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This manual is the reference to tietendedOperationd_anguage, EXOL 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 preéce you are currently reading,
2. An introduction to EXDL concepts,
3. An overview of EXTOL statements by area of use, and

4. An alphabetical listing of all EX®L constructs.
This manual has been written for the application engineers who will be design-

ing and writing EXL applications.
Readers who ant an introduction to EXOL should read the ening of chap-

ter 3 "EXTOL Concepts” on page and the bginning of chapter 4 “EXOL

Language Reference by Area of Use” on pége

EXTOL programmers will need to mala detailed study of the statement
descriptions supplied in part Blphabetical EXTOL Language Reference” on
page58, when the are ready to program an application.

This manual primarily applies to SyCOS.

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.

If you have ary problems with the t& contained in this document or you wish to
make suggestions for impvements feel free to contact the SyCOS Product Sup-
port Group, namely

Mr. Rolf Beitenstein

Syte GmbH

Seavenwg 5

CH-4153 Reindg, Switzerland

Please be sure to pide the full name of the document and igssion number

as stated on the front page.
The authors of this manual are: Geldmachem. Schmid and R.Breitenstein.
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3. EXTOL Concepts

3.1. Intr oduction

Steady state

State changes

Units

Operations

Step Rairs

Statements

Recipes

Subroutines

1.2

ssteady staiggontrol in SyCOS is mostly handled by tkre subsystem. In addition |
to steady state the follding aspects must be handled as well:

e A plant (or a part thereof) must be started up and shwa dtoa predefined
way. This may be infrequent for continuous processesvill happen quite
often in & oriented evironment. |

* Interaction with plant operating personnel must be handled.

» Exceptional conditions, defined by program logic according to the precess’
current state, must be recognized and handled.

EXTOL is a general purpose programmingissnment that allevs the applica-
tion engineer to define procedures catering for all of theeatEmuirements:

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 kkthe' alarm destinatiog, g the baih history fle. EXTOL can |
attach wariables and operations to a unit and can tktend the unit as required

by the automation engine&XTOL information attached to a unit can be loaded
and deleted by EXLD.

Operations are the highesté of flow control in EXTOL.

An operation defines a sequence of step pairsgoute. Operations can be
loaded and unloaded indtilually and &ecution of an operation can be started at
ary (main) step or anlabel inside a (main) step, although usually operations
will be run starting with the first (main) step of the operatiary\6ften opera-
tions consist of just one single (main) step.

Operations generally consist of pairs of steps: Wheowing normally the
operations’ manstg gre gecuted in sequenceofevery main step a parallepi
sepcan be defined. The hold step can be used to implexezyiteon handling
for the corresponding main step and can be omitted if no such handling is
required.

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

Recipes preide a means of initializing a usdefined list of parameters for use
by EXTOL operations. Themay be used to hold commissionirayiables, to
accommodate minor dérences between similar plant items and to hold param-
eters of chemical recipes.

Frequently used steps canddke form of a subroutine. Such a subroutine needs
only be loaded once and can then be called fronsgap in ag operation on an

unit of the' MFc where it vas loaded. Because subroutines are not coupled direcjly
to a unit, special programming techniques (8egamples” on pag80 and

“Foreign \ariables” on pag&5) must be used to access the data of the unit in
whose contet a subroutinexecutes.
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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 figmared within a file system tree
structure on &'¢ or'Fs; |

éCOSAPPL/eXtOI )

| strings | ( subs )

structures

source files

object files

/
= C D
uni

———

unitvars

| strings | | .eb file | ( operation )>| loadscript | |Irecipe files IJ
an ) (  hod )

3

|sequence file | (

v

| source files |J | source files |J

directory This symbol designates a directory.

multiple dirs ’ This symbol designates zero, one or many directories.

file This symbol designates a file.

ultiple files | 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.

Figure 1: File system structue

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

Tools The EXTOL programming evironment supports the foliding set of tools:
uvt - Unit VariableTranslator

This program runs on a PIC or FS and translates xiealespecification of
global structures and unitikiables 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 Subroutin€ranslator

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 predefihexsinto a
form loadable by the MFC.

ucc -Unit Compiler

=Y
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Statement concepts

1.2

EXTOL Concepts
Introduction

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

exld - EXTOL Loader

This program allas the caller to denload 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 operationsaaldles of

an unit in one single command.

edb -EXTOL DeBugger

Once an operation or a step has been loadedlthythe EXTOL delhugger
EDB allows the application engineer to dejcode by singlestepping
through statements, setting breakpoints and inspecdirgbles. Note that
the EXTOL delugger can currently not be used to uiglubroutines.

exgram - on-line help system for EXJL statements

During development of an EXDOL application this tool pnddes a quick ref-
erence to all EXDL statements. The quick reference is not a substitute for
this reference manuaubrather a short and concise statement summary

papgen - generaté\P diagrams from EXDL source code

This tool allavs the generation ofP (Programm Ablauf Plan) diagrams

from EXTOL source code directiffhe EXTOL language sports some direc-
tives interpreted by this tool that will allcadditional 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 tH@IEXT
Utilities Reference Manual.

The remainder of this chapter discusses concepts common yoomailh
EXTOL statements:

Basic Statement Syntax and Notation
Data ypes, Constants andiifables

* Integral Constants andaviables

» Floating point Constants andkables
» String Constants andaviables

e Arrays

e Structures

» Pointers

Process Database Access
Predefined ¥riables

Predefined Functions

Operators and Expressions

Error Handling Procedure

String Substitution

Conditional Compilation

Files and File Names

The statement descriptions in the chap#éphabetical EXOL Language Ref-
erence” on pagb8 assume that you i@ a complete understanding of the con-
cepts in this chapter

11



SyCOS EXTOL Reference EXTOL Concepts
Basic Statement Syntax and Notation

3.2. Basic Statement Syntax and Notation

History The EXTOL language is quite old. Ddrent people hae implemented rve
functionality in EXTOL, alWays trying not to breakxesting functionality while
adding their wn ideas. This tends to shian some places where the syntax of
EXTOL statements is somdat involved and een inconsistent. This is a histor-
ical problem that has been recognized and is beorged on. Never 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 usingt@¢itort. This source
file is then translated by EST to create an object that carvbdadmled to the
MFC.

An EXTOL source file is essentially free format, i.e. statements can be written
with arbitrary indentation and can be continugdranore than one line, inter-
spersed with commentstodue to the history of the compiler) there are some
restrictions to the layout that can be used, as detailed.belo

Note that contrary to common belief the B language isotline oriented.

Spaces Spaces (i.e. one or more ASCIIAEE characters) are used to separate the input
elements (tok&ns) of the EXDL language.

Newlines, Tabs Sequences of one or more NEWLINE amBIcharacters may occur whees
Spaces can occuas long as the NEWLINE oAB characters do not separate
two sequential &ywords.

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

Comments Comments in EXDL begin with the two character sequente and end with
the two character sequentk.

All characters (including meines in multi-line comments) between these tw
comment delimiters are ignored by the EXT compiler

The first occurrence of the character sequéhcterminates a comment: nested
comments are not supported.

A comment may occur wharer Nevlines can occur

Keywords All statements in EXDL start with one or moreggwords. Thesedywords
specify the action to perform. In this manuej\kords alays appear in bold
type (e.g.set ,let ,drive ,if ).

Arguments Arguments are used to specify the objects on which an action should be per-
formed. Thg must be supplied by the programmer to entiie statement per-
form the appropriate action. In this manual sugjuarents aliays appear in
italic font (e.g.:unit_name ).

Optional Parts Many statements & optional parts. In this manual these parts are/sisorr-
rounded by square bragts “[“ and “]” like this:
run operation operation_name [ on unit unit_name ]

This implies that you must specify tbperation_name  of the operation to

run, tut 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 thie stadement

is executed on the optional part can be omitted.

1. You can use antext editor that suits your needs. No standard editor igighed,
as programmes’ideas on what a good editor &y wildly.

1.2 12
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Case Sensitiity

Names

1.2

EXTOL Concepts
Basic Statement Syntax and Notation

Note that you neer type the square braetls, thg only sere to distinguish
optional from mandatory parts in the statement notation.

The EXTOL language is case sengiti This means that twnames written with
different capitalization will also designatefdient objects. & instance thear-
iable names “counter” and “Counter” do not designate the same object.

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

Note that &"'s used in seeral EXTOL statements are also subject to case sengi-
tivity. This implies that you must specify their narraatly the vay it is defined
in the process databas_e I

Data items in EXOL 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 permittet inust be distinct within the first 13 charac-
ters.

It is considered poor programming style to hare undescriptive or evzen mis-

leading names ér data items, or names that collide with kywords of the
language.

13
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EXTOL Concepts
Data Types, Constants and Variables

3.3. Data Types, Constants and Hriables

Data Types

Simple

Comple

Pointer
Integral

Floating Point
Numeric
Variable

Constant

Variable Scope

Step \ariables

Unit Variables

1.2

Every data item in the EXDL ervironment is of a well defined tybeThe type
of a data item determines its memory requirements, the range of possitgls v
and the operations possible on the item. Theviafig terminology is used for
describing data and data types in EXT.

These types are predefined by the EXTervironment, thg are:flag , byte ,
integer ,long ,float ,double , andstring

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

Pointers to simple or compleypes, &cept arrays, can be defined.

The typedlag , byte ,integer andlong are collectrely knavn asintegral
types

The typedloat anddouble are collectiely knovn asfloating pointtypes.
Integral and floating point types are colleely knovn asnumerictypes.

Variables are typed entities with a name whadeescan be modified by pro-
gram logic. A ariable name represents an area of memory on an MFC that is
interpreted and handled according to theables data type. &tiables can be
either defined from simple types or from conxpigpes.

Constants are typed entities whoséue cannot be modified by program logic.
Constants can be used to initializgiables of the same type, in comparisons
with variables of the same type and in computatiorgréssions) where this is
allowed for the type. Constants may only be defined for the simple data types.

Variables are classified according to their visibility and accessitilitich is
called the ariable scope.

Step \ariables only xist while a step or subroutine isezuting. Thg are only
visible and accessible from within the step or subroutingwleze defined in. In
addition to user defined stepnables there is a small set of system predefined
step ariables. Br a complete list thesaxiables seePredefined Hriables” on
page33. All step \ariables are initialized to 0 (or the empty string, depending dn
the variable type) whener a step or subroutine starieeution.

