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1 Introduction to Regina

This chapter provides an introduction to Regina, an Open Source Rexx Interpreter distributed
under the GNU General Library License.

1.1 Purpose of this document

The purpose of this document is to provide an overview of the Rexx Language and the Regina
implementation of the Rexx Language. It is not intended as a definitive reference to Rexx; you
should really have a copy of the Rexx "bible"; The Rexx Language, by Mike Cowlishaw [TRL2].

1.2 Implementation

The Regina Rexx Interpreter is implemented as a library suitable for linking into third-party
applications. Access to Regina from third-party applications is via the Regina API, which is
consistent with the IBM's Rexx SAA API. This API is implemented on most other Rexx
interpreters.

The library containing Regina is available either as a static library or as a dynamically loadable
library. The only functional difference between the two libraries is that the ability to dynamically
load Rexx external function packages via the built-in function; RxFuncAdd, is only available with
the dynamically loadable library.

The Regina distribution also includes a front end to the Regina library, to enable the execution of
Rexx programs directly from the command line. The command line referred to here relates to the a
Unix shell, an OS/2 or DOS command window or a Windows NT/9x command prompt.

On platforms where both a static and a dynamic executable exist, it should be noted that the ability
to load and execute external functions via the RxFuncAdd function, is only available by running the
dynamic executable.
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1.3 Ports of Regina

Regina has been ported to many operating systems. The following table provides implementation

details of each of the ports of Regina.

Operating System Static Dynamic Dynamic Dynamic Static
Library Library Library Executable | Executable
ThreadSafe

Linux libregina.a libregina.so Yes regina rexx

HP-UX libregina.a libregina.sl No regina rexx

AIX libregina.a libregina.a Yes regina rexx

Other Unix libregina.a libregina.so Maybe regina rexx

32-bit DOS libregina.a N/A No N/A rexx.exe

(DJGPP)

(Uses DPMI

memory manager)

32-bit DOS (EMX) regina.a N/A No N/A rexx.exe

(Uses VCPI memory

manager)

0S/2 (EMX) regina.a regina.dll Yes regina.exe rexx.exe
(regina.lib)

0S/2 rexx.lib regina.dll No regina.exe rexx.exe

(OpenWatcom) (regina.lib)

Windows 32bit rexx.lib regina.dll Yes regina.exe rexx.exe

Windows 64bit (regina.lib)

BeOS libregina.a libregina.so No regina rexx

AmigaOS libregina.a N/A No N/A rexx

EPOC32 N/A N/A No N/A rexx.exe

AtheOS/Syllable libregina.a libregina.so No regina rexx

QNX 4.2x rexx.lib N/A No N/A rexx

QNX 6.x libregina.a libregina.so Yes regina rexx

MacOS X libregina.a | libregina.dylib No regina rexx

SkyOS libregina.a libregina.dll No regina.app rexx.app

1.4 Executing Rexx programs with Regina

Rexx programs are generally executed by Regina from the command line in the following manner:

regina [switches] [program] [program parameters|
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where:

regina is the name of the Regina executable (see table above)

switches are optional switches. See the section below for an explanation of the
switches currently supported by Regina

program the name of the Rexx program to be executed. See the section

External Rexx Programs, below, for details on how Regina
interprets this argument. If no program name is specified, Regina
waits for Rexx commands to be typed in and will execute those
commands when the appropriate end-of-file character (*D on Unix
and “Z on DOS, OS/2 and Windows NT/95) is typed.

program parameters any optional parameters to be passed to the Rexx program.

Rexx programs to be executed by Regina on Unix platforms can take advantage of a feature of
Unix shell programs called magic numbers. By having the first line of a Rexx program consist of
the special sequence of #! followed by the full file name of the Regina executable, you can invoke
this program simply by typing the name of the Rexx program on the command line followed by any
parameters you wish to pass to the Rexx program. The file name must also have the appropriate
execute bit set for this to work. As an example suppose your Rexx program, myprog, contained:

#!/usr/local/bin/regina
Parse Version ver
Say ver

When executing this program from the command line by typing myprog, the Unix shell program
would execute the program / usr/ | ocal / bi n/ r egi na and pass the remainder of the lines in
the file to this program via stdin.

The special processing done by Regina to find the file name in REGINA_MACROS and the file
extension searching is ignored for the program to be run when using the magic number method of
invocation, but is still done inside the program when using CALL.

1.4.1 Switches

The following switches allow the user to control how Regina executes the supplied Rexx program.
Switches are recognised by a leading hyphen character; '-', followed immediately by a single
alphabetic character. Some switches allow for optional parameters. These, too must follow the
switch without any intervening spaces. All switches and their optional parameters are case-
sensitive. Switches that take no option can be combined. e.g. “-arp”

-t[trace parameter] Turn on the specified tracing level. The optional trace parameter
indicates the tracing level to be used. See the TRACE command later
in this document for an explanation of each trace level. Use of this
switch will result in any TRACE commands in the program to be
ignored.

-a Without this switch, all command line parameters are passed to
Regina as a single argument. Specifying -a, ensures that the Rexx
program invoked has access to the command line parameters as
separate arguments, as passed from the command line interpreter. i.e.
The BIF ARG() can return a value of other than 1 or 0. Also PARSE
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-1[locale]

-oOPTIONS

SOURCE will return SUBROUTINE instead of the normal
COMMAND value.

Run Regina in restricted mode. See the section on Regina Restricted
Mode for more details.

Displays the version information for the executable run. The string
displayed is the same that is returned by PARSE SOURCE. The
version string provides an indicator as to whether the Regina library is
thread-safe or not. If the first word ends in“(MT)”, then the library is
thread-safe. This switch, executed by the static executable, will always
result in no“(MT)”indicator.

Indicates which national locale that Regina is to use for BIF's like
TRANSLATE, LOWER, or UPPER. No validation is done on the
specified locale. The affected behaviour is defined in Section 2;
“Native Language Support”.

