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2. Preface

Contents This manual is the reference to theExtendedOperationsLanguage, EXTOL for
short.

EXTOL is used to implement:

• application specific logic required for the operation of a plant,

• functions that analyse input data supplied by the discrete and continuous con-
trol subsystems,

• functions that change setpoints according to the current state of the process
controlled,

• interaction with the operator at a display station or a POS,

• data interchange with other applications.

The document has four major sections:

1. The preface you are currently reading,
2. An introduction to EXTOL concepts,
3. An overview of EXTOL statements by area of use, and
4. An alphabetical listing of all EXTOL constructs.

Audience This manual has been written for the application engineers who will be design-
ing and writing EXTOL applications.

Readers who want an introduction to EXTOL should read the beginning of chap-
ter 3 “EXTOL Concepts” on page9 and the beginning of chapter 4 “EXTOL
Language Reference by Area of Use” on page46.

EXTOL programmers will need to make a detailed study of the statement
descriptions supplied in part 5 “Alphabetical EXTOL Language Reference” on
page58, when they are ready to program an application.

Validity This manual primarily applies to SyCOS.

Related Documents For information on the discrete control subsystem refer to the SyCOS Discrete
Control Reference Manual.

For information on the continuous control subsystem refer to the SyCOS Contin-
uous Control Reference Manual.

Request for Comment If you have any problems with the text contained in this document or you wish to
make suggestions for improvements feel free to contact the SyCOS Product Sup-
port Group, namely

Mr. Rolf Breitenstein
Syte GmbH
Seewenweg 5
CH-4153 Reinach, Switzerland

Please be sure to provide the full name of the document and its version number
as stated on the front page.

Acknowledgements The authors of this manual are: W. Geldmacher, M. Schmid and R.Breitenstein.
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Introduction

3. EXTOL Concepts

3.1. Intr oduction

Steady state ’ steady state control in SyCOS is mostly handled by the’ control subsystem. In addition
to steady state the following aspects must be handled as well:

State changes • A plant (or a part thereof) must be started up and shut down in a predefined
way. This may be infrequent for continuous processes but will happen quite
often in a’ batch oriented environment.

• Interaction with plant operating personnel must be handled.

• Exceptional conditions, defined by program logic according to the process’s
current state, must be recognized and handled.

EXTOL is a general purpose programming environment that allows the applica-
tion engineer to define procedures catering for all of the above requirements:

Units Units are entities defined in the process database. Database elements (e.g. sen-
sors, actuators) belong to a unit. A unit is normally defined to include the data-
base elements which correspond to a single plant item (e.g. a reactor), although,
depending on the application, units can also be defined to logically group parts
of plant elements for control purposes. Units further define common characteris-
tics for a group of equipment like the’ alarm destinations or the’ batch history file. EXTOL can
attach variables and operations to a unit and can thus extend the unit as required
by the automation engineer. EXTOL information attached to a unit can be loaded
and deleted by EXLD.

Operations Operations are the highest level of flow control in EXTOL.

An operation defines a sequence of step pairs to execute. Operations can be
loaded and unloaded individually and execution of an operation can be started at
any (main) step or any label inside a (main) step, although usually operations
will be run starting with the first (main) step of the operation. Very often opera-
tions consist of just one single (main) step.

Step Pairs Operations generally consist of pairs of steps: When executing normally the
operations’’ main steps are executed in sequence. For every main step a parallel’ hold

step can be defined. The hold step can be used to implement exception handling
for the corresponding main step and can be omitted if no such handling is
required.

Statements Each step (main steps as well as hold steps) in turn consists of a series of state-
ments written in the EXTOL programming language. Statements cannot be
loaded or deleted separately.

Recipes Recipes provide a means of initializing a user-defined list of parameters for use
by EXTOL operations. They may be used to hold commissioning variables, to
accommodate minor differences between similar plant items and to hold param-
eters of chemical recipes.

Subroutines Frequently used steps can take the form of a subroutine. Such a subroutine needs
only be loaded once and can then be called from any step in any operation on any
unit of the’ MFC where it was loaded. Because subroutines are not coupled directly
to a unit, special programming techniques (see:“Examples” on page30 and
“Foreign Variables” on page15) must be used to access the data of the unit in
whose context a subroutine executes.
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Source File Organization The sources for units, operations, steps, subroutines and recipes as well as the
objects generated from those sources are files organized within a file system tree
structure on a’ PIC or ’ FS:

Figure 1: File system structure

The tools used to compile the sources into a machine readable object format use
this structure.

Tools The EXTOL programming environment supports the following set of tools:

uvt - Unit VariableTranslator

This program runs on a PIC or FS and translates the textual specification of
global structures and unit variables into a format loadable by the MFC.

eot -EXTOL OperationTranslator

This tool runs on a PIC or FS and translates a list of main step/hold step pairs
making up an operation into a format loadable by the MFC.

est -EXTOL Step and SubroutineTranslator

This tool runs on a PIC or FS and translates all statements making up a step
or subroutine into a format loadable by the MFC.

ert -EXTOL RecipeTranslator

This tool runs on a PIC or FS and translates tables of predefined values into a
form loadable by the MFC.

ucc -Unit Compiler

object files

unit

binary structures subs

$COSAPPL/extol

strings

object files

strings operation recipe files

holdmainsequence file

unitvars loadscript

source files source files

source files

.eb file

file

directory

multiple files

multiple dirs

This symbol designates a directory.

This symbol designates zero, one or many directories.

This symbol designates a file.

This symbol designates zero, one or many files.

Bold font is used for fixed names that must be specified literally.
Italic font is used for names that are defined by the application engineer.
Normal font is used for files generated by tools from the EXTOL programming environment.

unit
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This tool combines all the translation steps performed by the above transla-
tors in one command that will generate all objects required for a unit.

exld - EXTOL Loader

This program allows the caller to download and delete operations, subrou-
tines and recipes to an MFC, to run/hold/kill/restart loaded operations and to
instate recipes. It is possible to load and delete all operations and variables of
an unit in one single command.

edb -EXTOL DeBugger

Once an operation or a step has been loaded by exld, the EXTOL debugger
EDB allows the application engineer to debug code by singlestepping
through statements, setting breakpoints and inspecting variables. Note that
the EXTOL debugger can currently not be used to debug subroutines.

exgram - on-line help system for EXTOL statements

During development of an EXTOL application this tool provides a quick ref-
erence to all EXTOL statements. The quick reference is not a substitute for
this reference manual but rather a short and concise statement summary.

papgen - generate PAP diagrams from EXTOL source code

This tool allows the generation of PAP (Programm Ablauf Plan) diagrams
from EXTOL source code directly. The EXTOL language sports some direc-
tives interpreted by this tool that will allow additional features of the tool
(like folding of a sequence of steps into a single opaque box with a comment)
to function properly.

For a complete description of the call syntax for all of these tools see the EXTOL
Utilities Reference Manual.

Statement concepts The remainder of this chapter discusses concepts common to many or all
EXTOL statements:

• Basic Statement Syntax and Notation

• Data Types, Constants and Variables

• Integral Constants and Variables

• Floating point Constants and Variables

• String Constants and Variables

• Arrays

• Structures

• Pointers

• Process Database Access

• Predefined Variables

• Predefined Functions

• Operators and Expressions

• Error Handling Procedure

• String Substitution

• Conditional Compilation

• Files and File Names

The statement descriptions in the chapter“Alphabetical EXTOL Language Ref-
erence” on page58 assume that you have a complete understanding of the con-
cepts in this chapter.
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3.2. Basic Statement Syntax and Notation

History The EXTOL language is quite old. Different people have implemented new
functionality in EXTOL, always trying not to break existing functionality while
adding their own ideas. This tends to show in some places where the syntax of
EXTOL statements is somewhat involved and even inconsistent. This is a histor-
ical problem that has been recognized and is being worked on. Newer versions of
the language will still support the statements described in this manual or will
provide transition tools.

EXTOL source All the statements making up a step and all the declarations in the structure, unit
variable and string substitution files are created using a text editor1. This source
file is then translated by EST to create an object that can be downloaded to the
MFC.

An EXTOL source file is essentially free format, i.e. statements can be written
with arbitrary indentation and can be continued over more than one line, inter-
spersed with comments, but (due to the history of the compiler) there are some
restrictions to the layout that can be used, as detailed below.

Future versions of the language should/will lift these restrictions as well.

Note that contrary to common belief the EXTOL language isnot line oriented.

1. You can use any text editor that suits your needs. No standard editor is provided,
as programmer’s ideas on what a good editor is vary wildly.

Spaces Spaces (i.e. one or more ASCII SPACE characters) are used to separate the input
elements (tokens) of the EXTOL language.

Newlines, Tabs Sequences of one or more NEWLINE and TAB characters may occur wherever
Spaces can occur, as long as the NEWLINE or TAB characters do not separate
two sequential keywords.

This feature can be used to structure the source file for better legibility.

Comments Comments in EXTOL begin with the two character sequence/*  and end with
the two character sequence*/ .

All characters (including newlines in multi-line comments) between these two
comment delimiters are ignored by the EXTOL compiler.

The first occurrence of the character sequence*/  terminates a comment: nested
comments are not supported.

A comment may occur wherever Newlines can occur.

Keywords All statements in EXTOL start with one or more keywords. These keywords
specify the action to perform. In this manual keywords always appear in bold
type (e.g.:set , let , drive , if ).

Ar guments Arguments are used to specify the objects on which an action should be per-
formed. They must be supplied by the programmer to make the statement per-
form the appropriate action. In this manual such arguments always appear in
italic font (e.g.:unit_name ).

Optional Parts Many statements have optional parts. In this manual these parts are shown sur-
rounded by square brackets “[“ and “]” like this:

run operation operation_name [ on unit unit_name ]

This implies that you must specify theoperation_name  of the operation to
run, but that you can omit the unit specification under certain conditions. In this
specific case: If the operation is to run on the same unit that the above statement
is executed on the optional part can be omitted.
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Note that you never type the square brackets, they only serve to distinguish
optional from mandatory parts in the statement notation.

Case Sensitivity The EXTOL language is case sensitive. This means that two names written with
different capitalization will also designate different objects. For instance the var-
iable names “counter” and “Counter” do not designate the same object.

Note that the compiler will actually convert keywords that do not contain spaces
to lowercase if specified in upper case.

Note that’ ELT’s used in several EXTOL statements are also subject to case sensi-
tivity. This implies that you must specify their name exactly the way it is defined
in the ’ process database.

Names Data items in EXTOL carry names. Names start with an alphabetic character (to
distinguish them from constants) and may then continue with alphabetical or
numeric characters up to a maximum length of 13 significant characters. In some
places longer names are permitted but must be distinct within the first 13 charac-
ters.

. It is considered poor programming style to have undescriptive or even mis-
leading names for data items, or names that collide with keywords of the
language.

. Although the use of keywords as variable names is currently permitted,
futur e versions of the language will forbid it.
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3.3. Data Types, Constants and Variables

Data Types Every data item in the EXTOL environment is of a well defined type1. The type
of a data item determines its memory requirements, the range of possible values
and the operations possible on the item. The following terminology is used for
describing data and data types in EXTOL.

1. Although this is true, the current EST translator is not always able to determine
the type of a data item. This imposes restrictions on the use of data items where it
is the case.

Simple These types are predefined by the EXTOL environment, they are:flag , byte ,
integer , long , float , double , andstring .

Complex Beside the simple data types EXTOL allows other types to be defined by the
application engineer according to needs, by combining the simple data types into
structures or arrays.

Pointer Pointers to simple or complex types, except arrays, can be defined.

Integral The typesflag , byte , integer  andlong  are collectively known asintegral
types.

Floating Point The typesfloat  anddouble  are collectively known asfloating point types.

Numeric Integral and floating point types are collectively known asnumeric types.

Variable Variables are typed entities with a name whose value can be modified by pro-
gram logic. A variable name represents an area of memory on an MFC that is
interpreted and handled according to the variable’s data type. Variables can be
either defined from simple types or from complex types.

Constant Constants are typed entities whose value cannot be modified by program logic.
Constants can be used to initialize variables of the same type, in comparisons
with variables of the same type and in computations (expressions) where this is
allowed for the type. Constants may only be defined for the simple data types.

Variable Scope Variables are classified according to their visibility and accessibility, which is
called the variable scope.

Step Variables Step variables only exist while a step or subroutine is executing. They are only
visible and accessible from within the step or subroutine they were defined in. In
addition to user defined step variables there is a small set of system predefined
step variables. For a complete list these variables see:“Predefined Variables” on
page33. All step variables are initialized to 0 (or the empty string, depending on
the variable type) whenever a step or subroutine starts execution.

Unit Variables Unit variables in EXTOL are defined in the context of a unit and are visible and
accessible to all steps and subroutines executing anywhere in the system. They
exist independently of any step that might access them and may be accessed as
soon as a unit is loaded. Unit variables are initialized to 0 when a unit is loaded.
Unit variables are either local or foreign to the current unit.

. Unit variables can be accessed concurrently from all steps executing con-
curr ently at some point in time. It is the application programmer’s respon-
sibility to design the application in such a way that there is no competition
for variable access. (See also thetas function in the chapter “Pr edefined
Functions” on page33).
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Local Variables All step variables and the unit variables of the unit a step is executing on are
called local variables. They reside in the memory of the MFC executing the step
and are internally accessed by direct reference to their location in memory.

Foreign Variables If an operation references a variable defined on another unit, it is said to access a
foreign (unit) variable. The variable can reside on the same MFC or another
MFC and is accessed by specifying the name of the variable qualified by the
name of the unit the variable resides on. The SyCOS system limits the use of for-
eign unit variables to a subset of the use of unit variables:

• Foreign variables cannot be pointed to by pointers

• Foreign pointer variables cannot be used to point to local data

• Foreign integral variables cannot be used in theand confirm in  clause

• Foreign arrays can not be accessed as a whole, although the access to single
elements of foreign arrays is possible.

Depending on the statement, there may be more restrictions regarding the use of
foreign variables. These restrictions are documented on the page describing the
statement.

Foreign Variable Syntax The syntax for accessing a foreign unit variable is:

unit $variable

Whereunit  designates the unit where the variable has been defined andvari-
able  is the name of the variable to access on that unit.

. Access to foreign variables ismuch slower than access to local variables. If a
foreign variable is located on another MFC it may not be accessible at runt-
ime (due to hardware failure, software failure, network failur e, unit not
loaded, etc.). Very frequently additional error handling is required (see:
“get variable” on page132, “put v ariable” on page205 and “Err or Han-
dling Procedure” on page40).
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3.3.1. Integral Constants and Variables

Integral Types The following table lists the attributes of the types of integral variables:

Integral Constants EXTOL allows the specification of integral constants in one of the following
ways:

1. An integral constant may be specified as a decimal number (base 10), e.g:
1, 0, -1, 1995, 90001

2. An integral constant may be specified as a hexadecimal number (base 16),
e.g.:
0x1, 0X00, 0xffff, 0X7CB, 0x15F91

3. An integral constant may be specified as a character (based on the ASCII
character set) enclosed in single quotes, e.g.:
‘A’, ‘Z’, ‘a’, ‘z’, ‘0’, ‘”’, ‘’ ’

Future versions will allow the specification in octal (leading zero) as well. Char-
acter constants should be extended to allow special characters.

Definition of Integral
Variables

Within a step, integral variables are defined by the following statement:

declare temporary variable name of type type

Where name is thename of the variable andtype  is one offlag , byte ,
integer , or long .

On the unit level (i.e. within the unit variable definition file) integral variables
are defined by:

type name

wheretype  andname have the same meaning as above.

Use of integral Variables Integral variables can be used in assignments (let statement), as indices into
arrays (e.g.: arr[i]) and in integral computations.

Some computations are limited to variables of integral type, e.g. % (modulo
operation to compute the remainder of an integral division), bit operations (like
shifting and masking).

3.3.2. Floating point Constants and Variables

Floating point Types The following table lists the attributes of the types of floating point variables:

Data Type Memory Requirement Range

flag 1 Byte 0 .. 127
No overflow detected.

byte 1 Byte -128 .. 127
2’s complement representation
No overflow detected.

integer 2 Bytes -32768 .. 32767
2’s complement representation
No overflow detected.

long 4 Bytes -2147483648 .. 2147483647
2’s complement representation
No overflow detected.

Table 1: Integral data types



SyCOS EXTOL Reference EXTOL Concepts

1.2 17

Data Types, Constants and Variables

a. Future versions of the runtime will support detection of overflow/underflow and other runtime exceptions
(Singularities, Domain errors, ...)

Floating Point Constants Floating point constants are specified by sequences of digits containing a deci-
mal separator and/or a signed exponent, e.g.:

1.0
1.
.99
1e0
1.23e23
-1.23e+23
1.34e-66

are all valid floating point constants. All floating point constants are of type dou-
ble and are converted to type float only when assigned to float type variables.

Definition of floating
point Variables

Within a step floating point variables are defined by the following statement:

declare temporary variable name of type type

Wherename is the name of the variable andtype  is one of:float , double .

On the unit level (i.e. within the unit variable definition file) floating point varia-
bles are defined by:

type name

wheretype  andname have the same meaning as above.

Data Type Memory Requirement Range

float 4 Bytes -3.4e38 .. -1.2e-38
0.0
1.2e-38 .. 3.4e38
min. 6 decimal digits precision
No overflow detected.a

double 8 Bytes -1.7976931348623157e308 .. -2.2250738585072014e-308
0.0
2.2250738585072014e-308 .. 1.7976931348623157e308
min. 15 decimal digits precision
No overflow detected.

Table 2: Floating-point data types
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Use of floating point
Variables

All computation is done with double precision, i.e. all float type variables are
converted to type double whenever they are used in a computation. Conversion
back to type float only occurs, when the result of such a computation is assigned
to a variable of type float.

. This implies that the type float only has the advantage of requiring less stor-
age. Computation speed is identical (actually it is a little bit slower because
of the required conversions from float to double) as for double type only
computations.

. Special care must be taken when a comparison between two floating point
values is made: Due to the limited precision and rounding errors in compu-
tations and conversions of floating point numbers equality is not always
achievable. See also the “==” operator.
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3.3.3. String Constants and Variables

String Type The following table lists the attributes of string type variables:

String Constants String constants are sequences of characters enclosed in double quotes, e.g.:

“The temperature has now reached 100 degrees.“

“Please add catalytic substance now”

Every string constant is terminated by a NUL byte and may contain characters
from the ASCII code set.

The memory requirement of a string constant is equal to the number of charac-
ters in the string plus one (for the terminating NUL).

. The quotes surrounding the string constant do not count towards the total
length.

Special characters can be introduced into a string constant by preceding them
with a \ (backslash) character, i.e.:

Data Type Memory Requirement Range

string 1 Byte per character in
the string + 1 Byte for
string terminator.

Characters must be from the ASCII character set. NUL is
used as terminator and is not a legal character within a string.

Table 3: String data types

Escape Sequence Meaning

\n The ASCII NL (newline, line feed) character. This character
is conventionally used to separate one line from the next.

\t The ASCII HT (horizontal tabulator) character. This charac-
ter is frequently used in tables.

\r The ASCII CR (carriage return) character.

\b The ASCII BS (backspace) character.

\a The ASCII BEL character. This character will result in a
beep when output to an ASCII terminal.

\f The ASCII FF (form feed) character.

\\ The \ (backslash) character.

\” A double quote embedded within a string constant.

\012 An arbitrary character from the ASCII character set can be
specified by its octal (base 8) code. The sequence specified
on the left is equivalent to the sequence \n and designates the
ASCII NEWLINE character.

Table 4: Special characters in string constants
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If the character prefixed by a backslash has no special meaning (i.e. is not listed
in the table above) the backslash is ignored.

. String constants are limited to approximately 4000 characters.

. String constants must generally begin and end on the same line. If the
newline character is required as part of a string the escape notation \n must
be used. If a string constant is to be continued on a next line the previous
line must be terminated with a single \, immediately followed by a line
break.

Example The following string constant contains an embedded newline character:

“this is the first line\nand this is the second”

The following example uses a trailing \ to continue with the string constant on
the next source line:

“this is the first line \
and this text will be on the same line”

Definition of String
Variables

Within a step string variables are defined by the following statement:

declare temporary variable name
of type string_of_length  length

Wherename is the name of the variable andlength  is the number of charac-
ters (without the NUL terminator!) that should be storable in the variable.

On the unit level (i.e. within the unit variable definition file) string variables are
defined by:

string  name length

wherename andlength have the same meaning as above.
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Use of String Variables A string can be set equal to some string constant such as"my_step"  or to the
value of another string variable:

declare temporary variable  xStr
of type string_of_length  10

declare temporary variable  yStr
of type string_of_length  5

let  xStr equal  “my_step”
let  yStr equal  xStr

The string assigned does not have to be of the same length as the target string
variable it is assigned to; however truncation will occur if a longer string is
assigned to a string variable that does not provide sufficient room (In the exam-
ple above yStr will contain “my_st” only!).

A string variable can be compared with another string variable or a string con-
stant using any of the comparison operators:

if  xStr = “my_step” is true
then

....
endif

String comparisons do consider case and use the ASCII ordering of characters,
e.g.:

• xStr = “My_Step” is false because, if xStr was assigned the value
“my_step” as in the example above, the first and the fourth character are not
equal (they differ in case).

• xStr > “My_Step”  is true because lower case letters have higher ASCII
code values than upper case letters.

• xStr > yStr  is true, because yStr contains fewer characters than xStr.

There is a direct method of accessing individual characters in a string variable.
Quite simply, if abc  is a string variable thenabc[0]  is the first character,
abc[1]  is the next, and so on.

Strings can also be assembled from individual characters using theformat
statement and disassembled into individual characters using theunformat
statement.
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3.3.4. Arrays

Elements of the same type can be grouped into arrays.

Figure 2: Arrays1

Every element in such an array can be accessed directly by specifying the name
of the array and the index of the element in the array. Valid indices are in the
range of 0 (first element in the array) to the number of entries in the array minus
one (last element in the array). Loops treating all elements of an array in some
specific way can be easily formulated. Note that it is possible and in fact quite
common to create and use arrays of any type, simple or complex, as long as the
type is the same for all elements of the array.

On the unit level EXTOL currently supports two dimensional arrays only. One
dimensional arrays must be declared as two dimensional arrays with the second
dimension 1. The unit array defined by “array  arr 5 1 of integer” in
the above figure is really a one dimensional array. EXTOL statements referring
to this array only need to specify the index of the first dimension. If the array
were declared as “array  arr 1 5 of integer ” EXTOL statements
would have to specify both indices, although the first index would always have to
be zero.

Array bounds are checked at runtime, except when array checking is explicitly
turned off at translation time.

1. Note that the array is defined to be of size 5, whereas indices run from 0 to 4.

. The uvt compiler will accept the specification of a proper one dimensional
array but EXTOL code compiled by est will not be able to access this array
correctly.

. This behaviour is going to be changed in a future version, so that one
dimensional arrays can be defined properly (as they can already be speci-
fied for uvt).

0 1 2 3 4

Indexarray arr 5 1  integer

declare temporary variable arr
of type [ 5] array of integer

arr
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Definition of Arrays Within a step array variables are defined by the following statement:

declare temporary variable name
of type [ row  [, col ] ] 1 array of type

Wherename is the name of the array variable,row  andcol  are constant
expressions of integral type specifying the row and column dimensions respec-
tively andtype  is the type of an element of the array.

Valid type s are:

• byte

• flag

• integer

• long

• float

• double

• string_of_length length

• structure_of_type struct_name

• pointer to type  (wheretype  is one of the types listed up to here)

• pointer to prototype_name prototype
(Note thatprototype_name  must be in capitals e.g. SENSOR.)

• pointer to string

The column dimensioncol  is optional and may be omitted, thus defining a one
dimensional array.

On the unit level (i.e. within the unit variable definition file) array variables are
defined by:

array name row col type

wherename, row, col andtype have the same meaning as above, except
for prototype pointers where the syntax is:

• pointer to prototype prototype_name

i.e. in full: array name row col
pointer to prototype prototype_name

(Note thatprototype_name  must be in capitals e.g. SENSOR.)

1. The bold array brackets[]  are part of the statement syntax and must be given as
specified. The normal brackets[]  designate an optional part and must not occur
in the source code.

. Note that the current implementation only supports two dimensional
arrays on the unit level: One dimensional arrays are not supported and
must be simulated by two dimensional arrays with column dimension 1.
The uvt compiler will not issue any warning if you erroneously specify a one
dimensional array but no statement will be able to access such an array.
Futur e implementations of the language will support proper one dimen-
sional arrays as well.



SyCOS EXTOL Reference EXTOL Concepts

1.2 24

Data Types, Constants and Variables

Use of Arrays To access or modify a single element of an arrayname, use the notation:

name [ row  [, col ] ]

regardless of whethername was defined within the step or as a unit variable.

The subscriptsrow  (and optionallycol ) are expressions of integral type and
must evaluate to a value between 0 and the dimension specified when the array
was defined minus 1, inclusive:

Example declare temporary variable  row of type integer
declare temporary variable  col of type integer
declare temporary variable  xArray

of type [ 2,  4 ] array of integer

let  row = 0
let  col = 0

while  row < 2 is true
repeat

while  col <= (4 - 1) is true
repeat

let  xArray [ row ,  col ] equal  row + col
let  col equal  col + 1

endwhile
let  row equal  row + 1

endwhile

In this example all elements of the two-dimensional arrayxArray  are initial-
ized to the sum of their respective row and column indices.
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3.3.5. Structur es

Structures combine elements of different types into one logical entity.

Figure 3: Structures

Each member in a structure is given a name and can be accessed directly by that
name. Structures may contain members of any data type, simple or complex,
with the following two restrictions:

• Structures used as members of other structures must be completely defined
before they can be used.

• A structure cannot contain a member of the same complex type it is defining.

Alignment Structures may contain unnamed areas (grey area in Figure 3) created by the
compiler to fulfil hardware imposed alignment restrictions. These areas are gen-
erally harmless but will allow index-off-by-one errors to go unnoticed when
array bound checking is not in effect. Also the space required by variables of a
structure type is not necessarily the sum of the sizes of all elements contained in
the structure. The use of the sizeof() function (See:“Predefined Functions” on
page33) is required to correctly determine the memory requirement of a struc-
ture.

Member Name

flg tag setpoint

str

struct  str_t
flag  flg
string  tag 3 /* requires four bytes! */
float  setpoint

end

structure str str_t

declare temporary variable str
 of type structure_of_type str_t
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Definition of Structur es In order to use structures two definitions must be given:

1. The layout of the structure must be defined in the structure definition file, and
2. Variables of the structure type must be declared.

Structures can only be defined in the central structure definition file (see:
“Source File Organization” on page10). Structure definitions are of the follow-
ing form:

struct name
member_list

end

Wherename is the unique name for the structure andmember_list  is a list of
member definitions, each entry giving the name and type of the member.

The definition of a member within a structure has the same syntax as the defini-
tion of a unit variable of the same type.

Variables of structure type can be defined on the unit or step level. The definition
of a structure variable on the step source file level has the form:

declare temporary variable name
of type structure_of_type structure_type

name is the user supplied name of the variable andstructure_type  is the
name of a structure as specified in the structure definition file.

Within the unit variable source file the following syntax is used:

structure name structure_type

name andstructure_type  have the same meanings as above.

. The names used for members of a structure must be unique within the
structur e they are defined in. Different structures may reuse the same mem-
ber name. Member names will never collide with the names of unit or step
variables.

. Structur es can contain members of simple types, other structure type,
arrays and pointers. The only structure that cannot be used within a struc-
tur e definition is a member of the same type as the structure being defined.

. The size of an entire structure is not always obvious. Always use the sizeof
function when specifying structure sizes in the get variable, read, or write
statements.
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Use of Structures Once defined the following operations can be performed with variables of struc-
ture type:

1. Structure variables can be assigned to other structure variables if both varia-
bles are of the same structure type,

2. any part of a structure may be accessed and/or modified as if it were a simple
variable of its declared type, and

3. a variable of structure type can be pointed to by a pointer to that type of
structure.

A member of a structure variable is accessed by the variable name followed by
the member access operator ‘.’ followed by the name of the member to access:

structure_variable_name . member_name

Example Assume the following structure types have been defined in the global structure
definition file:

struct  sdef1
string  s1_s 80
byte s1_b
integer s1_i
pointer  s1_sensor prototype SENSOR

end

struct  sdef2
integer  s2_int
array s2_intarray 2 3 integer
structure  s2_st sdef1
array s2_starray 3 4 structure_of_type  sdef1
string  s2_string 10
array  s2_aoarray 2 1 pointer to prototype AO
array  s2_strarr 3 1 string_of_length  12

end

And that the following variable has been defined in the unit variable definition
file for our unit:

structure  svar2 sdef2 /* in unitvars file */

And that within the source file of the step we are looking at we find:

declare temporary variable  svar1
of type structure_of_type  sdef1

then the following EXTOL statements are valid:

let  svar1 . s1_s equal to  "my string"
let  svar1 . s1_sensor point to block  “SENSOR27”:0
let  svar2 . s2_int equal to  10
let  svar2 . s2_intarray[0, 2] equal to  10
let  svar2 . s2_st.s1_b equal to  FALSE
let  svar2 . s2_starray[1, 1].s1_i

equal to  svar2 . s2_intarray[0, 2] *  10
let  svar2 . s2_aoarray[0] point to block  “AO43”:0
let  svar2 . s2_strarr[2] equal to  "my string 2"

. After you are finished fully qualifying the part of the structure (or array)
you are interested in the resulting variable type is ALWAYS one of the fol-
lowing types: flag, byte, integer, long, float, double, or string.
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3.3.6. Pointers

Pointers can be created to point to items of a specific type.

Figure 4: Pointers

Data items of any type, simple or complex, except arrays, can be pointed to. The
item pointed to must be a local variable (a step or a local unit variable) or a pro-
totype (see“Process Database Access” on page31).

. Pointers are extremely dangerous (non initialized pointers, pointers to data
no longer accessible, etc.) and should be avoided where possible. Use of
pointers may lead to program errors (bugs) that are extremely hard to find
and cannot be caught by the EXTOL runtime system.

. Futur e versions of the language may introduce safer concepts that make the
use of pointers unnecessary

Definition of Pointers Within the step source file a pointer variable is defined by the following con-
struct:

declare temporary variable name
 of type pointer to type

Herename is the user supplied name of the variable andtype  is one of

• flag

• byte

• integer

• long

• float

• double

• string 1

• structure_of_type structure_type

• prototype_name  prototype
(Note thatprototype_name  must be in capitals e.g. SENSOR.)

1. Note that no length is specified for pointers to strings; A pointer to string may be
used to point to strings of any length. The runtime will only allow writing to a
string through a pointer up to the number of character currently found at the loca-
tion pointed to.

ptr

pointer ptr  integer

declare temporary variable ptr
of type pointer to integer
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To define a unit variable of pointer type within the unit variable file the following
syntax is used:

pointer name type

name andtype  again have the meanings as in the previous form, except for
prototype pointers where the syntax for type  is:

• prototype prototype_name

i.e. in full: pointer name prototype prototype_name
(Note thatprototype_name  must be in capitals e.g. SENSOR.)

Use of Pointers There are but two operations possible with pointer variables:

1. A pointer can be made to point to an item of the correct type by a special
form of thelet  statement, and

2. A pointer can be used to access the item pointed to.

. Pointer variables can only "point to” either local variables or to blocks in
the process database. It is not possible for a pointer to point to a foreign
variable and foreign pointers can not point to local variables.

. Note that pointers to arrays or pointers to pointers do not exist.

. Note that pointers always point to items of the type specified when the
pointer was defined: A pointer to an integer can not be used to point to any-
thing else but items of type integer (e.g. it can not point to a double, byte,
structur e, prototype, ...)

. The est compiler has an option that will suppress these type checks. Code
compiled with type checks disabled is extremely dangerous.

The following table shows how to correctly use a pointer variable.

a. For a list of all valid field names for each type of process block see theSyCOS
Control Package document.

Note that any statement containing a pointer reference to a block in the process
database causes the operation to pause until the database access is complete.

Usage Statement Notation

To access or modify a variable
pointed at by a pointer variable

@pointer_variable

To access or modify a member
of a structure variable pointed at
by a pointer variable

pointer_variable  -> member

To access or modify a field
within a process block pointed
at by a pointer variable.a

pointer_variable -> field_name

Table 5: Notation for Pointer Variable Usage
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Examples The pointers used in the EXTOL statements below are declared as follows:

declare temporary variable  ptr1
of type pointer to integer

declare temporary variable  ptr2
of type pointer to structure_of_type  sdef1

declare temporary variable  ptr3
of type pointer to SWSENSOR prototype

The following EXTOL statements are good examples of pointer initialization
and utilization:

1. assuming ptr1 is a pointer to integer, a is an integer, let the pointer point to
the integer:

let  ptr1 point to  a

2. assuming ptr2 is a pointer to a structure of type sdef1 and s1 is a structure
variable of type sdef1 let the pointer point to the structure:

let  ptr2 point to  s1

3. assuming ptr3 is a pointer to a SWSENSOR prototype and SENSOR101:0 is
a SWSENSOR block let the pointer point to the block:

let  ptr3 point to block  “SENSOR101”:0

4. assuming b is an integer, get the contents of the integer variable pointed to by
ptr1 into b (If ptr1 has been initialized by code from example 1 above the
statement is equivalent tolet  b = a ):

let  b equal  @ptr1

5. assuming the structure pointed to by ptr2 has an integer part s_int, let b
become that integer from the structure pointed to by ptr2:

let  b equal  ptr2->s_int

6. assuming c is a float, get the measurement from the block pointed to by ptr3
into the variable c (If the pointer has been initialized by the code from the
example 3 above the statement is equivalent tolet  c equal
“SENSOR101”:0.MEAS ):

let  c equal  ptr3->MEAS

Like complex variables, anything pointed at by a pointer variable must be fully
qualified down to one of the following types: flag, byte, integer, long, float, dou-
ble, or string.

. You must initialize all pointers before usage. An uninitialized pointer could
be pointing at potentially dangerous memory in the MFC such as the
SyCOS System software. Modifying or accessing this memory could result
in a system failure.

. Pointers to strings have an additional limitation: You can only write charac-
ters through a pointer to the string pointed to up to the limit of the number
of characters already at the pointed to location.

. From current version only a string smaller or equal to the current length of
the string may be copied.

. Futur e versions of the language may provide other, safer constructs usable
where pointers must be used today.
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3.4. Process Database Access

The EXTOL language provides statements that allow access to the process data-
base. An EXTOL program may either access entire blocks, or fields within a spe-
cific block. Reading and writing of fields is supported.

The process database block being manipulated can be on the same or on a differ-
ent MFC on the network, which will suspend the accessing step until the access
to the process database has been completed.

Process database blocks and fields are accessed either directly or indirectly. The
syntax that must be observed for direct and indirect access is as follows:

• Direct Access:

“ elt_name ”  [ : block_number  [ . field_name  ] ]

where:

• elt_name  is the name of the elt as defined in the process database, the
elt_name  must be written in double quotes (i.e. is a string constant) to
avoid collision with local (step or unit) variable names.

• block_number  is used to address any of the blocks of the loop (i.e.
block_number  0 designates the ELT itself,block_number s 1 to 8
designate the up to 8 control blocks that can be associated with an ELT
andblock_number  9 designates the display block).

• field_name  is the name of a field in the block as defined in the process
database. If afield_name  is specified theblock_number  must be
specified as well. (The use of a number instead of a name is allowed but is
not considered good programming practice).

Note that if only theelt_name  part is specified theblock_number
defaults to 0.

• Indirect Access:

proto_pointer  [ -> field_name  ]
string_variable  [ : block_number  [ . field_name  ] ]

where:

• proto_pointer  is variable of type “pointer to prototype
name”, wherename is the name of the prototype that should be pointed
to. As prototype pointers already contain the block number information
no block numbers can be specified with this construct.

• string_variable  is the name of a local string variable (i.e. both step
and unit variables are allowed here, external variables are not).

• block_number  is the same as for direct access.

• field_name  is the same as for direct access.

Indirect access allows the ELT specification at runtime: Within the pointer
construct the pointer can be made to point to different blocks (of the same
type) at different times, within thestring_variable  construct the string
variable can contain the name of different ELT’s at different times.

. Please note that the syntax for dir ect field access differs slightly from that
used by the Database Builder (DBB). DBB uses a space instead of a period
between the block number and the field name.
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. For backwards compatibility reasons an unquoted name within the
string_variable construct will be taken to be a literal ELT name if it cannot
be resolved to either a step variable or a unit variable. Future versions of
the compiler will no longer support this usage.

Examples The following statement performs a direct access to a field in the blocks
FIC1037:0 andFIC1037:1  in order to calculate and store the proportional
gain of a PID block:

let  “FIC1037 ”: 1. KP equal  0.68 *  “FIC1037 ”: 0. MEAS

Note that the measurement field (specified by MEAS) is in the first block (i.e. the
scan block) specified byblock_number  0. KP is the proportional gain param-
eter in a PID block, which in this case is block number 1 in the loop FIC1037.

The following statement accomplishes the same function as the statement in the
previous example (The let statement sets the pointer to point to the same block):

declare temporary variable  pidpoint
of type pointer to prototype  PID

...
let  pidpoint point to block  “FIC1037” : 1
...
let  pidpoint -> KP equal  0.68 *  “FIC1037” : 0. MEAS

The third possibility to achieve exactly the same goal using a string variable
instead of the pointer is written as:

declare temporary variable  xString
of type string_of_length  80

...
let  xString equal “FIC1037”
...
let  xString : 1. KP equal  0.68 *  xString : 0. MEAS

. Some fields in the process database should not be modified directly through
this access mechanism as additional actions are required from the runtime
to completely and correctly implement a modification; special EXTOL
statements exist to modify these fields.

ELT fields fall into two categories: regular and special. You may access and
modify regular fields directly using the syntax above.

Special fields need the runtime to take some appropriate action whenever their
values change, e.g: setting the ‘auto’ bit in a block (this bit indicates that the
block is to be set to auto) requires the correct re-initialization of some internal
fields within the block.

Since you should be unconcerned with this set of internal actions special
EXTOL statements are provided to makes sure the runtime system is properly
notified when these special fields are changed, e.g. the ‘auto’ bit can be set cor-
rectly through aset ... to auto  statement.

For more information on statements that handle the special fields, see the state-
ment descriptions forset , drive , start timer , stop timer , and
resume timer .

The “SyCOS Control Package” document provides a complete list of the fields
for each process block type that you can access/modify from EXTOL.
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3.5. Predefined Variables

The EXTOL environment predefines a number of step variables for perusal by
the EXTOL programmer:

All of these variables are generally intended to be read-only. Modification of the
variables is possible but does generally not make much sense.

3.6. Predefined Functions

The following table shows all possible functions, please be aware of the fact that
not all functions are supported on all architecture. Please see the list of excep-
tions following the table. Functions not supported everywhere are marked in
grey color in the table.

The following table shows all the functions predefined for use in EXTOL pro-
grams:

Name  Type Description

_unit string Contains the name of the unit containing the currently oper-
ating operation and step. This unit is also called the “current
unit”

_op string Contains the name of the operation currently executing. This
operation is also called the “current operation”

_step string Contains the name of the step currently executing.

_sub string Contains the name of the subroutine currently executing
(appropriate only if a subroutine is currently executing).

_eof integer Flag indicating end-of-file has been reached on the file last
read from.

_display string Display last interaction came from.

_userid string User Id last interaction was done under.

_eventelt string The ELT that caused an event to happen.

_eventcause integer The cause for an event that was triggered from an ELT.

_version pointer to string version ID which can be initialized by the instructionver-
sion

Table 6: Predefined Step Variables

Function
Name

Argument Type Description

abs(x) Any numeric type (flag, byte, integer,
long, float, double)

Returns the absolute value of x.

acos(x) Any numeric type. The argument x must
be in the range [-1.0 .. 1.0].

Returns the arc cosine of x, as an angle expressed in
radians in the range [0 .. pi], as a double.
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addr(x) Any local variable Returns the address of the local variable x. This
address can then be assigned to a pointer variable
or passed on to a subroutine.

asin(x) Any numeric type. The argument x must
be in the range [-1.0 .. 1.0].

Returns the arc sine of x, as an angle expressed in
radians in the range [-pi/2 .. pi/2], as a double.

atan(x) Any numeric type. Returns the arc tangent of x, as an angle expressed
in radians in the range [-pi/2 .. pi/2], as a double.

cos(x) Any numeric type. The argument x is an
angle expressed in radians.

Returns the cosine of x, as a double.

cosh(x) Any numeric type. Returns the hyperbolic cosine of x, as a double.

exp(x) Any numeric type. Returns (e ^ x).

ln(x) Any numeric type. The argument x must
be positive or 0.

Returns the natural logarithm of x.

log(x) Any numeric type. The argument x must
be positive or 0.

Returns the base 10 logarithm of x.

log2(x) Any numeric type. The argument x must
be positive or 0.

Returns the base 2 logarithm of x.

rand() None Generates and returns a pseudo random double
number in the range [0.0 .. 1.0).

sin(x) Any numeric type. The argument x is an
angle expressed in radians.

Returns the sine of x, as a double.

sinh(x) Any numeric type. Returns the hyperbolic sine of x, as a double.

sizeof(x) Any local variable. This function determines the storage requirement in
bytes of the local variable x specified as the argu-
ment. This function is evaluated at compile time.
(For string  the value is the declared size of the
string + 1.)

state(x, y) First argument x is an ELT, the second
argument y is a state string.

Returns the state number [1 .. 8] specified for the
string y in the process database for the ELT x.
Note: The function may cause a runtime error, in
case of a nonexistent ELT or an undefined state.

strlen(x) A string. Returns the length of the string x.

sqrt(x) Any numeric type. The argument x must
be positive or 0.

Returns the square root of x, as a double.

tan(x) Any numeric type. The argument x is an
angle expressed in radians.

Returns the tangent of x, as a double.

tanh(x) Any numeric type. Returns the hyperbolic tangent of x, as a double.

Function
Name

Argument Type Description
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Note the programmer is responsible for assuring that invalid values are not
passed to these functions (e.g. sqrt(-1)), no errors are reported.

IMPORTANT NOTE: Not all of the above mathematical functions are supported on all platforms.

The following restrictions apply to the following MFC architecture:

Intel I86: The hyperbolic functions

• cosh

• sinh

• tash

arenot supported

Motor ola 68k: All functions supported, no restrictions.

tas(x) A pointer to a variable of type byte or
flag.

Tests and sets a bit in the variable x in an atomic
operation. If tas changes the bit from 0 to 1 then tas
returns 1. If the bit is already 1 then the bit remains
set and tas returns 0.
This function requires a pointer to be passed (e.g.
using the addr() functions).