Unit variables in EXDL are defined in the contieof a unit and are visible and
accessible to all steps and subroutineeting agwhere in the system. The

exist independently of gnstep that might access them and may be accessed as
soon as a unit is loaded. Unérniables 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 concumtly from all steps executing con-
currently at some point in time. It is the application ppgrammer’s respon-
sibility to design the application in such a way that theg is no competition
for variable access. (See also thas function in the chapter“Pr edefined
Functions” on page33).

1. Although this is true, the current EST translator is notigé able to determine
the type of a data item. This imposes restrictions on the use of data items where it
is the case.

14
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1.2

Local Variables

Foreign \ariables

Foreign \ariable Syntax

EXTOL Concepts
Data Types, Constants and Variables

All step \ariables and the unitwiables of the unit a step isezuting on are
called local ariables. Thereside in the memory of the MFQexuting the step
and are internally accessed by direct reference to their location in memory

If an operation references anable defined on another unit, it is said to access a
foreign (unit) \ariable. The &riable can reside on the same MFC or another
MFC and is accessed by specifying the name ofahabhle qualified by the

name of the unit theaviable resides on. The SyCOS system limits the use of for-
eign unit \ariables to a subset of the use of uattables:

» Foreignariables cannot be pointed to by pointers
» Foreign pointer griables cannot be used to point to local data
« Foreign intgral variables cannot be used in #red 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 restrictigarslirey the use of
foreign \ariables. These restrictions are documented on the page describing the
statement.

The syntax for accessing a foreign uratiable is:
unit $variable

Whereunit designates the unit where thaiable has been defined arati-
able is the name of theaviable to access on that unit.

Access tobreign variables ismuch slower than access to localariables. If a
foreign variable is located on another MFC it may not be accessible at runt-
ime (due to hardwvare failure, software failure, network failur e, unit not
loaded, etc.). \éry frequently additional error handling is required (see:

“get variable” on page 132, “put v ariable” on page205and “Err or Han-
dling Procedure” on page40).

15
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3.3.1. Integral Constants and \ariables

Integral Types

The following table lists the attrilies of the types of ingeal variables:

Data Type Memory Requirement Range

flag 1 Byte 0.. 127
No overflov 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 overflov detected.

Integral Constants

Definition of Integral

Variables

Use of integral \ariables

Table 1: Integral data types

EXTOL allows the specification of inggal constants in one of the folling

ways:

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

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

3. An integral constant may be specified as a character (based on the ASCII
character set) enclosed in single quotes, e.qg.:
‘A'! ‘Z,! ‘a"! ‘Z,Y ‘0,1 “"! Y '

Within a step, intgral variables are defined by the fallmg statement:
declare temporary variable name of type  type

Where name is theame of the \ariable andype is one offlag , byte ,
integer , orlong .

On the unit lgel (i.e. within the unit &riable definition file) intgral variables
are defined by:

type name
wheretype andname have the same meaning as abo

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

Some computations are limited tariables of intgral type, e.g. % (modulo
operation to compute the remainder of angrdédiision), bit operations (li&
shifting and masking).

3.3.2. Floating point Constants and \ariables

Floating point Types

1.2

The following table lists the attrilies of the types of floating poirdniables:

16



SyCOS EXTOL Reference

EXTOL Concepts
Data Types, Constants and Variables

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 overflov detected.
double 8 Bytes -1.7976931348623157e308 .. -2.2250738585072014e-308

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

Floating Point Constants

Definition of floating
point Variables

1.2

Table 2: Floating-point data types

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

1.0

1.

.99

1e0
1.23e23
-1.23e+23
1.34e-66

are allalid floating point constants. All floating point constants are of type dou-
ble and are corerted to type float only when assigned to float tygréables.

Within a step floating pointariables are defined by the falling statement:
declare temporary variable name of type  type
Wherename is the name of theaviable andype is one offloat , double .

On the unit Igel (i.e. within the unit a&riable definition file) floating pointavia-
bles are defined by:

type name
wheretype andname have the same meaning as abo

17
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Use of floating point
Variables

1.2

EXTOL Concepts
Data Types, Constants and Variables

All computation is done with double precision, i.e. all float typeables are
converted to type double whever they are used in a computation. @ersion

back to type float only occurs, when the result of such a computation is assigned
to a\ariable of type float.

This implies that the type float only has the adantage of equiring less stor-
age. Computation speed is identical (actually it is a little bit siger because

of the required corversions from float to double) as ér double type only
computations.

Special cae must be talen when a comparison between twfloating point
values is made: Due to the limited pecision and ounding errors in compu-
tations and corversions of floating point numbers equality is not always
achievable. See also the “==" operator

18
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EXTOL Concep

ts

Data Types, Constants and Variables

3.3.3. String Constants and \ariables

String Type The following table lists the attrilies of string typeariables:
Data Type Memory Requirement Range
string 1 Byte per character in | Characters must be from the ASCII character set. NUL i$

the string + 1 Byte for
string terminatar

used as terminator and is not gdlecharacter within a string.

D

String Constants

1.2

Table 3: String data types

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 surounding the string constant do not count tards the total

length.

Special characters can be introduced into a string constant by preceding them
with a\ (backslash) charactée.:

Escape Sequenc

11

Meaning

\n

The ASCII NL (navline, line feed) charactefhis character
is corventionally used to separate one line from thd.ne

\t

The ASCII HT (horizontal taldator) charactefThis charac-
ter is frequently used in tables.

\r

The ASCII CR (carriage return) character

\b

The ASCII BS (backspace) character

\a

The ASCII BEL characteiThis 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 |
specified by its octal (base 8) code. The sequence speci
on the left is equalent to the sequence \n and designates
ASCII NEWLINE character

he
fied
the

Table 4: Special characters in string constants

19
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Example

Definition of String
Variables

1.2

EXTOL Concepts
Data Types, Constants and Variables

If the character prefed by a backslash has no special meaning (i.e. is not listed
in the table abee) the backslash is ignored.

String constants ae limited to approximately 4000 characters.

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

The following string constant contains an embeddesine character:
“this is the first line\nand this is the second”

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

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

Within a step stringariables are defined by the falllmg statement:

declare temporary variable name
of type  string_of length length

Wherename is the name of theaviable andength is the number of charac-
ters (without the NUL terminator!) that should be storable in #nmble.

On the unit lgel (i.e. within the unit &riable definition file) stringariables are
defined by:

string  name length
wherename andlength  have the same meaning as abo
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Use of String \ariables A string can be set equal to some string constant suthyastep” or to the
value of another stringaviable:
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 notdao be of the same length as thgeastring
variable it is assigned to; tvever truncation will occur if a longer string is
assigned to a stringaviable that does not pridle suficient room (In the xsam-
ple abae yStr will contain “my_st” only!).

A string \ariable can be compared with another striagable or a string con-
stant using anof 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 xStrag assigned thealue

“my_step” as in thexample abwe, the first and the fourth character are not
equal (thg differ in case).

e XStr>"My_Step” is true because\er case letters kia higher ASCII
code \alues than upper case letters.
e XStr>yStr is true, because yStr containa/é characters than xStr

There is a direct method of accessingvidiial characters in a stringwable.
Quite simply if abc is a string ariable therabc[0] s the first character
abc[1] is the n&t, and so on.

Strings can also be assembled fromvidiial characters using tiiermat
statement and disassembled intowidlial characters using theformat
statement.
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3.3.4. Arrays

1.2
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Data Types, Constants and Variables

Elements of the same type can be grouped into arrays.

arr
0 1 2 3 4

array arr51  integer L Index

declare temporary variable arr

of type [ 5] array of integer

Figure 2: Arrays®

Every element in such an array can be accessed directly by specifying the name
of the array and the ingef the element in the arrayalid indices are in the

range of O (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 vay can be easily formulated. Note that it is possible anactgite
common to create and use arrays of tpe, simple or comple as long as the

type is the same for all elements of the array

On the unit lgel EXTOL currently supports tavdimensional arrays onlpne
dimensional arrays must be declared as diwnensional arrays with the second
dimension 1. The unit array defined layray arr51 of integer” in
the abwoe figure is really a one dimensional arBXTOL statements referring
to this array only need to specify the ird# the first dimension. If the array
were declared asafray arrl5 of integer " EXTOL statements
would have to specify both indices, although the first indeuld alvays hae to
be zero.

Array bounds are cheel at runtime,>xxept when array checking ig@icitly
turned of at translation time.

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

1. Note that the array is defined to be of size 5, whereas indices run from 0 to 4.
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Within a step arrayariables are defined by the fallmg statement:

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

Wherename is the name of the arragniable,row andcol are constant
expressions of ingral type specifying the voand column dimensions respec-
tively andtype is the type of an element of the array

Valid type s are:

e byte

- flag

* integer

* long

o float

* double

« string_of length length

» structure_of_type struct_name

* pointerto 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. SENSQR.

e pointer to string

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

On the unit lgel (i.e. within the unit &riable definition file) arrayariables are
defined by:

array name row col type

wherename, row, col andtype have the same meaning as abpecept
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.)

Note that the current implementation only supports tw dimensional
arrays on the unit level: One dimensional arrays ae not supported and
must be simulated by tvo dimensional arrays with column dimension 1.
The uvt compiler will not issue any waning if you erroneously specify a one
dimensional array but no statement will be able to access such an array

1. The bold array braels[] are part of the statement syntax and must\Engis
specified. The normal braets[] designate an optional part and must not occur
in the source code.
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Use of Arrays To access or modify a single element of an amaaye, use the notation:
name [ row [, col ] ]
regardless of whetharame was defined within the step or as a uaitiable.

The subscriptsow (and optionallycol ) are epressions of inggral type and
must ealuate to a &lue between 0 and the dimension specified when the array
was defined minus 1, inclwsi:

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 istrue
repeat
while col <=(4-1) is true
repeat
let xArray [row, col ]Jequal row + col
let col equal col +1
endwhile
let row equal row +1
endwhile

In this xkample all elements of the badimensional arraxArray are initial-
ized to the sum of their respeaironv and column indices.
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3.3.5. Structures

1.2

Alignment
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Structures combine elements offeient types into one logical entity

str
T T T
I I I
| | |
flg tag setpoint
struct  str_t L Member Name
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

Figure 3: Structures

Each member in a structure isghn a name and can be accessed directly by that
name. Structures may contain members gfdata type, simple or comple
with the following two restrictions:

» Structures used as members of other structures must be completely defined
before thg can be used.

» A structure cannot contain a member of the same canygbe it is defining.