The locale is passed to the underlying C library, which resolves the
describer in a system specific way. An omitted /ocale lets the system
choose the current pre-selected locale for the user. This is the usual
option a user would choose. "-1" without a locale, works best for
most users who decided to use locale support. Error messages can be
selected by another scheme using an environment variable, see Section
10.2;Native Language Support; this variable can be used to select a
locale, too.

The text of the locale is equivalent to those of the environment
variables LANG or LC_CTYPE or the value used in registries, etc.
Examples are en US.IS0-8859-1orEnglish USA.1252 for
some systems.

This switch specifies the values of OPTIONS to set. This is a string of
words in the same format as the OPTIONS instruction. This switch
overwrites REGINA OPTIONS

This switch causes Regina to pause on exit. This is only valid on most
platforms. This switch is useful if you run Rexx programs from a
GUI file manager and want to see the output from that program.
Compile the specified program into a tokenised format. The only
program parameters when using this switch is the filename for the
tokenised program. i.e. regina -c program filename

Execute the specified program from a tokenised format. program
must be a file created by the -c switch. All other switches and program
parameters are allowed.

1.4.2 External Rexx programs

Regina searches for Rexx programs, using a combination of the REGINA_MACROS
environment variable, the PATH environment variable, the REGINA_SUFFIXES environment
variable and the addition of filename extensions. This rule applies to both external function calls
within a Rexx program and the program specified on the command line.

First of all we process the environment variable REGINA_MACROS. If no file is found we
proceed with the current directory and then with the environment variable PATH. The semantics of
the use of REGINA_MACROS and PATH are the same, and the search in the current directory is
omitted for the superuser on Unix systems for security reasons. The current directory must be
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specified explicitly by the superuser.

When processing an environment variable, the content is split into the different paths and each path
is processed separately. Note that the search algorithm to this point is ignored if the program name
contains a file path specification. eg. if "CALL .\MYPROG" is called, then no searching of
REGINA_MACROS or PATH is done; only the concatenation of suffixes is carried out.

For each file name and path element, a concatenated file name is created. If a known file extension
is part of the file name only this file is searched, otherwise the file name is extended by the
extensions "" (empty string), ".rexx", ".rex", ".cmd", and ".rx" in this order. The file name case is
ignored on systems that ignore the character case for normal file operations like DOS, Windows,

and OS/2.
The first matching file terminates the whole algorithm and the found file is returned.

The environment variable REGINA_SUFFIXES extends the list of known suffixes as specified
above, and is inserted after the empty extension in the process. REGINA_SUFFIXES has to
contain a space or comma separated list of extensions, a dot in front of each entry is allowed,
e.g. ".macro,.mac,.regina" or "macro mac regina"

Note that it is planned to extend the list of known suffixes by ".rxc" in version 3.4 to allow for
seamless integration of pre-compiled macros.

Example: Locating an external Rexx program for execution

Assume you have a call to an external function, and it is coded as follows:

Call myextfunc argl, arg2

Assume also that the file myextfunc.cmd exists in the directory /opt/rexx/, and that
PATH=/usr/bin:/opt/rexx, REGINA_MACROS is not set, and REGINA_SUFFIXES=.macro.

The files that Regina will search for in order are:
J/myextfunc
J/myextfunc.macro
J/myextfunc.rexx
J/myextfunc.rex
J/myextfunc.cmd
J/myextfunc.rx

/ust/bin/myextfunc
/usr/bin/myextfunc.macro
/usr/bin/myextfunc.rexx
/usr/bin/myextfunc.rex
/usr/bin/myextfunc.cmd
/usr/bin/myextfunc.rx

/opt/rexx/myextfunc
/opt/rexx/myextfunc.macro
/opt/rexx/myextfunc.rexx
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/opt/rexx/myextfunc.rex
/opt/rexx/myextfunc.cmd  /* found!! terminate search™®/
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2 Rexx Language Constructs

In this chapter, the concept and syntax of Rexx clauses are explained. At the end of the chapter
there is a section describing how Regina differs from standard Rexx as described in the first part
of the chapter.

2.1 Definitions

A program in the Rexx language consists of clauses, which are divided into four groups: null
clauses, commands, assignments, and instructions. The three latter groups (commands, assignments,
and instructions) are collectively referred to as statements. This does not match the terminology in
[TRL2], where "instruction" is equivalent to what is known here as "statement", and "keyword
instruction" is equivalent to what is known here as "instruction". However, I find the terminology
used here simpler and less confusing.

Incidentally, the terminology used here matches [DANEY].

A clause is defined as all non-clause-delimiters (i.e. blanks and tokens) up to and including a clause
delimiter. A token delimiter can be:

e An end-of-line, unless it lies within a comment, or the last token on a line is the line
continuation character. An end-of-line within a constant string is considered a syntax error {6}.

* A semicolon character that is not within a comment or constant string.

* A colon character, provided that the sequence of tokens leading up to it consists of a single

symbol and whitespace. If a sequence of two symbol tokens is followed by a colon, then this
implies SYNTAX condition {20}.

Some systems have the ability to store a text file having a last line unterminated by an end-of-line
character sequence. In general, this applies to systems that use an explicit end-of-line character
sequence to denote end-of-lines, e.g. Unix and MS-DOS systems. Under these systems, if the last
line is unterminated, it will strictly speaking not be a clause, since a clause must include its
terminating clause delimiter. However, some interpreters are likely to regard the end-of-file as a
clause delimiter too. The functionality of INTERPRET gives some weight to this interpretation. But
other systems may ignore that last, unterminated line, or maybe issue a syntax error. (However,
there is no SYNTAX condition number adequately covering this situation.

Example: Binary transferring files

Suppose a Rexx program is stored on an MS-DOS machine. Then, an end-of-line sequence is
marked in the file as the two characters carriage return and newline. If this file is transferred to a
Unix system, then only newline marks the end-of-line. For this to work, the file must be transferred
as a text file. If it is (incorrectly) transferred as a binary file, the result is that on the Unix system,
each line seems to contain a trailing carriage return character. In an editor, it might look like this:
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say 'hello world'”"M
say 'that"s it'"M

This will probably raise SYNTAX condition {13}.