Function
Name

Argument Type Description
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3.7. Operators and Expressions

Operators The arithmetic and other operators supported by EXTOL are described in the
following tables. The functionality of some operators depends on the type of
their operand(s) although the same symbol is used. Operands will be converted
from a floating point type to an integral type if necessary. Note: invalid operator
values are not checked, it is the responsibility of the programmer to ensure that
such values do not get used.

Operator Description

- Unary minus, reverse sign of number.

+ Unary plus.

BNOT Unary bitwise NOT (1’s complement).
e.g. BNOT 1 = 0
Note: floating point types are converted to integral types.

^ Exponentiation.
Note: the expression 0 ^ 0 does not give a runtime error and
so must be avoided by the programmer.

* Multiplication.

/ Division.
Note: a runtime error occurs for integral division by 0
but not for floating point division by 0.

% Modulo: x % y gives the remainder of dividing x by y.
Note: floating point types are converted to integral types.
A runtime error occurs for x % 0.

+ Addition.

- Subtraction.

>>
RSH

Bitwise shift right.
e.g. 2 >> 1 = 1;
Note: floating point types are converted to integral types.

<<
LSH

Bitwise shift left.
e.g. 1 << 1 = 2;
Note: floating point types are converted to integral types.

BAND Bitwise AND.
e.g. 1 BAND 1 = 1; 1 BAND 0 = 0; 0 BAND 0 = 0
Note: floating point types are converted to integral types.

BOR Bitwise inclusive OR.
e.g. 1 BOR 1 = 1; 1 BOR 0 = 1; 0 BOR 0 = 0;
Note: floating point types are converted to integral types.

BXOR Bitwise exclusive OR.
e.g. 1 BXOR 1 = 0; 1 BXOR 0 = 1; 0 BXOR 0 = 0;
Note: floating point types are converted to integral types.

Table 7: Arithmetic Operators
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Operator Description

@ Dereference of a pointer.

. Access to a member of a structure.

-> Access to a member of a structure through a pointer.

$ Separator of unit name and variable name for foreign unit
variable access.

: Separator of block name from block number for process
database access.

() For changing the precedence of operators.
Tip: use parentheses to make precedence clearer.

[] Array indexing.
Note: a runtime error occurs for indexes that are out of
range.

=
IS=

Equal.

!=
NOT=

Not equal.

< Less than.

<= Less than or equal.

> Greater than.

>= Greater than or equal.

== Approximately equal. This is for use with data items of type
float  or double . The expression evaluates to true if the
two values differ by less than 1.0e-4.
Note: do not use this operator when working with values that
are significant in the range -1.0e-4 and +1.0e-4.

AND Logical AND.

NAND Logical NAND.

OR Logical OR.

NOR Logical NOR.

NOT Logical NOT

Table 8: Other Operators
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Expressions Expressions are combinations of operators and operands (variables and con-
stants) that specify a computation and yield a value. For an expression to be valid
its operands must be valid and the operators used must be valid for the type of
operand(s) they are applied to.

Examples In the following table of annotated examples it is assumed that:

• i and j are variables of type integer and i was set to 1, j was set to 2,

• x and y are variables of type float and x was set to 3.1415 and y was set to
10.0,

• s and s1 are variables of type string and s contains “hello” and s1 contains
“world”,

• SENSOR101 is a SENSOR defined in the process database, MEAS is the
measurement value field of the sensor.

Expression Description

1 + 3 Compute the integral sum of the two constants 1 and 3. The value of
the expression is 4, its type isinteger .

1.23 == 2.34 Compare the to double constants 1.23 and 2.34 for approximate
equality. The value of the expression isfalse .

i + 3 Compute the sum of the contents of the memory location named by
i and the integral constant 3. The value of the expression is 4, its
type isinteger .

x / y Divide x by y. The value of the expression is 0.31415, its type is
double . This is a floating point division.

i / j Divide i by j. The value of the expression is 0, its type isinteger .
This is an integer division.

i % j Compute the modulus (remainder) of the division i / j. The value of
the expression is 1, its type isinteger .

(i + j) / (x + y) Divide the integral sum of i and j (3) by the floating point sum of x
and y (13.1415). The value of the expression is 0.2283 (rounded),
its type is double. This example shows that more than one operation
can be performed within the same expression and that parentheses
can be used to group expression parts, thus overriding the default
precedence of operators.

s < s1 Compare the two string  variables s1 and s2. The value of the
expression istrue .

SENSOR101:0.MEAS * 10.0 Get the current value of the measurement field of SENSOR101 and
multiply that value with the double value 10.0. The type of the
expression isdouble . The value of the expression depends on the
current MEAS value.

i % x Compute the modulus (remainder) of the division i / x after first
converting x to an integral type. The value is 1.

s < i Compare the string s to the integer variable i. This will give an com-
piler error, as comparing strings to integers does not make sense.

Table 9: Example Expressions
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Precedence If more than one operator is specified in an expression the following table of
precedence and associativity is used to group the operands. The table contains
the complete list of all operators defined in EXTOL:

Precedence Associativity Operator Description

10 Highest left to right @
.
->
$
:
()
[]

Pointer dereferencing
Access to member
Access to member through pointer
Access to foreign variables
Access to process database
Grouping of expression parts
Indexing into arrays

9 right to left -
+
NOT
BNOT

Sign: negative number
Sign: positive number
Logical NOT
Bitwise NOT

8 right to left ^ Exponentiation

7 left to right *
/
%

Multiplication
Division
Modulus

6 left to right +
-

Addition
Subtraction

5 left to right >>
RSH
<<
LSH

Bitwise shift right

Bitwise shift left

4 none =
IS=
!=
NOT=
<
>
<=
>=
==

Equal
Equal
Not equal
Not equal
Less than
Greater than
Less or equal
Greater or equal
Approximately equal

3 left to right BAND Bitwise AND

2 left to right BOR
BXOR

Bitwise inclusive OR
Bitwise exclusive OR

1 left to right AND
NAND

Logical AND
Logical NAND

0 Lowest left to right OR
NOR

Logical OR
Logical NOR

Table 10: Operator Precedence and Associativity
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3.8. Err or Handling Procedure

During execution of EXTOL statements numerous runtime problems (like net-
work failures, hardware failure, software failure, etc.) can occur. These runtime
errors are handled in the following manner:

Expressions When expressions are evaluated at runtime the following checking actions occur:

• All integer divisions are pre-checked at runtime to catch any divide by zero
errors. If one is about to occur, the entire operation is forced to exit with an
appropriate runtime error message.

• All indexing into arrays is pre-checked at runtime to catch any attempt to
index outside of the specified size limits for the array. If such an out of
bounds error is about to occur, the operation is forced to exit with an appro-
priate runtime error message. (This effect can be suppressed by a compiler
option).

. Note: If a floating point expression causes a floating point overflow, under-
flow, or divide by zero exception then no runtime error will occur. This
behaviour will change in a future version when the underlying VxWorks
operating system supports proper handling of floating point exceptions.

. Note: If invalid values are passed to functions (e.g. sqrt(-1)), or operators
(e.g. 0^0) then no run-time error will occur.

Default behaviour When no special runtime error handling has been specified by the programmer
the system takes responsibility for handling the error by performing the follow-
ing steps:

1. The operation that includes the offending statement is killed.
2. If a safety operation was defined in the process database unit block the speci-

fied safety operation is run.
3. If no safety operation was specified or if the safety operation is not runnable

the hardware watchdog is dropped.

This course of action allows the programmer to intercept and handle runtime
exceptions by defining a safety operation (frequently called Software Safety
State or SSS). If a runtime error occurs during the execution of the safety opera-
tion, step 3 of the procedure above is executed immediately to avoid recursion.

and confirm in Many EXTOL statements provide an optionaland confirm in  clause which
allows the programmer to take responsibility for the exception handling of the
statement and stores the completion status of the statement in a local integer var-
iable.

None of the steps described as the default behaviour is taken, i.e. the operation
continues to run and will execute the next statement(s), the safety operation will
not be run, even when defined in the unit block and the hardware watchdog will
not be dropped.

The confirm variable is written to by the system and read by the application. A
value ofEX_OK in the confirm variable indicates that the statement completed
successfully. A value ofEX_ERROR indicates failure.

. When anand confirm in  clause is specified it is the responsibility of the
programmer to ensure proper handling of all error conditions that could
occur during the execution of the statement. The possible error conditions
are listed in the description of the respective statements in the “Alphabeti-
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. Out-of-bound errors on arrays indices willnot be caught by anand con-
firm in  clause. Array bound checking can be suppressed by a compile
time option, although this is extremely dangerous.

Example Consider the following two lines of code:

write  9 bytes to file number  2 from  data

and

write  9 bytes to file number  2 from  data
and confirm in  conf_var

If no errors occur during the write operation, 9 bytes of data will have been writ-
ten to file number 2; i.e. the result in each case is identical.

Suppose, however, that for some reason (e.g. file number 2 is not a file number of
a file opened for writing, the host the file resides on has crashed, the network is
down, etc.) the write operation fails.

In the case of the first statement there is no confirm variable specified. The appli-
cation has no way of detecting the error. Because noand confirm in  clause
was specified the system takes responsibility for handling the error through the
default procedure (i.e the operation that contains the statement is killed, if a
safety operation was defined in the unit it is run, if not the hardware watchdog is
dropped).

In the second case the status of the write (EX_ERROR) is returned by the system
in conf_var . Because a confirming variable was programmed by the user, the
system assumes that the application will handle the error. The next statement of
the step is executed (and hopefully contains some test of conf_var and the neces-
sary error handling logic).

Unhandled errors The following types of errors arenot handled by the system, and it is the respon-
sibility of the programmer to include suitable checks to prevent such errors from
occurring.

• floating point overflow and underflow

• invalid function argument values.

• insufficient memory.

• insufficient disk space.

The software error handling may sometimes occur with memory or disk space
problems. Whenever the MFC has problems in such cases then the hardware
safety state features will be activated.

Passive error handling The runtime system handles many “errors” in a passive way: the “error” is not
reported because the state required by the instruction is already the current state.
For instance an attach to a unit by an operation that has already attached it does
not cause an error.
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3.9. String Substitution

String substitution is a mechanism that allows automatic replacement of text
within EXTOL source files. (Actually the term “string substitution” is mislead-
ing (text substitution would be a better term) but is kept for historical reasons)

String Substitution
Location

A string substitution can be global (applied to all steps and subroutines in all
units), unit specific (applied only by steps in a certain unit) or step specific
(applied only within a step or subroutine).

Global string substitutions are defined in the global string substitution file. This
is the file namedstrings  in the top level directory of the EXTOL source tree
(See “File system structure” on page10)

Unit specific string substitutions are defined in a unit specific string substitution
file. This file is also namedstrings  but is located in the unit directory of the
unit the substitutions are to be made on.

Step specific string substitutions can be given anywhere within a step or subrou-
tine. They take effect on the line they are defined on and are valid up to the end
of the source file.

String Substitution
Definition

A string substitution definitions take the form:

#define STRING_TO_LOOK_FORSTRING_TO_REPLACE_IT_WITH

where:

STRING_TO_LOOK_FOR specifies the string to look for in the source file. It
must begin with a letter, can contain any mixture of uppercase letters, lowercase
letters, digits and the character ‘_’. It must be unique within the first 31 charac-
ters.

STRING_TO_REPLACE_IT_WITH is an arbitrary text (up to, but not includ-
ing the end of the line the introducing#define  is found on) used to replace
STRING_TO_LOOK_FOR in the source file wherever it is found.

. String substitution is not done inside of string constants (i.e. in between
pairs of ").

. The number and size of string substitutions is limited by the amount of
available memory. If very many string substitutions are used or the space
available for memorizing string substitutions is exceeded compilations will
terminate with an error message.

. String substitutions are generally limited to one single line, although that
line may be quite long.

In the case of collisions (i.e.STRING_TO_LOOK_FOR defined more than once
or not unique within the first 31 characters) string substitutions found inside a
step file have precedence over unit specific substitutions. Likewise, unit specific
substitutions have precedence over global substitutions.

String substitutions may refer to other substitution strings, i.e. the substitution
process is repeated until no more substitutions can be made in the substituted
string.
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. The result of a recursive string definition (e.g. #define A A  or #define
A B  followed by#define B A ) is undefined. The tools of the current tool-
set either abort with an error message or just hang when recursive string
definitions are encountered. Future versions may treat recursive definitions
differ ently.

. There is a limit to the number of repeated string substitutions (e.g.
#define A B  followed by#define B C  followed by#define C D , ...).
That limit is guaranteed to be at least 16.

Example #define LINE_LENGTH 80
#define LONG_LINE_LENGTH LINE_LENGTH * 2

String Substitution
Usage

In most applications string substitutions are either used to make the logic more
readable (e.g.: use of the string substitution mechanism for sizes of arrays and
then in loops traversing the array, use of string substitution for named constants
(e.g.EX_OK is a global string definition), use of string substitution to simplify
complex expression that are repeated frequently, ...) or to make the logic unit-
independent, e.g.:

Problem:

Assume there are two identical vessels. The application designates one vessel
asUNIT01  and the other vessel asUNIT02 . The monitoring logic for these
vessels differs only in that the logic must referenceTIC101  for UNIT01
andTIC102  for UNIT02 .

Solution:

Instead of creating two different steps for these vessels, create one step
which uses the (nonexistent) loopTIC10x . Within the unitUNIT01  string
definition file defineTIC10x  asTIC101 . Within the unitUNIT02  string
definition file defineTIC10x  asTIC102 .

This way the step logic can referenceTIC10x  and the correct value for will be
substituted when the step is compiled.
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3.10. Conditional Compilation

The EXTOL language currently supports a very weak form of conditional com-
pilation:

Syntax Text between a line containing

#ifdef notdef

at the beginning of the line and a line containing

#endif

at the beginning of the line is ignored.

Usage This mechanism is currently only intended to allow a programmer to mask out
parts of the source code while debugging: It is used in the place of nested com-
ments (which the EXTOL language does not have).

Future version may contain massive extensions on this concept (use of a C-style
preprocessor).

3.11. Files and File Names

EXTOL operations can access files residing on PIC’s and FS’s within the
SyCOSnet. They can open file, read data from files, write data to files, position
within files and close files.

As files are not local to an MFC file names and semantics are determined by the
file system of the machine the file physically resides on.

The current SyCOS uses UNIX hosts for PIC’s and FS’s accessing files through
NFS (the SUN Network File System) and therefore the file naming scheme and
file semantics are those of the UNIX operating system and NFS.

On start-up every MFC is attached to a file system (specified in the system con-
figuration file) residing on a UNIX host (also specified in the system configura-
tion file) with access privileges determined by the system configuration file.

Files on that hosthave to be named starting with ‘/’ as the name of the initially
attached directory. A pathname starts with a ‘/’ and then continues with a ‘/’
separated list of the directories leading up to the file.

/extol/bin/global.g.ob

for instance is thepath name of the file containing EXTOL global structure defi-
nitions as known to the MFC. It is located in thebin  subdirectory of theextol
directory in the root directory / of the MFC. Thefile name isglobal.g.ob

Further directories can be created on the PIC or FS holding the file system by
application engineers (but not from EXTOL) according to necessity.

File systems of other machines in the SyCOSnet may or may not be visible,
depending on system configuration.

. Note that pseudo directories representing special devices and drivers of the
MFC are also created within ‘/’ by the underlying VxWorks operating sys-
tem. These pseudo directories and the files therein must not be used by an
EXTOL application. Noncompliance to this restriction may result in incor-
rect operation ofSyCOS.

The full path name may be at least 64 characters in length.

Every file name (i.e. pathname component) may be up to 14 characters in length
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File Usage Files can be used to store initial information for operations or entire batches.
They can also be used to store application specific progress reports, as long as
the steps operating on files are decoupled from the process control logic portion
of the application.

. Files should not be used to store mission critical data that needs to be
accessed at runtime.

Should the network or the node owning the file develop problems file access will
block the accessing step (i.e. the operation containing the step willnot proceed
andcannot be killed, rerun, held, ...!) until it can be completed.

For data logging purposes use the batch log mechanism as provided by the fam-
ily of batchlog  andprint  statements. The batchlog mechanism also pro-
vides replication of data on more than one node.

. Files should not be used to interchange binary data between nodes or to
interchange information between MFC’s and PIC’s.

The representation of binary data is a machine dependent issue. If heterogeneous
hardware is used data representation will differ and data written by one machine
will not be readable correctly by another.
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4. EXTOL Language Reference by Area of Use

4.1. Flow Control Statements

These are statements used to affect the execution flow of an executing step.

In general, statements in an EXTOL Step execute sequentially. Flow control
statements can be used to alter this sequential flow of execution introducing
branches, loops, jumps and inline subroutines into the program.

Branches The if...then...else...endif  statement (See “if ... else ... endif” on
page141) and theswitch...on... between...endswitch  statement
(See “switch on ... between ... endswitch” on page234) introduce branches into
the execution flow.

Figure 5: If and Switch Statements

The if...then...else...endif  statement is used when every branch
needs a separate possibly unrelated condition for execution. If the test expression
following theif  evaluates totrue  (i.e. any value except zero) the statements
following thethen  keyword are executed. If the test expression evaluates to
false  (i.e. zero) the statements following theelse  keyword are executed. The
statement lists following the keywords can both be empty and the wholeelse
part can be omitted, if empty. if...then...else...endif  statements
can be nested with other flow control statements up to a maximum nesting depth
of 64.

Theswitch...on...between...endswitch  statement evaluates a test
expression and then compares the value of that test expression with the values
associated with anycase  statements occurring between theswitch  keyword
and thenextendswitch  keyword. Adefault  statement provides an alter-
nate flow of execution in case no matchingcase  is found. Execution flows
from onecase  into the next, unless an explicitbreak , continue  or goto
statement transfers control to some other place.

IF SWITCH

FALSETRUE
Condition

?

default
?

case Y
?

case X
?

Condition
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Loops Therepeat...endrepeat when  statement (See “repeat ... endrepeat
when” on page214) and thewhile...repeat...endwhile  statement
(See “while ... repeat ... endwhile” on page250) create loops in the flow of exe-
cution of an EXTOL program.

Figure 6: repeat and while statements

Therepeat...endrepeat when statement performs all statements in the
statement list between therepeat  andendrepeat  keywords at least once.
After that initial execution the expression given after thewhen keyword is eval-
uated and if it evaluates totrue  (i.e. non zero) control is transferred back to the
beginning of therepeat...endrepeat when  statement.

Thewhile...repeat...endwhile  statement first performs the evalua-
tion of the expression specified after thewhile  keyword. If that expression
evaluates totrue  (i.e. non zero) execution is continued with the first statement
of the statement list between therepeat  andendwhile  keywords. Once this
statement list is completed (unless, of course one of the statements in the next
section is encountered) execution loops back to the beginning of thewhile
loop.

REPEAT WHILE

FALSE

TRUE
Condition

?

Condition
?

FALSE

TRUE
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Jumps Thebreak  statement can only occur within loops, theswitch...on...
between...endswitch  statement andopdec...endopdec statement
(See “.opdec ... endopdec” on page158). It transfers control to the first statement
following the end of the closest surrounding loop, switch or opdec.

Thecontinue  statement can only occur within loops. It transfers control back
to the beginning of the innermost enclosing loop (i.e. forrepeat...
endrepeat when  loops this is the first statement of the statement list follow-
ing therepeat  keyword; forwhile...repeat...endwhile loops this
is the expression following thewhile  keyword.)

Figure 7: break and continue statement

Labels (See “label” on page152) allow you to establish arbitrary named loca-
tions within a step. You can then cause execution to branch to the statements
occurring at these locations using thegoto  statement.

. Indiscriminate use of thegoto  statement will make a program hard to
read, harder to understand, close to impossible to debug and impossible to
maintain!

Labels also serve as jump targets for some of the operation control statements
discussed in“Operation and Unit Control Statements” on page51.

Exit If an exit  statement (See “exit” on page109) is encountered during the execu-
tion of a main step it terminates the execution of the current step and transfers
control to the next main step of the current operation, if any. If there are no futher
steps then the operation is terminated.

Theexit operation  statement (See “exit operation” on page110) is new in
EXTOL and terminates an entire operation.

Amoung other actions the termination of an operation will cause all unit attached
by the operation to be detached.

BREAK CONTINUE

Condition

?

FALSE

TRUE

CONTINUE
.
.

.

Condition

?

FALSE

TRUE

BREAK
.
.

.
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Inline subroutines Inline subroutines start with alabel of 13 characters introduced by a period and
continue up to the firstretsub  statement (See “retsub” on page220) encoun-
tered in the flow of control. They allow the application engineer to collect com-
mon step specific code at one location within the step source file. Calls to inline
subroutines are performed by thegosub  statement (See “gosub” on page135).
Inline subroutines have a default maximum nesting depth of 20 (can be modified
by a compiler option).

Figure 8: inline subroutine

Whenever inline subroutines are defined within a step source file care must be
taken that the flow of control does not accidentally enters the inline subroutine:
Usually inline subroutines are collected in one place in the step source file
(either at the beginning but more often the near the end of the source). The nor-
mal flow of control must either jump over the subroutines (when they are col-
lected at the beginning of a source) or terminate (exit  statement) before the
normal flow of execution reaches the subroutines.

4.2. Subroutines and Parameters

EXTOL provides a set of statements to define and call subroutines. These
include defining subroutine entry points (See “begin subroutine” on page66),
parameter definition and (optionally) returning a value from the subroutine (See
“return from subroutine” on page221)

. You need to distinguish between inline subroutines (as explained in“Flo w
Control Statements” on page46) and EXTOL subroutines.

EXTOL subroutines are steps that exist independent of any UNIT. When pro-
gramming EXTOL subroutines the subroutine therefore has no direct access to
the unit variables of the calling step. Access to data in the callers unit is achieved
by passing pointers to the data of the calling program. The subroutine can then
use the pointers to indirectly modify the callers data. Additionally the foreign
unit variable access notation may be used to access unit variables.

EXTOL subroutines are fully re-entrant i.e. a single subroutine may be called by
several operations at the same time and calls can be nested to arbitrary depth (as
long as there still is sufficient memory).

Note that calling the exit statement in a subroutine will immediately exit the step
containing the caller of the subroutine.

INLINE SUBR OUTINE

GOSUB
RETSUB
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4.3. Unit Variable Access

There are several places, where variables may be defined in EXTOL: Step varia-
bles are defined within the step source file and can only be accessed from within
the step. Unit variables are defined on the unit level and are shared by all steps
throughout the system. Unit variables defined in the same unit as the step access-
ing them are also called local unit variables. Unit variables defined on another
unit than the step accessing them are called foreign unit variables.

This chapter discusses those statements which directly affect unit variables.

The let  statement (See “let” on page153) allows you to construct and evaluate
complex expressions and store the result in a local or foreign unit variable. The
components of the expressions may be constants, functions, local unit variables,
foreign unit variables (where the foreign unit they reside on is specified at the
time the statement is constructed) or process database fields (See “Operators and
Expressions” on page36).

Theget variable  (See “get variable” on page132) and put variable
(See “put variable” on page205) statements allow you to access foreign unit var-
iables when the foreign unit they reside on is not known until runtime and pro-
vide additional error handling facilities. You use theget variable  statement
to fetch the foreign unit variable into some intermediate storage such as a local
unit variable; this value can then be manipulated using the let statement and sub-
sequently transferred back to the foreign unit database using theput varia-
ble  statement.

In addition to theget/put variable  statement family there is aget/put
statement family (See “get” on page125 and“put” on page202) that allows the
specification of the foreign variable name through a string typed expression, thus
providing a more flexible way of accessing indexed variables on a foreign unit.

. Unit variables are accessible by all steps executing in the whole system. The
programmer must synchronize access to these variables as appropriate for
the application.

Whenever foreign unit variables are accessed byget variable  or put
variable  statements a call is made to the machine the accessed variable
resides on and a server on that machine coordinates accesses to variables of all
units on the machine. This implies that access is sequential when done through
get  andput  statements.

Accesses to local unit variables are resolved to direct accesses of memory loca-
tions and thus are not synchronized.

. Access to foreign unit variables is much slower than access to local varia-
bles and is also subject to network and machine failures.

Theformat  (See “format” on page121) andunformat  (See “unformat” on
page240) statements affect only unit variables of type string. Unlike thelet
statement which can only set a string equal to a string constant or to another
string, theformat  statement can dynamically construct a string using informa-
tion gathered at runtime from local unit variables, foreign unit variables, and
(with some restrictions) process database fields. Theunformat  statement can
'pick apart' a string variable and move the information obtained from the string
into local variables (performing any necessary numeric conversions as required).

The instate recipe  statement (See “instate recipe” on page145) allows
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you to place a set of predefined values (Recipes are text files that establish a rela-
tionship between unit variables and sets of values. Recipes must be translated by
the toolert  before they can be loaded and instated).

4.4. Operation and Unit Control Statements

The statements described in this chapter are used to control the execution of
EXTOL operations and units.

The execution of operations is affected by therun operation (See “run
operation” on page222) andkill (See:“kill operation” on page149 and“kill
all operations” on page151) statements. Operations can also be set to the hold
state and subsequently restarted if necessary using thehold  (See “hold opera-
tion” on page139) andrestart  (See “restart” on page216) statements.

Operation execution can become event-driven through use of thesleep  (See
“sleep” on page227) andwakeup  (See:“wakeup operation” on page248 and
“wakeup all operations” on page249) statement. An operation executes a
sleep  statement to indefinitely pause itself. It remains paused until either a pre-
determined condition in the process database is detected or until it is explicitly
awakened by another EXTOL operation directing it to do so using awakeup
statement.

Thesuspend operation  statement (See “suspend operation” on page232)
is used to force an operation other than the executing operation to indefinitely
pause. Such a suspended operation can be resumed through aresume oper-
ation  statement (See “resume operation” on page218).

Theattach to  (See “attach to unit” on page60) anddetach  (See:“detach
from unit” on page100 and“detach operation from watchdog” on page103)
statements are used to establish and relinquish exclusive control over a specified
unit, respectivly (synchronization).

The family of fetch  statements is used to determine the current condition of a
specified operation, recipe or unit. (See:“fetch status of operation” on page113,
“fetch status of recipe” on page116 and“fetch status of unit” on page118.)

4.5. Process Control Statements

Although many statements allow you to access the 'regular' fields in scan and
control blocks directly, the statements in this chapter are the only statements that
allow you to access the 'special' fields in a consistent manner (Special fields are
those fields which require the continuous control package to take some action
when their values change.).

Theset  statement (See “set” on page224) allows you to modify process blocks'
auto/manual and cascade status as well as the setpoint and output fields.

Thedrive  statement (See “drive” on page106) allows you to drive a specified
device to a specified state (i.e. change the output field of a device block).

Thestart timer , stop timer ,  andresume timer  statements give
you full control over the operation of timer blocks (See:“start timer” on
page228, “stop timer” on page230 and“resume timer” on page219).

The status of a loop may be queried by thefetch status of elt  state-
ment (See “fetch status of elt” on page111).

Floating point values from the process database can also be logged to the batch
history file (so called “batch trending”) by thetrend  statement (See “trend” on
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page237).

4.6. Operator Interface Statements

This chapter gives an overview of statements that provide an interactive interface
between your EXTOL logic and the plant operators.

Theprint  statement (See “print” on page198) provides a means of routing
messages through the alarming system to logging devices such as alarm typers or
batch history files for output purposes only.

Thedelete code statement (See “delete code” on page95) allows the dele-
tion of messages sent byprint  when the messages are no longer pertinent.

Thebatchlog into  statement (See “batchlog into” on page64) is the means
by which the appropriate batch history file is created and made available to the
step for logging purposes.

The openter  statement (See “openter” on page168), and theopdec...
endopdec  family of statements (See:“.opdec ... endopdec” on page158,
“choice” on page79, “default choice” on page92, “info” on page143 and“time-
out” on page236) solicit input from the operator: When the step encounters one
of these statements, it pauses execution until the information it has requested is
supplied or until some specified interval of time has passed.

An operator is prompted to activate the Alarm Summary Display where he views
the customized message asking for input to the process. The operator selects the
message from among the other messages on this display. If the operator does not
perform this action within an optionally specified amount of time, theopdec  or
openter  times out.

Once its message has been selected, theopdec  responds to having its message
selected by presenting the operator with a series of messages that correspond to
thechoice  statements within the body of theopdec...endopdec .  The
operator must select one of these choices. This causes the series of statements
following the appropriatechoice  statement to execute.

Theopenter  statement prompts the operator for a value or string; it takes this
input and if appropriate, stores it directly into a unit variable.

Onceopenter  or opdec  has received its answer (or a timeout has occurred),
the step's execution resumes.

Authentication/Authorization of plant personnel, either at consoles or some-
where at a POS within the plant is supported through the use of two check oper-
ations (See: “check authentication of” on page75 and “check authorization of”
on page77).

The family of pager statements (See:“pager delete” on page171, “pager delete
group” on page173, “pager disable” on page175, “pager enable” on page177,
“pager escalation time” on page179, “pager pager#” on page181 and“pager
send group” on page183) is used to communicate with pager devices given to
operators, supervisors and chemists. They allow messages to be sent to the pager
devices, to delete messages from the pagers and to change escalation parameters
for pager actions from EXTOL. There is a separate manual (SyCOS Pager Sys-
tem Documentation) that describes pager system concepts and operations in
detail.
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4.7. File Control Statements

EXTOL provides a set of low level routines for handling files.

Files can be accessed in several different modes, namely:

RAW MODE In raw mode EXTOL assumes that the files are unstructured binary streams of 8
bit bytes. The only structure imposed on a file is that which is implied when
EXTOL logic references the files. This mode has the lowest overhead but,
because data is written/read in a machine and SyCOS version specific way, the
data may be interpreted differently by different machines on the SyCOS net-
work, implying that this modemust not be used for data interchange. For com-
patibility reasons to previous versions this mode is the default.

CGS COMPATIBLE
MODE

This mode reads/writes EXTOL basic types and EXTOL structures with the
same bit layout (i.e. big-endian) and the same padding as the late Motorola CGS
implementation, so that such a file written from SyCOS is readable from CGS
and vice versa.

No additional type information is stored in the file, so that currently available file
data is readable by SyCOS. This implies that an attempt to read data that was not
written with the same type (basic type or structure) will go unnoticed and will
result in data corruption.

Any position computed by the use ofsizeof in CGS will very probably be wrong
when the computation is done in SyCOS due to the different sizes the data has on
the file and in-core (sizeof returns the in-core memory requirement, whereas the
space required on the file is defined by the original CGS data sizes). A special
statement (see: “get cgs size of” on page128) exists, that can be used to deter-
mined CGS sizes in SyCOS

BINARY MODE Through the use of additional header and trailer information within a file binary
mode permits additional type safety, specifically: the ability to detect changes
made to a structure from the time it was written to the time it is read and the abil-
ity to detect attempts to read data of type x that was written as data of type y.

Positioning within these files is redefined to mean “position on number of binary
data items” (currently positions are byte positions only, which does not make
sense for structured binary data anyway).

The data within binary mode files is stored in a versioned SyCOS-XDR repre-
sentation.

There is a slight efficiency loss (time and storage required) for this file mode

TEXT MODE This mode only allows EXTOL strings to be written to or read from a file, spe-
cifically the attempt to read/write data of other types will fail with a runtime
error.

General Previously created files are 'opened' (i.e. made available for access) using the
open file  (See “open file” on page161) statement. In addition, you can cre-
ate (as well as open) a file using thecreate file  statement (See “create file”
on page85). Once opened, a file stays open until it is closed either by theclose
file  statement (See “close file number” on page81), or automatically upon the
termination of the operation.

When a file is opened, an integer value is handed back to the EXTOL logic to be
stored in an integer variable. This is thefile number and it distinguishes the file
from any other files the operation has open. This file number must be supplied to
all other statements accessing the file.

All open files have a location pointer. This pointer indicates which byte/item in
the file is affected by any subsequent accesses to the file. If a file has 'n' bytes/
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items, the value of the location pointer can range from 0 to n-1, inclusive. When
you first open a file, the location pointer is set to the zeroth byte/item. You use
theposition file  statement (See “position file number” on page195) to
change the value of the location pointer explicitly.

You use theread  statement (See:“read” on page208) to obtain information
from the file. After reading, the file's location pointer is updated automatically to
point to the byte/item immediately following the last byte/item read. If you
attempt to read past the end of the file, you will receive an indication that this
was attempted (i.e. the predefined step variable_eof  is set to 1).

You use thewrite  statement (See:“write” on page252) to place information
into the file. If the file's location pointer points to the end of the file the file will
be extended to accommodate the data written. If it points somewhere in the mid-
dle, you will over-write information previously there.

When a file is created or opened you need to specify the mode the file will be
accessed with. The following values give the basic set of modes for file I/O.
They are predefined for application perusal in the global string substitution file:

#define READ 0
#define WRITE 1
#define UPDATE 2
#define RAWREAD 0 aka: READ
#define RAWWRITE 1 aka: WRITE
#define RAWUPDATE 2 aka: UPDATE
#define CGSBINARYREAD 3
#define CGSBINARYWRITE 4
#defin e CGSBINARYUPDATE5
#define BINARYREAD 6
#define BINARYWRITE 7
#define BINARYUPDATE 8
#define TEXTREAD 9
#define TEXTWRITE 10
#define TEXTUPDATE 11

If a file is opened inREAD mode, onlyread  andposition file  state-
ments will function successfully on this file; writes will not be permitted.

If a file is opened inWRITE mode, onlywrite  andposition file  state-
ments will function successfully; reading of the file will not be permitted. To be
able to both read and write to a file, you must open it inUPDATE mode.

Files may be shared between operations i.e. several operations may have the
same file open at the same time, although access to the file willnot be synchro-
nized: Each operation will have its own unique file number for the file and a
unique location pointer. Care should be taken to avoid conflicts or corruption of
files if several operations are accessing a file opened in write or update mode.

. Every EXTOL operation can have a maximum of 32 files opened concur-
rently.

Files can also be deleted through thedelete file  statement (See “delete
file” on page98) and renamed through therename file  statement (See
“rename file” on page212)

Under very special circumstances theiocontrol on  statement (See “iocon-
trol on” on page146) can be used to change parameters governing special behav-
iour of special types of files.
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4.8. Watchdog Interface Statements

EXTOL provides a set of low level routines for interfacing individual steps to the
system watchdog.

Theattach to watchdog statement (See “attach to watchdog with time-
out” on page62) allows the user to register the current step with the watchdog
program.

The application can assign two action levelsWARNING orFATAL indicating that
if the system detects a problem with the step (i.e. no furtherstrobe watch-
dog  statement is executed before the time specified in theattach to
watchdog  statement has elapsed), it should issue a warning only OR issue a
warning and drop the hardware watchdog relay, respectively.

Note that the monitoring does not start before astrobe watchdog  statement
is encountered for the first time.

Thestrobe watchdog  statement (See “strobe watchdog” on page231)
issues an alive-and-well message from the step to the watchdog program indicat-
ing that the step is still running and performing the desired actions.

The watchdog system monitors the arrival of these strobes. If the strobe does not
arrive within a user defined timeout time the watchdog program assumes the step
has stalled and takes the defined action.

Thesuspend watchdog  statement (See “suspend watchdog” on page233)
allows the user to suspend the monitoring of the step indefinitely. Typically this
will be done prior to anopdec  or openter  statement or whenever the step
may legally wait indefinitely.

Resuming the monitoring function by the watchdog is achieved when the next
strobe watchdog  statement is executed.

Thedetach from watchdog  statement (See “detach from watchdog” on
page101) detaches a previously attached step from watchdog monitoring. This
is typically executed before the step exits.

Theenable watchdog  statement (See “enable watchdog” on page108) is a
statement executed usually once per MFC. It's function is to enable the watchdog
relay for this MFC. It is typically executed in the start-up portion of the applica-
tion program.

Thedisable watchdog  statement (See “disable watchdog” on page105) is
used to drop the watchdog from an EXTOL step, thus signalling fatal program
failure.

Thefetch status of watchdog  statement (See “fetch status of watch-
dog” on page120) returns the current status of the watchdog output. It returns 1,
if the watchdog output is pulsing, 0 if not.
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4.9. Dynamic Field Links in the Process Database

EXTOL also provides a set of statements which allows links between process
database function blocks to be changed dynamically at runtime:

In the process database there are two types of fields, which may be linked to
other fields, namely input fields and output fields. The majority of fields with a
link are of type input, the output fields are restricted to a few control blocks (e.g.
CALC, SPID). Both types of links may dynamically be changed from EXTOL.

As an example for linking input fields imagine the situation, where a control
loop (R101F12 and R101FR12 in the drawing below) has to do a closed loop
control on a feed to a reactor (R101) where the control valve (R101R12) is on
the reactor, but different feed measurements (either T102F10 or T104F10) are to
be used, depending on the material to be fed:

Figure 9: Example for dynamic field links

The link  statement (See “link” on page156) allows to link the needed feed
measurement to the input of the CONTR block (e.g.link
“R101F12”:0.INP as reference to  “T102F10:0.MEAS” ) and to
severe the link again through theunlink  statement (See “unlink” on page244).

T102F10

T104F10

T102

T104

R101
R101R12

? CONTR SPID AO

R101F12 R101FR12
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4.10. Other EXTOL Language Constructs

Thewait  statement (See “wait” on page247) allows you to have your step
pause execution for a specified time interval. This is a very important statement
not for timing purposes so much as for intentionally indicating the places where
it is ok (and even vital in some cases) that a step pause execution, thus avoiding a
busy loop that would consume all available CPU cycles on the MFC.

Theopen process  statement (See “open process” on page164) can be used
to start a program on a PIC or FS. The input/output of the remote program can
than be written to/read from an EXTOL program using theread  andwrite
statements as for file I/O.

Theget system time into  statement (See “get system time into” on
page130) retrieves the current system time into a local string or long variable.

The pap generation statements (See:“pap box” on page185, “pap endbox” on
page187, “pap endliteral” on page188, “pap filter” on page189, “pap form-
feed” on page190, “pap literal” on page191, “pap nofilter” on page192, “pap
replace” on page193 and“pap title” on page194) allow the programmer to
intersperse the EXTOL source code with directives for the pap generation tool
papgen .

For the generation of paps usingpapgen  see the ‘Benutzerhandbuch fuer
den Papgenerator’.

Theversion  statement (See “version” on page246) can be used to uniquely
identify EXTOL objects when the source is under some source control system
like RCS or SCCS.

4.11. Deprecated Statements

A number of statements never really was supported (either never implemented or
duplicate to an already existing statement) in EXTOL, but the statement syntax
is still recognized. Statements in this category include:

“close terminal” on page82 (use close file instead)

“dialogue on (UNIMPLEMENTED)” on page104

“open terminal (UNIMPLEMENTED)” on page167

“read from (UNIMPLEMENTED)” on page211

“write to (UNIMPLEMENTED)” on page254

These statements will no longer be recognized in a future version of the com-
piler.
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5. Alphabetical EXTOL Language Reference

5.1. Reference Page Template

This section contains an alphabetical listing of all statements supported by the
EXTOL language. The statement descriptions are functionally divided into sec-
tions. Each statement description is ordered as follows:

Syntax This is the template of the statement. Remember that the brackets([ and ])
are used to specify, for informational purposes, optional arguments. These char-
acters never appear in the text listing submitted to EST.

Category This section contains the reference back to the introductory chapter (“EXTOL
Language Reference by Area of Use” on page46), where further, more basic
information can be found. When looking for related statements this is a valuable
hint1.

1. If you are viewing an on-line copy of this document with FrameViewer this sec-
tion is a hyperlink back to the chapter where other statements of similar function-
ality are described.

Ar guments If the statement has any arguments this section contains the precise description
of the arguments, including the argument type and an explanation for each argu-
ment.

Description This is the functional description of the statement In addition to the description
given for each statement all statements do the following:

• At runtime, the first thing that each statement does is to set the current line
number in the control block of the step/subroutine containing the statement.
This line number is displayed while the operation is executing by the EXTOL
Debugger (EDB) and in the crash dump information in the event the opera-
tion aborts.

This section only describes what a statement does, not how to use it. Recommen-
dations on the use of a statement can be found in the Recommendations section.

Err or Conditions This is a brief description of the possible ways in which this statement could fail
in its runtime execution.

In addition to specific statement failure, statements containing any expression
containing external unit variables or process variables external to the MFC are
subject to more general (communications related) failures:

• A statement may fail in its execution at runtime if the expression to be evalu-
ated contains foreign unit variables or process variables. Possible conditions
leading to statement failure are: Communications Overload, Node Being
Reloaded, Node Off-line, Communications Timeout, Unit Database not or no
longer available.

Restrictions This section lists and explains restrictions placed on the statement by the com-
piler or the runtime.

All statements may appear in either a step or subroutine unless indicated other-
wise.

Example This is a simple example of how the statement might be used.

Notes Anything not covered by the above.

See Also This section contains pointers to other related statements. For a wider scope of
reference you should also consult the chapter mentioned in the Category section.



SyCOS EXTOL Reference Alphabetical EXTOL Language Reference

1.2 59

Reference Page Template

Recommendations This sections contains recommendations for the use of the statement. It does not
describe what the statement does. This information is to be found in the descrip-
tion section.

Futur e Directions Under this subheading you will find enhancements/restrictions/remarks for
future versions of the statement.

Not all statements will have all the above sections. If a section is empty the
whole section is omitted.
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5.2. attach to unit

Syntax attach to unit_name  [ and confirm in conf_var  ]

Category Operation and Unit Control Statements

Ar guments

Description This statement attaches the operation executing the attach to statement to the unit
specified inunit_name . If unit_name  is the empty string then the current
unit is assumed.

Only one operation within the whole system can successfully be attached to a
given unit at a given time.

If an operation already is attached to a unit, additional attaches of this operation
to the same unit will succeed, unless the’ MFC containing the unit cannot be
reached any more.

If the calling operation could successfullyattach to  the unit specified by
unit_name , execution continues with the next statement, if any, and
conf_var , if specified in the optionaland confirm in  clause, is set to
EX_OK.

If the calling operation could not successfullyattach to  the unit specified by
unit_name  the standard runtime error procedure will be performed, unless the
optionaland confirm in  clause was specified. If theand confirm in
clause was specified,conf_var  is set toEX_ERRORand execution continues
with the next statement, if any.

An operation can be attached to any number of units at the same time.

The operation will stay attached to the named unit until either adetach  state-
ment is executed or the operation terminates.

Err or Conditions Theattach to  statement will fail under the following conditions:

• Another operation is already attached to the unit specified byunit_name .

• The unit specified byunit_name  does not exist (not loaded).

• The unit specified byunit_name  is located on another MFC and that MFC
cannot be reached due to network problems or other reasons.

Restrictions attach to causes the step to pause until the request is completed. If the unit
specified byunit_name  is located on another MFC this can result in lengthy
delays.