Structures may contain unnamed areasy(grea in Figure 3) created by the
compiler to fulfil hardvare imposed alignment restrictions. These areas are gen-
erally harmless it will allow index-off-by-one errors to go unnoticed when

array bound checking is not infeft. Also the space required bgriables 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 (Seeedefined Functions” on
page33) is required to correctly determine the memory requirement of a stru<I-
ture.
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Definition of Structur es In order to use structuresavdefinitions must be gén:

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 Oganization” on pagé&0). Structure definitions are of the fole |
ing form:

struct  name
member_list
end

Wherename s the unique name for the structure amember_list is a list of
member definitions, each entryigig 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 \ariable of the same type.

Variables of structure type can be defined on the unit or stelpTéne definition
of a structure ariable on the step source filgéeéhas the form:

declare temporary variable name
of type structure_of_type structure_type
name is the user supplied name of treiable andstructure_type is the

name of a structure as specified in the structure definition file.
Within the unit ariable source file the folldng syntax is used:
structure name structure_type

name andstructure_type have the same meanings as ao

. The names useddr members of a structure must be unique within the
structur e they ar defined in. Different structures may euse the same mem-
ber name. Member names will neer collide with the names of unit or step
variables.

. Structur es can contain members of simple types, other structeitype,
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 struceibeing defined.

. The size of an entie structure is not always okious. Always use the sizeof
function when specifying structure sizes in the getariable, read, or write
statements.
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Use of Structures Once defined the folling operations can be performed witlriables of struc-
ture type:

1. Structure ariables can be assigned to other structar@ables if both aria-
bles are of the same structure type,

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

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

A member of a structureaviable is accessed by thariable name follwed by
the member access operatofdllowed by the name of the member to access:

structure_variable_name . member_name

Example  Assume the follving structure types a been defined in the global structure
definition file:

struct  sdefl
string sl s80

byte sl b

integer sl i

pointer sl sensor  prototype SENSOR
end

struct  sdef2
integer s2_int

array s2_intarray 2 3 integer
structure  s2_st sdefl
array s2_starray 34 structure_of type sdefl
string  s2_string 10
array s2_ aoarray 21 pointer to prototype AO
array s2 strarr31 string_of_length 12

end

And that the follaving variable has been defined in the umitiable 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 svarl
of type structure_of type sdefl

then the folleving EXTOL statements arealid:
let svarl .sl s equalto "my string"

let svarl .sl sensor pointto block “SENSOR27":0
let svar2 .s2 int equalto 10
let svar2 .s2_intarray[O, 2] equalto 10

let svar2 .s2 stsl b equalto FALSE
let svar2 .s2 starray[l, 1].s1 i
equalto svar2 . s2_intarray|0, 2] * 10
let svar2 .s2_ aoarray[0] point to block “A043".0
let svar2 .s2_strarr[2] equalto  "my string 2"

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

Definition of Pointers

1.2
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Pointers can be created to point to items of a specific type.
ptr

|

pointer  ptr integer

declare temporary variable ptr
of type pointer to integer

Figure 4: Pointers

Data items of antype, simple or comple except arrays, can be pointed to. The
item pointed to must be a locanable (a step or a local unénable) or a pro-
totype (se€Process Database Access” on pade |

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

Within the step source file a pointariable is defined by the folldng con-
struct:

declare temporary variable name
of type pointer to type

Herename is the user supplied name of theriable andype is one of
« flag

* byte

e 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 ahength. The runtime will only alle writing to a
string through a pointer up to the number of character currently found at the loca-
tion pointed to.
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Use of Pinters
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To define a unitariable of pointer type within the uniasiable file the follaving
syntax is used:

pointer  name type

name andtype again hare the meanings as in the yiaus form, ecept for
prototype pointers where the syntax fgpe is:

* prototype prototype_name

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

There are bt two operations possible with pointeanables:

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 possiblerfa pointer to point to a foreign
variable and foreign pointers can not point to local ariables.

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 lut items of type integer (e.git can not point to a double, byte,
structur e, prototype, ...)

The est compiler has an option that will suppess these type checks. Code
compiled with type checks disabled is examely dangeous.

The following table shars haw to correctly use a pointeasiable.

Usage Statement Notation

To access or modify aaviable | @ointer_variable
pointed at by a pointeraviable

To access or modify a member pointer_variable -> member
of a structure ariable pointed at
by a pointer ariable

To access or modify a field pointer_variable -> field_name
within a process block pointed
at by a pointer ariable?

1.2

Table 5: Notation fr Pointer Variable Usage

a. For alist of all alid field names for each type of process block se8yOS
Control Rackage document.

Note that ap statement containing a pointer reference to a block in the process
database causes the operation to pause until the database access is complete.
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Examples  The pointers used in the EXOL statements beloare declared as folls:

declare temporary variable ptrl

of type pointer to integer
declare temporary variable ptr2

of type pointer to structure_of_type sdefl
declare temporary variable ptr3

of type pointer to SWSENSOpototype

The folloving EXTOL statements are goodanples of pointer initialization
and utilization:

1. assuming ptrl is a pointer to igex, a is an intger, let the pointer point to
the inteyer:

let ptrl pointto a

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

let ptr2 pointto sl

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 inger, get the contents of the igter \ariable pointed to by
ptrl into b (If ptrl has been initialized by code froxample 1 abee the
statement is equalenttolet b =a):

let b equal @ptrl

5. assuming the structure pointed to by ptr2 has ageénteart s_int, let b
become that intger 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 \ariable c (If the pointer has been initialized by the code from the
example 3 abee the statement is eqalent tolet ¢ equal
“SENSOR101":0.MEAS ):

let ¢ equal ptr3->MEAS

Like complea variables, aything pointed at by a pointeakiable must be fully
qualified devn to one of the follwing types: flag, byte, ingeer, long, float, dou-
ble, or string.

. You mustinitialize all pointers before usage. An uninitialized pointer could
be pointing at potentially dangeous memory in the MFC such as the
SyCOSSystem softwae. Modifying or accessing this memory couldasult
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 curent length of
the string may be copied.
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3.4. Process Database Access

The EXTOL language pnades statements that allcaccess to the process data-
base. An EXDL 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 ofarn a dif
ent MFC on the netark, 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 indinectly
syntax that must be obsex/for direct and indirect access is as foio

« Direct Access:
“elt name " [ : block_ number [ . field name 1]]
where:

« elt_name isthe 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 unitjariable names.

» block_number is used to addressyanf the blocks of the loop (i.e.
block_number 0 designates the Hlitself,block_number s1to8
designate the up to 8 control blocks that can be associated witlTan EL
andblock_number 9 designates the display block).

+ field_name isthe name of afield in the block as defined in the process
database. If field_name is specified thélock_number must be
specified as well. (The use of a number instead of a namevizdltt is
not considered good programming practice).

Note that if only theelt_name part is specified thielock_number
defaults to O.

» Indirect Access:
proto_pointer [ -> field_name ]

string_variable [ : block number [ . field_name ]]
where:
e proto_pointer is variable of type fointer 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.

e string_variable is the name of a local stringnable (i.e. both step
and unit\ariables are allwed here, ®ternal \ariables are not).

« block_number is the same as for direct access.
« field_name is the same as for direct access.

Indirect access ales the EO specification at runtime: itthin the pointer
construct the pointer can be made to point tfiedifit blocks (of the same
type) at diferent times, within thetring_variable construct the string
variable can contain the name offelient EIT’s at diferent times.

. Please note that the syntaxor dir ect field access differs slightly fom 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 resohed to either a step ariable or a unit variable. Future versions of
the compiler will no longer support this usage.

Examples The folloving 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 Bylock_number 0. KP is the proportionalagn 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 xample (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 achiee exactly the same goal using a strirayiable
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 pocess database should not be modified dittly through
this access mechanism as additional actionsearequired from the runtime
to completely and corectly implement a modification; special EXOL
statements exist to modify these fields.

ELT fields fll into two catgories: rgular and special.o0 may access and
modify regular fields directly using the syntax ako

Special fields need the runtime togedome appropriate action wheeetheir
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 primled to maks sure the runtime system is properly
notified when these special fields are changed, e.g. the ‘auto’ bit can be set cor-
rectly through &et ... to auto statement.

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

The “SyCOS Control &kage” document pvaes a complete list of the fields
for each process block type that you can access/modify fronOEXT
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The EXTOL ervironment predefines a number of stepiables for perusal by
the EXTOL programmer:

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 currertioating. This
operation is also called the “current operation”

_step string Contains the name of the step currendgaaiting.

_sub string Contains the name of the subroutine currentBcating
(appropriate only if a subroutine is currentieeuting).

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

_display string Display last interaction came from.

_userid string User Id last interaction & done under

_eventelt string The ELT that caused arvent to happen.

_eventcause| integer The cause for arvent that vas triggered from an HL

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

Table 6:

Predefined Step Hriables

All of these \ariables are generally intended to be read-dvbdification of the
variables is possibleub does generally not maknuch sense.

3.6. Predefined Functions

The following table shars all possible functions, please lveage of the dct that
not all functions are supported on all architecture. Please see the sepf e
tions following the table. Functions not supportegrywhere are madd in
grey color in the table.

The following table shas all the functions predefined for use in EXT pro-

grams:
Function Argument Vpe Description
Name 9 P P
abs(x) Any numeric type (flag, byte, irger, Returns the absolutalue of x.
long, float, double)
acos(x) Any numeric type. The gument x must| Returns the arc cosine of x, as an angpgessed in
be in the range [-1.0 .. 1.0]. radians in the range [O .. pi], as a double.
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Function i
Name Argument Vpe Description
addr(x) Any local variable Returns the address of the locatiable x. This
address can then be assigned to a poitéaie
or passed on to a subroutine.
asin(x) Any numeric type. The gument x must| Returns the arc sine of x, as an angleressed in
be in the range [-1.0 .. 1.0]. radians in the range [-pi/2 .. pi/2], as a double.
atan(x) Any numeric type. Returns the arc tangent of x, as an angfressed
in radians in the range [-pi/2 .. pi/2], as a double
cos(x) Any numeric type. The gument x is an| Returns the cosine of X, as a double.
angle epressed in radians.
cosh(x) Any numeric type. Returns the yperbolic cosine of x, as a double.
exp(x) Any numeric type. Returns (e " x).
In(x) Any numeric type. The gument x must| Returns the natural lagithm of x.
be positie or 0.
log(x) Any numeric type. The gument x must| Returns the base 10 lagthm of x.
be positie or 0.
log2(x) Any numeric type. The gument x must| Returns the base 2 lagthm of x.
be positie or 0.
rand() None Generates and returns a pseudo random double
number in the range [0.0 .. 1.0).
sin(x) Any numeric type. The gument x is an| Returns the sine of X, as a double.
angle epressed in radians.
sinh(x) Any numeric type. Returns the yperbolic sine of x, as a double.
sizeof(x) Any local variable. This function determines the storage requirement in
bytes of the localariable x specified as thegar
ment. This function isvaluated at compile time.
(Forstring  the \alue is the declared size of the
string + 1.)
state(x, y) | First agument x is an EL, the second | Returns the state number [1 .. 8] specified for the
argument y is a state string. string y in the process database for thé& kL
Note: The function may cause a runtime eriror
case of a nongstent ELT or an undefined state.
strlen(x) A string. Returns the length of the string x.
sqrt(x) Any numeric type. The gument x must| Returns the square root of x, as a double.
be positie or 0.
tan(x) Any numeric type. The gument x is an| Returns the tangent of X, as a double.
angle epressed in radians.
tanh(x) Any numeric type. Returns the yperbolic tangent of x, as a double.
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flag.