2.2 Null clauses

Null clauses are clauses that consist of only whitespace, or comments, or both; in addition to the
terminating clause delimiter. These clauses are ignored when interpreting the code, except for one
situation: null clauses containing at least one comment is traced when appropriate. Null clauses not
containing any comments are ignored in every respect.

Example: Tracing comments

The tracing of comments may be a major problem, depending on the context. There are basically
two strategies for large comments: either box multiple lines as a single comment, or make the text
on each line an independent comment, as shown below:

trace all

/*
This is a single, large comment, which spans multiple
lines.

Such comments are often used at the start of a subroutine
or similar, in order to describe both the interface to and
the functionality of the function.

*/

/* This is also a large comment, but it is written as */
/* multiple comments, each on its own line. Thus, these */
/* are several clauses while the comment above is a */
/* single comment. */

—-— These lines also consist of multiple comments, and thus
-— multiple clauses. This form of comment was introduced
-—- in Regina 3.4

During tracing, the first of these will be displayed as one large comment, and during interactive
tracing, it will only pause once. The second will be displayed as multiple lines, and will make
several pauses during interactive tracing. An interpreter may solve this situation in several ways, the
main objective must be to display the comments nicely the to programmer debugging the code.
Preferably, the code is shown in a fashion that resembles how it is entered in the file.

If a label is multiple defined, the first definition is used and the rest are ignored. Multiple defined
labels is not an SYNTAX condition.

A null clause is not a statement. In some situations, like after the THEN subclause, only a statement
is expected. If a null clause is provided, then it is ignored, and the next statement is used instead.
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Consider the following code:
parse pull foo

if foo=2 then

say 'foo is not 2'
else

/* do nothing */
say 'that"s it'

This will not work the way indentation indicates, since the comment in this example is not a
statement. Thus, the ELSE reads beyond the comment, and connects to the SAY instruction which
becomes the ELSE part. (That what probably not what the programmer intended.) This code will
say that's it, only when foo is different from 2. A separate instruction, NOP has been
provided in order to fill the need that was inadequately attempted filled by the comment in the code
fragment above.

Example: Trailing comments

The effect that comments are not statements can be exploited when documenting the program, and
simultaneously making the program faster. Consider the following two loops:

sum = 0
do i=1 to 10
/*¥ sum 1 2 3 ... 8 9 10 */
sum = sum + 1
end
sum = 0
do i=1 to 10
sum = sum + 1 /* sum 1 2 3 ... 8 9 10 */
end

In the first loop, there are two clauses, while the second loop contains only one clause, because the
comment is appended to an already existing clause. During execution, the interpreter has to spend
time ignoring the null clause in the first loop, while the second loop avoids this problem (assuming
tracing is not enabled). Thus, the second loop is faster; although only insignificantly faster for
small loops. Of course, the comment could have been taken out of the loop, which would be equally
fast to the second version above.
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2.3 Commands

2.3.1 Assignments

Assignments are clauses where the first token is a symbol and the second token is the equal sign
(=). This definition opens for some curious effects, consider the following clauses:

a==0>
This is not a command, but an assignment of the expression = b to the variable a. Of
course, the expression is illegal (=b) and will trigger a SYNTAX condition for syntax error
{35}. TRL2 defines the operator == as consisting of two tokens. Thus, in the first of these
examples, the second token is =, the third token is also =, while the fourth token is b.

3 =25
This is an assignment of the value 5 to the symbol 3, but since this is not a variable symbol,
this is an illegal assignment, and will trigger the SYNTAX condition for syntax error {31}.

"hello" = foo
This is not an invalid assignment, since the first token in the clause is not a symbol. Instead,
this becomes a command.

arg =(foo) bar
The fourth statement is a valid assignment, which will space-concatenate the two variable
symbols foo and bar, and assign the result to the variable symbol arg. It is specifically
not an ARG instruction, even though it might look like one. If you need an ARG instruction
which template starts with an absolute indirect positional pattern, use the PARSE UPPER
ARG instruction instead, or prepend a dot in front of the template.

An assignment can assign a value to a simple variable, a stem variable or a compound variable.
When assigning to a stem variable, all possible variable symbols having that stem are assigned the
value. Note specifically that this is not like setting a default, it is a one time multiple assignment.

Example: Multiple assignment

The difference between Rexx's multiple assignment and a default value can be seen from the
following code:

foo. = 'bar'

foo.l = 'baz'

drop foo.l

say foo.l /* says "FOO.1" */

Here, the SAY instruction writes out FOO. 1, not bar. During the DROP instruction, the variable
FOO. 1 regains its original, uninitialized value FOO. 1, not the value of its stem variable FOO., i.e.
bar, because stem assignments does not set up a default.
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Example: Emulating a default value

If you want to set the compound variable to the value of its stem variable, if the stem is initialized,
then you may use the following code:

if (symbol ('foo.')) then
foo.l = foo.

else
drop foo.l

In this example, the FOO. 1 variable is set to the value of its stem if the stem currently is assigned a
value. Else, the FOO. 1 variable is dropped.

However, this is probably not exactly the same, since the internal storage of the computer is likely
to store variables like FOO. 2 and FOO. 3 only implicitly (after all, it can not explicitly store every
compound having FOO. as stem). After the assignment of the value of FOO. to FOO. 1, the FOO. 1
compound variable is likely to be explicitly stored in the interpreter.

There is no way you can discover the difference, but the effects are often that more memory is used,
and some functionality that dumps all variables may dump FOO. 1 but not FOO. 2 (which is
inconsistent). See section RexxVariablePool.

Example: Space considerations

Even more strange are the effects of the following short example:

foo. = 'bar'
drop foo.l

Although apparently very simple, there is no way that an interpreter can release all memory
referring to FOO . 1. After all, FOO. 1 has a different value than FOO. 2, FOO. 3, etc., so the
interpreter must store information that tells it that FOO. 1 has the uninitialized value.