Parameter I/O Type Description

unit_name I string valued
expression

This argument designates the unit to attach to.

conf_var O local
integer
variable

This argument contains the confirmation code once the
attach to  statement has finished. The confirmation
code will beEX_OK if the attach was successful,
EX_ERROR otherwise

Table 11: Arguments of “attach to”
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Example The following example demonstrates the basic logic needed to attach to a unit
called “METER”:

attach to "METER" and confirm in  status

This example assumes a variable namedstatus  that has previously been
declared as a variable of type integer.

Notes If the attach to  statement fails thefetch status of unit  statement
can be used to distinguish between the different reasons for failure.

See Also “detach from unit” on page100
“fetch status of unit” on page118

Recommendations Although theand confirm in  part of the statement is syntactically optional,
the use ofattach to  implies that the attach could fail due to another opera-
tion still being attached to the target unit. If noand confirm in  clause is
specified the standard error handling procedure would be executed in this case,
which is rarely what the programmer intended.

Theattach to  is only anadvisory locking function and so only those opera-
tions that perform anattach to  instruction will be aware of one another. An
operation not performing theattach to  instruction is still able to access and
modify all the data in the unit, including run/kill of operations on the unit,
regardless of whether there is another operation that is currently attached to that
unit.

The operation will be detached by the system when the operation completes and
exits but for good programming style the application engineer should explicitly
detach the unit at the appropriate time.

When attaching to multiple units from a set of operations programmed deadlock
is possible and will not be detected by the system. It is the programmers respon-
sibility to implement deadlock detection and avoidance schemes, such as defin-
ing the order in which units are always attached.

Futur e Directions The syntax of this statement will change to:

attach to unit_name with status in status_var
[ and confirm in conf_var  ]

in a future release to provide consistency with the semantics of theand con-
firm in  clause as it is used with other statements. The variablestatus_var
will be of type integer and contain the same status that the current version of the
statement delivers inconf_var . Conf_var  will then be available to flag sys-
tem error conditions (which is the current semantic for most other statements).
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5.3. attach to watchdog with timeout

Syntax attach to watchdog with timeout after expr seconds
action [ and confirm in conf_var ]

Category Watchdog Interface Statements

Ar guments

Description attach to watchdog with timeout registers the calling operation
with the watchdog program.

After an initialattach to watchdog with timeout  statement the
watchdog will still ignore the registering operation until the firststrobe
watchdog  statement is executed in the operation.

Once that initialstrobe watchdog  statement has executed the watchdog
expects the repeated execution of furtherstrobe watchdog  statements
before the timeout specified in theattach to watchdog with timeout
statement has expired.

If a time interval of expr  seconds passes where nostrobe watchdog  state-
ment is executed the system will take the action specified in theaction  argu-
ment.

An action specification ofwarning  will cause a system error message to be
printed on the system alarm typer device. No further action is taken.

An action specification offatal  will cause a system error message to be
printed on the system alarm typer device and the watchdog relay will be
dropped.

Err or Conditions • If expr  contains references to foreign unit variables the statement will fail if
the foreign unit variables cannot be retrieved.

• If expr  evaluates to an integer value less or equal to zero the statement will
fail.

Restrictions If an attach to watchdog with timeout statement is issued while
the operation is still attached the timeout and action specified in the new state-
ment replace the previous setting. An initialstrobe watchdog  is again
required for the watchdog to start monitoring.

Parameter I/O Type Description

expr I integer
valued
expression

This argument specifies the timeout in seconds after a
strobe before the specified action will be taken.

action I - This argument specifies the action taken when the watch-
dog has not been strobed for the specified time interval.
The only legal values for this parameter are:warning
or fatal

conf_var O local
integer
variable

This argument contains the confirmation code once the
attach to  statement has finished. The confirmation
code will beEX_OK if the attach was successful,
EX_ERROR otherwise

Table 12: Arguments of “attach to watchdog with timeout after”
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Example #define  MAX_TIME 30
declare temporary variable  xOK of type integer
...
attach to watchdog with timeout after

MAX_TIME seconds fatal
and confirm in  xOK

if  xOK !=  EX_OK is true
then

print with prefix
using format  "Couldn’t attach to watchdog."
on  _CONSOLE,  BHF

/*
 * + additional failure logic
 */

endif

See “detach from watchdog” on page101 for another example.

Notes The timeout specified is considered the minimal timeout: Assuming that the
timeout specified was T seconds, the watchdog action will be executed some
time between T and 2 * T (provided the watchdog was not strobed).

See Also “detach from watchdog” on page101
“detach operation from watchdog” on page103
“disable watchdog” on page105
“enable watchdog” on page108
“strobe watchdog” on page231
“suspend watchdog” on page233

Recommendations Do not use the attach to watchdog with timeout after statement for timing pur-
poses. It is intended for time and function surveillance only.

Futur e Directions The statement should be expanded to provide for some user defined action (e.g.
start of an operation, stop of an operation).

The action warning is somewhat useless and should go away.
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5.4. batchlog into

Syntax batchlog into file_spec [ using unit_name  ]
[  and confirm in conf_var  ]

Category Operator Interface Statements

Ar guments

Description This statement specifies infile_spec  the name of batch history file that will
be used to store all batch history (log) messages originating from the unit desig-
nated byunit_name  (the current unit is assumed if no unit is specified). The
file is either opened for append (if it already exists) or created (if it does not
already exist) when the first message for the new name is received.

Batch history messages are sent to all PICs configured with BHF in the system
configuration file. Utilities on the PIC will store messages originating from the
unit into a file named according to thefile_spec  plus the suffix ‘.event’, or
for trended data the suffix ‘.trend’. The file specification is evaluated as a path
name relative to the environment variable COSLOGS as defined on the receiving
PIC. The file specification may also contain the special character ‘/’, in which
case subdirectories will be created as necessary to contain the batch file (leading
‘/’ characters are ignored).

Record type blocks in the database contain a specification of a parent unit. If
BHF was included as an alarm destination in the parent unit and the parent unit
of the block is the unit specified in abatchlog  statement, all messages from
those blocks will be directed to the specified batch history file.

Messages can be either generated from EXTOL throughprint  statements,
from the database triggered by EXTOL throughtrend  statements, or are auto-
matically generated from other parts of the system.

Parameter I/O Type Description

file_spec I string valued
expression

This argument is the PIC file specification used to store
the messages originating from the unit. The special name
NULLFILE, or an empty string, specifies that all mes-
sages originating from the unit should be discarded.

unit_name I string valued
expression

If this optional argument is specified the batch file is
opened/closed for messages originating from the given
unit. If it is not specified then the current unit is implied.

conf_var O local
integer
variable

This argument contains the confirmation code once the
batchlog into  statement has finished. The confirma-
tion code will beEX_OK if the batchlog was successful,
EX_ERROR otherwise

Table 13: Arguments of “batchlog into”
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Automatically generated messages consist of:

• Database Alarm Messages:

• All analog alarm state changes (i.e. into and out of alarm) for loops with a
parent unit.

• All digital alarm state changes (i.e. into and out of alarm) for loops with a
parent unit.

• Operator Tracking Messages:

• All operator database actions, including acknowledgements of alarms,
drive, auto, etc.

• All operator ‘Extol’ actions, including: run, kill, hold, restart operation,
instate recipe, and delete recipe (using the exld utility).

• All operator unit variable actions, that change values using either a recipe
display or a graphic display.

• Extol Main Alarm Messages:

• All Extol alarm messages.

• System Alarms:

• All system alarms if a parent unit was defined in the watchdog (WDOG)
loop.

Err or Conditions If file_spec  or unit_name  are external unit variables, access to these may
fail resulting in the standard error handling procedure.

If the unit name is specified and does not designate a valid unit the batchlog
statement will fail.

Restrictions Thefile_spec  is limited to 63 characters. If a longer name is given it will be
silently truncated to 63 characters. (This length excludes the prefix and suffix
added to form the full file specification).

Example For the current unit, TANK7, if the batchlog statement is:

batchlog into  "tank7"

then the batch history file used for messages is “$COSLOGS/tank7.event”.

Notes Changes resulting from opdec and openter interactions arenot logged automati-
cally.

If the BHF alarm destination is not implemented by any PIC (i.e. not defined in
the system configuration file) all BHF messages will be silently discarded.

If no batchlog into  has been called, or if it was called with NULLFILE, or
called with an empty string, then the current implementation is that all messages
will be collected in a default batch history file, called ‘trash.event’, on all PICs
defined to implement BHF in the configuration.

The affect of callingbatchlog into  while data is being trended is as fol-
lows: if batchlog is called with the same name then the trend data is unaffected;
if a new name is used then trending switches to a similarly named trend file; if
NULLFILE is used then trending stops. (In versions prior, trending stopped
when abatchlog into  was called).

See Also “print” on page198
“trend” on page237
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5.5. begin subroutine

Syntax begin subroutine  [ with arguments parameter_list ]

Category Subroutines and Parameters

Ar guments

Description Thebegin subroutine  statement establishes the entry point within a sub-
routine file and optionally defines the existence and order of parameters the sub-
routine expects to have passed to it by the calling step or subroutine. The name
of the subroutine file identifies the subroutine.

If there are any arguments in the optionalparameter_list  then temporary
step variables for these arguments must have been declared prior to this state-
ment. These variable declarations define the type of the arguments.

Note that you are not allowed to pass a structure or an array as an argument. But
you can pass a pointer to the structure (or the address of the structure using the
addr () function) and declare the receiving temporary variable to be a pointer to a
structure of the appropriate type.

Err or Conditions • If the subroutine is called with the number of arguments different from the
number of parameters in the subroutine definition, then thebegin sub-
routine  will f ail and the standard error handling procedure will be exe-
cuted.

• If the subroutine is called with arguments that do not have the same type as
the parameters of the subroutine definition then numeric arguments will be
converted (setting them to the maximum value for the type if necessary). It is
not possible to convert for example a string to a numeric type, so in this case
thebegin subroutine  will f ail and the standard error handling proce-
dure will be executed.

• If the called subroutine does not exist on the MFC, either because it was
never defined or because it was not loaded, then the call will fail and the
standard error handling procedure will be executed.

• If the memory needed for the parameters and local variables of the called
subroutine cannot be allocated the call will fail and the standard error han-
dling procedure will be executed, which might also fail, in which case the
hardware safety state features are activated.

Parameter I/O Type Description

parameter_list I - This argument is a comma separated list of previously
declared step variables. The step variables listed as argu-
ments to a subroutine are restricted to the basic types
(flag, byte, integer, long, float, double and string) or must
be pointers to basic or complex types (i.e. pointers to
structures and pointers to prototype)

Table 14: Arguments of “begin subroutine”
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Restrictions • The number of arguments that can be passed to a subroutine is limited to 10.

• The type of all arguments must be one of the simple types or a pointer type.

• Subroutines can only return numeric values (i.e. values of type flag, byte,
integer, long, float or double).

• begin subroutine  can only be used within a subroutine source file, and
only one subroutine per source file is allowed.

• This statement must be the first executable statement in a subroutine and
after the label that names the subroutine.

• The only statements that may precede it are non-executable statements such
as temporary variable declarations.

Example In this example, pay particular attention to what is being passed to this subrou-
tine and how the temporary variables that described the receiving argument list
are defined.

/*
* This is the subroutine prtmsg. It is called from
* another subroutine or from a step like this:
*
* call subroutine prtmsg
* with arguments  10, "example", addr(test)
*
* (assuming that test is structure of type test)
*
* The following declarations provide names and types
* for the arguments passed to this subroutine:
*/

declare temporary variable  myint
of type integer

declare temporary variable  mystr
of type pointer to string

declare temporary variable  t
of type pointer to structure of type  test

/*
* The subroutine will begin execution at the
* following statement:
*/

begin subroutine with arguments  myint, mystr, t

/*
* the following statement is an example of a
* temporary variable that will be used only within
* the confines of this subroutine:
*/

declare temporary variable  msg
of type string_of_length  80

format  _sub, myint, mystr
using format  "In sub %s. myint = %d, mystr = %s"
into  msg

print with prefix  msg
using format  "message follows: %s" on  at630

return from subroutine
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Notes Subroutine startup is a fairly slow procedure because of the type checking on the
argument/parameter list and the memory allocation for the temporary variables.
Therefore be aware that calling a subroutine is significantly slower than includ-
ing the necessary code directly in the calling step (or subroutine).

EXTOL supports two kinds of “subroutines”: There are inline subroutines exe-
cuted by gosub and terminated by retsub and step subroutines executed by call
subroutine and terminated by return from subroutine. These two constructs have
little in common.

See Also “return from subroutine” on page221
“gosub” on page135
“retsub” on page220

Recommendations There is a compiler option to turn off type-checking but it is NOT good program-
ming practice to do so because it may lead to memory corruption on the MFC.

Futur e Directions The EXTOL subroutine concept will be reworked in a future release.
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5.6. break

Syntax break

Category Flow Control Statements

Ar guments None.

Description Break is used to transfer control out of statement lists inwhile , repeat ,
switch  andopdec  constructs.

Err or Conditions Thebreak  statement is not subject to runtime error conditions.

Restrictions Break may only appear within the following statements:

• while ... repeat ... endwhile

• repeat ... endrepeat

• switch ... endswitch

• opdec ... endopdec

If the break  statement is used in an incorrect position a compile time error is
generated.

Examples The following (somewhat constructed) example uses thebreak  statement to
“break out” of an infinite loop. Note that the code that results in a non zero value
of the variable tested is not shown. When thebreak  statement is executed con-
trol is transferred to theprint  statement immediately following thewhile
loop.

let  done = 0
while ( 1 ) is true
repeat

wait  1 seconds
/*

* Since 1 is always true, the only way to
* get out of this while loop is to execute the
* break statement below. This example assumes
* that there is some unspecified way done  can
* obtain a non zero value.
*/

if  done not=  0 is true
then

break
endif

endwhile
print with prefix using  "out of while loop"

on  _CONSOLE
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The next example shows a frequent use of thebreak  statement: Within a
switch ... endswitch  statement thebreak  statement transfers control
to the end of theswitch ... endswitch  statement, thus preventing a fall-
through to the default case.

switch on xInteger  between
case 1:

/*
* Allow this value - break out of the switch.
*/

break

default:
/*
 * All other values are not allowed - print message
 * and exit.
 */
print with prefix

using format  “Unexpected integer”
on  _CONSOLE

exit
endswitch

See Also “while ... repeat ... endwhile” on page250
“repeat ... endrepeat when” on page214
“switch on ... between ... endswitch” on page234
“.opdec ... endopdec” on page158
“continue” on page83

Recommendations The break statement is often used to break out of loops at some point in the mid-
dle. If the loop can be left at the top (or at the bottom) only, direct use of an
appropriate condition in the while statement (repeat statement) is easier to read
and to maintain.

The use of the break statement inside a switch statement is frequently required to
prevent the flow of control “fall-through” to the following case. It is good pro-
gramming style to end every case, including the last, within a switch statement
with a break and to explicitly comment the places where a “fall-through” is
intentional.

Futur e Directions Break should be extended to accept an optional integer constant, specifying the
number of loops to break out of. This would make goto’s used to break out of
nested loops superfluous.
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5.7. call subroutine

Syntax call subroutine  subr_name
[ with arguments  arg_list ]
[ and return value in  var_name ]

Category Subroutines and Parameters

Ar guments

Description The call subroutine  statement transfers control from the location where
it is encountered (caller) to the beginning of the subroutine named by
subr_name  (callee). When areturn from subroutine  statement is
encountered in the callee, control is transferred back to the next statement of the
caller. If the callee does not contain a return from subroutine statement control is
returned to the caller when execution of the subroutine “falls off the end”.

call subroutine  statements can occur anywhere in a step or subroutine.

call subroutine  statements can be nested to arbitrary depth (as long as
memory is available on the MFC), and can be called recursively.

A list of arguments (arg_list ) can optionally be provided to the subroutine
called. The types and positions of these arguments must generally agree with the
type of the parameters specified in the subroutine’s begin subroutine
statement.

The local variablevar_name  is used to store the return value of the subroutine,
if the subroutine is defined to return a value.

If a value is returned by the subroutine, and there is no designated variable to
accept this value, the value will be lost.

Parameter I/O Type Description

subr_name - This parameter specifies the name of the subroutine
to call. The name must begin with an alphabetic char-
acter followed by a maximum of 12 alphanumeric
characters.

arg_list I/O see descrip-
tion below

This optional argument specifies a comma separated
list of expressions that will be passed on to the sub-
routine.

var_name O local
numeric
variable

This optional argument specifies the name of a local
variable where a value returned by the subroutine will
be stored.

Table 15: Arguments of “call subroutine”
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Err or Conditions • If the subroutine is called with the number of arguments different from the
number of parameters in the subroutine definition, the called subroutine will
fail and the standard error handling procedure will be executed.

• If the subroutine is called with arguments that do not have the same type as
the parameters of the subroutine definition then numeric arguments will be
converted. This is a target architecture dependent behaviour (on some archi-
tecture the value is just truncated, in others it will be set to the maximum
value of the smaller type).Such code will not be portable! It is not possible
to convert for example a string to a numeric type, so in this case the called
subroutine will fail and the standard error handling procedure will be exe-
cuted.

• If the called subroutine does not exist on the MFC, either because it was
never defined or because it was not loaded) thecall subroutine state-
ment will fail and the standard error handling procedure will be executed.

• If the memory needed for the parameters and local variables of the called
subroutine cannot be allocated thecall subroutine statement will fail
and the standard error handling procedure will be executed, which might also
fail, in which case the hardware safety state features are activated.

Restrictions • The number of arguments that can be passed to a subroutine is limited to 10.

• The type of all arguments must be one of the simple types or a pointer type.

• Subroutines can only return numeric values (i.e. values of type flag, byte,
integer, long, float or double).

Examples See example forbegin subroutine .

Notes EXTOL supports two kinds of “subroutines”: There are inline subroutines exe-
cuted by gosub and terminated by retsub and step subroutines executed by call
subroutine and terminated by return from subroutine. These two constructs have
little in common.

See Also “begin subroutine” on page66
“label” on page152
“retsub” on page220
“return from subroutine” on page221
“gosub” on page135

Recommendations There is a compiler option to turn off type-checking but it is not good program-
ming practice to do so because it may lead to memory corruption on the MFC.

Futur e Directions The EXTOL subroutine concept will be reworked in a future release.
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5.8. case

Syntax case const_expr :
[ statement_list  ]

Category Flow Control Statements

Ar guments

Description Thecase statement indicates a list of statements to execute when the constant
expressionconst_expr associated with thecase  statement matches the
evaluated expression in the head of the switch statement.

A case statement can occur at any position within the surroundingswitch on
... between ... endswitch  statement. The order of cases within a
switch statement is not significant.

Once the associated statement list begins executing, execution will proceed until
a break  statement orendswitch  is encountered, at which point execution
will proceed to the next statement immediately following endswitch .

Err or Conditions There are no runtime error conditions.

Restrictions Thecase  statement can only be used within the body of aswitch on ...
between ... endswitch  statement.

Duplicate cases are not allowed within a singleswitch on ... between
... endswitch  statement: Eachconst_expr must evaluate to a unique
integer constant within the body of theswitch on ... between ...
endswitch  statement surrounding it.

Parameter Type Description

const_expr numeric
constant expression

This constant expression specifies one of several
possible values of the expression in the head of the
surrounding switch statement. Within a switch all
constant expressions must evaluate to distinct inte-
ger values. The type is a signed long.

statement_list - A list of statements can be attached to any case state-
ment. The statement list may be empty.

Table 16: Arguments of “case”
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Examples The following example shows the use of the case statement. As the action associ-
ated with the two expected cases is the same case 1 falls through to case 2.:

/*
* Activate the required temperature control:
*/

switch on  HeatType between
case  1 : /* Heating */
case  2 : /* Cooling */

set  “TC12101” to auto
break

default: /* Unexpected value */
print with prefix

using format
“Illegal temperature control request”
on  _CONSOLE

exit
endswitch

Notes Despite appearances, thecase  statement does not function like an if ...
else ... endif statement:

If you have acase  followed by a statement list and this statement list is not con-
cluded by abreak  (or any other statement like continue, goto or exit that
explicitly transfers control somewhere else), then the statement list following the
next case  statement will also be executed. This will continue until abreak
statement orendswitch  is encountered.

The order ofcase  statements within aswitch on ... between ...
endswitch  statement is purely determined by programmer convenience.
There is no measurable performance impact for any order.

See Also “switch on ... between ... endswitch” on page234
“default” on page90
“break” on page69
“if ... else ... endif” on page141

Recommendations As a defensive programming strategy the statement list following acase  state-
ment should always be terminated with abreak  statement. This avoids hard to
track problems, should further cases be added by some maintenance program-
mer.

If a fall-through from onecase  to the next is intentional this fact should be doc-
umented by a comment in the source; an exception to this rule are lists of cases
that all result in identical code being executed (as in the above example).

Futur e Directions
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5.9. check authentication of

Syntax check authentication of user_name
with password  password  into result_var
[ and confirm in conf_var ]

Category Operator Interface Statements

Ar guments

Description This statement generates a call to theSyCOS authorization service on the
authorization master PIC. If the authorization database served from that PIC
contains a user nameduser_name  and the password for that user matches the
password  specified, a value of 1 is returned in the local integer variable
result_var .

If the named useruser_name  does not exist or thepassword  does not math
the encrpted password for that user is returned in the variableresult_var ,
implying that the user did not correctly authenticate.

Err or Conditions The current implementation of this statement only queries one single PIC (the
master authorization server). Should this PIC be unavailable or respond too slow
the statement will fail.

If a foreign unit variable is specified inuser_name  or password  and the unit
cannot be accessed when the statement is executed the check authentication of
statement will fail.

Restrictions The step executing this statement is suspended until an answer is received from
the master authorization server (or the authorization server is detected to be
down). This wait can be somewhat lengthy and depends on the load of the
authorization server.

Parameter I/O Type Description

user_name I string valued
expression

This expression specifies the (SyCOS) name of the
operator to checkthe authentication of.

password I string valued
expression

This expression evaluates to a password with which
the user_name will be authenticated.

result_var O local integer
variable

This variable contains 1, if the specifiedpassword
hasis valid for the specifieduser_name , 0 other-
wise.

conf_var O local integer
variable

This argument contains the confirmation code once
thecheck auth entication o f statement has
finished. The confirmation code will beEX_OK if the
statement was successful,EX_ERROR otherwise.

Table 17: Arguments of “check authentication of”
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Example An operation wants to determine, whether the operator at a POS is authentic and
therefore has negotiated to read the operators name and password into local vari-
ables. The example assumes that the operators name is stored in the string type
variablexOper  and that the password is stored inxPassword . xConfVar
andxAuthVar  are assumed to be local integer variables:

check authentication of  xOper with password xPassword
into  xAuthVar and confirm in  xConfVar

if  xConfVar !=  EX_OK is true
then

print with prefix
using format  "Cannot check user authentication"
on  _CONSOLE

/*
 * + additional failure logic
 */

else
if  xAuthVar = 0 is true
then

print with prefix  xOper
using format
"User %s failed to authenticate!"
on  _CONSOLE

/*
 * + additional failure logic
 */

else
/*
 * User is authentic!
 */
print with prefix xOper

using format
“User %s is who she says she is!”
on _CONSOLE

endif
endif

Notes If the statement fails and anand confirm in  clause is specified the actual
authentication state is set to 0 (even if the password supplied would have been
corret!).

See Also “SyCOS System Authorization” manual for details on theSyCOS authorization
mechanism.

Recommendations The intended use for this statement is the authentication of operators interacting
with EXTOL logic from a POS or other external devices connected to an MFC.

Because of the unknown and possibly lengthy delay caused by the remote query
to the master authorization server PIC this statement should not be used in time
critical situations.

Futur e Directions The restrictions concerning a single point of failure (i.e. the master authorization
server) may be lifted.
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5.10. check authorization of

Syntax check authorization of user_name  for function
[ on unit unit_name  ]  into result_var
[ and confirm in conf_var ]

Category Operator Interface Statements

Ar guments

Description This statement generates a call to the SyCOS authorization service on the
authorization master PIC. If the authorization database served from that PIC
allows access of theuser_name  specified for thefunction  specified on the
unit_name  specified (or the current unit, if not given), a value of 1 is returned
in the local integer variableresult_var .

If authorization for the triplet (user_name , function , unit_name ) is not
granted 0 is returned in the variableresult_var .

Err or Conditions The current implementation of this statement only queries one single PIC (the
master authorization server). Should this PIC be unavailable or respond too slow
the statement will fail.

If a foreign unit variable is specified inuser_name , function  or and the unit
cannot be accessed when the statement is executed the check authorization of
statement will fail.

Restrictions The step executing this statement is suspended until an answer is received from
the master authorization server (or the authorization server is detected to be
down). This wait can be somewhat lengthy and depends on the load of the
authorization server.

Parameter I/O Type Description

user_name I string valued
expression

This expression specifies the (SyCOS) name of the
operator to check an authorization for.

function I string valued
expression

This expression specifies the function an authoriza-
tion is required for.

unit_name I string valued
expression

The name of the unit (i.e. object of the authorization).
If this optional parameter is not specified the current
unit is assumed.

result_var O local integer
variable

This variable contains 1, if the specified
user_name has the authorization to perform
function on the unit, 0 otherwise.

conf_var O local integer
variable

This argument contains the confirmation code once
thecheck authorization of statement has
finished. The confirmation code will beEX_OK if the
statement was successful,EX_ERROR otherwise.

Table 18: Arguments of “check authorization of”
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Example An operation wants to determine, whether the operator currently logged in is
allowed to kill an operation. The example assumes that the operators name is
stored in the string type variablexOper  and that the name of the operation to
kill is stored inxOperation . xConfVar  andxAuthVar  are assumed to be
local integer variables:

check authorization of  xOper for  "EX_OPKILL"
into  xAuthVar and confirm in  xConfVar

if  xConfVar !=  EX_OK is true
then

print with prefix
using format  "Cannot check user authorization"
on  _CONSOLE

/*
 * + additional failure logic
 */

else
if  xAuthVar = 0 is true
then

print with prefix  xOper, xOperation
using format
"User %s is not allowed to kill operation %s"
on  _CONSOLE

/*
 * + additional failure logic
 */

else
/*
 * User is authorized. Kill the operation...
 */
kill operation  xOperation

endif
endif

Notes user_name , function  andunit_name  should be names known to the
authorization service on the master authorization PIC. If any of these are not
defined in the authorization databaseAacUnknown  will be used instead and the
authorization process will continue.

If the statement fails and anand confirm in  clause is specified the actual
authorization state is set to 0 (even if authorization should have been granted!).

See Also “SyCOS System Authorization” manual for details on the SyCOS authorization
mechanism.

Recommendations The intended use for this statement is the authorization of operators interacting
with EXTOL logic from a POS or other external devices connected to an MFC.

Because of the unknown and possibly lengthy delay caused by the remote query
to the master authorization server PIC this statement should not be used in time
critical situations.

Futur e Directions The restrictions concerning a single point of failure (i.e. the master authorization
server) may be lifted.
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5.11. choice

Syntax choice : choice_string  [ authorized by auth_string  ]
[ without tracking  ] [ signed  ]
[ statement_list  ]

Category Operator Interface Statements

Ar guments

Description choice resides within the body of theopdec ... endopdec  statement.

It indicates a list of statements to execute when the message given as parameter
choice_string  has been selected by the operator.

If the optionalauthorized by  clause is specified the operator answering the
opdec must be able to access the function named byauth_string  for the unit
the opdec is executing on. If the operator is not authorized to perform the func-
tion named byauth_string  he will not be able to select the choice.

If the optionalauthorized by  clause is not specified, any operator will be
able to select the choice.

If the optionalwithout tracking clause is specified, then there will be no
automatic protocol entry into the batch-protocol file (.bhf-files and then the batch
specific file) done if this specific choice is selected. The same option can be
applied to the completeopdec, see“.opdec ... endopdec” on page158.

If the optionalsigned  clause is specified, then the operator selecting the choice
will have to enter his password to re-identify himself and to electronically sign
his choice. This will be reflected in the batch protocol by the keywordsigned
by <user-id>.

Once the associated statement list begins executing, execution will proceed until
a break  statement orendopdec  is encountered, at which point execution will
proceed to the statement immediately following endopdec .

Err or Conditions If choice_string  or auth_string  are foreign unit variables and that unit
is not available the statement will fail.

If the authorization service on the authorization master PIC cannot be contacted
the statement will fail.

Restrictions A choice  statement cannot exist outside of an opdec ... endopdec
statement.

There can only be a maximum of 10 (ten)choice , info  anddefault
choice  statements in oneopdec .. endopdec  statement.

The length of thechoice_string argument is limited to 80 characters.

Parameter I/O Type Description

choice_string I string valued
expression

This is the text that will be displayed on the operator
display.

auth_string I string valued
expression

This optional argument specifies the authorization
required for the choice.

statement_list - - A list of statements can be attached to the choice
statement. The statement list may be empty.

Table 19: Arguments of “choice”
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Examples The following is a complete example of an opdec containing severalchoice
statements:

let  xChoice[0,0] = “Option A”
let  xChoice[1,0] = “Option B”
let  xChoice[2,0] = “Option C”

opdec  “Select an option”
info:  “Select one of the options A-C,”
info:  “or the default D.”
info:  “Option C requires supervisor privileges.”
choice:  xChoice[0,0]

/* Code for Option A */
break

choice:  xChoice[1,0] signed
/* Code for Option B */
break

choice:  xChoice[2,0] authorized by  “SupOnly” signed
/*
 * Code for Option C. Only selectable by users
 * authorized to use function “SupOnly”.
 */
break

default choice:  “Option D” without tracking
/* Code for Option D */
break

endopdec

Notes If you have a choice  followed by a statement list and this statement list does
not conclude with abreak  statement, then the statement list following the next
choice  statement will also be executed. This will continue until abreak
statement orendopdec  is encountered.

auth_string , if specified, should be a name known to the authorization serv-
ice on the master authorization PIC. If it is not defined in the authorization data-
baseAacUnknown  will be used instead and the authorization process will
continue.

Querying the authorization service can be a lengthy process.

See Also “.opdec ... endopdec” on page158
“info” on page143
“default choice” on page92
“break” on page69
“switch on ... between ... endswitch” on page234
“timeout” on page236
“SyCOS System Authorization” manual for details on the SyCOS authorization
mechanism.

Recommendations It is good programming style to terminate all statement lists for choices with a
break  statement. If a fall-through is intentional it should be documented in the
source code.
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5.12. close file number

Syntax close file number expr
[ and confirm in conf_var  ]

Category File Control Statements

Ar guments

Description close file number closes a file designated by a file number returned by a
previous successful call tocreate file or open file .

Closing an unopened or a nonexistent file will returnEX_OK in the confirm var-
iable. This is consistent with the general passive error handling strategy imple-
mented in the EXTOL environment.

Err or Conditions Theclose file number  statement will fail, if the underlying system call of
the VxWorks operating system on the MFC returns an error.

If expr  references a non-existent variable,EX_ERROR is returned in the con-
firm variable.

Restrictions Theexpr  must evaluate to an integer. Float, double or the other integral types
are explicitly not allowed.

Example Close a previously opened file whose file number is stored in the integer variable
fileno:

close file number  fileno

See Also “create file” on page85
“open file” on page161

Parameter I/O Type Description

expr I integer
valued
expression

This expression must evaluate to a file number
returned by a previous successful call tocreate
file or open file .

conf_var O local integer
variable

This argument contains the confirmation code once
theclose file number  statement has finished.
The confirmation code will beEX_OK if the state-
ment was successful,EX_ERROR otherwise.

Table 20: Arguments of “close file number”
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5.13. close terminal

Syntax close terminal expr
[ and confirm in conf_var  ]

Category Deprecated Statements

Description

. This statement is no longer supported. Useclose file number  instead.
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5.14. continue

Syntax continue

Category Flow Control Statements

Ar guments None.

Description Thecontinue  statement causes execution to skip all remaining statements in
therepeat ... endrepeat when  or while ... repeat ...
endwhile  statement containing it.

Execution then proceeds directly to the first statement following therepeat
keyword in therepeat ... endrepeat when  statement or the test
expression in thewhile ... repeat ... endwhile statement to deter-
mine if another iteration of the loop is appropriate.

Err or Conditions There are no runtime error conditions.

Restrictions Thecontinue  statement is only valid within a surroundingrepeat ...
endrepeat when  or while ... repeat ... endwhile  statement.

Example The following example uses the continue statement to skip back to the top of the
while loop when either the pressure target or the temperature target has been
reached:

while  Done = NO is true
repeat

wait  1 second
if  “PT12101”:0.MEAS > PressTgt is true
then

/*
 * The pressure target has been met - don’t
 * bother executing the rest of the loop.
 */
let  Done = YES
continue

endif
if  “TT12101”:0.MEAS > TempTgt is true
then

/*
 * The temperature target has been met - don’t
 * bother executing the rest of the loop.
 */
let  Done = YES
continue

endif
/*
 * Check the rate of pressure increase.
 */
...
/*
 * Check the rate of temparature increase.
 */
...

endwhile
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See Also “repeat ... endrepeat when” on page214
“while ... repeat ... endwhile” on page250
“break” on page69

Recommendations Quite often a continue statement is used to reduce the nesting depth ofif  state-
ments within loops. The above example is equivalent to the following, much
deeper nested (and therefore not as legible) code:

while  Done = NO is true
repeat

wait  1 second
if  “PT12101”:0.MEAS > PressTgt  is true
then

/*
 * The pressure target has been met - don’t
 * bother executing the rest of the loop.
 */
let  Done = YES

else
if  “TT12101”:0.MEAS > TempTgt  is true
then

/*
 * The temperature target has been met - don’t
 * bother executing the rest of the loop.
 */
let  Done = YES

else
/*
 * Check the rate of pressure increase.
 */
...
/*
 * Check the rate of temparature increase.
 */
...

endif
endif

endwhile

There is some close relationship between thecontinue  and thebreak  state-
ment: The above example could also be written usingbreak  instead ofcon-
tinue ; this would not perform the test at the beginning of thewhile  loop,
which does not matter in the example because the test is known to fail.

Sometimes you can also make use of the following: Within switch  statements
nested in awhile  or repeat  statement thebreak  statement will break out of
theswitch  becausebreak  is also recognized forswitch  statements,
whereas acontinue  statement will continue with the next round of the enclos-
ing loop.

Futur e Directions Continue could take an optional numeric argument specifying the number of
nested loops to break out of in order to continue with the next iteration. See also
the future direction for Break.
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5.15. create file

Syntax create file file_name
[ in mode mode ]
as file number fileno
[ and confirm in conf_var  ]

Category File Control Statements

Ar guments

Description create file  creates a file of the given name and opens it in the indicated
mode.

The following modes are predefined for themode parameter in the global string
substitution file:

#define READ 0
#define WRITE 1
#define UPDATE 2
#define RAWREAD 0 aka: READ
#define RAWWRITE 1 aka: WRITE
#define RAWUPDATE 2 aka: UPDATE
#define CGSBINARYREAD 3
#define CGSBINARYWRITE 4
#define CGSBINARYUPDATE5
#define BINARYREAD 6
#define BINARYWRITE 7
#define BINARYUPDATE 8
#define TEXTREAD 9
#define TEXTWRITE 10
#define TEXTUPDATE 11

The parameterfileno  must be a local integer variable and will contain a han-
dle to the created file. This file number will have to be specified in the remainder
of the EXTOL logic (e.g.read , write , close  statements) whenever the cre-
ated file is referenced.

Parameter I/O Type Description

file_name I string
valued
expression

This parameter specifies the name of the file to create.
(See “Files and File Names” on page44.)

mode I integer
valued
expression

This parameter specifies the mode the file should be
with. If the optionalin mode  clause is not specified
READ mode is assumed.

fileno O local
integer
variable

On a successful return from thecreate file
statement this parameter will contain a file number
designating the created file.

conf_var O local integer
variable

This argument contains the confirmation code once
thecreate file statement has finished. The con-
firmation code will beEX_OK if the statement was
successful,EX_ERROR otherwise.

Table 21: Arguments of “create file”
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Once created, a file exists until it is deleted and stays opened until it is explicitly
closed with theclose file  statement, or until the operation exits or is
aborted.

When a file is created, the location pointer is positioned atposition 0.

If the file already existed before the call tocreate file , it will be truncated
to zero length.

Err or Conditions Thecreate file  statement will fail under the following conditions:

• Thefile_name  parameter is not valid, either because it designates an
already existing directory, or it contains characters not legal for file names, or
is empty, or contains references to directories that do not exists.

• Themode parameter does not evaluate to one of thelegal modes.

• More than 32 files are currently open within the operation

• The underlying VxWorks system call fails.

• The expression used for thefile_name  andmode parameter contains ref-
erences to external variables and the external variable cannot be accessed.

Restrictions There is a limit of 32 open files per operation.

Thefileno  parameter must designate a local (i.e. step or local unit) variable.
External variables are explicitly forbidden.

The file server serving the file decides on the correctness of a file name. This
implies different restrictions for files residing on different file servers may exist.

Example Create a file in the directory /MYFILES/ and open it forraw write access only:

declare temporary variable spad  of type integer

create file " /MYFILES/SCRATCH.PAD"
in mode WRITE
as file number  spad

Note that the directoryMYFILES must exist prior to the call tocreate file .
Otherwise the statement will fail.

Notes As files are not implicitly closed while an operation is running the application
programmer needs to keep track of the number of files in order to avoid the 32
file per operation limit and close files explicitly when they are no longer needed.

Specifying a mode ofREAD when creating a file does not really make sense: As
the file is truncated to zero length by thecreate file  statement there will be
nothing to read in the file.

Note that the successful return from acreate file  statement does not neces-
sarily imply that further operations on the file designated by the returned file
number will succeed: As EXTOL files usually reside on PICs or FSs and are
accessed over the network failure of the PIC, FS or the network may cause unex-
pected failures for legal operations on successfully obtained file numbers.

Due to the implementation of the underlying VxWorks system call and the cur-
rent NFS driver used in VxWorks (up to version 5.1.2) creating a file can succeed
even in cases where the file is absolutely inaccessible afterwards.

If the file to create resides on a UNIX host the file will be created with the owner/
group specified in the system configuration file for the MFC containing the oper-
ation executing thecreate file  statement. The files access mode will be set
to read/write for the owner, read-only for the group. There is currently no easy
way to change this behaviour.

See Also “close file number” on page81
“open file” on page161
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Recommendations Use extreme caution when working with files in EXTOL: Most of the time files
reside on different machines in the network. This makes EXTOL file handling
sensitive to network problems and problems of the machines hosting the file.
This implies that you should only perform file interaction outside of time or mis-
sion critical sections in your application code.

Inside mission and time critical sections you should consider the use of unit var-
iables and the batchlog mechanism provided by the system.

Writing/reading binary data to/from a file is inherently non-portable: In hetero-
geneous environments (i.e. Not all PICs and MFCs have the same type of CPU
and the same operating system) data written to a file from one machinewill not
be readable from any other machine.

Futur e Directions Could/Should we extend create file to create intermediate directories leading to
the file as well? Could/Should UNIX owner/group/mode information be speci-
fied in the create file statement?
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5.16. declare temporary variable

Syntax declare temporary variable var_name of type var_type

Category Subroutines and Parameters

Ar guments

Description Thedeclare temporary variable statement has two purposes. First, it
allows you to establish temporary variables that require storage only when a step
or subroutine is actually executing. These temporary variables are completely
local to the step or subroutine and cannot be altered by outside steps.

Second, temporary variables allow you to establish variables to receive values
that are being passed to a subroutine. See the begin subroutine description for
more information.

A complete description of the variable type syntax and all the possible variable
types can be found in the chapter “Data Types, Constants and Variables” on
page14.

Err or Conditions This statement is for declaration only and is not executable at runtime and is
therefore not subject to runtime failure.

When used within a subroutine, a call to the subroutine may fail, if there is not
enough memory to hold all temporary variables declared.

Restrictions If you are using thedeclare temporary variable  statement to declare
one of the arguments in a subroutine's argument list, then this statement must
come before thebegin subroutine  statement.

Variables can be declared anywhere in a step or subroutine but must be declared
before they are referenced for the first time.

Example See “Data Types, Constants and Variables” on page14 for example declarations
of the various data types.

See the example in “begin subroutine” on page66 for use of this statement for
subroutine parameter declaration.

Notes In contrast to other programming languages variables declared within a nested
block can currently be accessed outside of the block, so long as the reference
occurs after the declaration, i.e.:

if  x > 0 is true
then

declare temporary variable  xInt of type integer
let  xInt = 27

endif
let  x = xInt

is perfectly legal EXTOL code and will set the variablex  to 27  through the
intermediate variablexInt .

Parameter Type Description

var_name - The name of the new step variable or parameter.

var_type - The type of the new step variable or parameter.

Table 22: Arguments of “declare temporary variable”
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See Also “Data Types, Constants and Variables” on page14
“begin subroutine” on page66

Recommendations The example given in the Notes section above is considered bad coding style:
The preferred way is to define all relevant step variables somewhere near the
beginning of the step source code. An exception to this rule are step variables
defined for use solely within inline subroutines. These are conventionally
defined right before the inline subroutine that uses them.

Futur e Directions Future versions of the language may adopt the block style variable declarations
known from other programming languages.

The syntax of step variable declarations and unit variable declarations will be
simplified and unified in a future version of the language.
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5.17. default

Syntax default:  [ statement_list  ]

Category Flow Control Statements

Ar guments

Description Thedefault  statement indicates a list of statements to execute if the expres-
sion in the head of theswitch ... endswitch  statement does not evaluate
to any of the constant expressions specified in thecase  statements of the
switch.

The default statement can occur at any position within the surroundingswitch
on ... between ... endswitch  statement.

Once the associated statement list begins executing, execution will proceed until
abreak  statement orendswitch  is encountered, at which point execution
will proceed to the next statement immediately following endswitch .

Err or Conditions There are no runtime error conditions.

Restrictions Thedefault  statement can only be used within the body of aswitch on
... between ... endswitch  statement.

Only onedefault  statement is allowed perswitch on ... between
... endswitch  statement.

Examples In the following example thedefault  statement is used to catch unexpected
values:

/*
* Activate the required temperature control:
*/

switch on  HeatType between
case  1 : /* Heating */
case  2 : /* Cooling */

set  “TC12101” to auto
break

default: /* Unexpected value */
print with prefix

using format
“Illegal temperature control request”
on  _CONSOLE

exit
endswitch

Parameter Type Description

statement_list - A list of statements can be attached to a default
statement. The statement list may be empty.