Function i
Name Argument Vpe Description
tas(x) A pointer to a ariable of type byte or | Tests and sets a bit in thariable 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 remajns

set and tas returns 0.

This function requires a pointer to be passed (e.

using the addr() functions).

Q@

IMPORTANT NOTE:

Intel 186:

Motor ola 68k:

1.2

Note the programmer is responsible for assuring tatithvalues are not
passed to these functions (e.g. sqrt(-1)), no errors are reported.

Not all of the abee mathematical functions are supported on all platforms.
The following restrictions apply to the folldng MFC architecture:

The typerbolic functions

e cosh
e sinh
e tash

arenot supported

All functions supported, no restrictions.
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3.7. Operators and Expressions

Operators The arithmetic and other operators supported by @®X@re 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 willvegtedn
from a floating point type to an irgeal type if necessariote: irvalid operator
values are not cheel, it is the responsibility of the programmer to ensure that
such alues do not get used.

Operator Description

- Unary minus, reerse sign of number

+ Unary plus.
BNOT Unary bitwise NO (1's complement).
eg.BNO 1=0

Note: floating point types are ogerted to intgral types.

N Exponentiation.
Note: the gpression 0 * 0 does notvgia runtime error and
so must bewwided by the programmer

* Multiplication.

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

% Modulo: x % y gves the remainder ofwdding x by y
Note: floating point types are ogrted to intgral types.
A runtime error occurs for x % O.

+ Addition.
- Subtraction.
>> Bitwise shift right.
RSH eg.2>1=1;
Note: floating point types are ogrted to intgral types.
<< Bitwise shift left.
LSH eg.1<<1=2;

Note: floating point types are ogerted to intgral types.

BAND Bitwise AND.
eg.1BAND1=1;1BANDO=0;0BAND0=0
Note: floating point types are ogerted to intgral types.

BOR Bitwise inclusive OR.
eg.1BOR1=1;1BOR0=1;0BOR0=0;
Note: floating point types are ogrted to intgral types.

BXOR Bitwise exclusive OR.
e.0. 1BXOR1=0; 1BXOR0=1;0BXOR0=0;
Note: floating point types are ogerted to intgral 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 andrable name for foreign unit
variable access.
Separator of block name from block number for process
database access.

0 For changing the precedence of operators.
Tip: use parentheses to negfirecedence clearer

1] Array indeing.
Note: a runtime error occurs for indes that are out of
range.

= Equal.

IS=

I= Not equal.

NOT=

< Less than.

<= Less than or equal.

> Greater than.

>= Greater than or equal.

== Approximately equal. This is for use with data items of ty|
float ordouble . The epression ealuates to true if the
two values difer by less than 1.0e-4.
Note: do not use this operator wheorking with \alues 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 operaadiahfes and con-
stants) that specify a computation and yieldla®. For an &pression to bealid
its operands must babd and the operators used must bkd/for the type of
operand(s) theare applied to.

Examples In the folloving table of annotatedkamples it is assumed that:

e iandjare ariables of type infger and i vas setto 1, j as set to 2,

* X andy are ariables of type float and xag set to 3.1415 and yaw set to

10.0,

* s and sl areariables of type string and s contains “hello” and s1 contains
“world”,

« SENSOR101 is a SENSOR defined in the process database, MEAS is the
measurementalue field of the sensor

Expression

Description

1+3

Compute the ingral sum of the te constants 1 and 3. Thalue of
the epression is 4, its type integer

1.23==2.34

Compare the to double constants 1.23 and 2.34 for approximate

equality The \alue of the gpression idalse

i+3

Compute the sum of the contents of the memory location named by

i and the intgral constant 3. Thealue of the gpression is 4, its
type isinteger

xly

Divide x by y The \alue of the gpression is 0.31415, its type is
double . This is a floating point dision.

i/]

Divide i by j. The alue of the gpression is 0, its type isteger
This is an intger dvision.

i %]

Compute the modulus (remainder) of theigion i / j. The walue of
the expression is 1, its type isteger

(i+))/(x+y)

Divide the intgral sum of i and j (3) by the floating point sum of
and y (13.1415). Theaue of the gpression is 0.2283 (rounded),
its type is double. Thisxample shws that more than one operatig
can be performed within the sam@eession and that parenthese
can be used to groupmession parts, thuyverriding the dedult
precedence of operators.

X

(21

s<sl

Compare the tavstring  variables s1 and s2. Thalue of the
expression igrue .

SENSOR101:0.MEAS * 10.0

Get the currentalue of the measurement field of SENSOR101 &
multiply that \alue with the doublealue 10.0. The type of the
expression iglouble . The \alue of the gpression depends on th
current MEAS walue.

and

11°

i % X Compute the modulus (remainder) of theiglon i / x after first
corverting x to an intgral type. The alue is 1.
sS<i Compare the string s to the iger \ariable i. This will gie an com-

piler error as comparing strings to iigters does not maksense.

1.2

Table 9: Example Expessions
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Precedence If more than one operator is specified in &pression the follwing table of
precedence and assooidti is used to group the operands. The table contains
the complete list of all operators defined in EXT.

Precedence | Associatvity Operator Description
10 Highest left to right @ Pointer dereferencing
. Access to member
-> Access to member through pointer
$ Access to foreignariables
: Access to process database
0 Grouping of &pression parts
1 Indexing into arrays
9 right to left - Sign: ngative number
+ Sign: positve number
NOT Logical NOT
BNOT Bitwise NOT
8 right to left A Exponentiation
7 left to right * Multiplication
/ Division
% Modulus
6 left to right + Addition
- Subtraction
5 left to right >> Bitwise shift right
RSH
<< Bitwise shift left
LSH
4 none = Equal
IS= Equal
I= Not equal
NOT= 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 Bitwise inclusve OR
BXOR Bitwise exclusive OR
1 left to right AND Logical AND
NAND Logical NAND
0 Lowest left to right OR Logical OR
NOR Logical NOR

Table 10: Operator Precedence and Associatity
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3.8. Error Handling Procedure

During execution of EXTOL statements numerous runtime problemse(liket-
work failures, hardware filure, softvare filure, etc.) can occurhese runtime
errors are handled in the folng manner:

Expressions When &pressions arevaluated at runtime the folldng checking actions occur:

* Allinteger divisions are pre-cheekl at runtime to catch wmlivide by zero
errors. If one is about to occuhe entire operation is forced teitewith an
appropriate runtime error message.

» Allindexing into arrays is pre-chee#l at runtime to catch gmattempt to
index outside of the specified size limits for the artéguch an out of
bounds error is about to occtie operation is forced taxiewith an appro-
priate runtime error message. (Thifeef can be suppressed by a compiler
option).

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

. Note: If invalid values ae passed to functions (e.gqrt(-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 tads responsibility for handling the error by performing the ¥ollo

ing steps:

1. The operation that includes thdefding statement is killed.

2. If a safety operation &s defined in the process database unit block the speci-
fied safety operation is run.

3. If no safety operation a&s specified or if the safety operation is not runnable
the hardvare watchdog is dropped.

This course of action alles the programmer to intercept and handle runtime
exceptions by defining a safety operation (frequently called Soét\Bafety
State or SSS). If a runtime error occurs during Keeetion of the safety opera-
tion, step 3 of the procedure afkeds ecuted immediately tovaid recursion.

and confirm in Many EXTOL statements pkade an optionahnd confirm in clause which
allows the programmer to takesponsibility for thexeeption handling of the
statement and stores the completion status of the statement in a |lapsi \ate
iable.

None of the steps described as thedkfehaiour is talen, i.e. the operation
continues to run and willkecute the nda statement(s), the safety operation will
not be run, een when defined in the unit block and the hanswatchdog will
not be dropped.

The confirm wariable is written to by the system and read by the application. A
value ofEX_OKIin the confirm wariable indicates that the statement completed
successfullyA value ofEX_ERRORNdicates dilure.

. When anand confirm in clause is specified it is theasponsibility of the
programmer to ensue proper handling of all error conditions that could
occur during the execution of the statement. The possible e conditions
are listed in the description of the espectve statements in the “Alphabeti-

1.2 40



SyCOS EXTOL Reference EXTOL Concepts
Error Handling Procedure

cal EXTOL Language Refeence”

. Out-of-bound errors on arrays indices willnot be caught by anand con-
firmin  clause. Array bound checking can be supgssed by a compile
time option, although this is extemely dangeous.

Example  Consider the follwing 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 wit lb@en writ-
ten to file number 2; i.e. the result in each case is identical.

Suppose, heever, 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, tlerkistw
down, etc.) the write operatio®ifs.

In the case of the first statement there is no confimabie specified. The appli-
cation has no ay of detecting the erroBecause nand confirm in clause
was specified the system &akresponsibility for handling the error through the
default procedure (i.e the operation that contains the statement is killed, if a
safety operation &s defined in the unit it is run, if not the haedeswatchdog is
dropped).

In the second case the status of the wkbe (ERRORIs returned by the system
in conf_var . Because a confirmingatiable vas programmed by the ustre
system assumes that the application will handle the. diernat statement of
the step isxecuted (and hopefully contains some test of canfand the neces-
sary error handling logic).

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

» floating point @erflow and underfhey
 invalid function agument alues.

» insufficient memory

» insufiicient disk space.

The softvare error handling may sometimes occur with memory or disk space
problems. Whener the MFC has problems in such cases then the haedw
safety state features will be aetied.