These considerations may seem like nit-picking, but they will matter if you drop lots of compound
variables for a stem which has previously received a value. Some programming idioms do this, so
be aware. If you can do without assigning to the stem variable, then it is possible for the interpreter
to regain all memory used for that stem's compound variables.

2.4 Instructions

In this section, all instructions in standard Rexx are described.
Extensions are listed later in this chapter.

First some notes on the terminology. What is called an instruction in this document is equivalent to
a "unit" of clauses. That is, each instruction can consist of one or more clauses. For instance, the
SAY instruction is always a single instruction, but the IF instruction is a multi-clause instruction.
Consider the following script, where each clause has been boxed:
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if a=b then
say 'hello'
else
say 'bye'

Further, the THEN or ELSE parts of this instruction might consist of a DO/END pair, in which case
the IF instruction might consists of an virtually unlimited number of clauses.

Then, some notes on the syntax diagrams used in the following descriptions of the instructions. The
rules applying to these diagrams can be listed as:

* Anything written in courier font in the syntax diagrams indicates that it should occur as-is in
the Rexx program. Whenever something is written in italic font, it means that the term should
be substituted for another value, expression, or terms.

* Anything contained within matching pairs of square brackets ([...]) are optional, and may be left
out.

*  Whenever a pair of curly braces is used, it contains two or more subclauses that are separated by
the vertical bar (| ). It means that the curly braces will be substituted for one of the subclauses it
contains.

*  Whenever the ellipsis (...) is used, it indicates that the immediately preceding subclauses may be
repeated zero or more times. The scope of the ellipsis is limited to the contents of a set of square
brackets or curly braces, if it occurs there.

*  Whenever the vertical bar | is used in any of the syntax diagrams, it means that either the term
to the left, or the term to the right can be used, but not both, and at least one of the must be used.
This "operator" is associative (can be used in sequence), and it has lower priority than the square
brackets (the scope of the vertical bar located within a pair of square brackets or curly braces is
limited to the text within those square brackets or curly braces.

*  Whenever a semicolon (; ) is used in the syntax diagram, it indicates that a clause separator
must be present at the point. It may either be a semicolon character, or an end-of-line.

*  Whenever the syntax diagram is spread out over more lines, it means that any of the lines can
be used, but that the individual lines are mutually exclusive. Consider the syntax:

SAY symbol
string

This is equivalent to the syntax:
SAY [symbol | string ]

Because in the first of these two syntaxes, the SAY part may be continued at either line.
* Sometimes the syntax of an instruction is so complex that parts of the syntax has been extracted,
and is shown below in its expanded state. The following is an example of how this looks:
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SAY something TO someone

something : = HI
HELLO
BYE

someone : = THE BOSS

YOUR NEIGHBOR

You can generally identify these situations by the fact that they comes a bit below the real
syntax diagram, and that they contains a colon character after the name of the term to be
expanded.

In the syntax diagrams, some generic names have been used for the various parts, in order to
indicate common attributes for the term. For instance, whenever a term in the syntax diagrams is
called expr, it means that any valid Rexx expression may occur instead of that term. The most
common such names are:

condition
Indicates that the subclause can be any of the names of the conditions, e.g. SYNTAX,
NOVALUE, HALT, etc.

expr
Indicates that the subclause can be any valid Rexx expression, and will in general be
evaluated as normal during execution.

Statement
Indicates that extra clauses may be inserted into the instruction, and that exactly one of them
must be a true statement.

string
Indicates that the subclause is a constant string, i.e. either enclosed by single quotes ('...") or
double quotes ("...").

symbol

Indicates that the subclause is a single symbol. In general, whenever symbol is used as the

name for a subclause, it means that the symbol will not automatically be expanded to the

value of the symbol. But instead, some operation is performed on the name of the symbol.
template

Indicates that the subclause is a parsing template. The exact syntax of this is explained in a

chapter on tracing, to be written later.

In addition to this, variants may also exist. These variants will have an extra letter or number
appended to the name of the subclause, and is used for differing between two or more subclauses
having the same "type" in one syntax diagram. In the case of other names for the subclauses, these
are explained in the description of the instruction.

241 The ADDRESS Instruction

ADDRESS [ environment [ command ] [ redirection 1 1 ;
[ [ VALUE ] expr [ redirection ] ] ;
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redirection : = WITH input redir [output redir] [error redir]
WITH input redir [error redir] [output redir]
WITH output redir [input redir] [error redir
WITH output redir [error redir] [input redir
WITH error redir [input redir] [output redir
WITH error redir [output redir] [input redir

—

input redir : = INPUT NORMAL
INPUT 1io
output redir : = OUTPUT NORMAL

OUTPUT [ APPEND | REPLACE ] 1o

error redir : = ERROR NORMAL
ERROR [ APPEND | REPLACE ] io

io = { STREAM | STEM | LIFO | FIFO } symbol
{ STREAM | LIFO | FIFO } string

We will discuss redirection later.

The ADDRESS instruction controls where commands to an external environment are sent. If both
environment and command are specified, the given command will be executed in the given
environment. The effect is the same as issuing an expression to be executed as a command (see
section Commands), except that the environment in which it is to be executed can be explicitly
specified in the ADDRESS clause. In this case, the special variable RC will be set as usual, and the
ERROR or FATILURE conditions might be raised, as for normal commands. Starting with Regina 3.0
the special variables . RC and . RS are set too, according to the ANSI standard.

In other words: All normal commands are ADDRESS statements with a suppressed keyword and
environment.

The environment term must be a symbol or a literal string. If it is a symbol, its "name" is used, i.e. it
is not tail substituted or swapped for a variable value. The command and expression terms can be
any Rexx expression. eg.

SYSTEM="'PATH'
ADDRESS SYSTEM "echo Hello"

is equivalent to a plain

ADDRESS SYSTEM "echo Hello"

or
ADDRESS "SYSTEM" "echo Hello"

for the external echo command.
A symbol specified as an environment name isn't case-sensitive, whereas a string must match the
case. Built-in environments are always uppercased.