Table 23: Arguments of “default”
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Notes Despite appearances, thedefault  statement does not function like theelse
part in anif ... else ... endif  statement:

When execution reaches the end of the statement list following thedefault
statement, the very next statement will be executed. If this is anendswitch  or
break  statement, then execution will proceed to the next statement following
theendswitch  statement. However, if the next statement is acase  statement,
the statement list following thatcase  statement will be executed.

In other words, execution of the statement list following adefault  statement
will proceed until abreak  or endswitch  statement (or some statement
designed to skip to a different part of the step entirely such as agoto  or con-
tinue ) is encountered.

See Also “switch on ... between ... endswitch” on page234
“case” on page73
“break” on page69

Recommendations As a defensive programming strategy the statement list following thedefault
statement should always be terminated with abreak  statement. This avoids
hard to track problems should cases be added after thedefault  statement by
some maintenance programmer.

If a fall-through to acase  statement following thedefault  statement is inten-
tional, this fact should be commented in the source.

Everyswitch on ... between ... endswitch statement should
contain adefault  statement to catch invalid cases.

Thedefault  statement should be coded either as the first or as the last position
within a switch statement. Note that this is purely for maintenance convenience
and does not have any impact on performance.
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5.18. default choice

Syntax default choice : choice_string
[ authorized by auth_string  ] [ without tracking  ]
[ signed  ]
[ statement_list  ]

Category Operator Interface Statements

Ar guments

Description default choice resides within the body of theopdec ... endopdec
statement.

It indicates a list of statements to execute when no message has been selected by
the operator or the message given as parameterchoice_string  has been
selected by the operator. A default choice is displayed as preselected on the
Alarm Summary Display when the opdec is selected and the operator is author-
ized to select the default choice.

If the optionalauthorized by  clause is specified the operator answering the
opdec must be able to access the function named byauth_string  for the unit
the opdec is executing on. If the operator is not authorized to perform the func-
tion named byauth_string  the default choice will not be selectable and
therefore the default choice will behave like an ordinary choice.

If the optionalauthorized by  clause is not specified, any operator will be
able to select the choice.

If the optionalwithout tracking clause is specified, then there will be no
automatic protocol entry into the batch-protocol file (.bhf-files and then the batch
specific file) done if this specific choice is selected. The same option can be
applied to the completeopdec , see “.opdec ... endopdec” on page158.

If the optionalsigned  clause is specified, then the operator selecting the choice
will have to enter his password to re-identify himself and to electronically sign
his choice. This will be reflected in the batch protocol by the keywordsigned
by  <user-id>.

Once the associated statement list begins executing, execution will proceed until
a break  statement orendopdec  is encountered, at which point execution will
proceed to the statement immediately following endopdec .

Err or Conditions If choice_string  or auth_string  are foreign unit variables and that unit
is not available the statement will fail.

If the authorization service on the authorization master PIC cannot be contacted
the statement will fail.

Restrictions A default choice  statement cannot exist outside of an opdec ...

Parameter I/O Type Description

choice_string I string valued
expression

This is the text that will be displayed on the operator
display.

auth_string I string valued
expression

This optional argument specifies the authorization
required for the choice.

statement_list - - A list of statements can be attached to the choice
statement. The statement list may be empty.

Table 24: Arguments of “default choice”
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endopdec  statement.

There can only be a maximum of 10 (ten)choice , info  anddefault
choice  statements in oneopdec ... endopdec  statement.

There can only be onedefault choice  in any opdec ... endopdec
statement.

The length of thechoice_string argument is limited to 80 characters.
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Examples The following is a complete example of an opdec containing adefault
choice  statements:

let  xChoice[0,0] = “Option A”
let  xChoice[1,0] = “Option B”
let  xChoice[2,0] = “Option C”

opdec  “Select an option”
info:  “Select one of the options A-C,”
info:  “or the default D.”
info:  “Option C requires supervisor privileges.”
choice:  xChoice[0,0]

/* Code for Option A */
break

choice:  xChoice[1,0]
/* Code for Option B */
break

choice:  xChoice[2,0] authorized by  “SupOnly”
/*
 * Code for Option C. Only selectable by users
 * authorized to use function “SupOnly”.
 */
break

default choice:  “Option D” signed
/* Code for Option D */
break

endopdec

Notes If you have a default choice  followed by a statement list and this state-
ment list does not conclude with abreak  statement, then the statement list fol-
lowing the next choice  statement (if any) will also be executed. This will
continue until abreak  statement orendopdec  is encountered.

auth_string , if specified, should be a name known to the authorization serv-
ice on the master authorization PIC. If it is not defined in the authorization data-
baseAacUnknown  will be used instead and the authorization process will
continue.

Querying the authorization service can be a lengthy process.

See Also “.opdec ... endopdec” on page158
“info” on page143
“choice” on page79
“break” on page69
“switch on ... between ... endswitch” on page234
“timeout” on page236

Recommendations It is good programming style to terminate all statement lists for choices with a
break  statement. If a fall-through is intentional it should be documented in the
source code.

By convention the default choice statement is either specified as the first or as the
last choice within an opdec.
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5.19. delete code

Syntax delete code string
on typer_list
[ and confirm in conf_var  ]

Category Operator Interface Statements

Ar guments

Description Thedelete code  statement sends an EXTOL alarm deletion message to all
destinations specified intyper_list .

EXTOL messages to delete are selected through an appropriate value of the
string  parameter. Thestring  parameter consists of a comma separated list
of key=value pairs, where the following keys and values are defined:

• n = message_number
The delete message will only affect messages with the given message
number (assigned by theprint  statement). A message number of 0 (zero)
designates all messages, which is also the default if string  does not con-
tain this key.

• o = operation_name
The delete message will only affect messages of the specified operation. If
the key does not occur instring  the current operation is implied. The spe-
cial value * designates all operations.

• u = unit_name
The delete message will only affect messages of the specified unit. If the key
does not occur instring  the current unit is implied. The special value *
designates all units.

• a = attribute
This key affects the deletion behaviour of the designated message: if a=0 is
specified the deletion is immediate (hard deletion); specifying a=2 will leave
the alarm message on the alarm summary display until it is acknowledged by
the operator (soft deletion). The colour of the alarm message deleted with
a=2 is changed to blue. The default if this key is not specified is a=2 (soft
deletion).

Parameter I/O Type Description

string I string
valued
expression

This parameter specifies a list of codes designating
the EXTOL messages that should be deleted. For fur-
ther information see the description below.

typer_list I - This parameter is a comma separated list of alarm
destination names (typers, consoles, files, BHF) as
defined in the system configuration file.

conf_var O local integer
variable

This argument contains the confirmation code once
thedelete code statement has finished. The con-
firmation code will beEX_OK if the statement was
successful,EX_ERROR otherwise.

Table 25: Arguments of “delete code”
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An emptystring  argument will result in all messages of the current operation
on the current unit being left on the display until they are acknowledged (soft
deletion).

Within thestring  parameter spaces may be used to separate the different
parts. The order ofkey=value pairs is arbitrary.

Err or Conditions • If the expression used for thestring parameter contains references to
external variables and the external variable cannot be accessed thedelete
code  statement will fail and the standard error handling procedure will be
executed, unless the optionaland confirm in  clause was specified.

• If the string  parameter is not valid (e.g.: invalid key (not a, n, o, u), miss-
ing = sign, missing comma separator, invalid or missing values, invalid unit
specified, valid unit specified but is currently not accessible, ...) thedelete
code  statement will fail and the standard error handling procedure will be
executed, unless the optionaland confirm in  clause was specified.

• If the resulting deletion message cannot be sent at all thedelete code
statement will fail and the standard error handling procedure will be exe-
cuted, unless the optionaland confirm in  clause was specified.

Restrictions This statement can only be used to delete messages originating from previous
EXTOL print  statements to display type destinations. The deletion of data-
base or runtime messages is not possible.

Deleting a message that is not displayed (e.g. by specifying an invalid message
number) will not result in an error. This is in accordance with the passive error
handling strategy implemented in EXTOL.

Examples The example code uses theprint  statement to print an informational message,
waits some time for a condition to be reached and then removes the displayed
message from the alarm summary:

print with prefix  TT01:0.MEAS
using format
“Internal temperature %.1f degC low. Waiting.”
on  _CONSOLE, BHF
with code  “n=8”

/*
* Wait until temperature OK, then delete message from
* the alarm summary. No acknowledgement of the msg
* is required - it is removed immediately.
*/

while  TT01:0.MEAS < LOW_TEMP is true
repeat

wait  2 seconds
endwhile

delete code  “n=8,a=0” on  _CONSOLE



SyCOS EXTOL Reference Alphabetical EXTOL Language Reference

1.2 97

delete code

The following example deletes (soft delete) all messages for the current opera-
tion and the current unit:

delete code  “” on  _CONSOLE

Delete (hard delete) all messages for all operations on the current unit:

delete code  “a=0, o=*” on  _CONSOLE

Delete (hard delete) all messages for all operations on all units:

delete code  “a=0, o=*, u=*” on  _CONSOLE

Notes Thedelete code  statement only makes sense for messages displayed on an
alarm summary display. Although arbitrary alarm destination names are
accepted the statement will not remove messages from the BHF, log files or
hardcopy printers.

The list of alarm destination names is not checked in any way. If invalid or
mistyped alarm destination names are given they are silently discarded.

The operation name is not checked so that operation type messages can always
be deleted.

See Also “print” on page198

Futur e Directions The syntax of this statement should be changed so that the syntactic validity of
the current code argument can be checked at compile time. The syntax used
within the code argument is cryptic (to say the least!) and should be brought
more in line with the rest of the language.

The list of alarm destinations is currently not checked and does not have any rea-
sonable type. This should be changed by either having a list of string valued
expressions or by predefined alarm destination names found in the system con-
figuration file in the compiler.
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5.20. delete file

Syntax delete file  file_name [ and confirm in  conf_var ]

Category File Control Statements

Ar guments

Description Thedelete file  statement deletes the file specified as the argument
file_name .

If the file_name  specified does not exist, does not adhere to the file name syn-
tax required by the file server, names an inaccessible file, or is the empty string
delete file  will complete successfully. This is in accordance with the pas-
sive error handling strategy implemented in EXTOL.

Err or Conditions • If the expression used for thefile_name parameter contains references to
external variables and the external variable cannot be accessed thedelete
file statement will fail and the standard error handling procedure will be
executed, unless the optionaland confirm in  clause was specified.

• If the file does exist and is visible to the operation but cannot be deleted due
to lack of privileges on the file server thedelete file statement will fail
and the standard error handling procedure will be executed, unless the
optionaland confirm in  clause was specified.

• Only regular files can be deleted and thedelete file  statement will fail
if the file_name  argument does not designate a regular file. The standard
error handling procedure will be executed in this case, unless the optional
and confirm in  clause was specified.

Example Delete the file 'SCRATCH.PAD' in the directory /MYFILES:

delete file  "/MYFILES/SCRATCH.PAD"

Restrictions EXTOL support of the file protection scheme of the file server is limited. If you
try to delete a file that does exist but is not accessible from your application (e.g.
because the file resides on a UNIX file server in some subdirectory not accessi-
ble to your application) the delete file statement will succeed (because it cannot
see the file) although the file will still continue to exist (and the file may actually
be visible from the PICs, FSs and other MFCs).

Notes The result of deleting a file that is still opened by the same or any other operation
in the system is undefined. The file will be deleted (i.e. thedelete file
statement will succeed) but the file contents may still be (or may not be) accessi-
ble to the original users of the file.

Parameter I/O Type Description

file_name I string
valued
expression

This parameter specifies the name of the file to delete.

conf_var O local integer
variable

This argument contains the confirmation code once
thedelete file statement has finished. The con-
firmation code will beEX_OK if the statement was
successful,EX_ERROR otherwise.

Table 26: Arguments of “delete file”
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See Also “create file” on page85
“rename file” on page212
“read” on page208
“write” on page252
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5.21. detach from unit

Syntax detach from unit_name
[ and confirm in conf_var  ]

Category Operation and Unit Control Statements

Ar guments

Description The statement detaches the calling operation from the unit designated by the
argumentunit_name . If unit_name  is the empty string then the current unit
is implied.

If the calling operation was successfully attached tounit_name  the unit will,
upon successful completion of thedetach from  statement, again be available
for future successful executions ofattach to  statements from any operation
in the system.

Likeattach to , detach from causes the step to pause until the request
is completed.

Detaching the calling operation from a unit it was never attached to is successful.
This is in compliance with the passive EXTOL error handling strategy.

Err or Conditions • If the expression used for theunit_name parameter contains references to
external variables and the external variable cannot be accessed thedetach
from statement will fail and the standard error handling procedure will be
executed, unless the optionaland confirm in  clause was specified.

• This statement will fail if the unit designated byunit_name  is invalid, not
loaded, or if communications errors occurred while attempting the detach.
The standard error handling procedure will be executed, unless the optional
and confirm in  clause was specified.

Example The following code sequence is used to detach from a previously attached unit:

detach from  “R101” and confirm in  xOK
if  xOK != EX_OK is true
then

print with prefix
using format  “Could not detach from unit R101”
on  _CONSOLE

endif

See Also “attach to unit” on page60

Parameter I/O Type Description

unit_name I string
valued
expression

This parameter specifies the name of the unit to
detach from.

conf_var O local integer
variable

This argument contains the confirmation code once
thedetach from statement has finished. The con-
firmation code will beEX_OK if the statement was
successful,EX_ERROR otherwise.

Table 27: Arguments of “detach from”
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5.22. detach from watchdog

Syntax detach from watchdog
[  and confirm in conf_var ]

Category Watchdog Interface Statements

Ar guments

Description Thedetach from watchdog  statement deregisters the current operation
from the watchdog: The watchdog will no longer await further execution of
strobe watchdog  statements and therefore the correct and timely execution
of the operation is no longer supervised.

If the operation was not attached to the watchdog the statement will succeed.
This is accordance with the passive error handling strategy implemented in
EXTOL.

Err or Conditions If communication with the watchdog is not possible (this should never happen),
thedetach from watchdog  statement fails and the standard error handling
procedure will be executed, unless the optionaland confirm in  clause was
specified.

Example The example code uses theattach to watchdog statement to register the
current operation to the system watchdog while a critical section is running.
Once the critical section is done thedetach from watchdog  statement is
used to stop the watchdog’s monitoring action:

/*
* This is a critical operation until the temperature
* has fallen below a high target value
*/

attach to watchdog with timeout after 10  seconds fatal
while  (TT01:0.MEAS > 90.0)  is true
repeat

strobe watchdog
wait 2 seconds

endwhile

/*
* The operation is now non-critical
*/

detach from watchdog

Notes In prior versions, thedetach from watchdog statement did not have an
and confirm in  clause.

Parameter I/O Type Description

conf_var O local integer
variable

This argument contains the confirmation code once
thedetach from watchdog statement has fin-
ished. The confirmation code will beEX_OK if the
statement was successful,EX_ERROR otherwise.

Table 28: Arguments of “detach from watchdog”
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See Also “attach to watchdog with timeout” on page62
“detach operation from watchdog” on page103
“strobe watchdog” on page231

Recommendations Use the detach operation from watchdog instead.

Futur e Directions This statement should actually vanish in time: The detach operation statement
can be used instead.
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5.23. detach operation from watchdog

Syntax detach operation oper_name  from watchdog
[  and confirm in conf_var ]

Category Watchdog Interface Statements

Ar guments

Description detach operation  deregisters the operation specified byoper_name
from the watchdog.

If the oper_name  parameter is the empty string, the current operation is
implied.

If the operation was not attached to the watchdog the statement will succeed.
This is accordance with the passive error handling strategy implemented in
EXTOL.

Err or Conditions If the expression used for theoper_name parameter contains references to
external variables and the external variable cannot be accessed thedetach
operation statement will fail and the standard error handling procedure will
be executed, unless the optionaland confirm in  clause was specified.

Restrictions There currently is no way to specify the unit of the operation that should be
detached. The current unit is always implied.

Example We are about to kill an operation that is known to be under watchdog supervision
at least in some of its sections. If we would just kill the operation the watchdog
would drop because the killed operation will no longer strobe the watchdog. To
avoid this scenario we first turn off watchdog supervision of the operation we are
about to kill and only afterwards we kill the operation:

detach operation  "fillbin" from watchdog
kill operation  "fillbin"

Notes The statementdetach from watchdog  is functionally identical todetach
operation "" from watchdog  anddetach operation _op from
watchdog

In prior versions prior, thedetach operation statement did not have an
and confirm in  clause.

See Also “attach to watchdog with timeout” on page62
“strobe watchdog” on page231

Recommendations Use the detach operation statement to detach operations from the watchdog
before killing them (like in the example above).

Use this statement instead of the detach from watchdog statement.

Parameter I/O Type Description

oper_name I string
valued
expression

This parameter specifies the name of the operation
which should be detached from the watchdog.

conf_var O local integer
variable

This argument contains the confirmation code once
thedetach operation statement has finished.
The confirmation code will beEX_OK if the state-
ment was successful,EX_ERROR otherwise.

Table 29: Arguments of “detach operation”
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5.24. dialogue on (UNIMPLEMENTED)

Syntax dialogue on expr question var_list
using format format answer into var
[ and confirm in conf_var  ]

Category Deprecated Statements

Description

. This statement was never implemented. Future versions of the manual and
the compiler will no longer support it.
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5.25. disable watchdog

Syntax disable watchdog

Category Watchdog Interface Statements

Ar guments None.

Description Thedisable watchdog  statement will drop the watchdog i.e. the digital
output normally pulsed by the watchdog will stop pulsing.

It is a programmatic interface from EXTOL that has the same effect as a SyCOS
system failure.

Disabling the watchdog when the watchdog is already disabled is allowed. This
is consistent with the passive error handling strategy implemented in EXTOL.

The watchdog can be reenabled using theenable watchdog  statement.

Example When an emergency condition has been detected use the following statement to
drop the watchdog:

disable watchdog

Notes The effects of theenable watchdog  and thedisable watchdog  state-
ments are not exactly symmetric: Usually additional manual intervention is
required after the watchdog has dropped so just enabling it is not sufficient.

See Also “enable watchdog” on page108
“fetch status of watchdog” on page120
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5.26. dri ve

Syntax drive elt_spec to state
[ and confirm in conf_var  ]

Category Process Control Statements

Ar guments

Description The drive statement is used to change the state of a device block. It takes care of
the additional logic required internally in a device block when a state change is
affected.

The following table shows the valid state s a device can be driven to:

Further execution of statements is suspended until the access to the process data-
base has been completed.

Parameter I/O Type Description

elt_spec I string
valued
expression

This parameter specifies the name of the database
device which should be driven.

state I - This parameter specifies the state to which the data-
base device should be driven. See the description
below for a listing of possible values for the parame-
ter.

conf_var O local integer
variable

This argument contains the confirmation code once
thedrive statement has finished. The confirmation
code will beEX_OK if the statement was successful,
EX_ERROR otherwise.

Table 30: Arguments of “drive”

state Description

state expression Drives the device block to the state given by the integer valued
expression . The valid states (a number from 1 to 8) are
defined in the device block. Very frequently the expression con-
tains a call to the predefinedstate  function that performs the
translation of state names (string type) to state numbers (integers)
for a given device, e.g.state state( "R99M40" ,
"open" )

open Drives the device block to state 2. State 2 is conventionally, but
not always, the open state. Equivalent tostate 2

closed Drives the device block to state 1. State 1 is conventionally, but
not always, the closed state. Equivalent tostate 1

Table 31: Possible values for state
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Err or Conditions • If the device does not support the wanted state the drive statement will fail.

• If the state expression in its first form references foreign unit variables that
are currently unavailable the statement will fail

• If the MFC holding the ELT specified cannot be reached or if the ELT speci-
fied is invalid or not known in the system the statement will fail.

Example Drive the device blockFV2056  to state 1 and confirm the success of the action
in the local integer variabledeverr :

drive  "FV2056" to state 1 and confirm in  deverr

drive  "FV2056" to closed and confirm in  deverr

The following statement is equivalent to the above statements if state 1 of
FV2056  is the state with the name “closed”:

drive  "FV2056" to state state(" FV2056", "closed" )
and confirm in deverr

Notes Depending on the definition of the states 1 and 2 for a given device in the data-
base driving a device toclosed  may actuallyopen a device (if the open state is
state number 1) and driving the same device toopen  may actuallyclose  the
device (if the closed state is defined as state number 2). The wordsopen  and
closed  should be perceived as abbreviations ofstate 2  andstate 1
respectively.

Recommendations If clarity is an issue in your coding use the first form of the state argument only
and define OPEN and CLOSED (capital letters!) as unit or step string substitu-
tions if required.

Futur e Directions The drive statement will be extended to allow the direct specification of strings
(including string variables) as states. This should make the verbose “state
state(...) construct superfluous and also circumvents the pitfalls of the open/
closed states.

The open/closed state will vanish and will be replaced by “open”/”closed”
strings.
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5.27. enable watchdog

Syntax enable watchdog

Category Watchdog Interface Statements

Ar guments None.

Description Theenable watchdog  statement will enable the watchdog, i.e. the digital
output driven by the watchdog will start pulsing.

Note that this statement is independent of any unit operation or step as there is
only one watchdog per MFC.

Err or Conditions The enable watchdog statement is not subject to runtime exceptions, but
see the restriction below.

Restrictions Theenable watchdog  statement will not necessarily succeed in enabling
the watchdog: If a SyCOS system failure has occurred the EXTOL environment
will not be able to activate the watchdog. This condition cannot be captured by
EXTOL logic alone (In practice the hardware watchdog output is usually availa-
ble as a digital input and can be queried to find out about the state of the hard-
ware watchdog).

Example After everything is properly initialized use the enable watchdog statement to
show that we are ready to go:

enable watchdog

Notes This statement is usually executed only once per MFC.: It’s function is to enable
the watchdog relay for this MFC. It is typically executed in a start-up application
program.

See Also “disable watchdog” on page105
“fetch status of watchdog” on page120
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5.28. exit

Syntax exit

Category Flow Control Statements

Ar guments None.

Description Theexit  statement causes the step containing it to stop execution.

Every step has an impliedexit  statement; i.e. the step will act as though an
exit  statement had been encountered when it “falls off the end” after the last
statement in the step source file executes.

If an exit (implied or explicit) is encountered in a main step, the main step of the
next step pair in the operation will be started (if present). If there are no more
main steps in the operation then the operation will exit.

If an exit (implied or explicit) is encountered in a hold step, then the hold step
stops executing. This leaves the operation in the hold state. Only an operator
action (restarting the operation on a console) or arestart  or run  from
another EXTOL operation can force the operation to leave the hold state.

If an explicit exit is called from a subroutine the effect is the same as if the exit
had been called directly in the same step as the caller of the subroutine.

Examples If the EXTOL step has multiple exits, this could be coded in the following man-
ner:

if Finished  is true
exit

endif

Another example is the use ofexit  to prevent the flow of execution continuing
through inline subroutines collected at the end of a step source file:

...

...
/*

* Ordinary flow of control within the step ends here
*/

exit
/*

* Subroutines follow
*/

. swap
/*

* swap two double variables x and y
*/

...
retsub
...

Notes Exiting a hold step behaves differently in earlier versions: Theexit  statement
in a hold step passes control to the main step of the next pair in the operation (if
any), or exits the operation if there is no next main step.

See Also “exit operation” on page110
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5.29. exit operation

Syntax exit operation

Category Flow Control Statements

Ar guments None.

Description Theexit operation  statement causes the step containing it to stop execu-
tion. The operation containing the step is terminated as well (i.e. no further steps
will be executed from this operation).

Every operation has an impliedexit operation statement; i.e. the opera-
tion will act as though a step containing anexit operation statement had
been encountered after the final step in the operation.

Examples To exit an operation (and not just a step) when the goal of the operation is
reached code somewhat like the following could be used:

if Finished  is true
exit operation

endif

Notes

See Also “exit” on page109
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5.30. fetch status of elt

Syntax fetch status of elt elt_name  into int_var
[ and confirm in  conf_var  ]

Category Process Control Statements

Ar guments

Description This statement fetches the status of the elt designated byelt_name .

The status of the elt is returned inint_var .

If the named elt exists and the MFC where it resides can be reachedint_var  is
set toEX_OK.

The following list uses the #define symbols, whose definition can be found in the
SyCOS include filefieldnames.h in $COSROOT/include. Please check, that the
values you use match the definition in this file.

Parameter I/O Type Description

elt_name I string
valued
expression

This parameter specifies the name of the database
loop (name of elt).

int_var O local
integer
variable

On a successful return from thefetch status
of elt statement this parameter will contain the
prototype  (or block)number  of the elt (i.e. of the
main block of the loop) otherwise -1.

conf_var O local integer
variable

This argument contains the confirmation code once
thefetch status of elt statement has fin-
ished. The confirmation code will beEX_OK if the
statement was successful,EX_ERROR otherwise.

Table 32: Arguments of “fetch status of elt”

value Meaning

RT_SENSOR SENSOR Prototype

RT_CONTR CONTR Prototype

RT_DEV DEV Prototype

RT_CTB CTB Prototype

RT_TIMER TIMER Prototype

RT_UNIT UNIT Prototype

RT_RACK RACK Prototype

RT_M_ANA ANAMODULE prototype

RT_M_DIG DIGMODULE prototype

Table 33: Prototype Number returned
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Err or Conditions If the named elt does not exist or is located on another MFC that is currently not
availableint_var  is set to-1 and the standard error handling procedure will
be executed. If the optionaland confirm in  clause was specifiedint_var
will contain -1 in this case.

Example The following code checks for the existence of an elt named “T101”:

fetch status of elt  "T101" into  state

This example assumes, thatstate  is a previously declared variable of type
integer.

Notes In prior versions, thefetch status of elt  statement does not have an
and confirm in  clause and the status returned inint_var  is either
EX_OK if the ELT is valid or EX_ERROR otherwise.

See Also “fetch status of operation” on page113
“fetch status of recipe” on page116
“fetch status of unit” on page118

RT_DIN DIN Prototype

RT_DOT DOT Prototype

RT_AIN AIN Prototype

RT_AOT AOT Prototype

BT_SWSENSOR SWSENSOR Prototype

BT_DEVINP DEVINP Prototype

BT_DEVOUT DEVOUT Prototype

BT_DI DI Prototype

BT_PCI PCI Prototype

BT_DEVICE DEVICE Prototype

BT_M_CARD_A ANACARD Prototype

BT_M_CARD_D DIGCARD Prototype

BT_M_WS WS Prototype

BT_M_MC MC Prototype

value Meaning

Table 33: Prototype Number returned
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5.31. fetch status of operation

Syntax fetch status of operation op_name
[ on unit unit_name  ]
into int_var
[ and confirm in  conf_var  ]

Category Operation and Unit Control Statements

Ar guments

Description This statement fetches the status of the operation designated byop_name.

If the optionalon unit  clause is not specified the unit the operation is cur-
rently executing on is assumed.

The status of the operation is returned inint_var . The value returned is either
0 or the bitwise or (BOR) of one or more status bits. The symbolic names of the
status bits and their meaning are shown in the following table. (These symbolic
names are defined in the global string substitution file.) Bit combinations are
given for the most common operation states.

Parameter I/O Type Description

op_name I string
valued
expression

This parameter specifies the name of the EXTOL
operation whose status has to be fetched.

unit_name I string
valued
expression

This optional parameter specifies the name of the unit
this operation belongs to. Ifunit_name  is omitted,
the unit the operation currently running on is
assumed.

int_var O local
integer
variable

On a successful return from thefetch status
of operation statement this parameter will con-
tain the status ofop_name, otherwise 0.

conf_var O local integer
variable

This argument contains the confirmation code once
thefetch status of operation statement
has finished. The confirmation code will beEX_OK if
the statement was successful,EX_ERROR otherwise.

Table 34: Arguments of “fetch status of operation”

Bit values Meaning

0 The status of the operation is could not be determined
because the operation does not exist or is not loaded.

OPS_READY This bit is set when an operation is loaded and ready to run
(and remains set when running, sleeping, and in hold).

OPS_RUN
OPS_READY

These bits are set when an operation is currently executing a
main step (if OPS_HOLD is not set as well).

OPS_ERROR
OPS_READY

These bits are set when an operation has exited with an error.

Table 35: Bit Values ofint_var
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Err or Conditions If the unit specified byunit_name  does not exist in the process database (not
to be confused with the EXTOL unit not loaded) or is located on another MFC
and that MFC cannot be reached due to network problems or other reasons the
fetch status of operation  statement will fail and the standard error
handling procedure will be executed. If the optionaland confirm in  clause
was specifiedint_var  will contain 0 in this case.

Example The following EXTOL code checks the status of the operation OPERXXX on
the unit UNIT01:

fetch status of operation  "OPERXXX" on unit  "UNIT01"
into  xInteger

if  xInteger !=  0 is true
then

if  xInteger = OPS_READY is true
then

print with prefix
using format
“Operation OPERXXX is ready to be run”
on  _CONSOLE

else
print with prefix

using format
“Operation OPERXXX is NOT ready to be run”
on  _CONSOLE

endif
else

print with prefix
using format
“Operation OPERXXX is not loaded” on  _CONSOLE

endif

OPS_HOLD
OPS_RUN
OPS_READY

These bits are set when an operation is currently executing a
hold step.

OPS_SLEEP
OPS_RUN
OPS_READY

These bits are set when an operation has executed asleep
statement and is waiting for an externalwakeup opera-
tion to be issued.

OPS_SUSPEND This bit is set when an operation is being suspended.

OPS_SAFE This bit is set when an operation has run the safety operation.

OPS_DEBUG This bit is set for when an operation is under debugger con-
trol.

OPS_BREAK This bit is set when an operation has encountered a break-
point set by the debugger.

Bit values Meaning

Table 35: Bit Values ofint_var
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Notes In prior versions, thefetch status of operation statement did not
have anand confirm in  clause.

See Also “fetch status of elt” on page111
“fetch status of recipe” on page116
“fetch status of unit” on page118

Recommendations Always use the symbolic values for the status bits; the code is then easier to read
and is protected against any future changes of the values.

Futur e Directions The symbol OPS_UNKNOWN will be provided in the global string substitution
file with the defined value of 0.
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5.32. fetch status of recipe

Syntax fetch status of recipe rec_name
[ on unit unit_name  ]
into int_var
[ and confirm in  conf_var  ]

Category Operation and Unit Control Statements

Ar guments

Description This statement fetches the status of the indicated recipe.

If the optionalon unit  clause is not specified the current unit is assumed.

The status of the recipe is returned inint_var . The value returned is either 0 or
the bitwise or (BOR) of one or more status bits. The symbolic names of the status
bits and their meaning are shown in the following table. (These symbolic names
are defined in the global string substitution file.)

Err or Conditions If the unit specified byunit_name  does not exist in the process database (not
to be confused with the EXTOL unit not loaded) or is located on another MFC
and that MFC cannot be reached due to network problems or other reasons the
fetch status of recipe statement will fail and the standard error han-
dling procedure will be executed. If the optionaland confirm in  clause was
specifiedint_var  will contain 0 in this case.

Parameter I/O Type Description

rec_name I string
valued
expression

This parameter specifies the name of the EXTOL rec-
ipe whose status has to be fetched.

unit_name I string
valued
expression

This optional parameter specifies the name of the unit
this recipe belongs to. Ifunit_name  is omitted, the
current unit is assumed.

int_var O local
integer
variable

On a successful return from thefetch status
of recipe statement this parameter will contain
the status ofrec_name , otherwise 0.

conf_var O local integer
variable

This argument contains the confirmation code once
thefetch status of recipe statement has
finished. The confirmation code will beEX_OK if the
statement was successful,EX_ERROR otherwise.

Table 36: Arguments of “fetch status of recipe”

Bit values Meaning

0 The status of the recipe could not be determined because the
named recipe does not exist or is not currently loaded.

REC_READY This bit is set when the recipe is loaded.

Table 37: Bit Values ofint_var
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Example The following EXTOL code checks the status of the recipe REC001 on the unit
UNIT01:

fetch status of recipe "REC001" on unit  "UNIT01"
into  xInteger

if  xInteger != 0 is true
then

print with prefix
using format
“Unit UNIT01 recipe REC001 is loaded”
on  _CONSOLE

else
print with prefix

using format
“Unit UNIT01 recipe REC001 is not loaded”
on  _CONSOLE

endif

Notes In prior versions, thefetch status of recipe statement did not have an
and confirm in  clause.

See Also “fetch status of elt” on page111
“fetch status of operation” on page113
“fetch status of unit” on page118

Recommendations Always use the symbolic values for the status bits; the code is then easier to read
and is protected against any future changes of the values.

Futur e Directions The symbol REC_UNKNOWN will be provided in the global string substitution
file with the defined value of 0.
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5.33. fetch status of unit

Syntax fetch status of unit unit_name
into int_var
[ and confirm in  conf_var  ]

Category Operation and Unit Control Statements

Ar guments

Description This statement fetches the status of the indicated unit.

The status of the unit is returned inint_var . The value returned is either 0 or
the bitwise or (BOR) of one or more status bits. The symbolic names of the status
bits and their meaning are shown in the following table. (These symbolic names
are defined in the global string substitution file.)

Err or Conditions If the unit specified byunit_name  does not exist in the process database (not
to be confused with the EXTOL unit not loaded) or is located on another MFC
and that MFC cannot be reached due to network problems or other reasons the
fetch status of unit statement will fail and the standard error handling
procedure will be executed. If the optionaland confirm in  clause was spec-
ified int_var  will contain 0 in this case.

Parameter I/O Type Description

unit_name I string
valued
expression

This parameter specifies the name of the unit whose
status has to be fetched.

int_var O local
integer
variable

On a successful return from thefetch status
of unit statement this parameter will contain the
status ofunit_name  (see above), otherwise 0.

conf_var O local integer
variable

This argument contains the confirmation code once
thefetch status of unit statement has fin-
ished. The confirmation code will beEX_OK if the
statement was successful,EX_ERROR otherwise.

Table 38: Arguments of “fetch status of unit”

Bit values Meaning

0 The status of the unit could not be determined because the
named unit is not currently loaded.

UNS_READY This bit is set when the unit is loaded.

Table 39: Bit Values ofint_var
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Example The following EXTOL code checks the status of the unit UNIT01:

fetch status of unit  "UNIT01" into  xInteger
if  xInteger != 0 is true
then

print with prefix
using format  “Unit UNIT01 is loaded”
on  _CONSOLE

else
print with prefix

using format “Unit UNIT01 not loaded”
on  _CONSOLE

endif

Notes In prior versions, thefetch status of unit statement did not have an
and confirm in  clause.

See Also “fetch status of elt” on page111
“fetch status of operation” on page113
“fetch status of recipe” on page116

Recommendations Always use the symbolic values for the status bits; the code is then easier to read
and is protected against any future changes of the values.

Futur e Directions The symbol UNS_UNKNOWN will be provided in the global string substitution
file with the defined value of 0.
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5.34. fetch status of watchdog

Syntax fetch status of watchdog into int_var
[ and confirm in  conf_var  ]

Category Watchdog Interface Statements

Ar guments

Description This statement fetches the status of the local watchdog.

The status of the watchdog is returned inint_var .

The value returned inint_var  on successful completion of thefetch sta-
tus of watchdog statement is 1, if and only if the watchdog output of the
MFC is pulsing, otherwise 0.

Err or Conditions There are no error conditions.

Example The following EXTOL code checks the status of the local watchdog:

fetch status of watchdog into  xInteger
if  xInteger != 0 is true
then

print with prefix
using format  “Watchdog is pulsing”
on  _CONSOLE

else
print with prefix

using format “Watchdog is not pulsing”
on  _CONSOLE

endif

Notes

See Also “fetch status of elt” on page111
“fetch status of operation” on page113
“fetch status of recipe” on page116

Parameter I/O Type Description

int_var O local
integer
variable

On a successful return from thefetch status
of watchdog statement this parameter will con-
tain the status of the watchdog.

conf_var O local integer
variable

This argument contains the confirmation code once
thefetch status of watchdog statement
has finished. The confirmation code will beEX_OK if
the statement was successful,EX_ERROR otherwise.

Table 40: Arguments of “fetch status of watchdog”



SyCOS EXTOL Reference Alphabetical EXTOL Language Reference

1.2 121

format

5.35. format

Syntax format  [ expr_list  ] using format_string
into target
[ and confirm in  conf_var ]

Category Unit Variable Access

Ar guments

a. The types vary according to the conversion specifications informat_string .

Description This statement copies the string constantformat_string  to the string varia-
ble target . The argumentformat_string  contains ordinary characters,
and escape sequences which are written unchanged, and conversion specifica-
tions which cause the values fromexpr_list  to be converted and included as
part of the variabletarget .

Ordinary characters Ordinary characters do not begin with % or \ and are written unchanged to the
target, (if the characters % or \ are required then they must be doubled to %%
and \\ respectively).

Escape sequence Escape sequences begin with \, and are not commonly used in EXTOL, e.g. \n
for newline, or \0n for the octal code (beginning with 0) for a special character.

Conversion specification Conversion specifications begin with %. Each specification converts one expres-
sion fromexpr_list . A specification has the form%fmpc, wheref  is an
optional flag,m is the optional minimum field width,p is the optional precision
(prefixed by a period (.)), andc  is the mandatory conversion character.

Flags One or more flags (in any order) modify the meaning of the conversion specifica-
tion. The flag characters and their meanings are:

- The result of the conversion will be left justified within the field. It will be right
justified if this flag is not specified.

+ The result of a signed conversion will always begin with a plus or minus sign. It
will begin with a sign only when a negative value is converted if this flag is not
specified.

space If the first character of a signed conversion is not a sign, or if a signed conversion
results in no characters, a space will be prefixed to the result. If thespace and+
flag both appear, the space flag will be ignored.

Parameter I/O Type Description

expr_list I *a Comma separated list of expressions whose values should
be formatted.

format_string I string
constant

The format that is used to convert the values of
expr_list  into thetarget  variable.

target O local
string
variable

The formatted result. It must be large enough to hold the
entire result of the conversion, including a terminating
NUL byte.

conf_var O local
integer
variable

This argument contains the confirmation code once the
format statement has finished. The confirmation code
will be EX_OK if the format was successful,EX_ERROR
otherwise

Table 41: Arguments of “format”
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0 For d, o, u, x, e, f, and g conversions, leading zeros (following any indication of
sign or base) are used to pad the field width; no space padding is performed. If
the0 and- flags both appear, the0 flag will be ignored. For d, o, u, and x conver-
sions, if a precision is specified, the0 flag will be ignored. For other conversions,
the behaviour is undefined.

# The result is to be converted to an “alternative form”. For o conversion it
increases the precision to force the first digit of the result to be a zero. For x con-
version a non zero result will have “0x” prefixed to it. For e, f, andg conversions,
the result will always contain a decimal-point character, even if no digits follow
it. (Normally, a decimal-point character appears in the result of these conversions
only if digits follow it.) For g conversion, trailing zeros will not be removed from
the result. For other conversions, the behaviour is undefined.

Minimum field width An optional minimum field width. If the converted value has fewer characters
than the field width, it will be padded with spaces (by default) on the left (or
right, if the left adjustment flag, described above, has been given). The field
width takes the form of either an asterisk (*) or by an optional decimal integer. In
no case does a non-existent or small field width cause truncation of a field. If the
result of a conversion is wider than the field width, the field is expanded to con-
tain the conversion result.

* The field width can be dynamically specified by using the asterisk (* ) in place of
the constant value and by providing the value from an integral expression in
expr_list . This expression must appear before the expression to be con-
verted. A negative field width value is handled the same as a- flag followed by a
positive field width.

Precision An optional precision that gives the minimum number of digits to appear for the
d, o, u, and x conversions, the number of digits to appear after the decimal-point
character for thee andf conversions, the maximum number of significant digits
for theg conversion, or the maximum number of characters to be written from a
string in thes conversion. The precision takes the form of a period (.) followed
either by an asterisk (* ) or by an optional decimal integer; if only the period is
specified, the precision is taken as zero. If a precision appears with any other
conversion specifier, the behaviour is undefined.

* The precision can be dynamically specified by using the asterisk (*) in place of
the constant value and by providing the value from an integral expression in
expr_list . This expression must appear after the minimum field width
expression (if any), and before the expression to be converted (if any). A nega-
tive precision value is ignored.

Conversion character A character that specifies the type of conversion to be applied. The characters
are:

d The integral type argument is converted to signed decimal in the style [-]dddd.
The precision specifies the minimum number of digits to appear; if the value
being converted can be represented in fewer digits, it will be expanded with lead-
ing zeros. The default precision is 1. The result of converting a zero value with a
precision of zero is no characters.

o, u, x, X The integral type argument is converted to unsigned octal (o), unsigned decimal
(u) or unsigned hexadecimal notation (x) in the style dddd; the letters abcdef are
used forx conversion (or in capitals ifX is used). The precision specifies the
minimum number of digits to appear; if the value being converted can be repre-
sented with fewer digits, it will be expanded with leading zeros. The default pre-
cision is 1. The result of converting a zero value with a precision of zero is no
characters.

f The floating point type argument is converted to decimal notation in the style:
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[-]ddd.ddd, where the number of digits after the decimal point character is equal
to the precision specification. If the precision is missing, it is taken as 6; if the
precision is zero and the# flag is not specified, no decimal-point character
appears. If a decimal point character appears, at least one digit appears before it.
The value is rounded to the appropriate number of digits.

e, E The floating point type argument is converted in the style [-]d.ddde+dd, where
there is one digit before the decimal-point character (which is non-zero if the
argument is non-zero) and the number of decimal digits after the it is equal to the
precision; if the precision is missing, it is taken as 6; if the precision is zero and
the# flag is not specified, no decimal point character appears. The value is
rounded to the appropriate number of digits.The exponent always contains at
least two digits. If the value is zero, the exponent is zero. (Capital E if theE form
is used).

g, G The floating point type argument is converted in stylef or e, with the precision
specifying the number of significant digits. If the precision is zero it is taken as
1. The style used depends on the value converted; stylee will be used only if the
exponent resulting from such a conversion is less than -4 or greater than or equal
to the precision. Trailing zeros are removed from the fractional portion of the
result; a decimal-point character appears only if it is followed by a digit. (Capital
E if theG form is used).

c The integral type argument is converted to a character and the resulting character
is put into thetarget  variable. The conversion uses the least significant 8 bits
of the argument only.

s The argument must be of typestring  or array of bytes  or array of
flags . Characters from the string or array are written to the target string up to
(but not including) a terminating NUL byte; if the precision is specified, no more
than that many characters are written. If the precision is not specified or is
greater than the size of the array, the array must contain a NUL byte to terminate
the copy.

If a conversion specification is invalid, the behaviour is undefined.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The target variable is not a valid string variable.

• The target buffer is too small for the formatted data.

• The list of variables to be formatted contains foreign unit variable or process
variable which cannot be accessed.