Passie error handling The runtime system handles rgdierrors” in a passe 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 thataHlcautomatic replacement okte
within EXTOL source files. (Actually the term “string substitution” is mislead-
ing (text substitution wuld be a better termubis kept for historical reasons)

String Substitution A string substitution can be global (applied to all steps and subroutines in all
Location 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 namedtrings  in the top lgel directory of the EXDL source tree
(See “File system structure” on pat® |

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

Step specific string substitutions can beegialywhere within a step or subrou-
tine. Theg take efect on the line theare defined on and aralid up to the end
of the source file.

String Substitution A string substitution definitions tekhe form:
Definition #define  STRING_TO_LOOK_FORSTRING_TO_REPLACE_IT_WITH
where:

STRING_TO_LOOK_FORBpecifies the string to look for in the source file. It
must bgin with a lettercan contain anmixture of uppercase lettersylercase
letters, digits and the character *_’. It must be unique within the first 31 charac-
ters.

STRING_TO_REPLACE_IT_WITHSs an arbitrary te (up to, lut not includ-
ing the end of the line the introduciidefine is found on) used to replace
STRING_TO_LOOK_FOm the source file whever 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 ale 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.&TRING_TO_LOOK_FORefined more than once
or not unique within the first 31 characters) string substitutions found inside a
step file hae precedencever unit specific substitutions. lewise, unit specific
substitutions h&e precedencever 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 AA  or #define
A B followed by#define BA ) is undefined. The tools of the cuent tool-
set either abort with an error message or just hang whenecursive string
definitions are encounteed. Future versions may teat recursive definitions
differ ently.

. There is a limit to the number of epeated string substitutions (e.g
#define AB  followed by#define BC  followed by#defineCD ,..).
That limit is guaranteed to be at least 16.

Example #define LINE_LENGTH 80
#define LONG_LINE_LENGTH LINE_LENGTH * 2
String Substitution In most applications string substitutions are either used te thaklogic more
Usage readable (e.g.: use of the string substitution mechanism for sizes of arrays and

then in loops trgersing the arrgyse of string substitution for named constants
(e.g.EX_OKis a global string definition), use of string substitution to simplify
comple expression that are repeated frequently or to mak the logic unit-
independent, e.g.:

Problem:

Assume there are tmidentical essels. The application designates aese!
asUNITO1 and the otherassel a®&JNIT02. The monitoring logic for these
vessels diers only in that the logic must referentkC101 for UNITO1
andTIC102 for UNITO2.

Solution:

Instead of creating two different steps for these vessels, create one step
which uses the (nonexistent) lodpC10x . Within the unitUNITO1 string
definition file defineTIC10x asTIC101 . Within the unitUNITO2 string
definition file defineTIC10x asTIC102 .

This way the step logic can referenEEC10x and the correctalue for will be
substituted when the step is compiled.
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3.10. Conditional Compilation

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

Syntax Text between a line containing
#ifdef notdef
at the bginning of the line and a line containing
#endif
at the bginning of the line is ignored.

Usage This mechanism is currently only intended towl programmer to mask out
parts of the source code while dglging: It is used in the place of nested com-
ments (which the EXOL language does not V).

3.11. Files and File Names

EXTOL operations can access files residing on £#0d FS within the
SyCOSnet. Thecan 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 fileysically resides on.

The current SyCOS uses UNIX hosts for Bl@hd FS accessing files through
NFS (the SUN Netark File System) and therefore the file naming scheme and
file semantics are those of the UNIX operating system and NFS.

On start-up eery 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 prileges determined by the system configuration file.

Files on that hogtaveto be named starting with ‘/ as the name of the initially
attached directoryA 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 thpathname of the file containing EXOL global structure defi-
nitions as knan to the MFC. It is located in then subdirectory of thextol
directory in the root directoryy of the MFC. Thdile name igylobal.g.ob

Further directories can be created on the PIC or FS holding the file system by
application engineers @bnot 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 diectories representing special daces and drivers of the
MFC are also ceated within '/’ by the underlying VxWorks operating sys-
tem. These pseudo dectories and the files thezin must not be used by an
EXTOL application. Noncompliance to this estriction 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

1.2 44



SyCOS EXTOL Reference

File Usage

1.2

EXTOL Concepts
Filesand File Names

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 ste mission critical data that needs to be
accessed at runtime.

Should the netark or the nodewning the file deelop problems file access will
block the accessing step (i.e. the operation containing the staptplloceed
andcannotbe killed, rerun, held, ...!) until it can be completed.

For data logging purposes use the batch log mechanismadqutdy the &m-
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 intethange binary data between nodes or to
interchange inbrmation between MFC’s and PIC's.

The representation of binary data is a machine dependent issue. If heterogeneous
hardware is used data representation wilfetiand data written by one machine
will not be readable correctly by another
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EXTOL Language Refeence by Ara of Use

4.1.

Flow Control Statements

Branches

1.2

These are statements used feafthe &ecution flav of an eecuting step.

In general, statements in an E®II Step &ecute sequentiallyFlow control
statements can be used to alter this sequentralofl@éxecution introducing
branches, loops, jumps and inline subroutines into the program.

Theif...then...else...endif statement$ee “if ... else ... endif” on

pagel4l) and theswitch...on... between...endswitch statement
(See “switch on ... between ... endswitch” on 284 introduce branches into
the execution flav.

i SWITCH

Condition

J

Figure 5: If and Switch Statements

Theif...then...else...endif statement is used whewegy branch
needs a separate possibly unrelated conditionkéamaion. If the tesbgression
following theif evaluates tdrue (i.e. ary value &cept zero) the statements
following thethen keyword are gecuted. If the testxpression ealuates to

false (i.e. zero) the statements folling theelse keyword are gecuted. The
statement lists follwing the leywords can both be empty and the whelkse

part can be omitted, if empty...then...else...endif statements

can be nested with otherilaontrol 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 angase statements occurring between #wdtch  keyword

and thenextendswitch  keyword. Adefault  statement provides an alter-

nate flow of execution in case no matchaage is found. Execution flows

from onecase into the next, unless an explibiteak , continue orgoto
statement transfers control to some other place.
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Therepeat...endrepeat when statement%ee “repeat ... endrepeat
when” on pag®14) and thewhile...repeat...endwhile statement
(See “while ... repeat ... endwhile” on pa#) create loops in the floof exe-
cution of an EXDL program.

REPEAT WHILE
Condition FALSE
?
TRUE
[TRUE Condition
?
FALSH |

Figure 6: repeat and while statements

Therepeat...endrepeat when statement performs all statements in the
statement list between thepeat andendrepeat keywords at least once.
After that initial execution the epression gien after thevhen keyword is eal-
uated and if it ealuates tdrue (i.e. non zero) control is transferred back to the
beginning of therepeat...endrepeat when statement.

Thewhile...repeat...endwhile statement first performs theadua-

tion of the e&pression specified after thhile keyword. If that epression
evaluates tdrue (i.e. non zero)>@&cution is continued with the first statement
of the statement list between ttepeat andendwhile keywords. Once this
statement list is completed (unless, of course one of the statements ixtthe ne
section is encounteredyecution loops back to the ¢iening of thewhile

loop.

47



SyCOS EXTOL Reference

Jumps

Exit

1.2

EXTOL Language Reference by Area of Use
Flow Control Statements

Thebreak statement can only occur within loops, sétch...on...
between...endswitch statement andpdec...endopdec statement
(See “.opdec ... endopdec” on pdde). 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 bginning of the innermost enclosing loop (i.e. fepeat...
endrepeat when  loops this is the first statement of the statement listvello

ing therepeat keyword; forwhile...repeat...endwhile loops this
is the &pression follaving thewhile keyword.)
BREAK CONTINUE

. FALSE
Condition S

- o
Py
m
>
o)
v

CONTINUE

] ]

Vo Vo

Figure 7: break and continue statement

Labels(See “label” on pag&52) allow you to establish arbitrary named loca- |
tions within a step. du can then causeescution to branch to the statements
occurring at these locations using o statement.

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

Labels also servas jump tayets for some of the operation control statements
discussed ifiOperation and Unit Control Statements” on page |

If anexit statement&ee “&it” on pagel09) is encountered during theezu- |
tion of a main step it terminates theseution of the current step and transfers
control to the ng main step of the current operation, ifalfithere are no futher
steps then the operation is terminated.

Theexit operation statement$ee “&it operation” on pagé10 is navin |
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.
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Inline subroutines Inline subroutines start withlabel of 13 characters introduced by a period and
continue up to the firgetsub  statement§ee “retsub” on pagg20) encoun- |
tered in the flov of control. Thg 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 i@sub statement§ee “gosub” on page3s. |
Inline subroutines hee a defult maximum nesting depth of 20 (can be modified
by a compiler option).

INLINE SUBR OUTINE

l

GOSuB

A

RETSUB

Figure 8: inline subroutine

Wheneer inline subroutines are defined within a step source file care must be
taken that the flov 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 bginning ut more often the near the end of the source). The nor-
mal flov of control must either jumpver the subroutines (when thare col-
lected at the lignning of a source) or terminatexf{t statement) before the
normal flav of execution reaches the subroutines.

4.2. Subroutines and Rarameters

EXTOL provides a set of statements to define and call subroutines. These
include defining subroutine entry poin&eg “bgin subroutine” on pageos),
parameter definition and (optionally) returningadue from the subroutin&ége
“return from subroutine” on pag21)

. You need to distinguish between inline sulmutines (as explained irfFlow
Control Statements” on paget6) and EXTOL subroutines.

EXTOL subroutines are steps thatst independent of 3nUNIT. When pro-
gramming EXOL subroutines the subroutine therefore has no direct access to
the unit \ariables of the calling step. Access to data in the callers unit izadhie

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 accessariabies.

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 sfifient memory).

Note that calling thexét statement in a subroutine will immediatekite¢he step
containing the caller of the subroutine.
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4.3. Unit Variable Access

There are aeral places, whereaviables may be defined in EXL: Step aria-

bles are defined within the step source file and can only be accessed from within
the step. Unit &riables are defined on the unitdeéand are shared by all steps
throughout the system. Uniakiables defined in the same unit as the step access-
ing them are also called local unénables. Unit ariables defined on another

unit than the step accessing them are called foreign amgtbles.

This chapter discusses those statements which direfdbt ahit \ariables.

Thelet statement%ee “let” on pagd53) allows you to construct and@uate |
complex expressions and store the result in a local or foreign aniable. The
components of thexpressions may be constants, functions, local @riables,
foreign unit \ariables (where the foreign unit theeside on is specified at the
time the statement is constructed) or process database Sekl%{perators and
Expressions” on pagaf).