Rexx maintains a list of environments, the size of this list is at least two. If you select a new
environment, it will be put in the front of this list. Note that if command is specified, the contents of
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the environment stack is not changed. If you omit command, environment will always be put in the
front of the list of environments. Regina has an infinite list and never pushes out any entry.
Possible values are listed below. If you supply a command with the ADDRESS statement, the
environment is interpreted as a temporary change for just this command.

What happens if you specify an environment that is already in the list, is not completely defined.
Strictly speaking, you should end up with both entries in the list pointing to the same environment,
but some implementations will probably handle this by reordering the list, leaving the selected
environment in the front. This is Regina's behavior. Every environment exists only once. The
redirection command below always changes the behavior of one -- the given -- environment. You
can imagine a set of playing cards in your hand. The operation is to draw one card by name and put
it to the front.

If you do not specify any subkeywords or parameters to ADDRESS, the effect is to swap the two
first entries in the list of environments. Consequently, executing ADDRESS multiple times will
toggle between two environments.

The second syntax form of ADDRESS 1is a special case of the first form with command omitted. If
the first token after ADDRESS is VALUE, then the rest of the clause is taken to be an expression,
naming the environment which is to be made the current environment. Using VALUE makes it
possible to circumvent the restriction that the name of the new environment must be a symbol or
literal string. However, you can not combine both VALUE and command in a single clause.

Example: Examples of the ADDRESS instruction
Let's look at some examples, they can sometimes be combined with a redirection:
ADDRESS COMMAND
ADDRESS SYSTEM 'copy' fromfile tofile
ADDRESS system
ADDRESS VALUE newenv
ADDRESS
ADDRESS (oldenv)

The first of these sets the environment COMMAND as the current environment.

The second performs the command 'copy' in the environment SYSTEM, using the values of the
symbols fromfile and tofile as parameters. Note that this will not set SYSTEM as the current
environment.

The third example sets SYSTEM as the current environment (it will be automatically converted to
upper case).

The fourth example sets as the current environment the contents of the symbol newenv, pushing
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SYSTEM down one level in the stack.

The fifth clause swaps the two uppermost entries on the stack; and SYSTEM ends up at the top
pushing the environment specfied in newenv below it.

The sixth clause is equivalent to the fourth example, but is not allowed by ANSI. Since Regina 3.0
this style is deprecated and can't be used if OPTIONS STRICT ANSI is in effect. Again, avoid
this kind of ADDRESS statement style, and use the VALUE version instead.

Example: The VALUE subkeyword

Let us look a bit closer at the last example. Note the differences between the two clauses:
ADDRESS ENV

ADDRESS VALUE ENV

The first of these sets the current default environment to ENV, while the second sets it to the value
of the symbol ENV.

If you are still confused, don't Panic; the syntax of ADDRESS is somewhat bizarre, and you should
not put too much effort into learning all aspects of it. Just make sure that you understand how to use
it in simple situations. Chances are that you will not have use for its more complicated variants for
quite some time.

Then, what names are legal as environments? Well, that is implementation-specific, but some
names seems to be in common use. The name COMMAND is sometimes used to refer to an
environment that sends the command to the operating system. Likewise, the name of the operating
system is often used for this (CMS, UNIX, etc.). You have to consult the implementation specific
documentation for more information about this. Actually, there is not really any restrictions on what
constitutes a legal environment name (even the nullstring is legal). Some interpreters will allow you
to select anything as the current environment; and if it is an illegal name, the interpreter will
complain only when the environment is actually used. Other implementations may not allow you to
select an invalid environment name at all.

Regina allows every name as an environment name. Regina gives an error message about wrong
names only when the name is used. The error string looks somewhat strange if Regina is used as a
separate program, since the extension of the environment name space is only useful when running
as part of a program which extends the standard names.

Regina uses three kinds of environments. Some have alias names. The environment names are:

SYSTEM
alias OS2ENVIRONMENT
alias ENVIRONMENT

This is the default environment which is selected at startup. The standard operating system
command line interpreter will be loaded to execute the commands. You can use the built-in
commands of the command line interpreter, often called shell, or any other program which
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the command line interpreter can find and load.

COMMAND
alias CMD
alias PATH

This environment loads the named program directly. You may supply a path if this is needed
for the current operating system to load the program, otherwise Regina uses the standard
operating system search rules for programs. This is done by searching through the items of
the PATH system-environment variable in most operation systems. You can't use built-in
shell functionality like system redirections like you can with SYSTEM. Regina's
redirections are more powerful and work in either environment.

REXX
alias REGINA

This environment uses a new instance of the Regina interpreter program to execute a
program. The program has to be a Rexx script. This environment has several advantages.
The output of a script can be redirected, the process is independent and a risk of a crash is
minimized when playing with external libraries, finally, Regina itself tries to find the
correct Rexx interpreter by itself and does everything to create a new incarnation of
Regina.

The definition of Rexx says nothing about which environment is preselected when you invoke the
interpreter, although TRL defines that one environment is automatically preselected when starting
up a Rexx script. Note that there is no NONE environment in standard Rexx, i.e. an environment
that ignores commands, but some interpreters implement the TRACE setting ??? to accomplish this.
Regina uses the environment SYSTEM as the preselected environment as mentioned above. More
implementation specific details can be found in the section implementation specific documentation
for Regina.

The list of environments will be saved across subroutine calls; so the effect of any ADDRESS
clauses in a subroutine will cease upon return from the subroutine.

ADDRESS Redirections

ANSI defines redirections for the ADDRESS statement. This feature has been missing from Regina
until version 3.0; although you have had the chance to redirect input and output by using LIFO>
and >FIFO modifiers on command strings.

These command modifiers still exist and have a higher precedence than the ANSI defined
redirections. Note, that LIFO and FIFO can be used by the newer redirection system. But, first of
all, some examples show the usage of ADDRESS redirections.
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ADDRESS SYSTEM "sort" W TH | NPUT STEM nanes. OUTPUT STEM
namnes.