If the and confirm in  clause is specified, the errors described above will
result inconf_var  being set toEX_ERROR.

. In prior v ersions, the failure to get a foreign unit or process variable
resulted in the standard error procedure, regardless of the presence of an
and confirm in  clause.

If the runtime stack allocated to a step is not large enough to hold all the expres-
sions of theformat  statement the step will be suspended. Note that this condi-
tion is not caught by the EXTOL runtime system, so theand confirm in
clause is not effective under these circumstances.

It is a compile time error to give fewer arguments in theexpr_list  than are
required by theformat_string .

Giving more arguments in theexpr_list  than required by the
format_string  will result in a compile time warning.
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If a floating point value overflows or underflows the value is formatted to “Inf”
or “-Inf” respectively.

If invalid values are used with the functions asin, acos, and sqrt the resulting
floating point value is formatted to “NaN”.

Restrictions • The number of expressions in theexpr_list  of a format statement is lim-
ited to 99 by the EXTOL step compiler.

• The EXTOL step compiler has limits on the size of string constants and the
number of syntactical elements within a single statement. If too many argu-
ments are specified or the format string becomes too long these limits may be
reached. The compiler will then abort compilation with an error message.

• Only process database variables of type float or double can be formatted
directly. As the compiler does not have any information on the type of a field,
type double is assumed. This will work for fields of integral type also, pro-
vided theformat_string  specifies a conversion that requires an argu-
ment of type float or double. String typed process database fields are not
handled correctly and will result in runtime errors.

• The target string type variable may not be a foreign variable. It may be a
pointer to a local string variable, though.

• If the target variable is designated by a pointer to a string only the number of
characters already found at that location can be (over-)written through the
pointer. This implies that you have to initialize the target string with a string
that contains at least the number of characters you are going to write through
a pointer to that string.

• In prior versions, foreign variables of type other than float or double must not
be specified inexpr_list . The compiler will accept them but will gener-
ate invalid code.

• The result of specifying the same variable as the target and as member of the
expr_list  within one single format statement is undefined.

Example Format the pressure defined by the variablep175 , and the saturation value con-
tained in the integer variablesaturate  and store this in the string variable
xString .

format  p175:0.meas ,  saturate
using  "pressure = %5.1f, saturate at %d"
into  xString

Notes This EXTOL statement maps directly onto a function of the MFC operating sys-
tem. Should the supplier of the MFC operating system decide to change the
meaning of conversion specifications this will be visible in EXTOL.

See Also “String Constants and Variables” on page19
“unformat” on page240
“print” on page198

Recommendations If you need to use foreign variables or process database variables of type other
than float or double in aformat  statement use the “get variable ” or
“ let ” statement to transfer the variables’ contents into a local variable and then
use that local variable in theformat  statement.

If the expr_list  is empty andformat_string  does not contain any con-
version specifications that require arguments uselet  instead offormat  for
efficiency reasons.

Futur e Directions The meaning of conversion specifications will be made independent of the
underlying MFC operating system in a future release.

It will be possible to use process database fields directly in a format statement.
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5.36. get

Syntax get var_name of unit unit_name
into loc_var
[ and confirm in conf_var  ]

Category Unit Variable Access

Ar guments

Description Theget statement copies the contents of a unit variable from a foreign unit to a
variable local to the calling step or local to the current unit, where the name of
the variable to get is defined dynamically by a string.

The statement causes the step to pause until the access to the foreign unit varia-
ble has completed or failed to complete.

If the get statement could successfully access the foreign unit variable,
conf_var , if specified in the optionaland confirm in  clause, is set to
EX_OK.

If the get statement did not succeed, the standard runtime error procedure will
be executed, unless the optionaland confirm in  clause was specified. If the
and confirm in  clause was specified,conf_var  is set toEX_ERROR and
execution continues with the next statement, if any.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The type of the variable determined byvar_name  and the type of the varia-
ble loc_var  are not compatible (i.e. the types are not identical and cannot
be converted).

• The foreign unit does not contain the specified variable.

• The foreign unit does not exist or its unit variables are not loaded.

• The MFC on which the specified unit resides cannot be accessed.

Restrictions The foreign / local unit variable may only be a variable of typeflag , byte ,
integer , long , float , double , string  or a structure type.

If a variable of structure type is transferred the size of that variable may not

Parameter I/O Type Description

var_name I string valued
expression

This argument is a string containing the name the foreign
variable.

unit_name I string valued
expression

This argument is the unit name where the variable resides.

loc_var O local
variable

On a successful return from theget statement this
parameter will contain the value of the foreign variable.

conf_var O local
integer
variable

This argument contains the confirmation code once the
get statement has finished. The confirmation code will
beEX_OK if get was successful,EX_ERROR otherwise

Table 42: Arguments of “get ”
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exceed 1000 bytes1.

Pointer variables cannot be transmitted. However, if a structure contains a
pointer, the value of this pointer is transferred, although it is almost certain to be
meaningless on the receiving side.

An element of an array can be transferred, but an entire array can not be trans-
ferred.

1. This limit is not checked by the compiler. It is not a strict limit but depends on the
length of the variable’s name and runtime memory constraints. The limit specified
really is an order of magnitude value: Up to that many bytes can be transferred
from one MFC to another under normal circumstances.

Example In the following example the operator is queried for the name of the variable
containing a quantity to be used in the operation. Knowing this, the step can now
fetch the information from the desired variable.

Quantity is astring of length  10 and xQuantity  is aninteger
variable present in the local step; a variable likeQuantity1  is available in the
foreign unit:

/*
* Ask the operator for the name of the
* variable containing the quantity.
*/

openter  "Name of quantity variable" into  Quantity

/*
* Now the string variable Quantity contains
* some variable’s name such as “Quantity1”.
*/

get Quantity of unit  “TANK1” into  xQuantity
and confirm in  xOK

if  xOK = EX_ERROR is true
then

print with prefix  Quantity
using format
“could not get quantity from variable %s”
on  _TYPER

else
print with prefix  Quantity

using format
"quantity: %d" on  _TYPER

endif

Notes The distinction between theget  statement and theget variable  statement
is that theget  statement accepts astring valued expression (i.e. a string constant
or a string variable) asvar_name  and thus allows dynamic building of the
var_name :

Assuming thatVariable  is a local variable of typestring  and also an
integer  type variable on unitR101 the two constructs

get Variable of unit  “R101” into  xInt

and

get variable Variable of unit  “R101” into  xInt

have quite different semantics: The first will get the variablenamed by the con-
tents of the local variableVariable  into xInt ; the second will get the con-
tents of the variablenamedVariable  from the foreign unit intoxInt .
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See Also “get variable” on page132
“put” on page202
“put variable” on page205

Recommendations Theget/put statement allows for error handling by providing the optional
and confirm in  clause. This makes the statement preferable to alet  state-
ment where external unit variable(s) are accessed through theunit$varia-
ble  notation.

Local unit variables are generally accessed much more efficiently by direct refer-
ence than through theget/put statement family. If synchronized access to
unit variables is required theget/put statement family provides a means for
synchronized sequential access, though.

Futur e Directions The restriction on arrays may be lifted in a future version. The size restriction to
approx. 1000 bytes will remain, though.

Pointers should be NULLed when they are transferred for additional safety.
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5.37. get cgs size of

Syntax get cgs size of variable into intvar  [ and confirm in
conf_var ]

Category File Control Statements

Ar guments

Description This statement determines the size of thevariable  given as argument as if
determined by the use of thesizeof  operator applied to the same variable on a
CGS system.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The type of the variablevariable  cannot be determined or the variable
type definition could not be found.

Restrictions Thevariable  specified must be a local variable. Foreign variables are not per-
mitted.

Parameter I/O Type Description

variable I local varia-
ble of any
type

This argument specifies the variable whose size should be
determined. In contrast to the sizeof operator the specifi-
cation of a data type at this position is not legal.

intvar O local integer
variable

On sucessful execution of the statement intvar contains
the size of the variable as it would have been determined
by the use of the sizeof operator on a CGS system.

conf_var O local
integer
variable

This argument contains the confirmation code once the
get cgs size of statement has finished. The confir-
mation code will beEX_OK if get cgs size of  was
successful,EX_ERROR otherwise

Table 43: Argument of “get cgs size of”
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Example Assumings1  is a local structure variable, where thesizeof  operator on CGS
when applied to this variable returns a size of 22 bytes:

get cgs size of s1 into  intvar

will set the local integer variableintvar  to 22, although thesizeof  operator
in SyCOS might return a different value.

Notes This statement is only needed when CGS binary compatibility mode is in effect
on a file, because positions computed bysizeof  in CGS are different from
positions computed bysizeof  in SyCOS due to the differing representation of
binary data on these systems.

See Also “position file number” on page195
“read” on page208
“write” on page252

Recommendations The use of this statement in newly written EXTOL applications is not recom-
mended - it only exists to help adaptation of existing CGS EXTOL programs to
SyCOS.

Futur e Directions This statement will vanish again when there are no CGS systems anymore.
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5.38. get system time into

Syntax get system time into variable [ as UTC ]

Category Other EXTOL Language Constructs

Ar guments

Description This statement retrieves the currentlocal time (i.e. it is adjusted for summer or
winter time) orUTC time from the MFC where this statement is executed and
puts a representation of the time into thevariable  specified as an argument.

If the argument is of typelong , the variable is set to the number of seconds
since 1. January 1970 local time (or UTC).

If the argument is of typestring , the current local date and time (or date and
time of UTC) are deposited into the variable in the following format:

dd-mmm-yy hh:mm:ss:tt

Where:

dd day of month in the range 01 to 31
mmm month name with the following values:

JAN, FEB, MAR, APR, MAY, JUN, JUL, AUG, SEP, OCT, NOV, DEC
yy last two digits of the year in the range 00 to 99
hh 24 hour clock time from 00 to 23

mm minutes in the range 00 to 59
ss seconds in the range 00 to 59
tt ticks, always 00

Note thereis one space between the last digit of the year and the first digit of the
hour.

The string variable must be at least 22 characters long in order to contain the
time information.

The system time is guaranteed to be ascending (UTC) and is synchronized to
within one second on all machines of a SyCOS network.

When elapsed time calculations are to be done, it is recommended to use the
UTC-option, because it never changes (no daylight saving jumps).

Restrictions Thevariable  specified must be a local variable. Foreign variables are not per-
mitted.

The compiler actually generates bad code for getting the system time into a for-
eign string type variable and fails to generate correct code for foreign long varia-
bles.

Parameter I/O Type Description

variable O local long
- or -

The number of seconds since 1. Jan. 1970 local time, if a
variable of typelong  is specified.

local string
variable

The string representation of the current local time, if a
string  type variable is specified.

as UTC - Optionally specifies, that the time returned represents the
time-zone UTC

Table 44: Argument of “get system time into”
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Example A string similar to "18-DEC-94 18:01:26:00 " will be placed into the

string variables1  when the following statement executes on the 18th of Decem-
ber 1994 around 6 o’clock in the evening:

get system time into  s1

s1  is assumed to be a local string variable able to hold at least 22 characters.

Notes The format of the string representation of the current time generated by this
statement is identical to the format generated by the predecessors of SyCOS.

The tick value part of the string representation is always “00”, as the resolution
of the system clock on the MFC is 1 second only.

See Also “wait” on page247

Recommendations In general the local time returnedmust only be used for display purposes and
never for important computations. Using the time in calculations will lead to
problems because local time is adjusted for summer or winter time.

If used for calculations (in e.g. unimportant test programs) then always use the
time in itslong  representation and not in thestring  representation.

Futur e Directions Future versions of the string representation may not be compatible with TCS any
more: there will only be one space between date and time; the useless ticks part
of the time will be dropped; and the year will be increased to 4 digits.

We really should have functions that perform string to long and long to string
conversions for time.



SyCOS EXTOL Reference Alphabetical EXTOL Language Reference

1.2 132

get variable

5.39. get variable

Syntax get variable var_name of unit unit_name
into loc_var
[ and confirm in conf_var  ]

Category Unit Variable Access

Ar guments

Description Theget variable  statement copies the contents of a unit variable from a
foreign unit to a variable local to the calling step or local to the current unit.

The statement causes the step to pause until the access to the foreign unit varia-
ble has completed or failed to complete.

If the get variable statement could successfully access the foreign unit
variable,conf_var , if specified in the optionaland confirm in  clause, is
set toEX_OK.

If the get variable  statement did not succeed, the standard runtime error
procedure will be executed, unless the optionaland confirm in  clause was
specified. If theand confirm in  clause was specified,conf_var  is set to
EX_ERROR and execution continues with the next statement, if any.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The type of the variable determined byvar_name  and the type of the varia-
ble loc_var  are not compatible (i.e. the types are not identical and cannot
be converted).

• The foreign unit does not contain the specified variable.

• The foreign unit does not exist or its unit variables are not loaded.

• The MFC on which the specified unit resides cannot be accessed.

Parameter I/O Type Description

var_name I variable
name

This argument designates the foreign variable.

unit_name I string valued
expression

This argument designates the unit the variable resides.

loc_var O local
variable

On a successful return from theget variable state-
ment this parameter will contain the value of the foreign
variable.

conf_var O local
integer
variable

This argument contains the confirmation code once the
get variable statement has finished. The confirma-
tion code will beEX_OK if get variable  was suc-
cessful,EX_ERROR otherwise

Table 45: Arguments of “get variable”
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Restrictions The foreign / local unit variable may only be a variable of typeflag , byte ,
integer , long , float , double , string  or a structure type.

If a variable of structure type is transferred the size of that variable may not
exceed 1000 bytes1.

Pointer variables cannot be transmitted. However, if a structure contains a
pointer, the value of this pointer is transferred, although it is almost certain to be
meaningless on the receiving side.

An element of an array can be transferred, but an entire array can not be trans-
ferred.

1. This limit is not checked by the compiler. It is not a strict limit but depends on the
length of the variable’s name and runtime memory constraints. The limit specified
really is an order of magnitude value: Up to that many bytes can be transferred
from one MFC to another under normal circumstances.

Example In the following example the operator is queried for the name of the main supply
tank to be used in the operation. Knowing this, the step can now fetch the infor-
mation from the desired unit.

Supply  is astring of length  10 and Quantity  is aninteger  vari-
able present in both the local unit and the foreign unit:

/*
* ask the operator for the name of the supply
* tank/unit
*/

openter  "NAME OF SUPPLY TANK" into  Supply

/*
* now the string variable Supply contains
* some unit's name such as “TANK1”
*/

get variable  Quantity of unit  Supply into  Quantity
and confirm in  xOK

if  xOK = EX_ERROR is true
then

print with prefix  Supply
using format
“could not get quantity from supply vessel %s”
on  _TYPER

else
print with prefix  Quantity

using format
"quantity of supply vessel: %d" on  _TYPER

endif

Notes The distinction between theget  statement and theget variable  statement
is that theget variable  statement accepts thename of a variable:

Assuming thatVariable  is a local variable of typestring  and also an
integer  type variable on unitR101 the two constructs

get Variable of unit  “R101” into  xInt

and

get variable Variable of unit  “R101” into  xInt

have quite different semantics: The first will get the variablenamed by the con-
tents of the local variableVariable  into xInt ; the second will get the con-
tents of the variablenamedVariable  from the foreign unit intoxInt .
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See Also “put variable” on page205
“get” on page125
“put” on page202

Recommendations Theget/put variable  statement allows for error handling by providing
the optionaland confirm in  clause. This makes the statement preferable to
a let  statement where external unit variable(s) are accessed through the
unit$variable  notation.

Local unit variables are generally accessed much more efficiently by direct refer-
ence than through theget/put variable  statement family. If synchronized
access to unit variables is required theget/put variable  statement family
provides a means for synchronized sequential access, though.

Futur e Directions The restriction on arrays may be lifted in a future version. The size restriction to
approx. 1000 bytes will remain, though.

Pointers should be NULLed when they are transferred for additional safety.
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5.40. gosub

Syntax gosub label

Category Flow Control Statements

Ar guments

Description This statement causes control to be transferred to the inline subroutine specified
by label .

The label control is transferred to may be defined before or after the firstgosub
referencing it.

The location of thegosub  statement is remembered so that control returns to
the statement following thegosub  statement when theretsub  statement ter-
minating the inline subroutine is executed.

Gosub statements may be nested.

Err or Conditions If the label specified does not designate an inline subroutine (i.e.: if the code
control is transferred to does not contain with aretsub  statement) control will
not be transferred back to the callinggosub . This implies a potential overflow
of the inline subroutine call stack, leading to an “Array index out of bounds”
runtime error.

If the flow of execution encounters aretsub  statement without having previ-
ously encountered agosub  statement an inline subroutine stack underflow
occurs, resulting in an “Array index out of bounds” runtime error.

Restrictions It is possible to nest inline subroutine calls so deeply that the inline subroutine
stack overflows. This causes an “Array index out of bounds” runtime error.

By default the nesting depth for inline subroutine calls is 20. This can be
changed by giving the appropriate option to est when the step is compiled.

Parameter I/O Type Description

label - - label  must be a label (jump target) defined within the
same step.

Table 46: Argument of “gosub”
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Example The following example executes a commonly used piece of code:

...
let  cvts = "hello WORLD"
gosub  tolower
...
exit
/*

* Inline subroutine tolower:
*  Convert string in cvts to lower case.
*/

.tolower
declare temporary variable  tli of type integer
let  tli = 0
while  cvts[tli] not=  0 is true
repeat

if  cvts[tli] >= 'A' and  cvts[tli] <= 'Z' is true
then

let  cvts[tli] = cvts[tli] + 'a' -  'A'
endif

endwhile
retsub

Notes Labels define locations in steps. All jumps to labels are evaluated at compile
time. There are no “label variables”.

Extreme care is required whengoto  andgosub  statements are used in the
same step. Use of thegoto  statement to jump into or out of inline subroutines
will cause inline subroutine stack misalignments resulting in “Array index out of
bound” runtime errors that are hard to track down.

See Also “retsub” on page220
“goto” on page137

Recommendations Inline subroutines are usually collected at the end of the source file for a step. If
you use inline subroutines make sure that “falling off the end” of a step does not
unexpectedly execute the inline subroutine(s), i.e. explicitly code anexit  state-
ment before the start of the first inline subroutine.

Do not mixgoto  andgosub  statements in the same step, if possible.

An inline subroutine shares variables with the step it is defined in. Make sure
that no unexpected side effects (unintentional use or modification of variables)
occur inside an inline subroutine. Definition of variables local to an inline sub-
routine should be done close to the label introducing the inline subroutine and
not at the beginning of the source file (see:“declare temporary variable” on
page88). This prevents unintentional abuse of what was really meant to be a var-
iable local to the inline subroutine.
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5.41. goto

Syntax goto label

Category Flow Control Statements

Ar guments

Description This statement causes the step to transfer execution to the specifiedlabel  in
the same step.

The label control is transferred to may be defined before or after the firstgoto
referencing it.

Err or Conditions If goto  is used to transfer control into or out of an inline subroutine the inline
subroutine return stack will be misaligned. This can result in an “Array index out
of bounds” error condition in the EXTOL runtime system, depending on the
sequence of jumps executed.

Restrictions The target label must be in the same step as thegoto . It is not possible to trans-
fer control to a label in another step.

The use ofgoto s to jump in or out of inline subroutines is not supported:
Although the compiler will tolerate such use the runtime will usually generate
“Array index out of bounds” errors. Use ofgoto  to jump to a label defined
within an inline subroutine from a location within the same inline subroutine is
well behaved.

Example The following example usesgoto  (against better knowledge!) to create an infi-
nite loop:

.forever
wait  10 seconds

goto  forever

Notes Program theory proves that any language containing constructs for sequencing,
iteration and branching does not require agoto  statement. Experience shows
that conscious and restrictive use ofgoto  can be a valuable tool to improve pro-
gram efficiency and legibility.

Labels define locations in steps. All jumps to labels are evaluated at compile
time. There are no “label variables”.

See Also “label” on page152
“switch on ... between ... endswitch” on page234
“break” on page69
“gosub” on page135
“retsub” on page220
“run operation” on page222 (this can be used as non local goto)
“while ... repeat ... endwhile” on page250

Parameter I/O Type Description

label - - label  must be a label (jump target) defined within the
same step.

Table 47: Argument of “goto”
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Recommendations Thegoto  statement should be used very sparingly, as code containing goto’s
usually is extremely hard to maintain. Some validation authorities will not
approve code that uses goto’s indiscriminately.

The following use of goto is usually considered harmless:

• Use of goto to break out of a nested loop. This can avoid time consuming
tests in the surrounding loop for error or termination criteria established in
the innermost loop. Note that the jump target should be right after the end of
the enclosing nested loop structure or at the end of the step. Also note that for
unnested loops the break statement has exactly this funtionality.

The following uses are dangerous and are considered (at least!) poor program-
ming style:

• Use of goto where there are other, more structured means to achieve the same
functionality: Userepeat , while , switch  instead ofgoto  wherever
possible.

• Use of goto to jump into loops. If goto’s are used to jump into loops the state
of variables modified within the loop is usually undefined.

• Use of goto to jump in and/or out of inline subroutines.

Futur e Directions Future versions of the compiler will (again) issue warning messages when the
use of goto is detected.
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5.42. hold operation

Syntax hold operation op_name
[ on unit unit_name  ]
[ and confirm in conf_var  ]

Category Operation and Unit Control Statements

Ar guments

Description This statement forces an operation which is currently executing a main step to
the associated hold step, if it exists.

The main step is paused and execution continues with the first statement of the
hold step.

In prior versions, falling off the end or explicitly exiting a hold step results in the
execution of the next main step of the operation.

Now, falling off the end or explicitly exiting a hold step causes the operation to
remain in hold state until restarted, reran or killed.

As long as the operation is executing the hold step, execution of arestart
operation  statement will either restart the main step from the beginning of
the instruction that was executing when it was held, or restart it at a specified
label, if a label is given in therestart operation  statement.

If the optionalon unit  clause is not specified the unit the operation currently
executes on is assumed.

If the operation on the unit specified byunit_name could not successfully
forced to hold the standard runtime error procedure will be performed.

Parameter I/O Type Description

op_name I string
valued
expression

This parameter specifies the name of the EXTOL
operation which will be set to hold.

unit_name I string
valued
expression

This optional parameter specifies the name of the unit
this operation belongs to. Ifunit_name  is omitted,
the unit the operation currently running on is
assumed.

conf_var O local
integer
variable

This argument contains the confirmation code once
thehold operation statement has finished. The
confirmation code will beEX_OK if hold opera-
tion was successful,EX_ERROR otherwise

Table 48: Arguments of “hold operation”
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Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The specified operation is not available.

• The specified operation is not running.

• The main step of the specified running operation has no associated hold step.

• There is no memory available to build an environment for the associated hold
step.

• The unit specified byunit_name does not exist or is not loaded.

• The MFC on which the specified unit resides cannot be accessed.

Restrictions An EXTOL operation cannot execute ahold operation  statement on itself.

Example The following statement causes the operation DISTILL running on unit UNIT01
to execute the hold step:

hold operation  “DISTILL” on unit  “UNIT01”
and confirm in  xOK

if  xOK = EX_OK is true
then

print with prefix
using format
“Operation DISTILL on unit UNIT01 in hold”
on  _CONSOLE

else
print with prefix

using format
“Cannot hold operation DISTILL on unit UNIT01”
on  _CONSOLE

endif

See Also “restart” on page216

Futur e Directions Future releases of the system may allow hold/restart on the calling operation, i.e.
the restriction currently imposed will be lifted, this will then be compatible with
TCS.
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5.43. if ... else ... endif

Syntax if expr is boolean
then

[  statement_list_1 ]
else

[ statement_list_2  ]
endif

Category Flow Control Statements

Ar guments

Description The if ... else ... endif  statement controls the execution of two dif-
ferent statement lists.

If expr  evaluates to either true or false (whichever is indicated byboolean ),
then the statement list (i.e.statement_list_1 ) between thethen and
else  keywords is executed.

Otherwise, the statement list (i.e.statement_list_2 ) between theelse
andendif  keywords is executed.

Any EXTOL statement valid in the step is a validcomponent of the statement
lists, especially nesting of EXTOL control structures (like if ... else ...
endif ) is supported to unlimited depth.

Both statement lists, i.e.statement_list_1  and/orstatement_list_2
may be empty.

If statement_list_2  is empty it can be omitted, including theelse  key-
word.

Err or Conditions This statement is subject to the normal failures involving expressions containing
foreign unit variables or process variables.

Parameter I/O Type Description

expr I numeric This expression is evaluated by the runtime. If the
value is non zero this is mapped to the boolean
value true, if zero this is mapped to the boolean
value false.

boolean I - Either the keyword true  or the keyword false .
This is the boolean valueexpr  is compared to.

statement_list_1 - - This is the list of statements to execute when the
boolean valueexpr  equals the boolean value
specified asboolean .

statement_list_2 - - This is the list of statements to execute when the
boolean valueexpr  does not equal the boolean
value specified asboolean .

Table 49: Arguments of “if ... else ... endif”
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Restrictions Note that the expr must be of numeric type. This implies that the following con-
struct will not work:

if  “true” is true
then

print with prefix
using format  “string true is boolean true”
on  _CONSOLE

endif

The correct way to formulate this is:

if  “true” = “true” is true
then

print with prefix
using format  “string true is boolean true”
on  _CONSOLE

endif

Examples The following code fragment checks, whether the temperature measured by the
sensor “TT12101” has reached a target temperature, while checking that the tar-
get temperature is reached within a reasonable time frame. When the target tem-
perature is reached the alarm limit is changed so that cooling off beyond a
certain limit will trigger the alarm.

if  “TT12101”:0.MEAS < TempTgt is true
then

if  TempTimer > MaxTime is true
then

print with prefix
using format
“Temperature increasing too slowly”
on  _CONSOLE

endif
else

/*
 * Finished - increase the low alarm limit
 */
let  “TT12101”:0.LO = “TT12101”:0.MEAS -  AlarmOffset

endif

Note that the example does not show the implied while loop around this logic
and other driving logic that actually effects the heating.

Futur e Directions The “is true” part will become optional and implied in future versions of the lan-
guage.
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5.44. info

Syntax info : info_string

Category Operator Interface Statements

Ar guments

Description The info  statement can only reside within the body of theopdec ...
endopdec  statement.

Execution of the statement displays theinfo_string  specified as argument
on the alarm summary display but the line containing theinfo_string  is not
selectable as a choice.

Err or Conditions If info_string is a foreign unit variable and that unit is not available the
statement will fail.

Restrictions An info  statement cannot exist outside of an opdec ... endopdec  state-
ment.

There can only be a maximum of 10 (ten)choice , info  anddefault
choice  statements in oneopdec .. endopdec  statement.

There must be at least onechoice  or default choice  statement in addi-
tion to theinfo  statement within theopdec ... endopdec  statement.

The length of theinfo_string argument is limited to 80 characters.

Parameter I/O Type Description

info_string I string valued
expression

This is the text that will be displayed on the operator
display.

Table 50: Arguments of “info”
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Examples The following is a complete example of an opdec containing several info  state-
ments:

let  xChoice[0,0] = “Option A”
let  xChoice[1,0] = “Option B”
let  xChoice[2,0] = “Option C”
opdec  “Select an option”

info:  “Select one of the options A-C,”
info:  “or the default D.”
info:  “Option C requires supervisor privileges.”
choice:  xChoice[0,0]

/* Code for Option A */
break

choice:  xChoice[1,0]
/* Code for Option B */
break

choice:  xChoice[2,0] authorized by  “SupOnly”
/*
 * Code for Option C. Only selectable by users
 * authorized to use function “SupOnly”.
 */
break

default choice:  “Option D”
/* Code for Option D */
break

endopdec

See Also “.opdec ... endopdec” on page158
“default choice” on page92
“choice” on page79
“break” on page69
“switch on ... between ... endswitch” on page234
“timeout” on page236

Recommendations Although statements can be associated with an info statement (in analogy to the
choice and default choice statements) this does usually not make very much
sense: The only way these statements can be executed is if control falls through
from a previous choice statement when that choice was selected - usually a sign
of poor programming practice.
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5.45. instate recipe

Syntax instate recipe rec_name
[ on unit unit_name  ]
[ and confirm in conf_var  ]

Category Operation and Unit Control Statements

Ar guments

Description This statement copies the values contained in a previously loaded recipe into the
appropriate variables of the indicated unit or of the current unit, if no unit was
specified.

Theinstate recipe  statement causes the operation to pause until the recipe
is instated or an error has occurred.

If the recipe on the unit specified byunit_name could not be successfully
instated the standard runtime error procedure will be performed.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The foreign unit does not exist.

• The MFC on which the specified unit resides cannot be accessed.

• The specified recipe is not loaded.

• rec_name  or unit_name  reference external unit variables and that unit
cannot be accessed.

Example Assume a recipecookie  has been created and subsequently loaded to the unit.
Two of the values in this recipe areHeatTemp  equal to 350 andBakeTime
equal to 1.65. These correspond to the unit variables HeatTemp and BakeTime.
After executing theinstate recipe  statement in the following example, the
print  statement will produce a message reading "HEAT_TEMP = 350,
BAKE_TIME = 1.65":

let  HeatTemp equal  0
let  BakeTime equal  0
instate recipe  "cookie"
print with prefix  HeatTemp, BakeTime

using format  “Heat temp. = %d, bake time = %f”
on  _CONSOLE

Parameter I/O Type Description

rec_name I string
valued
expression

This parameter specifies the name of the EXTOL rec-
ipe which will be instated.

unit_name I string
valued
expression

This optional parameter specifies the name of the unit
this recipe belongs to. Ifunit_name  is omitted, the
current unit is assumed.

conf_var O local
integer
variable

This argument contains the confirmation code once
theinstate recipe statement has finished. The
confirmation code will beEX_OK if instate
recipe was successful,EX_ERROR otherwise

Table 51: Arguments of “instate recipe”
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5.46. iocontrol on

Syntax iocontrol on expr function func_code
[ with argument func_ar g ]
[ and confirm in conf_var ]

Category File Control Statements

Ar guments

Description This statement provides a low level interface to character-oriented devices such
as terminals or communications lines (serial channels). Theiocontrol on
statement is an open-ended mechanism for performing any I/O functions that do
not fit the other basic I/O calls. The terminal devices have a full range of function
codes (with 0 to 1 argument) that affect the behaviour of the device.

Theiocontrol on  statement respond to the following numeric function code
passed infunc_code :

Parameter I/O Type Description

expr I integer
valued
expression

This expression must evaluate to a device number
returned by a previous successful call toopen
file .

func_code I integral
expression

This argument specifies the numeric I/O control func-
tion for the device (see above).

func_arg I integral
expression

This parameter specifies the argument for the func-
tion code FIOSETOPTION and FIOBAUDRATE.

conf_var O local
integer
variable

This argument contains the confirmation code once
the iocontrol on statement has finished. The
confirmation code will beEX_OK if iocontrol
on was successful,EX_ERROR otherwise

Table 52: Arguments of “iocontrol on”

Function Code Meaning

FIOFLUSH This function code discards all bytes in the input and
output buffer.

FIOCANCEL This function code cancels a read or write.

FIOBAUDRATE This function code sets the I/O transfer rate to the spec-
ified argument.

Table 53: Function Code offunc_code
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Line mode In line mode (OPT_LINE), all input characters are saved until a NEWLINE
character is input; then the entire line of characters, including the NEWLINE, is
made available all at once. Reading inline mode causes characters up to the
end of the next line to be extracted from the (device) input buffer, up to the limit
of the user’s read buffer. Input may be modified by the following special charac-
ters:

• The backspace character, by default ^H, causes successive previous charac-
ters to be deleted from the current line, up to the start of the line. It does this
by echoing a backspace followed by a space, and then another backspace.

• The line-delete character, by default ^U, will delete all the characters of the
current line.

• The end-of-file (EOF) character, by default ^D, will cause the current line to
become available in the (device) input buffer without a NEWLINE and with-
out entering the EOF character itself. Thus if the EOF character is the first
character typed on a line, reading that line will return a zero byte count,
which is the usual indication of end-of-file.

FIOSETOPTIONS This function code sets one or more (see below) of the
following device options:

Function Code Meaning

Table 53: Function Code offunc_code

Device Option Meaning

OPT_LINE This option selects theline
mode (see below).

OPT_ECHO This option echoes input charac-
ter to the output of the same
channel.

OPT_CRMOD This option translates:

• input RETURN character
into NEWLINES

• output NEWLINEs into
RETURN-LINEFEEDs

OPT_TANDEM This option responds to X-on /
X-off protocol (^Q and ^S).

OPT_7_BIT This option strips the most sig-
nificant bit from all input bytes.

OPT_ABORT This option enables the special
shell abort  character, ^C
by default.

OPT_TERMINAL This option setsall of the above
device options bits.

OPT_RAW This option setsnone of the
above device option bits (see
below).
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Raw mode In the unbufferedraw mode (OPT_RAW), each input character is available to
readers as soon as it is input from the device. Reading from a device in raw
mode causes as many characters as possible to be extracted from the input
buffer, up to the limit of the user’s read buffer. Input cannot be modified except
as directed by other device option bits.Raw mode is the default mode for a
device.

If the iocontrol on  statement could not be successfully executed the stand-
ard runtime error procedure will be performed.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The specified device number returned by a previous call to theopen file
statement is invalid.

• The device specified byexpr  is not a terminal or pseudo-terminal device.

• The function code specified byfunc_code  is not one of the I/O control
functions listed in the table above.

• The device option specified byfunc_arg  in not one of the available
options listed in the table above.

• The iocontrol on statement will fail, if the underlying system call of
the VxWorks operating system on the MFC returns an error.

Restrictions Theexpr  used for the device number must evaluate to an integer.

Notes Although the term “baudrate” is used, the actual rate is in bits per second.

See Also “open file” on page161
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5.47. kill operation

Syntax kill operation oper_name
[ on unit unit_name  ]
[ and confirm in conf_var  ]

Category Operation and Unit Control Statements

Ar guments

Description This statement forces the specified operation on the specified unit to exit. If no
unit is given, the operation is assumed to reside on the same unit as the operation
issuing thekill operation  statement.

Any attachments to a unit made by the killed operation will be detached.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The specified operation is not available.

• The unit specified byunit_name  does not exist or is not loaded.

• The MFC on which the specified unit resides cannot be accessed.

• An operation with outstanding I/O cannot be killed.

Note An EXTOL operation may now execute akill operation  statement on
itself.

Parameter I/O Type Description

op_name I string
valued
expression

This parameter specifies the name of the EXTOL
operation which will be killed.

unit_name I string
valued
expression

This optional parameter specifies the name of the unit
this operation belongs to. Ifunit_name  is omitted,
the unit the operation is currently running on is
assumed.

conf_var O local
integer
variable

This argument contains the confirmation code once
thekill operation statement has finished. The
confirmation code will beEX_OK if kill opera-
tion was successful,EX_ERROR otherwise

Table 54: Arguments of “kill operation”
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Example The following example kills the operation DISTILL on unit UNIT01:

kill operation  "DISTILL" on unit  “UNIT01”
and confirm  in xOK

if  xOK = EX_OK is true
then

print with prefix
using format
“Operation DISTILL on UNIT01 has been killed”
on  _CONSOLE

else
print with prefix

using format
“Operation DISTILL on UNIT01 could not be killed”
on  _CONSOLE

endif

See Also “kill all operations” on page151
“run operation” on page222

Futur e Directions Future versions of the runtime will allow suicide of an operation (actually the
exit operation statement already allows this.)
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5.48. kill all operations

Syntax kill all operations  [ on unit unit_name  ]
[ and confirm in conf_var  ]

Category Operation and Unit Control Statements

Ar guments

Description Thekill all operations  statement will kill all operations on the unit
specified byunit_name .

If no unit is given, it is assumed to be the same unit where the operation issuing
thekill all operations statement is running. In this case, all operations
on this unit will be killedexcept the operation that executes this statement.

The operation executing the statement is suspended until all operations on the
specified unit have been killed; this may take a few seconds.

If one operation on the unit specified byunit_name could not be killed suc-
cessfully the standard runtime error procedure will be performed.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• A timeout occurred while killing an operation on the specified unit.

• unit_name  involve accesses to external unit variables and the variables are
not available.

• The unit designated byunit_name  does not exist or is not loaded or is not
accessible.

See Also “kill operation” on page149

Parameter I/O Type Description

unit_name I string
valued
expression

This optional parameter specifies the name of the
unit. If unit_name  is omitted, the current unit is
assumed.

conf_var O local
integer
variable

This argument contains the confirmation code once
thekill all operations  statement has fin-
ished. The confirmation code will beEX_OK if kill
all operations  was successful,EX_ERROR
otherwise

Table 55: Arguments of “kill all operations”
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5.49. label

Syntax . label

Category Flow Control Statements

Ar gument

Description Labels establish a named location in an EXTOL step.

Labels must be unique within a step.

Labels are used as targets for transferring control to the associated place in the
step using thegoto , gosub , restart  or run  statements.

Err or Conditions

Restrictions The '.' of the label definition must be placed in the first column of a line.

There can only be a maximum of 256 labels per step.

Example The following lines of code set up an endless loop in the step that contained
them:

. forever
wait  1

goto  forever

See Also “begin subroutine” on page66
“goto” on page137
“gosub” on page135
“restart” on page216
“run operation” on page222

Recommendations Labels may appear anywhere in a step. You should not however, place them in a
switch...endswitch  or opdec...endopdec  compound statement and
branch to them from outside of those compound statements. This is considered
extremely poor programming practice (and may cause portability problems in
future versions of the language).

Blank lines do not have any code associated with them. For this reason, the
EXTOL debugger will not be able to set breakpoints at a blank line. As you may
set breakpoints at labels, you can create additional labels in a step just for debug-
ging purposes.

Parameter I/O Type Description

label - - The name of the label. The name must begin with an
alphabetic character and be followed additionally by
up to 12 alphanumeric characters.

Table 56: Argument of “label”
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5.50. let

Syntax let  destination equal  expr

let  destination = expr

let  destination point to  variable

let  destination point to block  block

Category Unit Variable Access

Ar guments

Description The let  statement performs expression evaluation and assignment functional-
ity: The expressionexpr  on the right hand side of thelet  statement is evalu-
ated and the result of the evaluation is stored in the location designated by
destination .

Syntax 1 and 2 The expressionexpr  in the first two syntax forms of the statement (these two
forms are identical, except that the keywordequal  is replaced by the= symbol)
may involve any combination of constants, step variables, local unit variables,
foreign unit variables and process database fields (all collectively called oper-
ands) operated upon by operators (for a complete list see: “Operators and
Expressions” on page36) and functions (see “Predefined Functions” on
page33).

destination  must be of the same type as the expression to the right of the
equal  keyword (or= symbol) and must represent a storage area (i.e. this must
be a step variable, a local or foreign unit variable, a database field or a pointer
expression that evaluates to one of these).

If destination  or any part ofexpr  designates a foreign unit variable or a
process database field, then execution is paused until the access has been com-
pleted.

Whenever an assignment takes place conversions are performed as follows:

• if destination  andexpr  are of identical type no conversion takes place.
The let  statement will also handle assignments of arrays and structures, as
long as type and size are identical on both sides.

• if destination  andexpr  are of typestring  with differing sizes and
destination  is not large enough to receive all the characters fromexpr
only the number of characters reserved at the destination will be copied. As a
special case, if the destination is a string pointed to by apointer to
string  only up to the number of characters already found at thedesti-

Parameter I/O Type Description

destination O see below This designates the storage area where the result of a
computation should be stored.

expr I see below This designates the computation to be performed.

variable I local
variable

This designates a local variable (local unit or step
variable) that should be pointed to.

block I - This is the name of a block in the process database
that the destination may legally point to (same proto-
type for destination and block).

Table 57: Arguments of “let”
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nation  will be written.

• if destination  is of typestring  andexpr  is of typen, 1 array
of byte  (or vice versa) the let statement will copy up to the size of the
receiving string orn bytes or up to the first NUL byte found in the array,
whichever is less. The terminating NUL byte in the receiving string will be
preserved.

• if both destination  andexpr  are of numeric type the result ofexpr  is
converted to the type of the destination. If the destination type is too small to
store the value ofexpr  then the value is dependent on the machine architec-
ture (on Motorola 86k set to the maximum of the allowed by the type on Intel
architecture it is just truncated to hold the bits representable by the type).

Syntax 3 The third form of the let statement is used to initialize pointer variables to point
to data items of the appropriate type. This form of the let statement requires, that
the variable pointed to is a local (step or unit) variable.

Syntax 4 The fourth form of the let statement establishes a pointer that points to a block in
the process database.

Err or Conditions let  will always succeed in execution when working with local variables
(including pointer variables). However, if either a foreign unit variable or a proc-
ess database field is referenced then this statement could fail for the usual rea-
sons involving expressions containing foreign unit variables or process variables.
There is no recovery from such error conditions.

Using a foreign unit variable or database field for bothdestination  and
expr  will cause a run-time error.

Restrictions The compiler does not know the type of process database fields. Unless the type
can be heuristically determined (see Notes section below) the type of process
database fields is implicitly taken asdouble .

Thearray of byte/string  conversions are not performed for external
unit variable access.

Only destination  or expr  (but not both) can reference foreignstring
type unit variables or process database fields.

Examples Calculate the proportional gain of control block TIC103:1 using the EXTOL
float variablestotal  andtarget , and the pressure measurement from the
process loop PI1045:

let  “tic103”:1.kp =(total / target) * “pi1045”:0.MEAS

Fetch the variable of the foreign unit variablef  contained in the unit "TANK1",
calculate the absolute value of this quantity and store the result in the local unit
variablef :

let  f equal  abs(tank1$f)

Move the value contained in the float variablef  into the integer variable i.
Note that the value of f  will be truncated:

let  i = f

In this exampleintpoint  is a variable of type pointer to integer .
Initialize intpoint  to point to the local integer variablei  and subsequently
use and modify the value ofi  indirectly via the pointerintpoint :

let  intpoint point to  i

let  @intpoint equal  @intpoint + 1

In this examplearray  andarray2  are variables of typearray of inte-
ger , structure  andother_structure  are structures of the same type.
Copy array2  toarray  and then copy other_structure  tostructure .
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Note that you may copy entire arrays and entire structures but the sizes of the
arrays must be identical and the types of both structures must be the same.

let  array equal  array2

let  structure equal  other_structure

Let the prototype pointerprotoptr  point to block 1 of the loopTIC101 :

let  protoptr point to block  “TIC101”:1

Notes The let  statement currently uses heuristics to determine the type ofexpr  and
destination  if the type of one of these items cannot be determined from the
information available to the compiler:

If expr  is of type string anddestination  is a process database field (whose
type the compiler does not know) the code generated assumes that the process
database field is also of type string.

If destination  is a string type variable andexpr  is an expression designat-
ing a process database field (whose type the compiler does not know), the proc-
ess database field is assumed to be of type string.