Theget variable (See “get ariable” on pagéd 32 and put variable

(See “put ariable” on pag@05) statements ali@ you to access foreign unias

iables when the foreign unit theeside on is not kwan until runtime and pro-

vide additional error handlingtilities. You use thget variable statement

to fetch the foreign unitariable into some intermediate storage such as a local
unit variable; this alue can then be manipulated using the let statement and sub-
sequently transferred back to the foreign unit database usipgtharia-

ble statement.

In addition to theget/put variable statementdmily there is aet/put
statementdmily (See “get” on pag&25and“put” on page202) that allavs the |
specification of the foreigraviable name through a string typegbeession, thus
providing a more flgible way of accessing inded \ariables on a foreign unit.

. Unit variables are accessible by all steps executing in the whole system. The
programmer must synchonize access to theseaxiables as appopriate for
the application.

Wheneer foreign unit ariables are accesseddpst variable or put

variable  statements a call is made to the machine the accemsable

resides on and a servon that machine coordinates accesseariables of all

units on the machine. This implies that access is sequential when done through
get andput statements.

Accesses to local unitviables are resadd to direct accesses of memory loca-
tions and thus are not synchronized.

. Access to dreign unit variables is much slaver than access to localaria-
bles and is also subject to netark and machine failures.

Theformat (See “format” on pagé&21) andunformat (See “unformat” on
page240) statements &ct only unit \ariables of type string. Unléthelet
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 unanables, foreign unitariables, and

(with some restrictions) process database fieldsuhf@mat statement can
'pick apart' a stringariable and mee the information obtained from the string
into local \ariables (performing annecessary humeric cegrsions as required).

Theinstate recipe statement%ee “instate recipe” on padd5 allows |
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you to place a set of predefineglues (Recipes arextdfiles that establish a rela-
tionship between unitariables and sets o&lues. Recipes must be translated by
the toolert before thg can be loaded and instated).

4.4. Operation and Unit Control Statements

The statements described in this chapter are used to contragkthdien of
EXTOL operations and units.

The eecution of operations isfatted by theun operation (See “run
operation” on pag222 andkill (Seekill operation” on pagel49 and“kill
all operations” on pages1) statements. Operations can also be set to the holg
state and subsequently restarted if necessary usimglihe (See “hold opera-
tion” on pagel39 andrestart  (See “restart” on pag#l6) statements.

Operation gecution can become/ent-driven through use of thedeep (See
“sleep” on pag®27) andwakeup (See:wakeup operation” on pag&8and
“wakeup all operations” on pa@&9 statement. An operatioxecutes a
sleep statement to indefinitely pause itself. It remains paused until either a pre-
determined condition in the process database is detected or untdpticstly
awakened by another EXJL operation directing it to do so usingveakeup
statement.

Thesuspend operation statement§ee “suspend operation” on p&g?) |
is used to force an operation other than ttexeting operation to indefinitely
pause. Such a suspended operation can be resumed threggima oper-

ation statement%ee “resume operation” on pazEs).

Theattach to (See “attach to unit” on pa@g®) anddetach (See:*detach
from unit” on pagel00 and“detach operation from aichdog” on pag&03
statements are used to establish and relinquidbsve control @er a specified
unit, respectily (synchronization).

The family of fetch statements is used to determine the current condition of a
specified operation, recipe or unit. (SH#etch status of operation” on padg&3
“fetch status of recipe” on padd 6 and“fetch status of unit” on pagkl8)

45. Process Contol 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 statementgee “set” on pag224) allows you to modify process blocks' |
auto/manual and cascade status as well as the setpoint and output fields.

Thedrive statement%ee “drve” on pagel06) allows you to die a specified |
device to a specified state (i.e. change the output field ofiaedblock).

Thestart timer , Stoptimer , andresume timer statements ge
you full control over the operation of timer blocks (Séstart timer” on
page228 “stop timer” on pag®30and“‘resume timer” on page19.

The status of a loop may be queried byfdteh status of elt state-
ment See “fetch status of elt” on pagé1). |

Floating point @alues from the process database can also be logged to the batch
history file (so called “batch trending”) by thend  statement%ee “trend” on |
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page237). |

Operator Interface Statements

1.2

This chapter gies an werview of statements that primle an interactie interbice
between your EXDOL logic and the plant operators.

Theprint  statement&ee “print” on pagd 989 provides a means of routing |
messages through the alarming system to logginigelesuch as alarm typers or
batch history files for output purposes only

Thedelete code statement%ee “delete code” on pagé) allows the dele- |
tion of messages sent pyint  when the messages are no longer pertinent.

Thebatchlog into statement$ee “batchlog into” on padg®) is the means |
by which the appropriate batch history file is created and mexdafzle to the
step for logging purposes.

The openter statementSee “openter” on padks8), and theopdec...

endopdec family of statements (Setopdec ... endopdec” on pad88g,

“choice” on page&’9, “default choice” on pag@2, “info” on pagel43and‘time-

out” on page?36) solicit input from the operator: When the step encounters ofje
of these statements, it pausgsaition until the information it has requested is
supplied or until some specified intahof time has passed.

An operator is prompted to adite the Alarm Summary Display where hense

the customized message asking for input to the process. The operator selects the
message from among the other messages on this digplayoperator does not
perform this action within an optionally specified amount of timepguec or

openter times out.

Once its message has been selectedygtlec responds to hng its message
selected by presenting the operator with a series of messages that correspond to
thechoice statements within the body of tbpdec...endopdec . The

operator must select one of these choices. This causes the series of statements
following the appropriatehoice statement toxecute.

Theopenter statement prompts the operator foradue or string; it tads this
input and if appropriate, stores it directly into a uaitiable.

Onceopenter oropdec has recefed its answer (or a timeout has occurred),
the step'sxecution resumes.

Authentication/Authorization of plant personnel, either at consoles or some-
where at a POS within the plant is supported through the use ahieck oper-
ations (See: “check authentication of” on p@§geand “check authorization of”
on pager’).

The family of pager statements (Sépager delete” on pagkerl, “pager delete
group” on pagd 73 “pager disable” on pagk’5, “pager enable” on padEr7,
“pager escalation time” on pad&9, “pager pager#” on page81and“pager
send group” on pagb83 is used to communicate with pagevides gven to
operators, supervisors and chemists.yTdlkw messages to be sent to the pager
devices, to delete messages from the pagers and to change escalation parameters
for pager actions from EXJL. There is a separate manual (SyC@8d? 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 b level routines for handling files
Files can be accessed iverl diferent modes, namely:

RAW MODE |'n raw mode EXTOL assumes that the files are unstructured binary streams df 8
bit bytes The only structure imposed on a file is that which is implied when
EXTOL logic references the fileShis mode has thewest awerhead ht,
because data is written/read in a machine and Sy@@®u specific ay, the
data may be interpreted fdifently by diferent machines on the SyCOS net-
work, implying that this modmust notbe used for data interchanger Eom-
patibility reasons to puéous \ersions this mode is the deit.

CGS COMPATIBLE This mode reads/writes EXJL basic types and EXQL structures with the

MODE same bit layout (i.e. big-endian) and the same padding as the late Motorola §GS
implementation, so that such a file written from SyCOS is readable from CG
and vice ersa.

No additional type information is stored in the file, so that currendlifable file
data is readable by SyCOS. This implies that an attempt to read datashadtw
written with the same type (basic type or structure) will go unnoticed and will
result in data corruption.

Any position computed by the usegiteofin CGS will very probably be wrong
when the computation is done in SyCOS due to tlierdift sizes the data has on
the file and in-core (sizeof returns the in-core memory requirement, whereasjthe
space required on the file is defined by the original CGS data sizes). A spechl
statement (see: “get cgs size of’ on pag8) «ists, 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 bing
mode permits additional type safetpecifically: the ability to detect changes
made to a structure from the time @swvritten to the time it is read and the abil
ity to detect attempts to read data of type x thed written as data of type y

JJ

]

Yy

Positioning within these files is redefined to mean “position on number of bingry
data items” (currently positions are byte positions ,onlyich does not mak
sense for structured binary dataaay).

The data within binary mode files is stored ireasioned SyCOS-XDR repre-
sentation.

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

TEXT MODE | This mode only allws EXTOL strings to be written to or read from a file, spe-
cifically the attempt to read/write data of other types aillWith a runtime
error

General | Previously created files are ‘opened’ (i.e. madslable for access) using the
open file (See “open file” on pagk6]) statement. In addition, you can cre-
ate (as well as open) a file using theate file statement$ee “create file”
on pageBh). Once opened, a file stays open until it is closed either ydbe
file statement%ee “close file number” on pagé), or automatically upon the
termination of the operation.

When a file is opened, an iger \alue is handed back to the EQT logic to be
stored in an intger \ariable. This is théle numberand it distinguishes the file

from ary other files the operation has open. This file number must be supplied to
all other statements accessing the file.

All open files hae a location pointeiThis pointer indicates which bytem in
the file is afected by ap subsequent accesses to the file. If a file has 'n'/bytes
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items the \alue of the location pointer can range from 0 to n-1, inatudihen
you first open a file, the location pointer is set to the zerotliteyte You use
theposition file statement$%ee “position file number” on pad€5) to
change the alue of the location pointexglicitly.

You use theead statement (Seéread” on page08) to obtain information |
from the file. After reading, the file's location pointer is updated automatically to
point to the bytdtem immediately follaving the last bytétem read. If you |
attempt to read past the end of the file, you will recan indication that this

was attempted (i.e. the predefined stapable_eof is setto 1).

You use thevrite  statement (Seéwrite” 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 sdmaee in the mid-
dle, you will over-write information preiously there.

When a file is created or opened you need to specify the mode the file will be
accessed with. The folling values gie the basic set of modes for file 1/0.
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 CGSBINARYUPDATES

#define BINARYREAD 6

#define BINARYWRITE 7

#define BINARYUPDATE 8

#define TEXTREAD 9

#define TEXTWRITE 10

#define TEXTUPDATE 11

If a file is opened iIREAD mode, onlyread andposition file state-

ments will function successfully on this file; writes will not be permitted.

If a file is opened IWRITEmode, onlywrite  andposition file state-
ments will function successfully; reading of the file will not be permittechel
able to both read and write to a file, you must openURDATEMOode.

Files may be shared between operations iverakoperations may ha the

same file open at the same time, although access to the fifotk synchro-
nized: Each operation will ka its avn unique file number for the file and a
unique location pointeCare should be tak to &oid conflicts or corruption of
files if several operations are accessing a file opened in write or update mode.