ADDRESS SYSTEM "nyprog” W TH | NPUT STEM sonef ood. OUTPUT
STREAM ' prg. out' ERROR STEM oops.

ADDRESS PATH W TH I NPUT FIFO "' QOUTPUT NORMAL
ADDRESS SYSTEM W TH I NPUT FIFO '' QOUTPUT FIFO '' ERROR NORVAL
ADDRESS SYSTEM "fgrep 'bongo'" WTH I NPUT STREAM ' f eeder’

The first command instructs the default command line interpreter to call the program called sort.
The input for the command is read from the stem names. (note the trailing period) and the output is
sent back to the same stem variable after the command terminates. Thus, bothering about the
implementation of a fast sort algorithm for a stem is as simple as calling a program which can
actually do the sort.

A program called myprog is called in the second case. The input is fetched from the stem somefood.
(again note the trailing period), and the standard output of the program is redirected to the stream
called prg.out. Any generated error messages via the standard error stream are redirected to the stem
called oops.

In the third example, the redirection behavior of the environment PATH is changed for all future
uses. The input for all commands addressed to this environment is fetched from the standard stack
in FIFO order. After each call the stack will be flushed. The output is sent to the default output
stream, which is the current console in most cases. The behavior for error messages is not changed.

The fourth example allows pipes between commands in the environment; SYSTEM for all future
uses. The input is fetched from the default stack and sent to the default stack after each command.
The stack itself is flushed in between. Each executed program will write to something which is the
input to the next called command. The error redirection is set or set back to the initial behavior of
writing to the standard error stream.

The fifth example relates to the fourth. The default stack has to be filled with something initially.
This is done by the redirection to the stream “feeder” while writing the output of the fgrep
command to the default FIFO as declared in example four. After this, a single line with a simple
sort command will sort the output of fgrep and place it in the default stack. You can fetch the final
output of your pipe cascade by reading the stack contents. This statement overwrites some of the
rules of the fourth example temporarily.

You can see the powerful possibilities of the redirection command. The disadvantage is the loss of a
direct overview of what happens after a permanent redirection command has executed.

Its now the time to show you all rules and semantics of the redirection.

Rules for the redirection by the keyword WITH of the ADDRESS statement:

Every environment has its own default redirection set.
Every redirection set consists of three independent redirection elements; standard input
(INPUT), standard output (OUTPUT) and standard error (ERROR). Users with some experiences
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with Unix, DOS & Windows or OS/2 may remember the redirection commands of the command
line interpreter which can redirect each of the streams, too. This is nearly the same.

Each redirection element starts with the program-startup streams given to Rexx when invoking
the interpreter. These can be reset to the startup default by specifying the argument NORMAL for
each redirection element.

The sequence of the redirection elements is irrelevant.

You can specify each redirection element only once per statement.

Redirections can be intermixed. This means you can let both the OUTPUT and the ERROR
redirection point to the same "thing". The data from the different channels will be put to the
assigned "thing" as they arrive. ANSI's point of view isn't very clear at this point. They state to
keep the output different for files and put them together after the called program finished while
the data shall be mixed at once when using stems.

Regina always mixes the fetched data at once if possible.

Redirections from and to the same source/destination try to keep the data consistent. If the
INPUT/OUTPUT pair or the INPUT/ERROR pair points to the same destination, the content of
the input or output channel is buffered so that writing to the output won't overwrite the input.

A redirection element is entered by its name (e.g. INPUT), a redirection processor (e.g.
STREAM) and a destination symbol (e.g. OUT_FN) following the rules to the redirection
processor. This means that you have to enter a dot after a symbol name for a stem, or any symbol
for the rest of the processors, in which case the content of the symbol is used as for normal
variables.

Both OUTPUT and ERROR streams can replace or append the data to the destination. Simply
append either APPEND or REPLACE immediately after the OUTPUT or ERROR keywords.
REPLACE is the default.

The destination is checked or cleared prior to the execution of the command.

ANSI defines two redirection processors: STEM and STREAM. The processors LIFO and FIFO
are allowed extensions to the standard.

The processor STEM uses the content of the symbol destination.0 to access the count of the
currently accessible lines. destination is the given destination name, of course. destination.() must
be filled with a whole, non-negative number in terms of the DATATYPE built-in function. Each
of n lines can be addressed by appending the whole numbers one to # to the stem. Example:
STEM foo. is given, FOO.0 contains 3. This indicates three content lines. They are the contents
of the symbols FOO.1 and FOO.2 and FOO.3 .

The processor STREAM uses the content of the symbol destination to use a stream as known in
the STREAM built-in function. The usage is nearly equivalent to the commands LINEIN
destination or LINEOUT destination for accessing the contents of the file. An empty variable
(content set to the empty string) as the content of the destination is allowed and indicates the
default input, output or error streams given to the Rexx program. This is equivalent to the
NORMAL keyword.

The processor LIFO uses the content of the symbol destination as a queue name. New lines are
pushed in last-in, first-out order to the queue. An empty destination string is allowed and
describes the default queue. Lines are fetched from the queue if this processor is used for the
INPUT stream.

The processor FIFO uses the content of the symbol destination as a queue name. New lines are
pushed in first-in, first-out order to the queue. An empty destination string is allowed and
describes the default queue. Lines are fetched from the queue if this processor is used for the
INPUT stream.

On INPUT, all the data in the input stream is read up to either the end of the input data or until
the called process terminates. The latter one may be determined after feeding up the input stream
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of the called process with unused data. Thus, there is no way to say if data is used or not. This
isn't a problem with STEMs. But all file related sequential access objects including LIFOs and
FIFOs may have lost data between two calls. Imagine an input file (STREAM) with three lines:

One line
DELIMITER
Second line

and furthermore two processes p1 and p2 called WITH INPUT STREAM f with f containing the
three lines above. p1 reads lines up until a line containing DELIMITER and p2 processes the
rest. It is very likely that the second process won't fetch any line because the stream may be
processed by Rexx, and Rexx may has put one or more lines ahead into the feeder pipe to the
process. This might or might not happen. It is implementation dependent and Regina shows this
behavior. The input object is checked for existence and if it is properly set up before the
command is started.