See Also “get variable” on page132
“put variable” on page205

Recommendations If error handling is required when accessing foreign unit variables use theget
andput  statements instead oflet .

Sometimes you may need to copy data from the process database (because the
type of that kind of data cannot be determined by the compiler) to a local varia-
ble (thus applying the heuristics described in the Notes section above) before
using it in another EXTOL statement, e.g.: T101:0.PUNI is a string type field
that contains the name of the parent unit for a loop. The following print state-
ment will not compile (because the type is (wrongly) assumed to be double):

print with prefix  “T101”:0.PUNI
using format  “Parent unit of T101 is: %s”
on  _CONSOLE

To solve this kind of problem you can first copy the value of T101:0.PUNI into a
local string variable xString (using the let statement heuristics) and then use the
print statement:

let xString  equal “T101”:0.PUNI
print with prefix  xString

using format  “Parent unit of T101 is: %s”
on  _CONSOLE

Avoid assigning a unit variable to point to a step variable because when the oper-
ation containing the step exits the unit variable will then contain an invalid
pointer.

Futur e Directions When the type of process database elements can be determined the heuristics
currently employed will no longer be used.

Future versions of the language may introduce operations on string type data
above and beyond simple assignments.
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5.51. link

Syntax link db_field as reference to foreign_field
[ and confirm in conf_var  ]

Category Dynamic Field Links in the Process Database

Ar guments

Description This statements creates a connection between the database field
foreign_field  and the database fielddb_field , so thatdb_field
becomes an alias name forforeign_field :

If db_field  is an input field all changes inforeign_field  will be
reflected indb_field .

If db_field  is an output field changes made to it will be propagated to
foreign_field .

If db_field  was previously linked to anotherforeign_field  this connec-
tion will be replaced.

If the link could not be established successfully the standard runtime error proce-
dure will be performed.

If foreign_field  evaluates to the empty string then any existing link is bro-
ken and no new link is established. The statement is then equivalent to the
unlink  statement.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• db_field  is not an I/O field.

• foreign_field  does not contain a valid field specification (e.g.: bad syn-
tax, non existing ELT) or the MFC holding the ELT cannot be accessed.

• foreign_field  is a foreign string variable and cannot be accessed.

• The MFC on whichdb_field  resides cannot be accessed.

Restrictions db_field  must be a field in the process database of the local MFC (i.e.: the
MFC the statement is executing on).

Parameter I/O Type Description

db_field I database
field

This argument specifies the database field the link
should be established from.

foreign_field I string valued
expression

This argument specifies the database field the link
should be established to.

conf_var O local
integer
variable

This argument contains the confirmation code once
the link statement has finished. The confirmation
code will beEX_OK if link was successful,
EX_ERROR otherwise

Table 58: Arguments of “link”
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Example /*
* Addition from headtank M575 to reactor is
* regulated according to reactor temperature.
*/

link  “TC57501”:0.INP as reference to “TT10101:0.MEAS”
and confirm in  xOK

if  (xOK != EX_OK) is true
then

print with prefix
using format
“Cannot set up addition control loop”
on  _CONSOLE, BHF

/*
* + additional failure logic
*/

endif

Notes Note thatdb_field  is specified in the form“ELT”:BLOCK#.FIELD  or
PROTOPTR->FIELD whereas theforeign_field  is astring  variable or
astring  constant.

Although the specifiedforeign_field  is checked for existence and syntactic
correctness no checks are performed to ensure that the link really makes sense:
You can create a link of an I/O field to a string type field in the process database,
if the foreign_field  specification is syntactically correct and does indeed
designate an existing field! This will result in a loop error indb_field ’s loop.

See Also “unlink” on page244
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5.52. .opdec ... endopdec

Syntax opdec message  [ with timeout after time minutes  ]
[ without tracking  ]
...

endopdec

Category Operator Interface Statements

Ar guments

Description The opdec ... endopdec construct sends the text specified bymessage
to each operator console defined in the unit block of the operation. The operation
then pauses execution until either theopdec  is answered, or the time specified
by time  in the optionalwith timeout after  clause has elapsed.

When the operator selects the opdec text on the console, choice, default choice
and info texts created by thechoice: , default choice:  andinfo:
cases within the opdec ... endopdec  construct are displayed as a number
of lines.

When the operator selects one of the displayed lines, the operation will resume
execution by branching to the statement list following the case corresponding to
the selected choice. An automatic entry into the batch protocol file will be made
of the following format:OPERATOR: <user-id> CONSOLE: <console name>
FUNCTION: Operator Decision OPERATION: <operation> DECISION:
<message> CHOICE: <choice-string> [SIGNED BY: <user-id>].

If the opdec  statement was programmed with the optionalwith timeout
after  clause and the time specified has elapsed, then the operation resumes
execution by branching to the statement list following thetimeout:  case
within the body of theopdec ... endopdec  construct, if it exists. If there is
no timeout:  case then execution continues with the statement following the
endopdec .

If the optionalwithout tracking clause is specified, then there will be no
automatic protocol entry into the batch-protocol file (.bhf-files and then the batch
specific file) done. This does suppress automatic batch logging for all choices of
thisopdec statement.

The value specified bytime  must evaluate to zero or a positive number.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The unit block, where the operation is running, has no operator console
defined in its list ofADIs.

• The operation cannot communicate with the local opdec server.

Parameter I/O Type Description

message I string
valued
expression

This parameter specifies the text which appears on an
opdec display in the alarm summary.

time I integral
expression

This optional parameter specifies the maximum time
the operation issuing the opdec will wait for an
answer from the operator.

Table 59: Arguments of “opdec ... endopdec”
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• The timeout specified evaluates to a negative number.

• The time specification in the optionalwith timeout after  clause con-
tains references to external variables or process database fields and these can-
not be retrieved.
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Restrictions There is a combined limit of 10info: , choice: , default choice:
cases peropdec ... endopdec  construct. Howeveropdec ...
endopdec  constructs may be nested.

Only onetimeout:  case is allowed peropdec ... endopdec  construct.

EXTOL cannot detect which PICs are presently operational, it does not know if
the PICs designated to receive thisopdec  are on-line. Therefore atimeout:
case in theopdec...endopdec  construct is strongly recommended.

The length of themessage  argument is limited to 79 characters.

Any opdec  statement must contain at least onechoice:  or default
choice:  case.

Example In this example, the operator must designate the valve to be opened. This exam-
ple illustrates the correct interaction between the opdec ... endopdec, choice,
timeout, and break statements.

opdec " PLEASE DESIGNATE THE VALVE TO OPEN"
with timeout after  10 minutes
choice: " VALVE SET: FV115A, FV115B "

drive  “FV115A” to open
drive  “FV115B” to open
break

choice: " VALVE SET: FV215A, FV215B "
drive  “FV215A” to open
drive  “FV215B” to open
break

timeout:
print without prefix
using format " No action taken " on  _CONSOLE
break

default choice: " GIVE UP AND EXIT STEP "
exit

endopdec

Notes If the operation is forced to hold while anopdec  from the main step has not yet
been answered, theopdec  is removed from the display; it will however be
regenerated if the main step is resumed using therestart  statement.

Specifying a timeout value of 0 is equivalent to specifying no timeout at all.

See Also “choice” on page79
“info” on page143
“timeout” on page236
“default choice” on page92
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5.53. open file

Syntax open file file_name
[ in mode file_mode  ]
as file number fileno
[ and confirm in conf_var  ]

Category File Control Statements

Ar guments

Description open file  opens a file of the given name and the indicated mode. The file
must already exist in order for it to be opened successfully.

The following modes are predefined for themode parameter in the global string
substitution file:

#define READ 0
#define WRITE 1
#define UPDATE 2
#define RAWREAD 0 aka: READ
#define RAWWRITE 1 aka: WRITE
#define RAWUPDATE 2 aka: UPDATE
#define CGSBINARYREAD 3
#define CGSBINARYWRITE 4
#define CGSBINARYUPDATE5
#define BINARYREAD 6
#define BINARYWRITE 7
#define BINARYUPDATE 8
#define TEXTREAD 9
#define TEXTWRITE 10
#define TEXTUPDATE 11

Parameter I/O Type Description

file_name I string
valued
expression

This parameter specifies the name of the file to open.
(See “Files and File Names” on page44.)

file_mode I integer
valued
expression

This parameter specifies the mode the file should be
with. If the optionalin mode  clause is not specified
READ mode is assumed.

fileno O local integer
variable

On a successful return from theopen file  state-
ment this parameter will contain a file number desig-
nating the open file.

conf_var O local integer
variable

This argument contains the confirmation code once
theopen file statement has finished. The confir-
mation code will beEX_OK if the statement was suc-
cessful,EX_ERROR otherwise.

Table 60: Arguments of “open file”



SyCOS EXTOL Reference Alphabetical EXTOL Language Reference

1.2 162

open file

The parameterfileno  must be a local integer variable and will contain a han-
dle to the open file. This file number will have to be specified in the remainder of
the EXTOL logic (e.g.read , write , close  statements) whenever the opened
file is referenced.

Once opened, a file stays opened until it is explicitly closed with theclose
file  statement, or until the operation exits or is aborted.

When a file is opened, the location pointer is positionedat position 0.

Err or Conditions Theopen file  statement will fail under the following conditions:

• Thefile_name  parameter is not valid, either because it designates a direc-
tory, or it contains characters not legal for file names, or is empty, or contains
references to intermediate directories that do not exist.

• Thefile_mode  parameter does not evaluate to one of thelegal modes.

• More than 32 files are currently open within the operation

• The underlying VxWorks System call fails.

• The expression used for thefile_name  andfile_mode  parameter con-
tains references to external variables and the external variable cannot be
accessed.

Restrictions There is a limit of 32 open files per operation.

Thefileno  parameter must be a local (i.e. step or local unit) variable. External
variables are explicitly forbidden.

The file server serving the file decides on the correctness of a file name. This
implies different restrictions for files residing on different file servers may exist.

Example Open the file 'SCRATCH.PAD' in the directory /MYFILES/ for both read and
write access:

open file " /MYFILES/SCRATCH.PAD"
in mode UPDATE
as file number  spad
and confirm in  xOK

Notes As files are not implicitly closed while an operation is running the application
programmer needs to keep track of the number of files in order to avoid the 32
file per operation limit and close files explicitly when they are no longer needed.

Note that the successful return from aopen file  statement does not necessar-
ily imply that further operations on the file designated by the returned file
number will succeed: As EXTOL files usually reside on PICs or FSs and are
accessed over the network failure of the PIC, FS or the network may cause unex-
pected failures for legal operations on successfully obtained file numbers.

Due to the implementation of the underlying VxWorks system call and the cur-
rent NFS driver used in VxWorks (up to version 5.1.2) creating a file can succeed
even in cases where the file is absolutely inaccessible afterwards.

In prior versions,thein mode  clause will allow arbitrary numeric types, as long
as the final value of the expression evaluates to a valid mode. Now only integer
valued expressions are permitted.

See Also “close file number” on page81
“create file” on page85
“read” on page208
“write” on page252
“position file number” on page195
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Recommendations Use extreme caution when working with files in EXTOL: Most of the time files
reside on different machines in the network. This makes EXTOL file handling
sensitive to network problems and problems of the machines hosting the file.
This implies that you should only perform file interaction outside of time or mis-
sion critical sections in your application code.

Inside mission and time critical sections you should consider the use of unit var-
iables and the batchlog mechanism provided by the system.

Writing/readingraw data to/from a file is inherently non-portable: In heterogene-
ous environments (i.e. Not all PICs and MFCs have the same type of CPU and
the same operating system) data written to a file from one machinewill not be
readable from any other machine.
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5.54. open process

Syntax open process command on host_name
[ as user remote_user ]
[ in mode mode ]
as file number fileno
[ and confirm in conf_var  ]

Category Other EXTOL Language Constructs

Ar guments

Description This statement connects to the host specified byhost_name  and executes the
specified commandcommand on that host. The host may only be a PIC or a FS.

The default remote user name is “extol ”, unless the optionalas user  clause
specifies a different remote user name.

The local user name used by the EXTOL program to identify itself with the
remote machine is always “extol ”.

Thefileno  returned by theopen process  statement is the handle to the
opened channel to the process, running on the remote host, which can then be
used by EXTOL read , write , andclose  statements.

Parameter I/O Type Description

command I string
valued
expression

This parameter specifies the command to be executed
on the remote host.

host_name I string
valued
expression

This parameter specifies the name of the host on
which the command will be executed.

remote_user I string
valued
expression

This parameter, if specified, defines the remote user
account where the command will be executed.

mode I integer
valued
expression

This parameter specifies the mode the process should
be opened with. The following modes are predefined
for this parameter in the global string substitution file:
READ (open for reading),WRITE (open for writing),
UPDATE (open for updating, i.e. read and write). If
the optionalin mode  clause is not specifiedREAD
mode is assumed.

fileno O local
integer
variable

On a successful return from theopen process
statement this parameter will contain a file number
designating the open file.

conf_var O local integer
variable

This argument contains the confirmation code once
theopen process statement has finished. The
confirmation code will beEX_OK if the statement
was successful,EX_ERROR otherwise.

Table 61: Arguments of “open process”
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Err or Conditions Theopen process statement will fail under the following conditions:

• Thehost_name  is not specified, is not in the system configuration file or is
of a wrong type (i.e. not a PIC nor a FS).

• Thecommand parameter is empty.

• Themode parameter does not evaluate to one of the three legal modes (i.e.
READ, WRITE, UPDATE).

• The local user “extol ” is not permitted access to the remote host.

• More than 32 files are currently open within the operation.

• The underlying VxWorks system call fails.

• The expressions used for the diverse arguments contain references to foreign
variables which cannot be accessed.

Restrictions There is a limit of 32 open files per operation.

Thefileno  parameter must designate a local (i.e. step or local unit)integer
variable. External variables are explicitly forbidden.

For the statement to succeed the remote user (whether default or specified by the
optionalas user  clause) must have an account on the specified host.

The concept of a file location pointer isnot supported by the communication
channel: theposition file number  statement is not applicable to the
communication channel established by theopen process  statement.

The exit status of the command executed on the remote host is not available in
EXTOL.

Example Execute the “ls” command on the host specified byHostName:

open process “ ls ” on  HostName in mode READ
as file number xFileNo and confirm in  xOK

if  (xOK = EX_OK) is true
then

read sizeof( xBuffer ) bytes from file number  xFileNo
into  xBuffer and return count in  xCount

/*
* + additional processing
*/

close file number  xFileNo
else

print with prefix
using format “ Couldn’t open process on host ”
on _CONSOLE

/*
* + additional failure logic
*/

endif

Notes For further information on the remote login/remote execution supported by the
PIC operating system see the relevant manual entries (rlogin, rsh, rhosts,
hosts.equiv) in the UNIX System Manual.

It is possible to create deadlock situations with programs on the remote host
whenin mode UPDATE is in effect: The command on the host may wait for
input from the MFC while the operation of the MFC waits for output from the
program running on the host; neither program is able to proceed.

While an operation is blocked waiting for input from the remote process the
operation cannot be killed or held or restarted or suspended or debugged.
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See Also “close file number” on page81
“read” on page208
“write” on page252

Recommendations Use the open process statement sparingly and never in time or mission critical
sections of your code: If the remote host is not up and running or crashes while a
remote connection is open long timeouts will result.

Always close the channel opened by the open process with aclose file
statement.

This statement allows EXTOL to simulate a UNIX user on the remote host up to
a large degree. This is not what the statement is intended for. Use this statement
mainly to implement access to system resources on the UNIX PIC or FS not oth-
erwise available from EXTOL, e.g.:

• to create/remove directories with the UNIX mkdir and rmdir commands

• to run scripts on the UNIX host that copy, save, or restore data for the use of
the EXTOL environment,
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5.55. open terminal (UNIMPLEMENTED)

Syntax open terminal device_name  as file number file_no
[  and confirm in conf_var ]

open terminal device_name  ionumber in file_no
[ and confirm in conf_var  ]

Category Deprecated Statements

Description

. This statement was never implemented. Useopen file  instead.
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5.56. openter

Syntax openter message into variable
[ authorized by auth  ]
[ with timeout after time minutes  ]
[ with value value  ]
[ without tracking ] [ signed  ]

Category Operator Interface Statements

Ar guments

Description The openter statement sends the text specified bymessage  to each opera-
tor console defined in the unit block where the operation is running.

The operation then pauses execution until either theopenter  is answered, or
the time specified in the optionalwith timeout after  clause has elapsed.

When the operator selects theopenter  text on the console an input field is dis-
played that allows entry of a single data item.

When the operator answers theopenter , the answer is written intovariable
and the operation will resume execution. The expected type of the entered data
must be compatible with the type ofvariable . If an integer value is expected
and a value outside of the range of integers is entered then the value will be set to
the maximum (positive or negative) integer value.An automatic entry into the
batch protocol file will be made of the following format:OPERATOR: <user-
id> CONSOLE: <console name> FUNCTION: Operator Entry OPERATION:
<operation> ENTRY: <message> VALUE: <value entered> [SIGNED BY:
<user-id>].

The value specified bytime  should evaluate to a positive number. If a negative
time  is specified then it is set to zero. A zerotime  value is the same as not
specifying awith timeout after  clause).

Parameter I/O Type Description

message I string
valued
expression

This parameter specifies a text which appears on an
opdec display in the alarm summary.

variable O local string
or numeric
variable

This variable will receive the value entered by the
operator in response to the openter statement.

auth I string
valued
expression

This optional argument specifies the authorization
required for the opdec.

time I integral
expression

This optional parameter specifies the maximum time
in minutes the operation issuing theopenter  will
wait for an answer from the operator.

value I string or
numeric
expression

This value will be stored into thevariable  when
the timeout specified bytime  has elapsed without
operator action.

Table 62: Arguments of “openter”
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If the openter times out, thevalue  specified in the optionalwith value
clause is stored intovariable  and the operation resumes execution. If no
with value  is specified and a timeout occurs then zero is stored intovaria-
ble .

If the optionalauthorized by  clause is specified the openter can only be
answered by an operator possessing the appropriate privilegeauth .

If the optionalwithout tracking clause is specified, then there will be no
automatic protocol entry into the batch-protocol file (.bhf-files and then the batch
specific file) done. This does suppress automatic batch logging for this
openter statement.

If the optionalsigned  clause is specified, then the operator entering the value
will have to enter his password to re-identify himself and to electronically sign
his value entered. This will be reflected in the batch protocol by the keyword
signed by <user-id>.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The unit block of the operation has no operator console defined in its list of
ADIs.

• The operation cannot communicate with the local opdec server.

• Themessage  or auth  parameters are foreign unit variables that cannot be
accessed at runtime.

• Theopenter  times out and there is novalue  specified in the with
value  clause.

There is no recovery from any of these error conditions as the statement does not
have the optionaland confirm in  clause.

Restrictions If the optional with value clause is specified the type ofvalue  must match the
type of thevariable  specified.

The length of themessage  is limited to 79 characters.

Only variables of the simple typesflag , byte , integer , long , float ,
double  or string  (or a simple type pointer, or a simple type array element,
or a simple type structure member) may be specified asvariable . The use of
whole structures or entire arrays is explicitly forbidden.

Variable  must be a local variable (step or local unit variable). It cannot be a
foreign variable or a process database field.

Example In this example, the operator is asked to supply the lot number for the batch. This
number will be stored in the integer variablelot . Subsequent logging state-
ments could make use of this number in recording the history of the batch.

openter " PLEASE ENTER THE LOT NUMBER" into  lot
print with prefix  lot

using format " Now processing lot number %d "
on _CONSOLE

Notes If the operation is forced to hold while anopenter from the main step has not
yet been answered, theopenter is removed form the display; it will however
be regenerated if the main step is resumed through execution of arestart
statement.

See Also “.opdec ... endopdec” on page158

Recommendations EXTOL cannot detect which PICs are presently operational, it doesn't know if
the PICs designated to receive thisopenter  are on-line. Therefore atimeout
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in theopenter statement is strongly recommended.

Futur e Directions As the timeout option requires the value option the syntax will be changed to
enforce this behaviour (i.e. if with timeout is specified with value must be speci-
fied as well.)
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5.57. pager delete

Syntax pager delete
[ message msg_type  ]
[ on unit unit_name  ]
[ and confirm in conf_var  ]

Category Operator Interface Statements

Ar guments

Description This statement deletes pending messages of typemsg_type  that were sent to
pagers of the specified unit.

Message types and units are predefined in the pager configuration file.

If msg_type  is omitted, then messages of type “ALARM” are deleted from all
pagers of the unit specified byunit_name .

If the message type “ALL” is specified, all messages are deleted from all pagers
of the unit specified byunit_name .

If the message type “ALLALL” is specified, all messages are deleted from all
pagers of all units.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The pager send command cannot be delivered to the alarm system.

Parameter I/O Type Description

msg_type I string
valued
expression

This parameter specifies the message type. If omitted
then “ALARM” is assumed.

unit_name I string
valued
expression

This parameter specifies the unit name. If omitted,
then the unit the operation is currently running on is
assumed.

conf_var O local integer
variable

This argument contains the confirmation code once
thepager delete statement has finished. The
confirmation code will beEX_OK if the statement
was successful,EX_ERROR otherwise.

Table 63: Arguments of “pager delete”
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Example /*
* Delete all pending messages of type “ALARM” from
* all pagers of the current unit.
*/

pager delete

/*
* Delete all pending messages of type specified
* by msg from all pagers of the current unit.
*/

pager delete message  msg

/*
* Delete all pending messages from all pagers of the
* current unit.
*/

pager delete message  “ALL”

/*
* Delete all messages from all pagers (of all units).
*/

pager delete message  “ALLALL”

Notes In prior versions, thepager delete statement did not have anand con-
firm in  clause.

See Also “pager delete group” on page173
“pager disable” on page175
“pager enable” on page177
“pager escalation time” on page179
“pager pager#” on page181
“pager send group” on page183
SyCOS Pager System Documentation



SyCOS EXTOL Reference Alphabetical EXTOL Language Reference

1.2 173

pager delete group

5.58. pager delete group

Syntax pager delete group grp
[ user usr  ]
[ message msg_type  ]
[ and confirm in conf_var  ]

Category Operator Interface Statements

Ar guments

Description This statement deletes pager messages previously transmitted with thepager
send group statement.

Message types, units, groups, and user types are predefined in the pager configu-
ration file.

If usr  andmsg_type  are not specified then messages of type “ALARM” are
deleted from all pagers of all user types ofgrp  of the current unit.

If usr  is specified andmsg_type  is not specified then messages of type
“ALARM” are deleted from all pagers ofusr  and ofgrp  of the current unit.

If usr  is not specified but msg_type  is specified messages of typemsg_type
are deleted from all pagers of all user types ofgrp  of the current unit.

If usr  andmsg_type  are specified then messages of typemsg_type  are
deleted from all pagers ofusr  andgrp  of the current unit.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The group name is not specified or is not alphanumeric.

• Thepager delete group  command cannot be delivered to the alarm
system.

Parameter I/O Type Description

grp I string
valued
expression

This parameter specifies a group name from the unit
the operation is currently running on.

usr I string
valued
expression

This parameter specifies the type of user from the
specified group. If omitted then all types of user of
the specified group are assumed.

msg_type I string
valued
expression

This parameter specifies the message type. If omitted
then “ALARM” is assumed.

conf_var O local integer
variable

This argument contains the confirmation code once
thepager delete group statement has fin-
ished. The confirmation code will beEX_OK if the
statement was successful,EX_ERROR otherwise.

Table 64: Arguments of “pager delete group”
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Example /*
* Delete messages of type ALARM from all pagers of
* all users of group grp.
*/

pager delete group  grp and confirm in  xOK

/*
* Delete messages of type ALARM from all pagers
* of user usr of group grp.
*/

pager delete group  grp user  usr and confirm in  xOK

/*
* Delete messages of type msg from all pagers (of all
* users) of the group grp.
*/

pager delete group  grp message  msg and confirm in  xOK

/*
* Delete messages of type msg on all pagers of
* user usr of group grp.
*/

pager delete group  grp user  usr message  msg
and confirm in  xOK

Notes In prior versions, thepager delete group statement did not have anand
confirm in  clause.

See Also “pager delete” on page171
“pager disable” on page175
“pager enable” on page177
“pager escalation time” on page179
“pager pager#” on page181
“pager send group” on page183
SyCOS Pager System Documentation
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5.59. pager disable

Syntax pager disable
[ message msg_type  ]
[ on unit unit_name  ]
[ and confirm in conf_var  ]

Category Operator Interface Statements

Ar guments

Description This statement disables messages of typemsg for the unit specified by
unit_name .

Message types and units are predefined in the pager configuration file.

If msg_type  is omitted then messages of type “ALARM” are disabled for all
pagers of the unit specified byunit_name .

If the message type “ALL” is specified all message types are disabled for all pag-
ers of the unit specified byunit_name .

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The message type is specified as “ALLALL”. (All messages on all units may
not be disabled).

• The pager disable command cannot be delivered to the alarm system.

Parameter I/O Type Description

msg_type I string
valued
expression

This parameter specifies the message type. If omitted
then “ALARM” is assumed.

unit_name I string
valued
expression

This parameter specifies the unit name. If omitted,
then the unit the operation is currently running on is
assumed.

conf_var O local integer
variable

This argument contains the confirmation code once
thepager disable statement has finished. The
confirmation code will beEX_OK if the statement
was successful,EX_ERROR otherwise.

Table 65: Arguments of “pager disable”
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Example /*
* Disable messages of type ALARM for the unit the
* operation is currently running on.
*/

pager disable

/*
* Disable message of type msg for the unit the
* operation is currently running on.
*/

pager disable message  msg

/*
* Disable all messages for the unit the operation is
* currently running on.
*/

pager disable message  “ALL”

/*
* Disable messages of type ALARM for unit_name.
*/

pager disable on unit  unit_name

/*
* Disable messages of type msg for unit_name .
*/

pager disable message  msg on unit  unit_name

/*
* Disable all messages for unit_name.
*/

pager disable message  “ALL” on unit  unit_name

Notes In prior versions, thepager disable statement did not have anand con-
firm in  clause.

See Also “pager delete” on page171
“pager delete group” on page173
“pager enable” on page177
“pager escalation time” on page179
“pager pager#” on page181
“pager send group” on page183
SyCOS Pager System Documentation
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5.60. pager enable

Syntax pager enable
[ message msg_type  ]
[ on unit unit_name  ]
[ and confirm in conf_var  ]

Category Operator Interface Statements

Ar guments

Description This statement enables messages of the type specified bymsg_type  for the unit
specified byunit_name .

Message types and units are predefined in the pager configuration file.

If msg_type  is omitted messages of the type “ALARM” are enabled for all
pagers of the unit specified byunit_name .

If the message “ALL” is specified all message types are enabled for all pagers of
the unit specified byunit_name .

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The message type is specified as “ALLALL”. (i.e. it is not allowed to enable
all messages on all units).

• The pager enable command cannot be delivered to the alarm system.

Parameter I/O Type Description

msg_type I string
valued
expression

This parameter specifies the message type. If omitted
then “ALARM” is assumed.

unit_name I string
valued
expression

This parameter specifies the unit name. If omitted,
then the unit the operation is currently running on is
assumed.

conf_var O local integer
variable

This argument contains the confirmation code once
thepager enable statement has finished. The
confirmation code will beEX_OK if the statement
was successful,EX_ERROR otherwise.

Table 66: Arguments of “pager enable”
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Example /*
* Enable messages of type ALARM for the unit the
* operation is currently is currently running on.
*/

pager enable

/*
* Enable messages of type msg for the unit the
* operation is currently running on.
*/

pager enable message  msg

/*
* Enable all messages for the unit the operation is
* currently running on.
*/

pager enable message  “ALL”

/*
* Enable messages of type ALARM for unit_name.
*/

pager enable on unit  unit_name

/*
* Enable messages of type msg for unit_name .
*/

pager enable message  msg on unit  unit_name

/*
* Enable all messages for unit_name.
*/

pager enable message  “ALL” on unit  unit_name

Notes In prior versions, thepager enable statement did not have anand con-
firm in  clause.

See Also “pager delete” on page171
“pager delete group” on page173
“pager disable” on page175
“pager escalation time” on page179
“pager pager#” on page181
“pager send group” on page183
SyCOS Pager System Documentation
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5.61. pager escalation time

Syntax pager escalation time time group grp user usr
[ on unit unit_name  ]
[ and confirm in conf_var  ]

Category Operator Interface Statements

Ar guments

Description This statement changes the escalation time for the specifiedgrp  andusr  for the
unit specified byunit_name . The change is active until another change is
made or the pager system is restarted.

Units, groups, and user types are predefined in the pager configuration file.

A positive escalation time or zero indicates the time in minutes until the next
higher level of the escalation procedure is triggered.

The negative escalation time (-1) indicates that the user should be skipped in the
escalation procedure.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The group name is not specified or is not alphanumeric.

• The type of user is not specified or is not alphanumeric.

• The escalation time is less than -1.

• The pager send command cannot be delivered to the alarm system.

Parameter I/O Type Description

time I numeric
expression

This parameter specifies the time in minutes until the
next step in the escalation procedure is taken.

grp I string
valued
expression

This parameter specifies a group name from the spec-
ified unit.

usr I string
valued
expression

This parameter specifies the type of user from the
specified group. If omitted then all types of user of
the specified group are assumed.

unit_name I string
valued
expression

This parameter specifies the unit name. If omitted,
then the unit the operation is currently running on is
assumed.

conf_var O local integer
variable

This argument contains the confirmation code once
thepager escalation time statement has
finished. The confirmation code will beEX_OK if the
statement was successful,EX_ERROR otherwise.

Table 67: Arguments of “pager escalation time”
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Example /*
* Change the escalation time to 5 minutes for unit
* unit_name, group grp and user usr.
*/

pager escalation time  5 group  grp user  usr
on unit  unit_name and confirm in  xOK

/*
* Change the escalation time to 5 minutes for
* group grp and user usr of the unit the operation
* is currently running on.
*/

pager escalation time  5 group  grp user  usr
and confirm in  xOK

Notes In prior versions, thepager escalation time statement did not have an
and confirm in  clause.

See Also “pager delete” on page171
“pager disable” on page175
“pager enable” on page177
“pager delete group” on page173
“pager pager#” on page181
“pager send group” on page183
SyCOS Pager System Documentation
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5.62. pager pager#

Syntax pager pager_name pager_no group grp user usr
[ on unit unit_name  ]
[ and confirm in conf_var  ]

Category Operator Interface Statements

Ar guments

Description This statement allocates a pager to a user from the specified type of user. The
allocation is active until another allocation is made or the pager system is
restarted.

Pagers, units, groups, and user types are predefined in the pager configuration
file.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The group name is not specified or faulty (no alphanumeric character).

• The user name is not specified or faulty (no alphanumeric character).

• The pager number is negative.

• The pager send command cannot be delivered to the alarm system.

Parameter I/O Type Description

pager_name I - This parameter specifies one of the 3 pagers that are
available to a user of a certain user type and group.
The names are:pager1 , pager2  or pager3 .

pager_no I numeric
expression

This parameter specifies the number of one of the
configured pagers to be associated with the pager
name.

grp I string
valued
expression

This parameter specifies a group name from the spec-
ified unit.

usr I string
valued
expression

This parameter specifies the type of user from the
specified group.

unit_name I string
valued
expression

This parameter specifies the unit name. If omitted,
then the unit the operation is currently running on is
assumed.

conf_var O local integer
variable

This argument contains the confirmation code once
thepager pager# statement has finished. The
confirmation code will beEX_OK if the statement
was successful,EX_ERROR otherwise.

Table 68: Arguments of “pager pager#”
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Example /*
* Assign pager1 for user type usr of group grp of
* unit unit_name to pager number 3.
*/

pager pager1  3 group  grp user  usr on unit  unit_name
and confirm in  xOK

/*
* Assign pager2 for user type usr of group grp of
* the unit the operation is currently running on to
* pager number 5.
*/

pager pager2  5 group  grp user  usr
and confirm in  xOK

Notes In prior versions, thepager pager# statement did not have anand con-
firm in  clause.

See Also “pager delete” on page171
“pager delete group” on page173
“pager disable” on page175
“pager enable” on page177
“pager escalation time” on page179
“pager send group” on page183
SyCOS Pager System Documentation
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5.63. pager send group

Syntax pager send group grp
[ user usr  ]
[ message msg_type  ]
[ and confirm in conf_var  ]

Category Operator Interface Statements

Ar guments

Description This statement transmits a message of typemsg_type  to all pagers defined by
the current unit, the groupgrp  and the userusr . The escalation procedure is
followed when a userusr  is not specified.

Message types, groups, user types, and the escalation procedure are predefined
in the pager configuration file.

If grp , usr  ormsg_type  for the unit the operation is running are invalid or do
not exist in the pager configuration file no message is transmitted to the pager
system.

If usr  andmsg_type  are not specified the a message of type “ALARM” is
sent to the pagers of all types of users defined bygrp  of the current unit.

If usr  is not specified but msg_type  is specified then a message of type
msg_type  is sent to the pagers of all users belonging togrp  of the current
unit.

If usr  is specified andmsg_type  is not specified then messages of type
“ALARM” are sent to the pagers specified byusr  andgrp  of the current unit.

If usr  andmsg_type are specified then a message of typemsg_type  is sent
to the pagers defined byusr  andgrp  of the current unit.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The group name is not specified or faulty (no alpha numeric character).

• Thepager send group  command cannot be delivered to the alarm sys-
tem.

Parameter I/O Type Description

grp I string
valued
expression

This parameter specifies a group name from the unit
the operation is currently running on.

usr I string
valued
expression

This parameter specifies the type of user from the
specified group. If omitted then all types of users of
the specified group are assumed.

msg_type I string
valued
expression

This parameter specifies the message type. If omitted
then “ALARM” is assumed.

conf_var O local integer
variable

This argument contains the confirmation code once
thepager send group statement has finished.
The confirmation code will beEX_OK if the state-
ment was successful,EX_ERROR otherwise.

Table 69: Arguments of “pager send group”
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Restrictions It is not possible to specify a foreign unit.

The EXTOL runtime does not check the pager configuration file for correctness.

Example /*
* Send a message of type ALARM to all pagers defined
* by users on group grp by using the escalation
* procedure.
*/

pager send group  grp and confirm in  xOK

/*
* Send a message of type ALARM to all pagers defined
* by user usr on group grp. The escalation procedure
* is not carried out.
*/

pager send group  grp user  usr and confirm in  xOK

/*
* Send a message of type msg to all pagers defined by
* the users of group grp by using the escalation
* procedure.
*/

pager send group  grp message  msg and confirm in  xOK

/*
* Send a message of type msg to all pagers defined by
* user usr on group grp. The escalation procedure
* is not carried out.
*/

pager send group  grp user  usr message  msg
and confirm in  xOK

Notes In prior versions, thepager send group statement did not have anand
confirm in  clause.

In prior versions, thegroup grp  part was optional (i.e. the compiler would
accept apager send  statement without thegroup  clause). As no valid group
can be specified in this way, the resulting effect is that no pager message will be
sent. This problem has been fixed by making thegroup  clause a mandatory part
of the statement.

See Also “pager delete” on page171
“pager delete group” on page173
“pager disable” on page175
“pager enable” on page177
“pager escalation time” on page179
“pager pager#” on page181
SyCOS Pager System Documentation
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5.64. pap box

Syntax pap box  [ number ,  ] name

Category Other EXTOL Language Constructs

Ar guments

Description Thepap box  statement begins a so called “black box” when EXTOL code is
displayed in a flow chart by the papgen tool.

Thename argument determines the name of the black box while it is folded (i.e.
the code between thepap box  statement and the correspondingpap endbox
statement is folded into a single box that contains the stringname).

If the name argument is the empty string the black box will disappear from the
flowchart display when it is folded.

The optional integer argumentnumber  is used to override the default nesting
level automatically assumed whenpap box  statements are nested. The outer-
most box has a nesting level of one and nesting levels increase by one for every
pap box  statement encountered. If number was specified for apap box  state-
ment allpap box  statements following again increase nesting levels by one,
unless they also have a number argument.

pap box  statements can be nested to arbitrary depth although the papgen tool
only allows easy unfolding of the first 8 levels.

Err or Conditions There are no runtime error conditions for this statement. The compiler only
checks the syntactical validity of the statement but not its semantic correctness.

Restrictions There must be anpap endbox  statement for everypap box  statement,
although this is not enforced by the EXTOL compiler.

A pap box  statement and its correspondingpap endbox  statement must
appear on the same structural level: If apap box  statement is found within the
then  part of anif  statement the correspondingpap endbox must also be
within thethen  part. Itcannot be within theelse  part or occur after the
endif  keyword of theif  statement. The compiler does not check for this
restriction but the papgen tool will complain when this rule is not adhered to.

Parameter I/O Type Description

number I integer
constant

Hierarchy level of the box. If not specified the current
nesting level + 1 is assumed. Nesting levels start from
zero for the outermost level.

name I string
constant

Title of the box. Only used when box is displayed in
its closed state. If set to the empty string box will not
be displayed in its closed state.

Table 70: Arguments of “pap box”
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Example The following example uses the pap box and pap endbox statements to provide
additional information within the papgen generated flowcharts. The indentation
in this example serves to illustrate the nesting level as displayed

pap box  2 ,  “Set up the information for this entry.”
pap box  3, “set a default message”
let  xmessage1 = “UNKNOWN”
pap endbox
pap box  “set the message string”
if xOPERREC.RECORDID= RID_NEW is true
then

let  xmessage1 = “PENDING”
endif
if  xOPERREC.RECORDID= RID_RIP is true
then

let  xmessage1 = “IN PROGRESS”
endif
pap endbox
pap box  “display message”
print with prefix  xmessage1

using  “State of task is: %s” on  _CONSOLE
pap endbox

pap endbox

Notes Although the statement is only for use by the papgen utility it will generate code
when compiled (and therefore breakpoints may be set on the statement from the
EXTOL debugger). This is due to the implementation of the compiler and is an
unsupported side-effect.

See Also “pap endbox” on page187
“pap endliteral” on page188
“pap filter” on page189
“pap formfeed” on page190
“pap literal” on page191
“pap nofilter” on page192
“pap title” on page194

Recommendations If the optionalnumber  argument for thepap box  statement is used once it
should be used for everypap box  statement. This serves to document a clear
concept of nesting. It also implies a predefined strategy for using PAP’s within a
project.
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5.65. pap endbox

Syntax pap endbox

Category Other EXTOL Language Constructs

Ar guments

Description This statement marks the end of a “black box” started by a precedingpap box
statement.

Err or Conditions There are no runtime error conditions for this statement. The compiler only
checks the syntactical validity of the statement but not its semantic correctness.

Restrictions There must be anpap endbox  statement for everypap box  statement,
although this is not enforced by the EXTOL compiler.

A pap box  statement and its correspondingpap endbox  statement must
appear on the same structural level: If apap box  statement is found within the
then  part of anif  statement the correspondingpap endbox must also be
within thethen  part. Itcannot be within theelse  part or occur after the
endif  keyword of theif  statement. The compiler does not check for this
restriction but the papgen tool will complain when this rule is not adhered to.

Example See:“pap box” on page185

Notes Although the statement is only for use by the papgen utility it will generate code
when compiled (and therefore breakpoints may be set on the statement from the
EXTOL debugger). This is due to the implementation of the compiler and is an
unsupported side-effect.

See Also “pap box” on page185
“pap endliteral” on page188
“pap filter” on page189
“pap formfeed” on page190
“pap literal” on page191
“pap nofilter” on page192
“pap title” on page194
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5.66. pap endliteral

Syntax pap endliteral

Category Other EXTOL Language Constructs

Ar guments

Description This statement ends a block started bypap literal . Everything between a
pap literal  statement and the correspondingpap endliteral  state-
ment is copied verbatim in the PAP generated from the source by the papgen
utility.

Err or Conditions There are no runtime error conditions for this statement. The compiler only
checks the syntactical validity of the statement but not its semantic correctness.

Restrictions There must be anpap endliteral  statement for everypap literal
statement, although this is not enforced by the EXTOL compiler.

A pap literal  statement and its correspondingpap endliteral  state-
ment must appear on the same structural level: If apap literal  statement is
found within thethen  part of anif  statement the correspondingpap endl-
iteral must also be within thethen  part. Itcannot be within theelse  part
or occur after theendif  keyword of theif  statement. The compiler does not
check for this restriction but the papgen tool will complain when this rule is not
adhered to.

Example See:“pap literal” on page191

Notes Although the statement is only for use by the papgen utility it will generate code
when compiled (and therefore breakpoints may be set on the statement from the
EXTOL debugger). This is due to the implementation of the compiler and is an
unsupported side-effect.

See Also “pap box” on page185
“pap endbox” on page187
“pap filter” on page189
“pap formfeed” on page190
“pap literal” on page191
“pap nofilter” on page192
“pap title” on page194
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5.67. pap filter

Syntax pap filter filter_spec

Category Other EXTOL Language Constructs

Ar guments

Description This statement filters the EXTOL statements specified in thefilter_spec
from the PAP generated from the source by the papgen utility, in addition to any
statements already filtered by a previously encounteredpap filter  state-
ment.

Thefilter_spec  is a comma separated list of keywords. The allowed key-
words are the first keywords of an EXTOL statement as listed in this reference
manual (e.g.: to filterlet  statements use the itemlet  within the
filter_spec , to filteropen file  statements use the itemopen file  in
thefilter_spec ).

Err or Conditions There are no runtime error conditions for this statement. The compiler only
checks the syntactical validity of the statement but not its semantic correctness.

Only the papgen utility looks at the contents offilter_spec  and any typo-
graphical errors in thefilter_spec  will only be noticed by the papgen util-
ity.

Restrictions

Example The following pap filter statement adds thelet , theget variable  and the
put variable  statement to the list of statements filtered from papgen gener-
ated displays:

pap filter  “let,get variable,put variable”

Notes Although the statement is only for use by the papgen utility it will generate code
when compiled (and therefore breakpoints may be set on the statement from the
EXTOL debugger). This is due to the implementation of the compiler and is an
unsupported side-effect.

See Also “pap box” on page185
“pap endliteral” on page188
“pap endbox” on page187
“pap formfeed” on page190
“pap literal” on page191
“pap nofilter” on page192
“pap title” on page194

Recommendations If you usepap filter  for some source, the must reset the filter withpap
nofilter  at the end of the source file to avoid an unexpected filter setting for
the next source file parsed by the papgen utility.

Parameter I/O Type Description

filter_spec I string
constant

String containing a comma separated list of EXTOL
keywords for statements that should no longer appear
in a PAP generated from this source.

Table 71: Arguments of “pap filter”
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5.68. pap formfeed

Syntax pap formfeed

Category Other EXTOL Language Constructs

Ar guments None.