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

Files can also be deleted through detete file statement%ee “delete
file” on paged8) and renamed through thename file statement%ee
“rename file” on pag@12)

Under \ery special circumstances tlogontrol on statement%ee “iocon-
trol on” on pagel46) can be used to change parametevegong special belva
iour of special types of files.
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4.8. Watchdog Interface Statements

EXTOL provides a set of b level routines for intedcing indvidual steps to the
system vatchdog.

Theattach to watchdog statement$%ee “attach to atchdog with time-
out” on pages2) allows the user to gister the current step with thextehdog
program.

The application can assigndwaction leelsWARNINGr FATAL indicating that
if the system detects a problem with the step (i.e. no fusthave watch-

dog statement is)e@cuted before the time specified in #tgach to

watchdog statement has elapsed), it should issuaminwg only OR issue a
warning and drop the hara@wne watchdog relayrespectiely.

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

Thestrobe watchdog statement%ee “strobe atchdog” on pag31) |
issues an ale-and-well message from the step to tlclwvdog program indicat-
ing that the step is still running and performing the desired actions.

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

Thesuspend watchdog  statement$ee “suspend aichdog” on pag233 |
allows the user to suspend the monitoring of the step indefirligdically this

will be done prior to ampdec oropenter statement or whemer the step

may legally wait indefinitely

Resuming the monitoring function by thatehdog is achied when the ne
strobe watchdog statement is>@cuted.

Thedetach from watchdog statement%ee “detach from atchdog” on
pagel0l) detaches a pveusly attached step fromatchdog monitoring. This
is typically executed before the stepits.

Theenable watchdog  statementRee “enable atchdog” on pag&08) isa |
statementxecuted usually once per MFC. It's function is to enable #iehdog
relay for this MFC. It is typicallyx@cuted in the start-up portion of the applica-
tion program.

Thedisable watchdog statement§ee “disable atchdog” on pagé09 is |
used to drop the atchdog from an EXOL step, thus signallingafal program
failure.

Thefetch status of watchdog statement%ee “fetch status ofatch-
dog” on pagel 20 returns the current status of thatehdog output. It returns 1,
if the watchdog output is pulsing, O if not.
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4.9. Dynamic Field Links in the Process Database

EXTOL also preides a set of statements which @alfolinks between process
database function blocks to be changed dynamically at runtime:

In the process database there am tiypes of fields, which may be lie# 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 tavecfentrol blocks (e.g.
CALC, SPID). Both types of links may dynamically be changed from@&XT

As an gample for linking input fields imagine the situation, where a control
loop (R101F12 and R101FR12 in thewlireg belav) has to do a closed loop
control on a feed to a reactor (R101) where the conalegé(R101R12) is on

the reactarbut different feed measurements (either T102F10 or T104F10) are to
be used, depending on the material to be fed:

T102 R101F12 R101FR12
r— — — — ar — 7
I [ I
CP? el|CONT|19|SP|D|ﬁ| AO I
T102F10
L - - — — JL —
'\CD/‘ > R101
R101R1
T104 T104F10

Figure 9: Example br dynamic field links

Thelink  statement§ee “link” on page 56) allows to link the needed feed |
measurement to the input of the CONTR block (éng.

“R101F12":0.INP as reference to “T102F10:0.MEAS” ) andto
severe the link agin through thainlink  statement%ee “unlink” on pag@44). |
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4.10. Other EXTOL Language Constructs

Thewait statementee “wait” on page?47) allows you to hae your step |
pause recution for a specified time inteiv This is a ery important statement

not for timing purposes so much as for intentionally indicating the places where
it is ok (and gen vital in some cases) that a step pamsewion, thuswoiding a

busy loop that wuld consume alhailable CPU gcles on the MFC.

Theopen process  statement&ee “open process” on pay)@4) 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 ERL program using theead andwrite
statements as for file 1/O.

Theget system time into statement%ee “get system time into” on
pagel30) retrieves the current system time into a local string or lcaripble.

The pap generation statements (Spap box” on pagd85, “pap endbox” on
pagel87, “pap endliteral” on pag#88, “pap filter” on pagel89, “pap form-
feed” on pagd 90, “pap literal” on pagd 91, “pap nofilter” on pagd 92 “pap
replace” on pag&93and“pap title” on pagel94) allow the programmer to
intersperse the EXJL source code with direets for the pap generation tool

papgen .

Theversion statement&ee “\ersion” on pag@46) 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 statementsver really vas supported (either ver implemented or
duplicate to an alreadyisting statement) in EX®L, but the statement syntax
is still recognized. Statements in this catey include:

“close terminal” on pag82 (use close file instead)
“dialogue on (UNIMPLEMENTED)” on pag&04
“open terminal (UNIMPLEMENTED)” on pagé67
“read from (UNIMPLEMENTED)” on pagel11
“write to (UNIMPLEMENTED)” on page254

These statements will no longer be recognized in a fuemson of the com-
piler.
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5. Alphabetical EXTOL Language Refeence

5.1. Reference Rge Template

This section contains an alphabetical listing of all statements supported by the
EXTOL language. The statement descriptions are functionaliged! into sec-
tions. Each statement description is ordered asasllo

Syntax This is the template of the statement. Remember that thesltséck and])
are used to speciffor informational purposes, optionaaments. These char-
acters neer appear in the xélisting submitted to EST

Category This section contains the reference back to the introductory chapter @EXT
Language Reference by Area of Use” on pé@j where furthemore basic
information can be found. When looking for related statements thisisiable

hint.

Arguments If the statement has yiguments this section contains the precise description
of the aguments, including the gmment type and arxplanation for each gu-
ment.

Description This is the functional description of the statement In addition to the description

given for each statement all statements do theviolig:

» 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 operatiorxexeiting by the EXDL
Delugger (EDB) and in the crash dump information in trenéthe opera-
tion aborts.

This section only describes what a statement does, naotichese 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 possiblays in which this statement coulilf
in its runtime gecution.

In addition to specific statemeriilire, statements containingyaexpression
containing &ternal unit \ariables or processaviables gternal to the MFC are
subject to more general (communications relataii)res:

* A statement mayail in its execution at runtime if thexpression to bevalu-
ated contains foreign unitiviables or processxables. Possible conditions
leading to statemendifure are: Communications @xdoad, Node Being
Reloaded, Node ®fine, Communicationsifmeout, Unit Database not or no
longer aailable.

Restrictions This section lists andkplains 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 simplexample of hav the statement might be used.
Notes Anything not ceered by the abe.
See Also This section contains pointers to other related statemearts. Wwider scope of

reference you should also consult the chapter mentioned in thgoGasection.

1. If you are vigving an on-line cop of this document with Framé&ver this sec-
tion is a lyperlink back to the chapter where other statements of similar function-
ality are described.

1.2 58



SyCOS EXTOL Reference

Recommendations

1.2

Alphabetical EXTOL Language Reference
Reference Page Template

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.

Not all statements will hee all the abee 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
Arguments
Parameter| I/O Type Description
unit_name| | string \alued | This agument designates the unit to attach to.
expression
conf \ar 0] local This agument contains the confirmation code once the
integer attachto  statement has finished. The confirmation
variable code will beEX_OK:if the attach vas successful,
EX_ERRORtherwise

Table 11: Arguments of “attach to”

Description This statement attaches the operatixecating the attach to statement to the unit
specified irunit_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 gien time.

If an operation already is attached to a unit, additional attaches of this operation
to the same unit will succeed, unless i€ containing the unit cannot be |
reached anmore.

If the calling operation could successfudlitach to the unit specified by
unit_name , execution continues with the xiestatement, if an and
conf_var , if specified in the optionand confirm in clause, is set to
EX_OK

If the calling operation could not successfudtyach to the unit specified by
unit_name the standard runtime error procedure will be performed, unless the
optionaland confirm in clause vas specified. If thand confirm in

clause vas specifiedconf_var is set taEX_ERRORand &ecution continues
with the neat statement, if an

An operation can be attached tyarumber of units at the same time.

The operation will stay attached to the named unit until eitdetach state-
ment is @ecuted or the operation terminates.

Err or Conditions Theattach to statement will &il under the follaving conditions:
» Another operation is already attached to the unit specifieshibyname
» The unit specified bynit_name does not st (not loaded).

» The unit specified bynit_name is located on another MFC and that MFC
cannot be reached due to netlwproblems 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 lepgth
delays.
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Example The folloving example demonstrates the basic logic needed to attach to a unit
called “METER™:
attach to "METER" and confirm in status

This ekample assumes amable namedtatus that has préously been
declared as aaviable of type intger.

Notes If the attach to statementdils thefetch status of unit statement
can be used to distinguish between théediht reasons foaflure.

See Also “detach from unit” on pag200
“fetch status of unit” on pagkl8

Recommendations Although theand confirmin part of the statement is syntactically optional,
the use ofttach to implies that the attach couldif due to another opera-
tion still being attached to the tgat unit. If noand confirm in clause is

specified the standard error handling procedurelévbe &ecuted in this case,
which is rarely what the programmer intended.

Theattach to is only anadvisorylocking function and so only those opera-
tions that perform aattach to instruction will be ware of one anotheAn
operation not performing tredtach 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 shoqlicély
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 ansb@ance schemes, such as defin-

ing the order in which units arenadys attached.
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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 Intedice Statements
Arguments
Parameter| I/O Type Description
expr I integer This agument specifies the timeout in seconds after a
valued strobe before the specified action will begiak
expression
action I - This agument specifies the action éakwhen the atch-

dog has not been strobed for the specified time aterv
The only lgal values for this parameter amgarning

or fatal
conf \ar (0] local This agument contains the confirmation code once the
integer attach to statement has finished. The confirmation
variable code will beEX_OK:if the attach as successful,

EX_ERRORtherwise

Table 12: Arguments of “attach to watchdog with timeout after”

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 gistering operation until the firstrobe
watchdog statement is)>ecuted in the operation.

Once that initiaktrobe watchdog statement hasxecuted the watchdog
expects the repeatedecution of furthestrobe watchdog statements
before the timeout specified in thttach to watchdog with timeout
statement haspired.

If a time intenal of expr seconds passes wherestimbe watchdog state-
ment is &ecuted the system will takhe action specified in tlaetion amgu-
ment.

An action specification offarning will cause a system error message to be
printed on the system alarm typewribe. No further action is t&k.

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

Err or Conditions » If expr contains references to foreign urdriables the statement willif if
the foreign unit griables cannot be retvied.