In short: INPUT may or may not use the entire input.

- Both OUTPUT and ERROR objects are checked for being properly set up just before the
command starts. REPLACE is implemented as a deletion just before the command starts. Note
that ANSI doesn't force STEM lines to be dropped in case of a replacement. A big stem with
thousands of lines will still exist after a replacement operation if the called command doesn't
produce any output. Just destination.0 is set to 0.

The redirection of commands is a mystery to many people and it will continue be. You can thank all
the people who designed stacks, queues, pipelines and all the little helper utilities of a witch's
kitchen of process management.

2.4.2 The ARG Instruction
ARG [ template ] [, [ template ] ... 1;

The ARG instruction will parse the argument strings at the current procedural level into the template.
Parsing will be performed in upper case mode. This clause is equivalent to:

PARSE UPPER ARG [ template ] ;

For more information, see the PARSE instruction. Note that this is the only situation where a
multistring template is relevant.

Example: Beware assignments

The similarity between ARG and PARSE UPPER ARG has one exception. Suppose the PARSE
UPPER ARG has an absolute positional pattern as the first element in the template, like:

parse upper arg =(foo) bar

This is not equivalent to an ARG instruction, because ARG instruction would become an assignment.
A simple trick to avoid this problem is just to prepend a placeholder period (.) to the pattern, thus
the equal sign (=) is no longer the second token in the new ARG instruction. Also, unless the
absolute positional pattern is indirect, the equal sign can be removed without changing the meaning
of the statement.
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2.4.3 The CALL Instruction

CALL routine [ parameter ] [, [ parameter ] ... ] ;
{ ON | OFF } condition [ NAME label ] ;

The CALL instruction invokes a subroutine, named by routine, which can be internal, built-in, or
external; and the three repositories of functions are searched for routine in that order. The token
routine must be either a literal string or a symbol (which is taken literally). However, if routine is a
literal string, the pool of internal subroutines is not searched. Note that some interpreters may have
additional repositories of labels to search.

In a CALL instruction, each parameter is evaluated, strictly in order from left to right, and passed as
an argument to the subroutine. A parameter might be left out (i.e. an empty argument), which is not
the same as passing the nullstring as argument.

Users often confuse a parameter which is the nullstring with leaving out the parameter. However,
this is two very different situations. Consider the following calls to the built-in function
TRANSLATE () :

say translate ('abcDEF' ) /* says ABCDEF */
say translate('abcDEF',"") /* says abcDEF */
say translate('abcDEF',,"") /* says ' 'ox)/

The TRANSLATE () function is able to differ between receiving the nullstring (i.e. a defined string
having zero length), from the situation where a parameter was not specified (i.e. the undefined
string). Since TRANSLATE () is one of the few functions where the parameters' default values are
very different from the nullstring, the distinction becomes very visible.

Breakage Alert!!
Prior to Version 3.1 of Regina, the following syntactical use of the CALL instruction was valid:
CALL routine '(' [ parameter ] [, [ parameter ] ... 1 ")' ;
e.g.

call myfunc ('abcDEF',,"")

This syntax is not allowed by ANSI and use of this syntax will now result in Error 37.1. There
exists an option introduced in Regina 3.3 which re-enables a similar behaviour, although
parameters with individual parentheses are allowed since 3.1. The option is called

CALLS_AS FUNCS and should

be enabled using the environment variable called REGINA OPTIONS. See the description of the
instruction OPTIONS for further details.

Breakage Alert!!

For the CALL instruction, watch out for interference with line continuation. If there are trailing
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commas, it might be interpreted as line continuation. Appending a semicolon where appropriate is a
common solution to make the desired behaviour obvious. If a CALL instruction uses line
continuation between two parameters, two commas are needed: one to separate the parameters, and
one to denote line continuation.

A number of settings are stored across internal subroutine calls. An internal subroutine will inherit
the values in effect when the call is made, and the settings are restored on exit from the subroutine.
These settings are:

» Conditions traps, see chapter Conditions.

* Current trapped condition, see section CTS.

* NUMERIC settings, see section Numeric.

e ADDRESS environments, see section Address.

* TRACE mode, see section Trace and chapter [not yet written].
» The elapse time clock, see section Time.

Also, the OPTIONS settings may or may not be restored, depending on the implementation;
Regina restores the current OPTIONS. Note that external subroutines don't inherit the current
OPTIONS as internal subroutines do. See the section OPTIONS for a detailed explanation. Further,
a number of other things may be saved across internal subroutines. The effect on variables are
controlled by the PROCEDURE instruction in the subroutine itself. The state of all DO-loops will be
preserved during subroutine calls.

Example: Subroutines and trace settings

Subroutines can not be used to set various settings like trace settings, NUMERIC settings, etc. Thus,
the following code will not work as intended:

say digits() /* says 9, maybe */
call inc digits

say digits() /* still says 9 */
exit

inc digits:
numeric digits digits () + 1
return

The programmer probably wanted to call a routine which incremented the precision of arithmetic
operations. However, since the setting of NUMERIC DIGITS is saved across subroutine calls, the
new value setin inc_digits is lost at return from that routine. Thus, in order to work correctly,
the NUMERIC instruction must be located in the main routine itself.

Built-in subroutines will have no effect on the settings, except for explicitly defined side effects.
Nor will external subroutines change the settings. For all practical purposes, an external subroutine
is conceptually equivalent to re-invoking the interpreter in a totally separated process.

If the name of the subroutine is specified by a literal string, then the name will be used as-is; it will
not be converted to upper case. This is important because a routine which contains lower case
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letters can only be invoked by using a literal string as the routine name in the CALL instruction.
Example: Labels are literals

Labels are literal, which means that they are neither tail-substituted nor substituted for the value of
the variable. Further, this also means that the setting of NUMERIC DIGITS has no influence on the

section of labels, even when the labels are numeric symbols. Consider the following code:

call 654.32
exit

654.321:
say here
return

654.32:
say there
return

In this example, the second of the two subroutines are always chosen, independent of the setting of
NUMERIC DIGITS. Assuming that NUMERIC DIGITS are set to 5, then the number 654.321 is

converted to 654.32, but that does not affect labels. Nor would a statement CALL 6.5432E2 call
the second label, even though the numeric value of that symbol is equal to that of one of the labels.