Description This statement inserts form feeds (i.e. mandatory page breaks) in the output gen-
erated by papgen.

Err or Conditions There are no runtime error conditions for this statement. The compiler only
checks the syntactical validity of the statement but not its semantic correctness.

Restrictions The pap formfeed statement is recognized by the EXTOL compiler but is not
implemented in the papgen utility.

Example The following code inserts a formfeed into the PAP generated by papgen:

pap formfeed

Notes Although the statement is only for use by the papgen utility it will generate code
when compiled (and therefore breakpoints may be set on the statement from the
EXTOL debugger). This is due to the implementation of the compiler and is an
unsupported side-effect.

See Also “pap box” on page185
“pap endliteral” on page188
“pap filter” on page189
“pap endbox” on page187
“pap literal” on page191
“pap nofilter” on page192
“pap title” on page194

Recommendations Use this statement sparingly as it interferes with the automatic page break strat-
egy implemented by papgen. Very often changes to the source code will make
this statement generate page breaks at unexpected locations (e.g. page breaks
that were used to achieve well filled pages suddenly will result in pages with
very little information on them).

Futur e Directions Future versions of the papgen utility will actually implement this statement.
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5.69. pap literal

Syntax pap literal

Category Other EXTOL Language Constructs

Ar guments None.

Description All EXTOL source text found between apap literal  and the corresponding
pap endliteral  statement is displayed literally in the flowchart generated
by the papgen utility: Structure elements such asif , while , switch  are not
translated into flowchart elements but are displayed as text.

Err or Conditions There are no runtime error conditions for this statement. The compiler only
checks the syntactical validity of the statement but not its semantic correctness.

Restrictions There must be anpap endliteral  statement for everypap literal
statement, although this is not enforced by the EXTOL compiler.

A pap literal  statement and its correspondingpap endliteral  state-
ment must appear on the same structural level: If apap literal  statement is
found within thethen  part of anif  statement the correspondingpap endl-
iteral must also be within thethen  part. Itcannot be within theelse  part
or occur after theendif  keyword of theif  statement. The compiler does not
check for this restriction but the papgen tool will complain when this rule is not
adhered to.

Example The following include the EXTOL comment as part of a PAP generated from the
source:

pap literal
/*

* This code only gets executed when the operation
* is restarted after a Software Safety State had
* been reached.
*/

pap endliteral

Notes Although the statement is only for use by the papgen utility it will generate code
when compiled (and therefore breakpoints may be set on the statement from the
EXTOL debugger). This is due to the implementation of the compiler and is an
unsupported side-effect.

See Also “pap box” on page185
“pap endliteral” on page188
“pap filter” on page189
“pap formfeed” on page190
“pap endbox” on page187
“pap nofilter” on page192
“pap title” on page194

Recommendations Thepap literal  statement is frequently used to include EXTOL comments
in the PAP generated by papgen.
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5.70. pap nofilter

Syntax pap nofilter filter_spec

Category Other EXTOL Language Constructs

Ar guments

Description This statement specifies a list of statements that should no longer be filtered from
the PAP generated by papgen. It reverses the effect of a previouspap filter
statement with the samefilter_spec .

Thefilter_spec  is a comma separated list of keywords. The allowed key-
words are the first keywords of an EXTOL statement as listed in this reference
manual (e.g.: to filterlet  statements use the itemlet  within the
filter_spec , to filteropen file  statements use the itemopen file  in
thefilter_spec ).

Err or Conditions There are no runtime error conditions for this statement. The compiler only
checks the syntactical validity of the statement but not its semantic correctness.

Only the papgen utility looks at the contents offilter_spec  and any typo-
graphical errors in thefilter_spec  will only be noticed by the papgen util-
ity.

Restrictions

Example The following pap nofilter  statement reverses the effect of the example
given in the reference entry for thepap filter  statement. It adds thelet ,
theget variable  and theput variable  statement to the list of state-
ments no longer to be filtered from papgen generated displays:

pap nofilter  “let,get variable,put variable”

Notes Although the statement is only for use by the papgen utility it will generate code
when compiled (and therefore breakpoints may be set on the statement from the
EXTOL debugger). This is due to the implementation of the compiler and is an
unsupported side-effect.

See Also “pap box” on page185
“pap endliteral” on page188
“pap filter” on page189
“pap formfeed” on page190
“pap literal” on page191
“pap endbox” on page187
“pap title” on page194

Parameter I/O Type Description

filter_spec I string
constant

String containing a comma separated list of EXTOL
keywords for statements that should no longer appear
in a PAP generated from this source.

Table 72: Arguments of “pap nofilter”
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5.71. pap replace

Syntax pap replace rep_string

Category Other EXTOL Language Constructs

Ar guments

Description This statement is used to replace the preceding EXTOL statement by a user
definable string as specified in therep_string  argument.

Err or Conditions There are no runtime error conditions for this statement. The compiler only
checks the syntactical validity of the statement but not its semantic correctness.

Restrictions

Example The following code replaces the preceding Extol statement with an alternative
text:

let  xmessage1 = “UNKNOWN”
pap replace  “Initialise message.”

Notes Although the statement is only for use by the papgen utility it will generate code
when compiled (and therefore breakpoints may be set on the statement from the
EXTOL debugger). This is due to the implementation of the compiler and is an
unsupported side-effect.

See Also “pap box” on page185
“pap endliteral” on page188
“pap filter” on page189
“pap formfeed” on page190
“pap literal” on page191
“pap nofilter” on page192
“pap endbox” on page187
“pap title” on page194

Recommendations Abuse of this statement will render the PAP generated by papgen useless.

Parameter I/O Type Description

rep_string I string
constant

String containing the text that should replace the pre-
ceding line in the generated PAP.

Table 73: Arguments of “pap replace”
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5.72. pap title

Syntax pap title title_string

Category Other EXTOL Language Constructs

Ar guments

Description This statement sets the title displayed on every page of the PAP generated by the
papgen utility from the source.

Every page will have the stringtitle_string  on top of the page.

Err or Conditions There are no runtime error conditions for this statement. The compiler only
checks the syntactical validity of the statement but not its semantic correctness.

Restrictions

Example The following code defines the title:

pap title  “Example title.”

Notes Although the statement is only for use by the papgen utility it will generate code
when compiled (and therefore breakpoints may be set on the statement from the
EXTOL debugger). This is due to the implementation of the compiler and is an
unsupported side-effect.

See Also “pap box” on page185
“pap endliteral” on page188
“pap filter” on page189
“pap formfeed” on page190
“pap literal” on page191
“pap nofilter” on page192
“pap endbox” on page187

Parameter I/O Type Description

title_string I string
constant

String containing the title that should be put on every
page of the PAP generated by papgen.

Table 74: Arguments of “pap title”
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5.73. position file number

Syntax position file number fileno at offset
[ whence  ]  [ and return position in  posvar ]
[ and confirm in conf_var  ]

Category File Control Statements

Ar guments

Description This statement moves the location pointer for the file associated with the sup-
plied fileno . The next read  or write  statement will perform its function
starting at the new position within the file.

In all cases the final value of the location pointer, i.e. the absolute position in the
file after positioning has taken place, must not be negative and must not exceed
the current size of the file.

If the position file number statement did not succeed, the standard
runtime error procedure will be performed.

If the position file number statement was successful, the optionally
specifiedpos_var  of typelong  will contain the then current absolute location
within the file.

Dependent on the mode the file was opened/created in locations are either byte
locations (raw mode, CGS compatible mode, text mode) or item locations
(binary mode).

Err or Conditions Theposition file number  statement will fail under the following condi-
tions:

• Thefileno  parameter does not designate a file that is currently open.

Parameter I/O Type Description

fileno I integer
valued
expression

This expression must evaluate to a file number
returned by a previous successful call tocreate
file or open file .

offset I integer
valued
expression

The byte/item offset the location pointer of the file is
to be moved to. The offset is interpreted according to
the optionalwhence  clause and depends on the
mode the file was opened in.

whence - One of the keywordsabsolute  (position to abso-
lute position in file),relative  (position relative to
the current position in file),endrelative  (posi-
tion relative to the current end of the file). If not spec-
ified absolute  is implied.

pos_var O local long
variable

This argument contains thecurrent absolute position
once theposition file number  statement has
finished.

conf_var O local integer
variable

This argument contains the confirmation code once
theposition file number  statement has fin-
ished. The confirmation code will beEX_OK if the
statement was successful,EX_ERROR otherwise.

Table 75: Arguments of “position file number”
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• The resulting value of the location pointer is not in the valid range from 0
(zero) to the current size of the file.

• The underlying VxWorks system library function fails.
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Example Position the location pointer at byte number 5 in the file identified by the value
contained in the integer variablefd and opened in raw mode. Following that,
read 2 bytes (the size of an EXTOL integer  variable) from the file into the
integer  variablexInt .  After theread  statement has executed successfully
the value of the location pointer is 7.

position file number fd at 5

read sizeof( xInt ) bytes from file number fd
into xInt

Notes Notice that bothread  andwrite  statements cause the location pointer to be
incremented by the number of bytes/items read or written if the file operation
was successful (for instance, if you successfully read 5 bytes/items, the location
pointer is incremented by 5 bytes/items).

There currently is no statement that allows to query the current value of the loca-
tion pointer: It is the programmers responsibility to keep track of the current
position within the file should that information be needed.

See Also “create file” on page85
“open file” on page161
“read” on page208
“write” on page252
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5.74. print

Syntax print  [ prefix_spec  ] [ expr_list  ]
using format format_string
on typer_list
[ with code code  ]

Category Operator Interface Statements

Ar guments

a. Types vary according toformat_string . See Description section below.

Description Theprint  statement directs formatted messages to various output devices such
as alarm displays, alarm typers, logger files and BHF as specified in
typer_list .

This statement outputs the string constantformat_string  to the output
device in typer_list . The string constantformat_string  contains ordi-
nary characters, which are written unchanged, plus conversion specifications,
which cause the values fromexpr_list  to be converted and included as part
of the output message.

This message may be printed as is, or may have the time and the date prefixed to
it, depending on theprefix_spec  option. In prior versions, the
prefix_spec  can be omitted implying aprint without prefix .

Messages are identfied as being specific to a unit and operation.

When the message issued by theprint  statement is directed to an operator
console the optionalwith code  clause can be used to further influence the
printing of the message. This parameter consists of a comma separated list of
key=value pairs, with the following keys and values defined:

Parameter I/O Type Description

prefix_spec I - This argument only has two legal formulations:with
prefix  prefixes the message with date and time infor-
mation,without prefix  omits the printing of any
additional information. If this optional part is not speci-
fied,without prefix  is implied. Prior versions, this
argument was mandatory.

expr_list I *a Comma separated list of expressions, whose values
should be formatted into the alarm message.

format_string I string
constant

This string constant specifies the format that is used to
represent theexpr_list  in the alarm message.

typer_list I - This parameter is a comma separated list of alarm destina-
tion names (typers, consoles, files, BHF) as defined in the
system configuration file. Names are case significant.

code I string
valued
expres-
sion

This parameter specifies a list of options for the printing
of the message on a console alarm destination. For further
information see the description below.

Table 76: Arguments of “print”
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• n = message_number
The message_number is an integer which is used to identify (groups of) mes-
sages so that they can later be deleted withdelete code . The
message_number 0 is reserved by the system to mark messages that were not
given an explicit message_number and should not be used as a
message_number by an application.

• r = rank
The rank is an integer in the range 0 - 4 which identifies the colour in which
the message is to be displayed:
0 - green (default)
1 - blue
2 - cyan
3 - yellow
4 - red

• v = ack_variable
The ack_variable is a local unit variable of type integer, which must be of
simple type (i.e. no complex variable is allowed, such as an array element).
This variable is used to signal the acknowledgement of the message to the
EXTOL operation. The default, if this option is not specified, is to not modify
any variables. If an invalid variable name (variable that does not exist or is of
the wrong type) is specified for this option the alarm will not be acknowledg-
able.

• s = ack_value
The ack_value is an integer which is stored in ack_variable when the opera-
tor acknowledges the message. It must be in the range of valid EXTOL inte-
gers and defaults to -1, if not specified.

• b = bell
This key activates the annunciator on the alarm display if the value of bell is
distinct from 0 (zero). The default is to not activate the annunciator on the
alarm summary.

• a = attribute
This key affects the acknowledgement behaviiour of a message on the alarm
summary display. a=0 is the default behaviour. All other values result in a

runtime error.

Note that the key letters may be written in upper or lower case with identical
meaning.

For alarm destinations other than the alarm summary display on an operator con-

a= Description

0 The message will stay on the alarm summary even after it has
been acknowledged until it is explicitly removed by EXTOL
(using the delete code statement).

1 The message is automatically removed from the alarm sum-
mary display when it is aknowledged.

2 The unacknowledged message turns into blue (latched) when
deleted explicitely from EXTOL and disappears when acknowl-
edged.

Table 77: attributes a
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sole the optionalwith code  clause is not effective, although it will still be
parsed by the runtime and result in runtime errors if not correct.

If a message is printed when a message from the same unit and operation, and
with the same message number, message text, acknowledge variable, and
acknowledge value already exists in the display system, then the new print mes-
sage is ignored.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The alarm message buffer is too small for the formatted data.

• The list of variables to be formatted contains foreign unit variable or process
variable which cannot be accessed.

• If code  cannot be parsed successfully or the code string contains values out
of range (in prior versions this string was not checked).

• The alarm message cannot be sent to the alarm transmitter task.

If the runtime stack allocated to a step is not large enough to hold all the expres-
sions of theprint statement the step will be suspended. Note that this condi-
tion is not caught by the EXTOL runtime system.

Restrictions The formatted print message can only be up to 131 bytes long.

In prior versions, foreign string variables are not allowed inexpr_list .

Example /*
* Format plant measured variable and setpoint
* into output string which is printed to the
* alarm summary display. The print code allows
* the message to be accepted, but it will remain
* until deleted from EXTOL.
* The message is:
*”Pressure = 233.6, Setpoint = 200.6”
* given that the value of PI75:0.MEAS is 233.64
* given that the value of PC75:0.STPT is 200.55
*/

print with prefix  PI75:0.MEAS, Saturate
using format “Pressure = %5.1f, Saturate at %5.1f”
on  _CONSOLE with code  “n=7”

/*
* Print text strings, formatted into a larger string,
* to the alarm summary display and the BHF.
* The message is:
* “Unit name is R100. Unit location is Area 3A”
* given that the value of UnitName is “R100”
* given that the value of Location is Area 3A
*/

print with prefix  UnitName, Location
using format “Unit name is %s. Unit location is %s”
on  _CONSOLE, BHF

Notes An EXTOL operation cannot detect if the logging devices designated in
typer_list  are currently active. Theprint  statements directed to a non-
operational PIC are not regenerated and will be lost for that PIC.

See Also “format” on page121
“delete code” on page95

Futur e Directions Future versions will perform further checks on the contents of the code string
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argument (e.g.: name and type of variable in v option).

The syntax of this statement needs an overhaul so that all the stuff now encoded
in the code string becomes explicit and checkable by the compiler.

We should probably have further statements here: a display statement (i.e. print
with implied on _CONSOLE), a batchlog statement (i.e. print to the BHF) and a
log statement (i.e. print to devices other than _CONSOLE and BHF)
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5.75. put

Syntax put loc_var into var_name
of unit unit_name
[ and confirm in conf_var  ]

Category Unit Variable Access

Ar guments

Description Theput statement copies the contents of a variable local to the calling step or
local to the current unit to a unit variable on a foreign unit.

The statement causes the step to pause until the access to the foreign unit varia-
ble has completed or failed to complete.

If the put statement could successfully access the foreign unit variable,
conf_var , if specified in the optionaland confirm in  clause, is set to
EX_OK.

If the put statement did not succeed, the standard runtime error procedure will
be executed, unless the optionaland confirm in  clause was specified. If the
and confirm in  clause was specified,conf_var  is set toEX_ERROR and
execution continues with the next statement, if any.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The types of source and destination variable are not compatible (i.e. the types
are not identical and cannot be converted).

• The foreign unit does not contain the specified variable.

• The foreign unit does not exist or its unit variable are not loaded.

• The MFC on which the specified unit resides cannot be accessed.

Parameter I/O Type Description

loc_var I local
variable

This argument designates the local variable.

var_name O string
valued
expression

On a successful return from theput variable state-
ment the variable designated by this parameter will con-
tain the value of the local variable.

unit_name I string valued
expression

This argument designates the unit where the variable
var_name  resides.

conf_var O local
integer
variable

This argument contains the confirmation code once the
put variable statement has finished. The confirma-
tion code will beEX_OK if putvariable  was success-
ful, EX_ERROR otherwise

Table 78: Arguments of “put”
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Restrictions The foreign / local unit variable may only be a variable of typeflag , byte ,
integer , long , float , double , string  or a structure type.

If a variable of structure type is transferred the size of that variable may not
exceed 1000 bytes1.

Pointer variables cannot be transmitted. However, if a structure contains a
pointer, the value of this pointer is transferred, although it is almost certain to be
meaningless on the receiving side.

An element of an array can be transferred, but an entire array can not be trans-
ferred.

1. This limit is not checked by the compiler. It is not a strict limit but depends on the
length of the variable’s name and runtime memory constraints. The limit specified
really is an order of magnitude value: Up to that many bytes can be transferred
from one MFC to another under normal circumstances.

Example In the following example, the operator is queried for the name of the main sup-
ply tank to be used in the operation. Knowing this, the step can place information
into the correct unit.

Supply  is astring of length 10 andQuantity  is aninteger  vari-
able present in both the local unit and the foreign unit.

/*
* ask the operator for the name of the supply
* tank unit
*/

openter  "NAME OF SUPPLY TANK" into  Supply

/*
* now the string variable Supply contains some
* unit's name such as "TANK1"
*/

let  Quantity equal  5000
put Quantity into  “Quantity” of unit  Supply

and confirm in  xOK
if  xOK = EX_OK is true
then

print  Supply, Quantity
using format  “quantity of supply vessel %s: %d"
on  _TYPER

endif

Notes The distinction between theput  statement and theput variable  statement
is that theput  statement accepts astring valued expression (i.e. a string constant
or a string variable) asvar_name  and thus allows dynamic building of the
var_name :

Assuming thatVariable  is a local variable of typestring  and also an
integer  type variable on unitR101 the two constructs

put  xInt into  Variable of unit  “R101”

and

put variable  xInt into  Variable of unit  “R101”

have quite different semantics: The first will put the value of xInt into the varia-
blenamed by the contents of the local variableVariable ; the second will put
the value of xInt into a variablenamedVariable  on the foreign unit.

See Also “put variable” on page205
“get” on page125
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“get variable” on page132

Recommendations Theget/put statement allows for error handling by providing the optional
and confirm in  clause. This makes the statement preferable to alet  state-
ment where external unit variable(s) are accessed through theunit$varia-
ble  notation.

Local unit variables are generally accessed much more efficiently by direct refer-
ence than through theget/put statement family. If synchronized access to
unit variables is required theget/put statement family provides a means for
synchronized sequential access, though.

Futur e Directions The restriction on arrays may be lifted in a future version. The size restriction to
approx. 1000 bytes will remain, though.

Pointers should be NULLed when they are transferred for additional safety.

Future versions of the put statement will allow putting constants into foreign var-
iables directly as well, e.g.:put 100 into intVariable on unit
Unit  will be allowed.



SyCOS EXTOL Reference Alphabetical EXTOL Language Reference

1.2 205

put variable

5.76. put variable

Syntax put variable loc_var into var_name
of unit unit_name
[ and confirm in conf_var  ]

Category Unit Variable Access

Ar guments

Description Theput variable  statement copies the contents of a variable local to the
calling step or local to the current unit to a unit variable on a foreign unit.

The statement causes the step to pause until the access to the foreign unit varia-
ble has completed or failed to complete.

If the put variable  statement could successfully access the foreign unit var-
iable,conf_var , if specified in the optionaland confirm in  clause, is set
to EX_OK.

If the put variable  statement did not succeed, the standard runtime error
procedure will be executed, unless the optionaland confirm in  clause was
specified. If theand confirm in  clause was specified,conf_var  is set to
EX_ERROR and execution continues with the next statement, if any.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The types ofloc_var  andvar_name  are not compatible (i.e. the types are
not identical and cannot be converted).

• The foreign unit does not contain the specified variable.

• The foreign unit does not exist or its unit variable are not loaded.

• The MFC on which the specified unit resides cannot be accessed.

Parameter I/O Type Description

loc_var I local
variable

This argument designates the local variable.

var_name O variable
name

On a successful return from theput variable state-
ment the variable designated by this parameter will con-
tain the value of the local variable.

unit_name I string valued
expression

This argument designates the unit where the variable
var_name  resides.

conf_var O local
integer
variable

This argument contains the confirmation code once the
put variable statement has finished. The confirma-
tion code will beEX_OK if putvariable  was success-
ful, EX_ERROR otherwise

Table 79: Arguments of “put variable”
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Restrictions The foreign / local unit variable may only be a variable of typeflag , byte ,
integer , long , float , double , string  or a structure type.

If a variable of structure type is transferred the size of that variable may not
exceed 1000 bytes1.

Pointer variables cannot be transmitted. However, if a structure contains a
pointer, the value of this pointer is transferred, although it is almost certain to be
meaningless on the receiving side.

An element of an array can be transferred (if and only if the index is a constant),
but an entire array can not be transferred.

1. This limit is not checked by the compiler. It is not a strict limit but depends on the
length of the variable’s name and runtime memory constraints. The limit specified
really is an order of magnitude value: Up to that many bytes can be transferred
from one MFC to another under normal circumstances.

Example In the following example, the operator is queried for the name of the main sup-
ply tank to be used in the operation. Knowing this, the step can place information
into the correct unit.

Supply  is astring of length 10 andQuantity  is aninteger  vari-
able present in both the local unit and the foreign unit.

/*
* ask the operator for the name of the supply
* tank unit
*/

openter  "NAME OF SUPPLY TANK" into  Supply

/*
* now the string variable Supply contains some
* unit's name such as "TANK1"
*/

let  Quantity equal  5000
put variable  Quantity into  Quantity of unit  Supply

and confirm in  xOK
if  xOK = EX_OK is true
then

print  Supply, Quantity
using format  “quantity of supply vessel %s: %d"
on  _TYPER

endif

Notes The distinction between theput  statement and theput variable  statement
is that theput variable  statement accepts a variablename:

Assuming thatVariable  is a local variable of typestring  and also an
integer  type variable on unitR101 the two constructs

put  xInt into  Variable of unit  “R101”

and

put variable  xInt into  Variable of unit  “R101”

have quite different semantics: The first will put the value of xInt into the varia-
blenamed by the contents of the local variableVariable ; the second will put
the value of xInt into a variablenamedVariable  on the foreign unit.
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See Also “put” on page202
“get variable” on page132
“get” on page125

Recommendations Theget/put variable  statement allows for error handling by providing
the optionaland confirm in  clause. This makes the statement preferable to
a let  statement where external unit variable(s) are accessed through the
unit$variable  notation.

Local unit variables are generally accessed much more efficiently by direct refer-
ence than through theget/put variable  statement family. If synchronized
access to unit variables is required theget/put variable  statement family
provides a means for synchronized sequential access, though.

Futur e Directions The restriction on arrays may be lifted in a future version. The size restriction to
approx. 1000 bytes will remain, though.

Pointers should be NULLed when they are transferred for additional safety.
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5.77. read

Syntax read count bytes from file number file_no into loc_var
[ and return count in cnt  ]
[ and confirm in conf_var ]

read count items from file number file_no into loc_var
[ and return count in cnt  ]
[ and confirm in conf_var  ]

Category File Control Statements

Ar guments

Description This statement attempts to readcount  bytes/items from the file associated with
the suppliedfileno  at the current location pointer intoloc_var .

Upon return from theread  statement, the location pointer is incremented by the
number of bytes/items actually read.

In cnt , using the optionaland return count in  clause, the number of
bytes/items actually read and placed inloc_var  is returned; this number may
be less thancount , if the number of bytes/items left in the file is less than
count  bytes/items or when the file was opened in CGS compatible mode and
the CGS size is smaller than the SyCOS size of the data.

If no bytes/items can be readthe end-of-file isreached and the predefined step
variable_eof  is set to 1 otherwise_eof  is set to 0.

If a read  statement on an ordinary file does not succeed, the location pointer is
reset to the position it had before theread  statement was executed and the
standard runtime error procedure will be performed.

Parameter I/O Type Description

count I integer
valued
expression

This argument specifies the number of bytes/items to
read from the file.

fileno I integer
valued
expression

This expression must evaluate to a file number
returned by a previous successful call tocreate
file or open file .

loc_var O local
variable

This argument designates the local variable that the
data read from the file should be put into. Local varia-
bles of any type may be specified here. Dependent on
the mode the file was opened/created with.restrictions
on the data type apply.

cnt O local
integer
variable

This variable will contain the count of bytes/items
actually read from the file. This will always be equal
or less than the number of bytes/items that were
requested.

conf_var O local integer
variable

This argument contains the confirmation code once
theread  statement has finished. The confirmation
code will beEX_OK if the statement was successful,
EX_ERROR otherwise.

Table 80: Arguments of “read”
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Err or Conditions Theread  statement will fail under the following conditions:

• Thefileno  parameter is not valid.

• The loc_var  variable is too small for the data about to be read.

• The underlying VxWorks system call fails.

• An attempt was made to read a type of data not legal for the mode the file
was opened with.

Example The precise semantics of the read statement depend on the mode the file was
opened in.

Let’s assume we have three data items, an EXTOL string (xStr), an EXTOL var-
iablexStructY of a structure typeStructY and an array of EXTOL structures
(xArrOfStructY) and are reading with the following statments:

a) read 5 bytes from file number 9 into xStr and return count in xCnt

b) read (2 * sizeof(xStructY)) bytes from file number 9 into
xArrOfStructY and return count in xCnt

Raw Mode: a) reads exactly 5 bytes from file number 9. xCnt is 5. The 6th byte is not
modified.
b) reads exactly (2 * sizeof(xStructY)) bytes from file number 9. Structure
changes generallygo unnoticed and result in data corruption. Data written by
a system of another architecture is read as garbage.

CGS Compatible mode: a) reads exactly 5 bytes from file number 9. xCnt is 5. The 6th byte of xStr is
not modified.
b) reads two structures of type xStructY from file number 9. xCnt is the
number of bytes actually read and may be different from (2
*sizeof(xStructY)), but will be equal to xCnt returned by the read statement
on CGS.
Any change in the layout of StructY between the time it was written and the
time it is read will lead to data corruption of the data now in xArrOfStructY
and may or may not result in a runtime exception, depending on whether the
corruption can be be detected by the system. All subsequent data on the file
represented by file number 9 will be interpreted wrongly, because the byte
offsets when reading no longer match the offsets of the data when written.

Binary mode: a) is illegal and causes a runtime exception. The correct statement would
have been:
read 1 item from file number 9 into xStr and return count in xCnt

in which case as many bytes would have been read as had been written. xCnt
would have been 1.
b) would probably cause a runtime exception, because the array cannot hold
enough items. If the statement had been:
read 2 items from file number 9 into xArrOfStructY and return count in xCnt

exactly two structures would have been read. xCnt would have been 2.
Should the layout of StructY have been changed between the time of writing
and the time of reading this change would result in a runtime exception. Also
trying to read a StructY when in fact a StructX is on the file would be
detected and result in a runtime exception.

Text Mode a) reads exactly 5 bytes from file number 9. xCnt is 5. The 6th byte of xStr is
set to NUL.
b) is illegal and causes a runtime exception.
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Notes Use thesizeof()  function to determine the exact sizes of the variable storage.

See Also “position file number” on page195
“write” on page252
“open file” on page161
“create file” on page85

Recommendations Use extreme caution when working with files in EXTOL: Most of the time files
reside on different machines in the network. This makes EXTOL file handling
sensitive to network problems and problems of the machines hosting the file.
This implies that you should only perform file interaction outside of time or mis-
sion critical sections in your application code.

You should never assume thatraw data written by one machine in the network
(either PIC or MFC) can be read by any other machine in the network. This is
not generally true and will create severe porting problems should the underlying
hardware or software structure change.



SyCOS EXTOL Reference Alphabetical EXTOL Language Reference

1.2 211

read from (UNIMPLEMENTED)

5.78. read from (UNIMPLEMENTED)

Syntax read from file_no using format format_string
into var_list
[ and confirm in conf_var  ]

Category Deprecated Statements

Description

. This statement was never implemented.
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5.79. rename file

Syntax rename file file_name1 to file file_name2
[ and confirm in conf_var  ]

Category File Control Statements

Ar guments

Description This statement changes the name of the file specified byfile_name1  to
file_name2 . file_name1  must already exist and must be a normal file in
order for it to be renamed.

When renamingfile_name1  to a filefile_name2  that already exists, the
contents offile_name2  are destroyed.

If file_name1  or file_name2  is the empty string or both filenames are
identicalrename file  no rename will occur but the command will complete
successfully. This is in accordance with the passive error handling strategy
implemented in EXTOL.

Err or Conditions • If the expression used for thefile_name1  andfile_name2  parameters
contains references to external variables and the external variable cannot be
accessed therename file  statement will fail and the standard error han-
dling procedure will be executed.

• If file_name1  does exist and is visible to the operation but cannot be
accessed due to lack of privileges on the file server therename file  state-
ment will fail and the standard error handling procedure will be executed.

• Only normal files can be renamed and therename file  statement will fail
if the file_name1  argument does not designate a normal file. The standard
error handling procedure will be executed in this case.

• Therename file  statement will fail if the underlying VxWorks System
call encounters an error.

Restrictions Therename file  statement cannot be used to rename directories.

EXTOL support for file server file protection schemes is extremely weak. If you
try to rename a file thatdoes exist but is not accessible from your application
(e.g. because the file resides on a UNIX file server in some subdirectory not
accessible to your application) the rename file statement will not succeed
(because it cannot see the file, although the file does exist, and the file may actu-
ally be accessible from the PICs, FSs and other MFCs).

Parameter I/O Type Description

file_name1 I string
valued
expression

This parameter specifies the name of the file to
rename.

file_name2 I string
valued
expression

This parameter specifies the new name of the file.

conf_var O local integer
variable

This argument contains the confirmation code once
therename file statement has finished. The con-
firmation code will beEX_OK if the statement was
successful,EX_ERROR otherwise.

Table 81: Arguments of “rename file”
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Example rename file  "/MYFILES/SCRATCH.PAD"
to file  "/MYFILES/SCRATCH.PAD.OLD"

Notes The result of renaming a file that is still opened by the same or any other opera-
tion in the system is undefined. The file will be renamed (i.e. therename
file  statement will succeed) but the file contents may still be (or may not be)
accessible to the original users of the file and changes made to the still open files
may not be reflected in the renamed file.

Due to a fault in the rename function in the underlying VxWorks operating sys-
temrename file  is implemented as “copy old file to new name and then
remove old file”. This implies that the Notes and Restrictions sections of the
delete file  description are also relevant to therename file  statement.
You need at least twice the disk space that the file uses to rename it. There is also
the possibility that the original may not be removable when the copy is com-
pleted.

See Also “create file” on page85
“delete file” on page98
“read” on page208
“write” on page252

Futur e Directions As soon as the VxWorks call works rename file will be mapped on the rename
VxWorks system call.
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5.80. repeat ... endrepeat when

Syntax repeat
[ statement_list  ]

endrepeat when expr is boolean

Category Flow Control Statements

Ar guments

Description Therepeat ... endrepeat when  statement executes all statements
between therepeat  andendrepeat  keywords at least once.

After the first execution theexpr  given is evaluated and compared to the
boolean  value specified. If the two match then execution loops back to the
repeat  keyword and all statements in thestatement_list  are executed
again.

This statement is functionally identical towhile ... endwhile  statement
except that thestatement_list  is guaranteed to execute at least once since
the expression which determines loop termination is evaluated following the exe-
cution of the statement list.

Any EXTOL statement valid in the step is a validcomponent of the statement
list, especially nesting of EXTOL control structures (like if ... else ...
endif , anotherrepeat  etc.) is supported to unlimited depth.

Thebreak  statement may be used inside thestatement_list  of the
repeat ... endrepeat when  statement to break out of the loop from
some place in the middle of thestatement_list .

Thecontinue  statement may be used inside thestatement_list  of the
repeat ... endrepeat when  statement to continue with another round
of execution after evaluation of the conditional after thewhen keyword.

Err or Conditions Thisexpr  part of this statement is subject to the normal failures involving
expressions containing foreign unit variables or process variables.

Parameter I/O Type Description

statement_list - - List of statements to execute. This list will be exe-
cuted at least once and possibly more than once until
the condition after thewhen keyword is fulfilled.

expr I numeric This expression is evaluated by the runtime. If the
value is non zero this is mapped to the boolean value
true, if zero this is mapped to the boolean value false.

boolean I - Either the keyword true  or the keyword false .
This is the boolean valueexpr  is compared to.

Table 82: Arguments of “repeat ... endrepeat when”
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Example The following example busy waits until the attach to unitR101 succeeds:

repeat
wait  2 seconds
attach to  “R101” and confirm in  xOK

endrepeat when  xOk = EX_OK is true

Note that this loop does contain await  statement so that it will not be a tight
loop that consumes all available CPU time (thus resulting in an immediate over-
load condition on the MFC) while the attach still fails. The example also
assumes that there is a possibility that the unitR101 will become available at
some point in time as there is no limit on the number of tries.

See Also “if ... else ... endif” on page141
“while ... repeat ... endwhile” on page250

Recommendations When writing loops make sure that the loops do terminate at some point and
leave some CPU time to other tasks on the MFC by inserting wait statements as
appropriate.

The example above could also be written as:

xOK = EX_ERROR
while xOK = EX_ERROR is true
repeat

wait  2 seconds
attach to  “R101” and confirm in  xOK

endwhile

The decision whether to choose arepeat ... endrepeat  when loop or a
while ... repeat ... endwhile  loop is often not an easy one to
make: The main distinction between the two loops is the position of the test. If
the test does make sense before you enter the loop you probably should be using
a while loop. If the statements must be executed at least once you probably
should be using a repeat loop. Also note that the sense conditional expression is
inverted for the while statement.
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5.81. restart

Syntax restart
[ to step step_name  ]
[ at label label_name  ]
[ and confirm in conf_var  ]

Category Operation and Unit Control Statements

Ar guments

Description This statement can only appear in hold steps or subroutines. If it occurs in a sub-
routine the subroutine must only execute therestart  statement when it was
called from a hold step.

The statement forces an operation which is currently executing a hold step to the
associated or a specified main step.

If neither a step nor a label is specified, the instruction that was executing in the
main step when the step was held is re-run (but see Notes below).

If a step is specified, then the suspended main step is aborted and execution
begins either at the top of the 'new' main step or at a specified label within that
step. If an operation contains more than one instance of the specified step, then
therestart  statement is directed to the first occurrence of that step in the
operation.

If a label is specified, then the appropriate step (either the previous or the newly
designated main step) starts execution at that label.

The successful execution of a restart statement will terminate the hold step (and
any subroutine executing from the hold step); An unsuccessful execution of the
restart statement will result in the standard error handling procedure (which may
then result in the execution of further statements in the hold step).

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The operation is not in hold state.

• The specified main step is not available.

• The specified label within the main step is not defined.

Parameter I/O Type Description

step_name I string
valued
expression

This parameter specifies a main step of the currently
held operation

label_name I string
valued
expression

This parameter specifies the label in the main step
where control should be transferred to.

conf_var O local integer
variable

This argument contains the confirmation code once
therestart statement has finished. The confirma-
tion code will beEX_OK if the statement was suc-
cessful,EX_ERROR otherwise. Note, that unless an
illegal parameter is specified, the return value is not
from the executed restart instruction.

Table 83: Arguments of “restart”
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• There is no memory available to build an environment for the specified main
step.

Restrictions This statement cannot occur in a main step.

Example (In the hold step of the operation.)

. RESTART
openter  “Restart execution at what label?”  into  xLabel
restart to step  “DISTILL” at label  xLabel

and confirm in  xOK

/*
* If we get here at all, the restart didn’t work
* so the contents of variable xOK are predictable
* - the “and confirm” may have saved the operation
* from a runtime error, though.
*/

print with prefix  xLabel
using format
“Cannot restart step DISTILL at label %s”
on  _CONSOLE

Notes If neither a step name nor a label name is given then the instruction that was exe-
cuting in the main step isnot always re-run (problem report 594 made).

See Also “hold operation” on page139

Futur e Directions Future releases of the system may allow hold/restart on the calling operation, i.e.
the restriction currently imposed will be lifted, this will then be compatible with
TCS.
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5.82. resume operation

Syntax resume operation op_name
[ on unit unit_name  ]
[ and confirm in conf_var ]

Category Operation and Unit Control Statements

Ar guments

Description This statement forces the specified operation, which was previously suspended
to resume. If no unit is given, the operation is assumed to reside on the same unit
as the operation issuing theresume operation  statement.

If the operation could not be resumed successfully the standard runtime error
procedure will be performed.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The specified operation is not available.

• The unit and operation names are matching the operation currently executing
theresume operation  statement.

• The unit specified byunit_name  does not exist or is not loaded.

• The MFC on which the specified unit resides cannot be accessed.

Restrictions

See Also “suspend operation” on page232

Parameter I/O Type Description

op_name I string
valued
expression

This parameter specifies the name of the EXTOL
operation which will be resumed.

unit_name I string
valued
expression

This optional parameter specifies the name of the unit
this operation belongs to. Ifunit_name  is omitted,
the unit the operation is currently running on is
assumed.

conf_var O local
integer
variable

This argument contains the confirmation code once
theresume operation statement has finished.
The confirmation code will beEX_OK if resume
operation was successful,EX_ERROR otherwise

Table 84: Arguments of “resume operation”
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5.83. resume timer

Syntax resume timer timer_block direction
[ and confirm in conf_var ]

Category Process Control Statements

Ar guments

Description This statement causes the specified timer block to count in the up/down direction
starting with the current value of the database timer block.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The timer specified bytimer_block does not exist.

• The MFC on which the specified timer block resides cannot be accessed.

Example /*
* Start decrementing the cool-down timer
*/

resume timer  “COOLDOWN” down and confirm in  xOK
if xOK !=  EX_OK is true
then

print with prefix
using format  “Cannot resume the cool-down timer”
on  _CONSOLE

endif

Notes In prior versions, the block type of the block named astimer_block  was not
checked. This could result in the corruption of database blocks that are not of
type timer block.

See Also “start timer” on page228
“stop timer” on page230

Parameter I/O Type Description

timer_block I string
valued
expression

This parameter specifies the name of the database
timer which should be resumed.

direction I - This parameter specifies the direction in which the
database timer should count. There are only two pos-
sible values for this parameter:up  will resume a
timer counting upwards,down will resume a timer
counting downwards.

conf_var O local
integer
variable

This argument contains the confirmation code once
theresume timer statement has finished. The
confirmation code will beEX_OK if resume
timer was successful,EX_ERROR otherwise

Table 85: Arguments of “resume timer”
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5.84. retsub

Syntax retsub

Category Flow Control Statements

Ar guments None.

Description retsub  returns control from an inline subroutine to the location it was called
from.

This statement causes the step to transfer execution to the statement after the last
executedgosub .

Err or Conditions If retsub  is executed without there having been a previousgosub , retsub
will not know where to transfer execution and will declare a runtime error. The
error takes the form of an “array out of bounds” error and will result in the stand-
ard error handling procedure.

Restrictions By default the nesting depth for inline subroutine calls is 20. This can be
changed by giving the appropriate option to est when the step is compiled.

Example The following example shows the use of retsub at the end of an inline subrou-
tine:

/*
* Inline subroutine tolower:
* Convert string in cvts to lower case.
*/

.tolower
declare temporary variable  tli of type integer
let  tli = 0
while  cvts[tli] not=  0 is true
repeat

if  cvts[tli] >= 'A' and  cvts[tli] <= 'Z' is true
then

let  cvts[tli] = cvts[tli] + 'a' -  'A'
endif

endwhile
retsub

Notes Extreme care is required whengoto  andgosub  statements are used in the
same step. Use of thegoto  statement to jump into or out of inline subroutines
will cause inline subroutine stack misalignments resulting in “Array index out of
bound” runtime errors that are hard to track down.

See Also “goto” on page137
“gosub” on page135
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5.85. return from subroutine

Syntax return from subroutine
[ with value expression  ]

Category Subroutines and Parameters

Ar guments

Description return from subroutine  returns from a step compiled as a subroutine.

Thereturn from subroutine  statement causes a subroutine to cease exe-
cution and return to the step or subroutine that called it.

An optional return value may be passed as well.

Theexpression  constituting this return value must evaluate to one of the fol-
lowing types:flag , byte , integer , long , float , or double .

If the call to the subroutine (see:“call subroutine” on page71) did not specify
the optionaland return value in  clause the value returned by the
return from subroutine with value  statement will be discarded.

If the call to the subroutine did specify the optionaland return value in
clause but no value is returned from the subroutine (i.e. the optionalwith
value  clause of thereturn from subroutine  statement was not speci-
fied) a value of zero will be returned.

Restrictions This statement can only occur in a step compiled as a subroutine. The occurrence
in main or hold step sources is a compile time error.

Example See example forbegin subroutine .

See Also “call subroutine” on page71
“begin subroutine” on page66

Parameter I/O Type Description

expression O numeric or
pointer type

The value of this expression is returned to the calling
step.

Table 86: Arguments of “return from subroutine”
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5.86. run operation

Syntax run operation op_name
[ on unit unit_name  ]
[ at step step_name  ]
[ at label label  ]
[ and confirm in conf_var  ]

Category Operation and Unit Control Statements

Ar guments

Description This statement runs the specified operation. If the optionalon unit  clause is
not specified the current unit is assumed.

If step_name  is specified the operation starts executing at the top of the indi-
cated step (or at the specified label within that step). If there is more than one
occurrence of the specified step in the operation, EXTOL starts the operation at
the appropriate location in thefirst occurrence of that step within the operation.
(Yes it is true that the same step name can be used more than once in the same
operation). If a step is not specified EXTOL assumes the first step in the opera-
tion is appropriate.

If label_name  is specified the appropriate step will begin execution at that
label. If no label is specified the operation starts executing at the top of the
appropriate step.

If the operation is already running it will be killed and then run.

If an operation is in the hold-exit state, it will be restarted at the main operation.

If the operation could not be started successfully the standard runtime error pro-
cedure will be performed.

Parameter I/O Type Description

op_name I string
valued
expression

This parameter specifies the name of the EXTOL
operation which will be started.

unit_name I string
valued
expression

This optional parameter specifies the name of the unit
this operation belongs to. If omitted the current unit is
assumed.

step_name I string
valued
expression

This parameter specifies a main step of the operation
which will be started.

label_name I string
valued
expression

This parameter specifies the label in the main step
where control should be transferred to.

conf_var O local integer
variable

This argument contains the confirmation code once
therun operation statement has finished. The
confirmation code will beEX_OK if the statement
was successful,EX_ERROR otherwise.

