compilation stops
immediately.

Here are some examples of how the %%INCLUDE compiler directive is used:

Include the error handler errorh in the current NCL source file:

%%INCLUDE errorh

Include the function func1 in the NCL source file:

%%INCLUDE func1

%%OPTIONS The %%OPTIONS directive controls the compilation of unrecognized verbs and
unknown system variables.

%%OPTIONS { DEFER | NODEFER }

DEFER

When DEFER is used, NCL continues compilation even if it detects an
unrecognized verb or unknown system variable during a test compilation.
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Compilation does not stop, but NCL reports a run-time error during execution
when it attempts to execute the statement containing the unrecognized verb or
unknown system variable.  Execution stops (unless the error is trapped by an error
handler).

If you are performing a test compilation, NCL reports a warning if it detects an
unrecognized verb or unknown system variable.  See the NODEFER option for the
location where this warning is displayed.

NODEFER

When NODEFER is used, NCL reports a fatal compilation error if it detects an
unrecognized verb or unknown system variable during a test compilation.
Compilation stops immediately.  Where this error is displayed depends on how
the compilation is performed.  If the compilation is performed in OCS, the error is
displayed in the OCS message display area.  If the compilation is performed in
Edit Services, the error is displayed at the bottom of the Edit Services selection list
screen.

For more information on performing test compilations, refer to the NonStop
NET/MASTER NCL Programmer’s Guide.

%%UNDEFINE The %%UNDEFINE directive removes a textual definition from a symbol.

%%UNDEFINE symbol

symbol

must be a symbol, but not a number.  symbol is case-sensitive.

If you are performing a test compilation, NCL reports a warning if you attempt to
undefine (by using %%UNDEFINE) a symbol that has not been defined by using
%%DEFINE.

During execution, NCL ignores any attempt to undefine (by using %%UNDEFINE) a
symbol that has not been defined by using %%DEFINE.

Here are some examples of how the %%UNDEFINE compiler directive is used:

To remove a previous definition, use the following statement:

%%UNDEFINE wr

To remove previous definitions, use the following statements:

%%UNDEFINE columns
%%UNDEFINE rows