The called subroutines may or may not return data to the caller. In the calling routine, the special
variable RESULT will be set to the return value or dropped, depending on whether any data was
returned or not. Thus, the CALL instruction is equivalent to calling the routine as a function, and
assigning the return value to RESULT, except when the routine does not return data.

In Rexx, recursive routines are allowed. A minimum number of 100 nested internal and external
subroutine invocations, and support for a minimum of 10 parameters for each call are required by
Rexx. See chapter Limits for more information concerning implementation limits.

When the token following CALL is either ON or OFF, the CALL instruction is not used for calling a
subroutine, but for setting up condition traps. In this case, the third token of the clause must be the
name of a condition, which setup is to be changed.

If the second token was ON, then there can be either three or five tokens. If the five token version is
used, then the fourth token must be NAME and the fifth token is taken to be the symbolic name of a
label, which is the condition handler. This name can be either a constant string, or a symbol, which
is taken literally. When OFF is used, the named condition trap is turned off.

Note that the ON and OFF forms of the CALL instruction were introduced in TRL2. Thus, they are
not likely to be present on older interpreters. More information about conditions and condition traps
are given in a chapter Conditions.
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244 The DO/END Instruction

DO [ repetitor ] [ conditional ] ;
[ clauses ]
END [ symbol ] ;

repetitor : = symbol = expri [ TO exprt ]
[ BY exprb ] [ FOR exprf ]
exprr
FOREVER

conditional : = WHILE exprw

UNTIL expru

The DO/END instruction is the instruction used for looping and grouping several statements into one
block. This is a multi-clause instruction.

The most simple case is when there is no repetitor or conditional it groups zero or more Rexx
clauses into one conceptual statement. This is most often used to execute multiple clauses in an IF
instruction.

e.g.
if x = 1 then
do
say 'hello'
say 'world'
end

The repetitor subclause controls the control variable of the loop, or the number of repetitions. The
exprr subclause may specify a certain number of repetitions, or you may use FOREVER to go on
looping forever.

If you specify the control variable symbol, it must be a variable symbol, and it will get the initial
value expri at the start of the loop. At the start of each iteration, including the first, it will be
checked whether it has reached the value specified by exprt. At the end of each iteration the value
exprb is added to the control variable. The loop will terminate after at most exprfiterations. Note
that all these expressions are evaluated only once, before the loop is entered for the first iteration.

You may also specify UNTIL or WHILE, which take a boolean expression. WHILE is checked
before each iteration, immediately after the maximum number of iteration has been performed.
UNTIL is checked after each iteration, immediately before the control variable is incremented. It is
not possible to specify both UNTIL and WHILE in the same DO instruction.

The FOREVER keyword is only needed when there is no conditional, and the repetitor would also
be empty if FOREVER was not specified. Actually, you could rewrite this as DO WHILE 1. The
two forms are equivalent, except for tracing output.

The subclauses TO, BY, and FOR may come in any order, and their expressions are evaluated in the
order in which they occur. However, the initial assignment must always come first. Their order may
affect your program if these expressions have any side effects. However, this is seldom a problem,

since it is quite intuitive.
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Example: Evaluation order

What may prove a real trap, is that although the value to which the control variable is set is
evaluated before any other expressions in the repetitor, it is assigned to the control variable after all
expressions in the repetitor have been evaluated.

The following code illustrates this problem:

ctrl =1

do ctrl=f(2) by f£(3) to f£(5)
call £ o

end

call £ 7

exit

f:
say 'ctrl='ctrl 'arg='arg(l)
return arg(1l)

This code produces the following output:

ctrl=1 arg=2
ctrl=1 arg=3
ctrl=1 arg=>5
ctrl=2 arg=6
ctrl=5 arg=6
ctrl=8 arg=7

Make sure you understand why the program produces this output. Failure to understand this may
give you a surprise later, when you happen to write a complex DO-instruction, and do not get the
expected result.

If the TO expression is omitted, there is no checking for an upper bound of the expression. If the BY
subclause is omitted, then the default increment of 1 is used. If the FOR subclause is omitted, then
there is no checking for a maximum number of iterations.

Example: Loop convergence For the reasons just explained, the instruction:

do ctrl=1
nop /* and other statements */
end

will start with CTRL being 1, and then iterate through 2, 3, 4, ..., and never terminate except by
LEAVE, RETURN, SIGNAL, or EXTIT.

Although similar constructs in other languages typically provokes an overflow at some point,
something "strange" happens in Rexx. Whenever the value of ctr1 becomes too large, the
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incrementation of that variable produces a result that is identical to the old value of ctr1. For
NUMERIC DIGITS setto 9, this happens when ctr1 becomes 1.00000000E+9. When adding 1 to
this number, the result is still 1.00000000E+9. Thus, the loop "converges" at that value.

If the value of NUMERIC DIGITS is 1, then it will "converge" at 10, or 1E+1 which is the
"correct" way of writing that number under NUMERIC DIGITS 1. You can in general disregard
loop "convergence", because it will only occur in very rare situations.

Example: Difference between UNTIL and WHILE

One frequent misunderstanding is that the WHILE and UNTIL subclauses of the DO/END instruction
are equivalent, except that WHILE is checked before the first iteration, while UNTIL is first
checked before the second iteration.

This may be so in other languages, but in Rexx. Because of the order in which the parts of the loop
are performed, there are other differences. Consider the following code:

count = 1

do i=1 while count \= 5
count = count + 1

end

say 1 count

count = 1

do i=1 until count=5
count = count + 1

end

say 1 count

After the first loop, the numbers 5 and 5, while in the second loop, the numbers 4 and 5 are written
out. The reaso