Table 87: Arguments of “run operation”
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Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The specified operation is not available.

• The unit and operation names are matching the operation currently executing
therun operation  statement.

• The unit specified byunit_name  does not exist or is not loaded.

• The MFC on which the specified unit resides cannot be accessed.

• The specified main step is not available.

• The specified label within the main step is not defined.

• There is no memory available to build an environment for the specified main
step.

Restrictions An EXTOL operation cannot execute arun operation  statement on itself.

Example run operation  “DISTILL” on unit  “UNIT01”
and confirm  in xOK

if  xOK = EX_ERROR is true
then

print with prefix
using format
“Couldn’t run operation DISTILL on unit UNIT01”
on  _CONSOLE

/*
* Plus additional failure logic
*/

endif

See Also “kill operation” on page149
“restart” on page216

Recommendations The user may want to check the status of the operation using thefetch
status of operation  statement before issuing the run command.
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5.87. set

Syntax set elt_name to  loop_ action
[ and confirm in conf_var  ]

- or -

set elt_name part to expression
[ and confirm in conf_var  ]

- or -

set elt_name cascade to casc_action
[ and confirm in conf_var  ]

Category Process Control Statements

Ar guments

Description set  modifies the values of certain type of fields in a specified control block. The
functions possible are:

set elt_name  to manual : sets the loop to manual.

set elt_name  to auto : sets the loop to auto.

set elt_name  output to expression : the output of the block is set
to the value of expression.

set elt_name  setpoint to expression : the setpoint of the block is
set to the value of expression.

set elt_name  cascade to open : the cascade is set to open, which

Parameter I/O Type Description

elt_name I Process
Database
Block

This argument specifies the block the set statement
should be applied to. It has the form of a process
database access (see: “Process Database Access” on
page31) with the field part omitted. As a short hand
notation the specification of the ELT part alone is
equivalent to “ELT”:0 which in turn is equivalent to
“ELT”:9 and all of these designate the display block
of the loop.

loop_action I - This parameter is a keyword to specify the loop
action it is eithermanual , orauto .

part I - This parameter is a keyword to specify the loop part it
is eitheroutput  or setpoint .

expression I numeric
expression

The value of this expression becomes the new output
or setpoint value of the block.

casc_action I - This parameter is a keyword to specify the cascade
action it is eitheropen , orclosed .

conf_var O local
integer
variable

This argument contains the confirmation code once
theset statement has finished. The confirmation
code will beEX_OK if set  was successful,
EX_ERROR otherwise

Table 88: Arguments of “set”
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causes the setpoint to revert to the measured value.

set elt_name  cascade to closed : the cascade is set to closed.

The fields that are modifiable using theset  statement are not regular fields and
cannot therefore be modified using any other EXTOL statements.

These fields fall into the category of special fields that require CCEX to take
some action whenever their value changes. CCEX assumes responsibility for
modifying any other fields that should be modified as a result of the requested
field change.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The specified database field does not exist.

• The database field resides on a remote MFC and cannot be accessed due to
communication failure or because the MFC is not available.

• The set statement is applied to a block that does not support the required
action: e.g. cannot set cascade open if there is no cascade status field for the
ELT; cannot set cascade closed if the ELT is in manual.

Examples /*
* example of the set to auto / manual instruction
*/

set  “TC10101” to auto and confirm in  xOK
if  xOK !=  EX_OK is true
then

print with prefix
using format
“Cannot set TC10101 to auto” on  _CONSOLE

/*
* + additional failure logic
*/

endif

/*
* example of the set ouput instruction
*/

set  “TC10101” output to  0 and confirm in  xOK
if  xOK !=  EX_OK is true
then

print with prefix
using format
“Cannot set TC10101 output to 0” on  _CONSOLE

/*
* + additional failure logic
*/

endif

/*
* example of the set setpoint instruction
*/
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set  “TC10101” setpoint to  DistillTemp
and confirm in  xOK

if  xOK !=  EX_OK is true
then

print with prefix
using format
“Cannot set TC10101 setpoint” on  _CONSOLE

/*
* + additional failure logic
*/

endif

/*
* example of the set cascade instruction
*/

set  “PC10101” cascade to closed
and confirm in  xOK

if  xOK !=  EX_OK is true
then

print with prefix
using format
“Cannot close PC10101 cascade control”
on  _CONSOLE

/*
* + additional failure logic
*/

endif
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5.88. sleep

Syntax sleep

Category Process Control Statements

Ar guments None.

Description This statement causes the operation to sleep.

Once this statement has been executed, the operation will stay in this state until a
run , kill , hold , restart , wakeup operation , orsuspend opera-
tion  command changes its status.

Examples /*
* Finished doing what was required. This operation
* will now sleep, and will only continue processing
* when woken up by another operation.

*/
sleep

See Also “wakeup operation” on page248
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5.89. start timer

Syntax start timer timer_block direction
[ with value expression  ]
[ and confirm in conf_var  ]

Category Process Control Statements

Ar guments

Description This statement causes the specified timer block to start counting in the given
direction.

If the optionalwith value  clause is specified,expression  is evaluated
and the result is taken as the initial value for the timer block to start counting up
or down (whichever is specified). If the optionalwith value  clause was not
specified, a zero will be set as initial value for the timer block.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The timer specified bytimer_block does not exist.

• The MFC on which the specified timer block resides cannot be accessed.

Parameter I/O Type Description

timer_block I Process
Database
Block

This parameter specifies the name of the database
timer which should be started.

direction I - This parameter specifies the direction in which the
database timer should count. There are only two pos-
sible values for this argument:up  will start a timer
counting upwards,down will start a timer counting
downwards.

expression I numeric
expression

This parameter specifies the value that the database
timer will start counting.

conf_var O local
integer
variable

This argument contains the confirmation code once
thestart timer statement has finished. The con-
firmation code will beEX_OK if start timer
was successful,EX_ERROR otherwise

Table 89: Arguments of “start timer”
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Example /*
* Start the cool-down timer. It counts down form the
* required cooling time.
*/

start timer  “COOLDOWN” down with value  xCoolTime
and confirm in  xOK

if  xOK !=  EX_OK is true
then

print with prefix
using format  “Cannot start the cool-down timer”
on  _CONSOLE

endif

Notes In prior versions, the block type of the block named astimer_block  was not
checked. This could result in the corruption of database blocks that are not of
type timer block.

EXTOL makes no assumptions about the timer block's time units; how fast the
timer counts depends on how the timer was specified using DBB.

See Also “resume timer” on page219
“stop timer” on page230
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5.90. stop timer

Syntax stop timer timer_block
[ and confirm in conf_var  ]

Category Process Control Statements

Ar guments

Description This statement causes the specified timer block to stop counting. The value of
the timer block freezes at its current value.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The timer specified bytimer_block does not exist.

• The MFC on which the specified timer block resides cannot be accessed.

Example /*
* Stop the cool-down timer.
*/

stop timer  “COOLDOWN” and confirm in  xOK

if  xOK !=  EX_OK is true
then

print with prefix
using format  “Cannot stop the cool-down timer”
on  _CONSOLE

endif

Notes In prior versions, the block type of the block named astimer_block  was not
checked. This could result in the corruption of database blocks that are not of
type timer block.

See Also “resume timer” on page219
“start timer” on page228

Parameter I/O Type Description

timer_block I Process
Database
Block

This parameter specifies the name of the database
timer which should be stopped.

conf_var O local
integer
variable

This argument contains the confirmation code once
thestop timer statement has finished. The con-
firmation code will beEX_OK if stop timer was
successful,EX_ERROR otherwise

Table 90: Arguments of “stop timer”
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5.91. strobe watchdog

Syntax strobe watchdog

Category Watchdog Interface Statements

Ar guments None.

Description strobe watchdog  sends an alive and well message to the watchdog program
indicating that the issuing operation is functioning normally. The applications
programmer must insertstrobe watchdog  statements at appropriate points
in the program to ensure that the timeout condition cannot be raised.

Err or Conditions If communication with the watchdog is not possible (this should never happen),
thestrobe watchdog  statement fails and the standard error handling proce-
dure will be executed.

Example /*
* This is a critical operation until the temperature
* has fallen below a high target value.
*/

attach to watchdog with timeout after  10 seconds fatal
while TT01:0.MEAS > 90.0 is true repeat

strobe watchdog
wait  2 seconds

endwhile
detach from watchdog

See Also “attach to watchdog with timeout” on page62
“detach from watchdog” on page101
“suspend watchdog” on page233
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5.92. suspend operation

Syntax suspend operation oper_name
[ on unit unit_name  ]
[ and confirm in conf_var  ]

Category Operation and Unit Control Statements

Ar guments

Description This statement forces the specified operation to suspend. If no unit is given, the
operation is assumed to reside on the same unit as the operation issuing the
suspend operation  statement.

If the operation could not be suspended successfully the standard runtime error
procedure will be performed.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• The specified operation is not available.

• The unit and operation names are matching the operation currently executing
thesuspend operation  statement.

• The unit specified byunit_name  does not exist or is not loaded.

• The MFC on which the specified unit resides cannot be accessed.

Restrictions

See Also “resume operation” on page218

Parameter I/O Type Description

op_name I string
valued
expression

This parameter specifies the name of the EXTOL
operation which will be suspended.

unit_name I string
valued
expression

This optional parameter specifies the name of the unit
this operation belongs to. Ifunit_name  is omitted,
the unit the operation is currently running on is
assumed.

conf_var O local
integer
variable

This argument contains the confirmation code once
thesuspend operation statement has finished.
The confirmation code will beEX_OK if suspend
operation was successful,EX_ERROR otherwise

Table 91: Arguments of “suspend operation”
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5.93. suspend watchdog

Syntax suspend watchdog

Category Watchdog Interface Statements

Ar guments None.

Description This statement indicates to the watchdog program that the operation will tempo-
rarily cease to issuestrobe watchdog  statements. The operation remains
registered with the watchdog program, which internally will ignore the timeouts
on it until it (the operation) executes astrobe watchdog  statement. The
suspend watchdog  statement is used whenever there is an indefinite delay
in the operation e.g. waiting for an operator decision.

Err or Conditions If communication with the watchdog is not possible (this should never happen),
thestrobe watchdog  statement fails and the standard error handling proce-
dure will be executed.

Example /*
* During this critical operation we want to get
* operator input. Suspend the watchdog until the
* input is received.
*/

suspend watchdog
openter  “Enter a new setpoint for TT01” into  xSetpoint

strobe watchdog

See Also “attach to watchdog with timeout” on page62
“detach from watchdog” on page101
“strobe watchdog” on page231
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5.94. switch on ... between ... endswitch

Syntax switch on  expression between
case_list

endswitch

Category Flow Control Statements

Ar guments

Description Theswitch  statement evaluates theexpression  and causes execution to
branch to acase  statement inside the body of theswitch...endswitch
that has a value matching the value of the evaluated expression.

If no matchingcase  exists and adefault  statement is present then execution
branches to the statement list immediately following thedefault  statement.

If no matchingcase  exists and there is nodefault  statement present then
execution branches to the statement immediately following theendswitch
statement.

If there is nobreak  statement to end acase  statement then control flows into
the next case  or default  statement or to the statement after theends-
witch .

Theswitch  may be nested.

Also see the discussions on thebreak , case , anddefault  statements.

Err or Conditions This statement is subject to the normal failures involving expressions containing
foreign unit variables or process variables.

Restrictions The statement immediately following the switch statement must be either a
case  statement, adefault  statement, or a comment.

Parameter I/O Type Description

expression I numeric
expression

This expression is evaluated once. The resulting
value is converted to type long and is compared to all
cases in the case list. If a matching case is found the
statements associated with that case are executed.

case_list - - A list of case statements.

Table 92: Arguments of “switch on ... between ... endswitch”
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Example This example will determine which valves to open based upon the sum of two
integer variables,a andb. This example also illustrates the correct interaction
between theswitch...endswitch , case , break , anddefault  state-
ments and is a good model to follow for constructing your own
switch...endswitch  compound statements.

switch on  a + b between
/* a + b is equal to 1 */
case  1 :

drive  FV115a to open
drive  FV115b to open
break

/* a + b is equal to either 2 -or- 3 */
case  2 :
case  3 :
drive  FV215a to open
drive  FV215b to open
break

/* a + b is not equal to 1, 2, or 3 */
default:

drive  FV15 to close

endswitch

See Also “break” on page69
“case” on page73
“default” on page90

Recommendations It is good practice to always include adefault  statement, and to end every
case  anddefault  statement with abreak  statement.
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5.95. timeout

Syntax timeout  : [ statement_list  ]

Category Operator Interface Statements

Ar guments

Description Thetimeout  statement resides within the body of theopdec...endopdec
compound structure.

It indicates a list of statements to execute whenever theopdec  has gone for a
specified amount of time without being answered (i.e. the opdec 'times out').

Once the associated statement list starts executing, execution will proceed until a
break  or endopdec  statement is encountered, at which point execution will
proceed to the next statement immediately following theendopdec  statement.

See theopdec...endopdec  discussion for examples of statement usage.

Restrictions Thetimeout  statement cannot exist outside of aopdec...endopdec  com-
pound.

Only onetimeout  statement may appear within anopdec...endopdec
statement.

Notes If you have atimeout  statement followed by a statement list and this list does
not conclude with abreak  statement, then the statement list following any suc-
ceedingchoice  statements will also be executed. This will continue until a
break  or endopdec  statement is encountered.

This statement does not allow to suppress automatic tracking to the batch proto-
col file. Therefore there will be always a tracking message be produced, in case
the timeout is encountered.

See Also “break” on page69
“choice” on page79
“default choice” on page92
“info” on page143
“.opdec ... endopdec” on page158

Parameter I/O Type Description

statement_list - - List of statements to execute when an opdec has
timed out.

Table 93: Arguments of “timeout”
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5.96. tr end

Syntax trend db_field  with deadband limit
[ and cycle cycle  ]
[ and confirm in conf_var  ]

- or -

trend db_field off  [ and confirm in conf_var  ]

Category Process Control Statements

Ar guments

Description This statement is used to start or stop the collection of batch trend data for the
givendb_field , wheredb_field  must be a process database field specified
in the syntax given in “Process Database Access” on page31.

A new value for the trended field is only recorded if it differs by more than the
given deadbandlimit  from the value recorded last.

If the optionaland cycle  clause is specified, the value of the database field is
checked approximately everycycle  seconds but only sent when the new value
also falls out of the deadbandlimit  specified.

As trending information is gathered by the system in fixed intervals (currently
multiples of 4 seconds with a low limit of 8 seconds),cycle  is rounded to the
nearest supported interval point.

If cycle  is specified to be less than the fastest possible cycle (8 seconds) or no
cycle  is specified, the fastest possible cycle (8 seconds) is assumed.

Collection of batch trend data fordb_field  is stopped when:

• thetrend off  statement is used.

• the batch history file is closed (withbatchlog into nullfile ).

• thetrend  statement is called withcycle  less than zeroand a deadband
value of zero.

Trending continues with new trending intervals if trend  is called with new
cycle  or deadband  values.

Parameter I/O Type Description

db_field I Process
Database
Field

This parameter specifies the name of the database
field which should be trended or on which trending
should be stopped.

limit I numeric
expression

This parameter specifies the deadband. A deadband is
the limit by which the actual value of the field may
vary without being treated as a different value.

cycle I integer
expression

This parameter specifies the update interval. The
value of the database field is sent approximately
everycycle  seconds.

conf_var O local integer
variable

This argument contains the confirmation code once
thetrend  statement has finished. The confirmation
code will beEX_OK if the statement was successful,
EX_ERROR otherwise.

Table 94: Arguments of “trend”
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Trend data will continue into a new file if thebatchlog into  statement is
issued for a new file (a link between the files is made). (In prior versions, trend-
ing stopped when abatchlog into  was called).

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• db_field  does not specify a valid database block name.

• db_field  does not specify a valid database block number (but not for
trend off ).

• db_field  does not designate a valid database field (but not fortrend
off ).

• The type ofdb_field  is not compatible (i.e. the type cannot be converted
into adouble , but not fortrend off ).

• The database field specified bydb_field is located on another MFC and
that MFC cannot be reached due to network problems or other reasons.

• The database block specified bydb_field  contains no parent unit block.

• The parent unit specified in the database block does not exist.

• The batch history file is not defined in the parent unit.

• The batch history file has not been opened with abatchlog into , or was
turned off with batchlog into NULLFILE .

Note the following also do not cause an error withtrend off , they are han-
dled passively:

• The trending is already off.

Examples /*
* Enable trending for a digital device
*/

trend  JACKET:0.ACT with deadband  0.5 and cycle  60
and confirm in  xOK

if  xOK !=  EX_OK is true
then

/*
* Send alarm message that trending cannot be
* started
*/

print with prefix
using format
“Trending for JACKET cannot be started”
on  _CONSOLE

/*
* + additional failure logic
*/

endif
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/*
* Disable trending for a digital device
*/

trend  JACKET:0.ACT off and confirm in  xOK
if  xOK !=  EX_OK is true
then

/*
* Send alarm message that trending cannot be
* started
*/

print with prefix
using format
“Trending for JACKET cannot be turned off”
on  _CONSOLE

/*
* + additional failure logic
*/

endif

See Also “batchlog into” on page64
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5.97. unformat

Syntax unformat string using format_string
into variable_list
[ and return count in count  ]
[ and confirm in conf_var  ]

Category Unit Variable Access

Ar guments

a. Types vary according to the conversion specifications informat_string .

Description Theunformat  statement performs the reverse of theformat  statement in that
it takes thestring  provided and breaks it up according to the conversion spec-
ification in format_string , and then stores the resulting values into the vari-
ables of thevariable_list .

Theformat_string  contains ordinary characters, escape sequences, and
conversion specifications.

Ordinary characters Ordinary characters do not begin with % or \, (if the characters % or \ are
required then they must be doubled to %% and \\ respectively).

White-space characters cause the input stream to be read up to the first non-
white-space character (which remains unread), or until no more characters can
be read.

Non-white space characters cause the input stream to be read until one of the
characters in the input stream differs from the one comprising the ordinary char-
acters (the differing and subsequent characters remain unread).

Escape sequence Escape sequences begin with \ and are handled like ordinary characters, but they
are not commonly used in EXTOL, e.g. \n for newline, or \0n for the octal code
(beginning with 0) for a special character.

Parameter I/O Type Description

string I string
valued
expression

This argument contains the data to unformat.

format_string I string
constant

This argument contains conversion specifications that are
applied to thestring  argument resulting in the setting
of variables in thevariable_list .

variable_list O *a Comma separated list of local variables that will receive
values from thestring  according to the
format_string .

count O local
integer
variable

The number of items successfully converted from
string  into variables invariable_list  is returned
in this argument.

conf_var O local
integer
variable

This argument contains the confirmation code once the
unformat statement has finished. The confirmation
code will beEX_OK if the statement was successful,
EX_ERROR otherwise

Table 95: Arguments of “unformat”
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Conversion specification Conversion specifications begin with % . Each specification converts characters
from string  to a variable invariable_list . A specification has the form
%smc, wheres  is the optional assignment suppression character, m is the
optional maximum field width, andc  is the mandatory conversion characters.

Assignment suppression The optional assignment suppression character * causes the conversion to be
executed but not to be assigned to a variable. e.g.%*d.

Maximum field width An optional maximum field width is a non-zero decimal integer.

Conversion characters Characters that specify the type of conversion to be applied. The characters are:

d, hd Matches an optionally signed decimal integer. The corresponding variable in
variable_list  should be aninteger .

o, ho Matches an optionally signed octal integer. The corresponding variable in
variable_list  should be aninteger .

x, hx, X, hX Matches an optionally signed hexadecimal integer. The corresponding variable
in variable_list  should be aninteger .

ld, li, lo, lx, lX Matches an optionally long signed decimal/octal/hexadecimal integer. The corre-
sponding variable invariable_list  should be along .

e, E, f, g, G Matches an optionally signed floating-point number. The corresponding variable
in variable_list  should be afloat .

le, lE, lf, lg, lG Matches an optionally signed double precision floating-point number. The corre-
sponding variable invariable_list  should be adouble .

s Matches a sequence of non-white-space characters. The corresponding variable
in variable_list  should be astring or anarray of bytes large
enough to accept the sequence and a terminating null character, which will be
added automatically.

[] Matches a non-empty sequence of characters from a set of expected characters
(thescanset). The corresponding variable invariable_list  should be a
string  or anarray of bytes  large enough to accept the sequence and a
terminating null character, which is added automatically. The conversion charac-
ters include all subsequent characters in the format string, up to and including
the matching right bracket (]). The characters between the brackets (thescanlist)
comprise the scanset, unless the character after the left bracket is a circumflex
(^ ) in which case the scanset contains all characters that do not appear in the
scanlist between the circumflex and the right bracket. If the conversion specifier
begins with “[]” or “[^]”, the right bracket character is in the scanlist and the next
right bracket character is the matching right bracket that ends the specification;
otherwise the first right bracket character is the one that ends the specification.

c Matches a sequence of characters of the number specified by the field width (1 if
no field width is present in the directive). The corresponding variable in
variable_list  should be astring  or anarray of bytes  large
enough to accept the sequence. No null character is added. Single characters also
can be unformatted toflag  andbyte , but this unusual in Extol.

n No input is consumed, the number of characters read from the input stream so far
is returned. The corresponding variable invariable_list  should be an
integer .
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Conversion process A conversion specification is executed in the following steps:

Input white-space characters are skipped, unless the conversion character is a[,
c, orn.

An input item is read from the stream (unless the specification includes ann
specifier). An input item is defined as the longest matching sequence of input
characters, unless that exceeds a specified maximum field width, in which case it
is the initial subsequence of that length in the sequence. The first character, if
any, after the input item remains unread. If the length of the input item is zero,
the conversion fails: this condition is a matching failure, unless an error pre-
vented input from the stream, in which case it is an input failure.

The input item is converted to a type appropriate to the conversion characters. If
the input item is not a matching sequence, the conversion fails: this condition is a
matching failure. Unless assignment suppression was indicated by a* , the result
of the conversion is placed in the first object of thevariable_list  that has
not already received a conversion result.

Err or Conditions If a conversion specification is invalid, the behaviour is undefined.

. If an output variable does not have an appropriate type, or if the result of
the conversion cannot be represented in the space provided (e.g. a string is
too small), then memory may become overwritten in the MFC which may
lead to a system failure.

Restrictions Unformat to aflag  or byte  is only possible using the%c conversion charac-
ter which is not very useful, (a work-around is to use an intermediate integer).

Example declare temporary variable  xbatchid
of type string of length  14

declare temporary variable  xpid
of type string of length  12

declare temporary variable  xcode
of type string of length  12

declare temporary variable  xyr
of type string of length  12

declare temporary variable  xseqnr
of type string of length  12

declare temporary variable  xbytearr
of type [7,1] array of byte

declare temporary variable  xbatchnr  of type integer

unformat  xbatchid using  “%4s%4s%2s%4c”
into  xpid, xcode, xyr, xbytearr

/* Note: unformatting text into an array of bytes,
* requires to specify the name of the array variable *
* without any index.
*/
/*

* On a 68k architecture a short integer is
* equivalent to an EXTOL integer therefore hd
* should be used in the format_string .
*/

unformat  xseqnr using  “%hd” into  xbatchnr
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Notes In prior versions, theand return count in  clause was not part of this
statement. Instead theconf_var  of theand confirm in  clause was used
to return the number of items read. This has been changed in order to implement
error propagation and to bring the use of theand confirm in  clause in line
with its use within all the other statements.

This function maps directly to the VxWorks system function.

See Also “format” on page121

Recommendations Although the conversion characters:i , u, lu , Le , Lf , Lg  are allowed they
should not be used in Extol because they cannot be mapped to the available
Extol data types.
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5.98. unlink

Syntax unlink db_field  [ and confirm in conf_var  ]

Category Dynamic Field Links in the Process Database

Ar guments

Description Theunlink  statement clears the reference in the field specified bydb_field .

It reverses the effect of a previous link  statement.

The statement returns EX_OK or EX_ERROR in the confirm variable.

According with the passive error handling strategy in EXTOL unlinking a
db_field  that was not linked is successful.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• db_field  is not an I/O field.

• db_field  does not contain a valid field specification (e.g.: bad syntax, non
existing ELT) or the MFC holding the ELT cannot be accessed.

• db_field  is a foreign string variable and cannot be accessed.

• The MFC on whichdb_field  resides cannot be accessed.

Restrictions db_field  must be a field in the process database of the local MFC (i.e.: the
MFC the statement is executing on).

Example To reverse the effect of the example given for the link statement use the follow-
ing:

/*
* Severe the link between TC57501:0.INP (local SW
* sensor) and the remote temperature sensor
* TT10101:0.MEAS
*/

unlink  “TC57501”:0.INP
and confirm in  xOK

if  xOK != EX_OK is true
then

print with prefix
using format
“Cannot unlink temperature sensor”
on  _CONSOLE, BHF

endif

Parameter I/O Type Description

db_field I database
field

This argument specifies the database field that should be
unlinked.

conf_var O local
integer
variable

This argument contains the confirmation code once the
unlink  statement has finished. The confirmation code
will be EX_OK if the statement was successful,
EX_ERROR otherwise

Table 96: Arguments of “unlink”
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Notes Note thatdb_field  is specified in the form“ELT”:BLOCK#.FIELD  or
PROTOPTR->FIELD.

See Also “link” on page156



SyCOS EXTOL Reference Alphabetical EXTOL Language Reference

1.2 246

version

5.99. version

Syntax version version_id

Category Other EXTOL Language Constructs

Ar guments

Description The version statement leaves theversion_id  string as part of the header of
the binary code generated from the source file.

Err or Conditions As this statement does not generate code there are no runtime error conditions.

Restrictions There may be only one version statement per EXTOL source file.

Example The following example sets the version of an EXTOL source module to the RCS
identification string as supplied by the Revision Control System RCS of a UNIX
host:

version  “$ keyword $”

wherekeyword  is any of Author , Date , Header , Id , Locker , Log ,
Revision , Source , State .

Notes When RCS is used as a source control system theident  command can be used
to extract the version information from the binary and the source file(s).

Recommendations Every step source file should provide exactly oneversion  statement so that
the source and the resulting binary file can be uniquely identified.

For correct and best results theversion_id  should be automatically gener-
ated by a Revision Control System such as RCS or SCCS. In absence of such a
powerful tool a manually maintainedversion_id  is better than nothing.

Access of Version: The version number initialized by the instruction is stored in the internal variable
_version. This can be used for further references. Note that the _version variable
does not contain the version ID but rather a pointer to the string containing the
version ID.

Parameter I/O Type Description

version_id I string
constant

This string constant contains the version number that will
be put into the generated binary for later identification.

Table 97: Arguments of “version”
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5.100. wait

Syntax wait expression time_units

Category Other EXTOL Language Constructs

Ar guments

Description Thewait  statement causes the EXTOL step to pause execution for the specified
time interval.

Err or Conditions This statement is subject to the normal failures involving expressions containing
foreign unit variables or process variables.

Restrictions The maximum wait time is 2**32 ticks (2**27 seconds).

Example switch on  WaitType between
case  FAST:

wait  30 ticks
break

case  MEDIUM:
wait  10 seconds
break

case  SLOW:
default :

wait  2 minutes
break

endswitch

Notes Please note that the time interval indicated is approximate only. The step may
actually pause slightly longer than the specified interval.

See Also “start timer” on page228
“stop timer” on page230
“resume timer” on page219

Recommendations Do not use the wait statement for timing of extremely time-critical process
events. TIMER blocks are provided in the process database for this purpose.

Very frequently the wait statement is used in loops to prevent a “tight loop” (i.e.
a loop that consumes all available CPU) and therefore will make the watchdog
drop because a CPU overload condition is detected.

Parameter I/O Type Description

expression I numeric
expres-
sion

This argument specifies the time that should be waited.

time_units I - This argument specifies the time unit. Only three key-
words are legal here:ticks  (specifying that the wait
time is in 1/60th of a second),seconds  andminutes
(specifying that the wait time is in seconds respectively
minutes.

Table 98: Arguments of “wait”
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5.101. wakeup operation

Syntax wakeup operation op_name
[ on unit unit_name  ]
[ and confirm in conf_var  ]

Category Operation and Unit Control Statements

Ar guments

Description This statement awakens a specific operation or all operations on a specified unit.

If no unit_name  is specified the current unit is assumed.

Execution of the specified operation(s) resumes at the statement following the
sleep  statement in that operation. If the specified operation is not sleeping the
statement will not have any effect. This is in accordance with the passive error
handling strategy implemented in EXTOL.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• operation  or unit_name  involve accesses to external unit variables and
the variables are not available.

• operation  does not designate a valid and loaded operation on the speci-
fied unit.

• The unit designated byunit_name  does not exist or is not loaded or is not
accessible.

• The namedoperation  could not be restarted.

Example The following example wakeup causes the operationBLOW running on the unit
specified by the string variabler1  to run:

wakeup operation  "blow" on unit  r1

See Also “wakeup all operations” on page249
“sleep” on page227

Parameter I/O Type Description

operation I string
valued
expression

This argument specifies the operation that should be
woken up. If this argument evaluates to the empty string
all operations of the unit will be woken.

unit_name I string
valued
expression

This argument specifies the name of the unit where all
operations should be woken up.

conf_var O local
integer
variable

This argument contains the confirmation code once the
wakeup operation statement has finished. The con-
firmation code will beEX_OK if the format was success-
ful, EX_ERROR otherwise

Table 99: Arguments of “wakeup operation”
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5.102. wakeup all operations

Syntax wakeup all operations
[ on unit unit_name  ]
[ and confirm in conf_var  ]

Category Operation and Unit Control Statements

Ar guments

Description This statement awakens all operations on a specified unit.

If no unit is specified the current unit is assumed.

Execution of each operation resumes at the statement following thesleep
statement in that operation.

If the specified operation is not sleeping the statement will not have any effect.
This is in accordance with the passive error handling strategy implemented in
EXTOL.

Err or Conditions The following errors are caught and handled by the EXTOL runtime system and
result in the standard error handling procedure:

• A timeout occurred while awaking an operation on the specified unit.

• unit_name  involve accesses to external unit variables and the variables are
not available.

• The unit designated byunit_name  does not exist or is not loaded or is not
accessible.

Restrictions

Example The following example wakes up all sleeping operations on the local unit:

wakeup all operations

See Also “wakeup operation” on page248
“sleep” on page227

Parameter I/O Type Description

unit_name I string
valued
expression

This argument specifies the name of the unit where all
operations should be woken up.

conf_var O local
integer
variable

This argument contains the confirmation code once the
wakeup all operations statement has finished.
The confirmation code will beEX_OK if the format was
successful,EX_ERROR otherwise

Table 100: Arguments of “wakeup all operations”
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5.103. while ... repeat ... endwhile

Syntax while expression is boolean
repeat

[ statement_list  ]
endwhile

Category Flow Control Statements

Ar guments

Description Thewhile ... repeat ... endwhile  statement surrounds an EXTOL
statement_list  that will be executed only if theexpression  after the
while  keyword evaluates either totrue  or false  (whichever is indicated by
boolean ).

When the end ofstatement_list  is reached (i.e. theendwhile  keyword
is encountered), execution will 'loop' back to the beginning of the while state-
ment, at which point theexpression  is again evaluated.

If the expression  does not evaluate to the indicatedboolean  then execu-
tion proceeds to the statement immediately following the endwhile keyword.

while ... repeat ... endwhile statements can be nested to arbitrary
depth.

Err or Conditions This statement is subject to the normal failures involving expressions containing
foreign unit variables or process variables.

Parameter I/O Type Description

statement_list - - List of statements to execute. This list will possibly
be executed more than once as long as the condition
after thewhile keyword is fulfilled.

expression I numeric This expression is evaluated by the runtime. If the
value is non zero this is mapped to the boolean value
true, if zero this is mapped to the boolean value false.

boolean I - Either the keyword true  or the keyword false .
This is the boolean valueexpression  is compared
to.

Table 101: Arguments of “while ... repeat ... endwhile”
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Example While flow accumulator FI210 is less than float variable target, check for tem-
perature TI500 greater than float variable HighTemp or less than float variable
LowTemp. Open valve FV200 if low; close valve FV200 if high:

while  FI210:0.MEAS < targ is true
repeat

if  TI500:0.MEAS > HighTemp is true
then

drive  FV200 to  closed
else

if  TI500:0.MEAS < LowTemp is true
then

drive  FV200 to  open
endif

endif
/*

* The following wait statement prevents tight
* looping should TI500:0.MEAS be higher than
* LowTemp but lower than HighTemp:
*/

wait  1 second
endwhile

See Also “break” on page69
“continue” on page83
“repeat ... endrepeat when” on page214

Recommendations When writing loops make sure that the loops do terminate at some point and
leave some CPU time to other tasks on the MFC by inserting wait statements as
appropriate.
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write

5.104. write

Syntax write count bytes to file number file_no
from loc_var
[ and return count in cnt ]
[ and confirm in conf_var  ]

write count items to file number file_no
from loc_var
[ and return count in cnt ]
[ and confirm in conf_var  ]

Category File Control Statements

Ar guments

Description This statement writes the number of bytes/items indicated bycount  from the
local variableloc_var  into the file associated with the supplied file number
file_no .

After the write concludes the location pointer is moved forward by the number
of bytes/items written.

If this moves the location pointer beyond the end of the file, the file is extended
(i.e. the file size is increased).

The optional return count tells how many bytes/items were actually written.

Err or Conditions Thewrite  statement will fail under the following conditions:

• Thefileno  parameter is not valid.

• The type of the data to write cannot be determined.

• The underlying VxWorks system call write fails.

Parameter I/O Type Description

count I integer
valued
expression

This argument specifies the number of bytes/items to
write to the file.

file_no I integer
valued
expression

This expression must evaluate to a file number returned
by a previous successful call tocreate file or
open file .

loc_var O local
variable

This argument designates the local variable that the data
should be written from. Local variables of any type may
be specified here. Restrictions apply dependent on the
mode the file was opened in.

cnt O local
long
variable

This variable will contain the count of bytes/items actu-
ally written to the file. Thismust be a variable of type
long .

conf_var O local
integer
variable

This argument contains the confirmation code once the
write  statement has finished. The confirmation code
will be EX_OK if the statement was successful,
EX_ERROR otherwise

Table 102: Arguments of “write”
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write

Example Let’s assume we have three data items, an EXTOL string (xStr), an EXTOL var-
iablexStructY of a structure typeStructY and an array of EXTOL structures
(xArrOfStructY) and the following write statements:

a) write 5 bytes to file number 9 from xStr and return count in xCnt

b) write (2 * sizeof(xStructY)) bytes to file number 9 from \
xArrOfStructY and return count in xCnt

RAW mode: a) writes exactly 5 bytesto file number 9, xCnt is 5.
b) writes exactly (2 * sizeof(xStructY)) bytes to file number 9. xCnt is (2 *
sizeof(xStructY)). Data is in a machine dependent representation and cannot
be read sensibly by machines of another architecture.

CGS compatible mode: a) writes exactly 5 bytes to file number 9. xCnt is 5.
b) writes two structures of type xStructY to file number 9. xCnt is the number
of bytes actually written and may be different from (2 * sizeof(xStructY))
when computed on a SyCOS i86 based system, but will be equal to (2 *
sizeof(xStructY)) when computed on a CGS m68k based system.. Data is
represented in CGS m68k native format on the file.

Binary mode: a) is illegal and causes a runtime exception. The correct statement would
have been:
write 1 item to file number 9 from xStr and return count in xCnt

in which case the number of bytes written would have been the amount of
characters currently in the string plus some overhead for machine independ-
ent positioning and data representation. xCnt would have been 1.
b) would probably cause a runtime exception, because the array does not
contain enough items. If the statement had been:
write 2 items to file number 9 from xArrOfStructY and return count in xCnt

exactly two structures would have been written from the beginning of the
array in a machine independent positioning and data representation. xCnt
would have been 2.

Text Mode: a) writes exactly 5 bytes to file number 9. xCnt is 5.
b) is illegal and causes a runtime exception.

See Also “create file” on page85
“open file” on page161
“position file number” on page195
“read” on page208

Recommendations For all file modes except binary mode:Usethe sizeof () function to determine
the exact sizes of the variable storage so that you know how many bytes to write
to the file. Strings and structure variables in particular may be sized differently
from what you think they are.

Use extreme caution when working with files in EXTOL: Most of the time files
reside on different machines in the network. This makes EXTOL file handling
sensitive to network problems and problems of the machines hosting the file.
This implies that you should only perform file interaction outside of time or mis-
sion critical sections in your application code.

You should never assume thatraw data written by one machine in the network
(either PIC or MFC) can be read by any other machine in the network. This is
not generally true and will create severe porting problems should the underlying
hardware or software structure change.
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write to (UNIMPLEMENTED)

5.105. write to (UNIMPLEMENTED)

Syntax write to file_no variables var_list
using format format
[ and confirm in conf_var ]

Category Deprecated Statements

Description

. This statement was never implemented.
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6. EXTOL Utilities Reference

The EXTOL programming environment supports the following set of utilities:

6.1. uvt - Unit Variable Translator
This program runs on a PIC or FS and translates the textual specification of glo-
bally known structures and unit variables into a format loadable by the MFC.

6.2. eot - EXTOL Operation Translator
This tool runs on a PIC or FS and translates a list of main step/hold step pairs
making up an operation into a format loadable by the MFC.

6.3. est - EXTOL Step and Subroutine Translator
This tool runs on a PIC or FS and translates all statements making up a step
or subroutine into a format loadable by the MFC.

6.4. ert - EXTOL Recipe Translator
This tool runs on a PIC or FS and translates tables of predefined values into a
form loadable by the MFC.

6.5. ucc - Unit Compiler
This tool combines all the translation steps performed by uvt, eot, est, and ert in
one command that will generate all objects required for a unit.

6.6. exld - EXTOL Loader
This program allows the caller to download operations, steps and recipes to an
MFC, to run/hold/kill/restart loaded operations and to instate recipes. It is possi-
ble to load all operations for a unit in one single command.

6.7. edb - EXTOL Debugger
Once an operation or a step has been loaded by exld, the EXTOL debugger EDB
allows the application engineer to debug his code by single-stepping through
statements, setting breakpoints and inspecting variables.

6.8. ewb - EXTOL Workbench
This tool combines all the translation steps performed by uvt, eot, est, ert, exld,
edb in one command that will generate all objects required for a unit, plus load
and run them.

6.9. exgram - On-line help system for EXTOL statements
During development of an EXTOL application this is the “programmers best
friend”, because it provides a quick reference to all EXTOL statements. The
quick reference is not a substitute for this reference manual but rather a short
and concise statement summary.
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7. Index

A
arrays22, 23
attach to60
attach to watchdog with timeout62

B
batchlog into64
begin subroutine66
break69

C
call subroutine71
case73
case sensitivity13
check authorization of75, 77
choice79
close file number81
close terminal82
comments12
continue83
create file85

D
declare temporary variable88
default90
default choice92
delete code95
delete file98
detach from unit100
detach from watchdog101
detach operation from watchdog103
dialogue on104
disable watchdog105
drive 106
dynamic field links

link 156
unlink 244

E
else141
enable watchdog108
endif 141
endopdec158
endrepeat214
endswitch234
endwhile250
error handing procedure40

exit 109
exit operation110
expressions38

F
fetch status of elt111
fetch status of operation113
fetch status of recipe116
fetch status of unit118
fetch status of watchdog120
file control

close file number81
create file85
delete file98
iocontrol on146
open file161
position file number195
read208
rename file212
write 252

floating point constants17
floating point variables17
flow control

break69
case73
continue83
default90
endrepeat214
exit 109
exit operation110
gosub135
goto137
if else endif141
label152
repeat214
retsub220
switch on234
while 250

foreign variable syntax15
foreign variables15
format121
functions33

G
get125
get system time into130
get variable132
gosub135
goto137

H
history of EXTOL12
hold operation139
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I
if 141
info 143
instate recipe145
integral constants16
integral variables16
iocontrol on146

K
keywords12
kill all operations151
kill operation149

L
label152
let 153
link 156
loadscript10
local variables15

N
naming13

O
opdec158
open file161
open process164
open terminal167
openter168
operation and unit control

attach to60
detach from unit100
fetch status of operation113
fetch status of recipe116
fetch status of unit118
hold operation139
instate recipe145
kill all operations151
kill operation149
restart216
resume operation218
run operation222
suspend operation232
wakeup all operations249
wakeup operation248

operations9
operator interface

batchlog into64
check authorization of75, 77
choice79
default choice92

delete code95
info 143
opdec158, 171
openter168
pager delete group173
pager disable175
pager enable177
pager escalation time179
pager pager#181
pager send group183
print 198
timeout236

operator precedence39
operators36
other Extol

get system time into128, 130
open process164
pap box185
pap endbox187
pap endliteral188
pap filter189
pap formfeed190
pap literal191
pap nofilter192
pap replace193
pap title194
version246
wait 247

P
pager delete171
pager delete group173
pager disable175
pager enable177
pager escalation time179
pager pager#181
pager send group183
pap box185
pap endbox187
pap endliteral188
pap filter189
pap formfeed190
pap literal191
pap nofilter192
pap replace193
pap title194
passive error handling41
pointers28
position file number195
precedence

operators39
predefined functions33
predefined variables33
print 198
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process control
drive 106
fetch status of elt111
resume timer219
set224
sleep227
start timer228
stop timer230
trend237

process database access31
put 202
put variable205

R
read208
read from211
recipes9
rename file212
repeat214
restart216
resume operation218
resume timer219
retsub220
return from subroutine221
run operation222

S
scope

variables14
set224
sleep227
source file organization10
start timer228
steady state9
step variables14
steps9
stop timer230
string constants19
string substitution42
string variables20
strings10
strobe watchdog231
structures10, 25, 26
subroutines9
subroutines and parameters

begin subroutine66
call subroutine71
declare temporary variable88
return from subroutine221

suspend operation232
suspend watchdog233
switch on234
syntax12

T
timeout236
tools10
trend237

U
unformat240
unhandled errors41
unit variable access

format121
get125
get variable132
let 153
put 202
put variable205
unformat240

unit variables14
units9
unitvars10
unlink 244

V
version246

W
wait 247
wakeup all operations249
wakeup operation248
watchdog interface

attach to watchdog with timeout62
detach from watchdog101
detach operation from watchdog103
disable watchdog105
enable watchdog108
fetch status of watchdog120
strobe watchdog231
suspend watchdog233

while 250
write 252
write to 254
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