« If expr evaluates to an inger \alue 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 invhstaie-
ment replace the prmus setting. An initiaktrobe watchdog is again
required for the @&tchdog to start monitoring.
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#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 XxOK = EX _OK istrue
then
print with prefix
using format "Couldn't attach to watchdog."
on _CONSOLE BHF

/*
* + additional failure logic
*/
endif
See “detach from watchdog” on patf@l for another example.

The timeout specified is considered the minimal timeout: Assuming that the
timeout specified as T seconds, theatchdog action will bexecuted some
time between T and 2 * T (pviled the vatchdog vas not strobed).

“detach from vatchdog” on pag&01

“detach operation from atchdog” on pag&03
“disable watchdog” on pag&05

“enable vatchdog” on pag&08

“strobe watchdog” on pag231

“suspend watchdog” on pag233

Do not use the attach toatchdog with timeout after statement for timing pur-
poses. It is intended for time and function siltance only
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5.4. batchlog into

Syntax batchlog into file_spec [ using unit_name ]
[ and confirm in conf var |
Category Operator Intedice Statements
Arguments
Parameter| I/O Type Description
file_spec || string \alued | This agument is the PIC file specification used to store

expression | 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| | string \alued | If this optional agument is specified the batch file is
expression | opened/closed for messages originating from thengi
unit. If it is not specified then the current unit is implied.

conf \ar (0] local This agument contains the confirmation code once the
integer batchlog into statement has finished. The confirma-
variable tion code will beEX_OKif the batchlog was successful,

EX_ERRORtherwise

Table 13: Arguments of “batchlog into”

Description This statement specifiesfile_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 alreadysts) or created (if it does not
already &ist) when the first message for thevmeame is receed.

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 tfile_spec  plus the suix ‘.event’, or

for trended data the dixf‘.trend’. The file specification isvaluated as a path
name relatie to the evironment \ariable COSLOGS as defined on the reicgj
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

‘I' 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 irbatchlog statement, all messages from
those blocks will be directed to the specified batch history file.

Messages can be either generated from @Xihroughprint  statements,
from the database triggered by EQI throughtrend statements, or are auto-
matically generated from other parts of the system.
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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 Tacking Messages:

» All operator database actions, including acklealgements of alarms,
drive, auto, etc.

» All operator ‘Extol’ actions, including: run, kill, hold, restart operation,
instate recipe, and delete recipe (using ttie etility).

» All operator unit ariable actions, that changalwes using either a recipe
display or a graphic display

» Extol Main Alarm Messages:
» All Extol alarm messages.
e System Alarms:

« All system alarms if a parent unitas defined in the atchdog (WDOG)
loop.

If file_spec  orunit_name are &ternal unitariables, access to these may
fail resulting in the standard error handling procedure.

If the unit name is specified and does not designadichunit the batchlog
statement will &il.

Thefile_spec s limited to 63 characters. If a longer name \&giit will be
silently truncated to 63 characters. (This lengitiges the prefix and gix
added to form the full file specification).

For the current unit, ANK?7, if the batchlog statement is:
batchlog into "tank7"
then the batch history file used for messages is “$COSLOGS/taeRi.e

Changes resulting from opdec and openter interactionsalegged automati-
cally.

If the BHF alarm destination is not implemented by BIC (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 itag called with NULLFILE, or
called with an empty string, then the current implementation is that all messages
will be collected in a deilult batch history file, called ‘trashent’, on all PICs
defined to implement BHF in the configuration.

The afect of callingbatchlog into while data is being trended is as fol-
lows: if batchlog is called with the same name then the trend data isaiedf

if a nev name is used then trending switches to a similarly named trend file; if
NULLFILE is used then trending stops. (largions priortrending stopped

when abatchlog into was called).

“print” on pagel98
“trend” on page237
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5.5. begin subroutine

Syntax begin subroutine [ with arguments parameter_list ]

Category Subroutines anddPameters

Arguments

Parameter /O | Type Description
parameter_list | | - This agument is a comma separated list ofvpresly
declared stepariables. The stepaviables listed as qu-
ments to a subroutine are restricted to the basic types
(flag, byte, intger, long, float, double and string) or must
be pointers to basic or complgy/pes (i.e. pointers to
structures and pointers to prototype)
Table 14: Arguments of “begin suboutine”
Description Thebegin subroutine statement establishes the entry point within a sub-

Err or Conditions

1.2

routine file and optionally defines theigtence and order of parameters the sub-
routine epects to hee passed to it by the calling step or subroutine. The name
of the subroutine file identifies the subroutine.

If there are apamguments in the optionglarameter_list then temporary
step ariables for these guments must ve been declared prior to this state-
ment. Theseariable declarations define the type of trguarents.

Note that you are not alled to pass a structure or an array as guraent. But

you can pass a pointer to the structure (or the address of the structure using the
addr () function) and declare the redeq) temporary ariable to be a pointer to a
structure of the appropriate type.

» If the subroutine is called with the number ajanents diierent from the
number of parameters in the subroutine definition, thebebga sub-
routine  will fail and the standard error handling procedure willxee e
cuted.

» If the subroutine is called withguments that do not ba the same type as
the parameters of the subroutine definition then numegimaents will be
converted (setting them to the maximuwmdwe for the type if necessary). Itis
not possible to carert for kample a string to a numeric type, so in this case
thebegin subroutine will fail and the standard error handling proce-
dure will be gecuted.

» If the called subroutine does notis on the MFC, either because iasv
never defined or because i@ not loaded, then the call willifand the
standard error handling procedure will beeuted.

» If the memory needed for the parameters and lco&hbles of the called
subroutine cannot be allocated the call véll &nd the standard error han-
dling procedure will bexecuted, which might alsail, in which case the
hardware safety state features areatid.
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* The number of guments that can be passed to a subroutine is limited to 10.
» The type of all ayuments must be one of the simple types or a pointer type.

» Subroutines can only return numerauwes (i.e. &lues 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 akal.

* This statement must be the firgeeutable statement in a subroutine and
after the label that names the subroutine.

» The only statements that may precede it are xentgable statements such
as temporary ariable declarations.

In this example, pay particular attention to what is being passed to this subrou-
tine and hw the temporary ariables that described the rageg agument 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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Subroutine startup is aifly slov procedure because of the type checking on the
amgument/parameter list and the memory allocation for the tempaaagbies.
Therefore bewaare that calling a subroutine is significantlygo than includ-

ing the necessary code directly in the calling step (or subroutine).

EXTOL supports tw kinds of “subroutines”™ There are inline subroutires-e
cuted by gosub and terminated by retsub and step subroutetsedl by call

subroutine and terminated by return from subroutine. Thesedwstructs hae
little in common.

“return from subroutine” on pagi21
“gosub” on pagd 35
“retsub” on page20

There is a compiler option to turnfdfpe-checking bt it is NOT good program-
ming practice to do so because it may lead to memory corruption on the MFC.
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5.6. break
Syntax break
Category Flow Control Statements
Arguments None.
Description Break is used to transfer control out of statement listghite , repeat

Err or Conditions
Restrictions

Examples

1.2

switch andopdec constructs.

Thebreak statement is not subject to runtime error conditions.
Break may only appear within the folling statements:

* while ... repeat ... endwhile

e repeat ... endrepeat

» switch ... endswitch

» opdec ... endopdec

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

The folloving (somevhat constructed)xample uses thereak statement to
“break out” of an infinite loop. Note that the code that results in a non akre v
of the ariable tested is not siwo. When théreak statement is)ecuted con-
trol is transferred to therint  statement immediately folldng thewnhile

loop.

let done =0
while ( 1)istrue
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 istrue
then
break
endif
endwhile
print  with prefix using "out of while loop"
on _CONSOLE

69



SyCOS EXTOL Reference Alphabetical EXTOL Language Reference

break

The net example shws a frequent use of threak statement: \ithin a
switch ... endswitch statement thbreak statement transfers control
to the end of thewitch ... endswitch statement, thus prenting a &ll-
through to the deiult 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 pagéo
“repeat ... endrepeat when” on pajet
“switch on ... between ... endswitch” on p&$z
“.opdec ... endopdec” on pad68
“continue” on pag&3
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), ahitgct 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 flav of control “fall-through” to the follaving case. It is good pro-
gramming style to endvery case, including the last, within a switch statement
with a break and toxglicitly comment the places where allfthrough” is

intentional.
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5.7. call subroutine

Syntax

Category
Arguments

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

Subroutines anddPameters

Parameter | I/O Type Description
subr_name - This parameter specifies the name of the subroutipe
to call. The name must g with an alphabetic char-
acter follaved by a maximum of 12 alphanumeric
characters.
arg_list I/O | see descrip- | This optional agument specifies a comma separated
tion belav list of expressions that will be passed on to the sub-
routine.
var_name 0] local This optional agument specifies the name of a local
numeric variable where aalue returned by the subroutine wil
variable be stored.
Table 15: Arguments of “call subroutine”
The call subroutine statement transfers control from the location where
it is encountered (caller) to thediening of the subroutine named by
subr_name (callee). When aeturn from subroutine statement is

encountered in the callee, control is transferred back to #tetatement of the
caller. If the callee does not contain a return from subroutine statement control is
returned to the caller whemexution of the subroutinedfls of the end”.

call subroutine statements can occunavhere in a step or subroutine.

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

A list of aguments &rg_list ) can optionally be praded to the subroutine
called. The types and positions of thegpiarents must generally agree with the
type of the parameters specified in the subrowivegin subroutine

statement.

The local ariablevar_name is used to store the returalue of the subroutine,
if the subroutine is defined to returnaue.

If a value is returned by the subroutine, and there is no desigraiatle to
accept this alue, the alue will be lost.
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» If the subroutine is called with the number ajanents dfierent from the
number of parameters in the subroutine definition, the called subroutine will
fail and the standard error handling procedure willXseeated.

» If the subroutine is called with@uments that do not & the same type as
the parameters of the subroutine definition then numegia@ents will be
corverted This is a taget architecture dependent beioar (on some archi-
tecture the alue is just truncated, in others it will be set to the maximum
value of the smaller type$uch code will not be portablelt is not possible
to corvert for xkample a string to a numeric type, so in this case the called
subroutine will &il and the standard error handling procedure willxee e
cuted.

» If the called subroutine does notig on the MFC, either because iasv
never defined or because i not loaded) theall subroutine state-
ment will fail and the standard error handling procedure willxeeegted.

» If the memory needed for the parameters and lc@dbles of the called
subroutine cannot be allocated ttadl subroutine statement will &il
and the standard error handling procedure willXgeeted, which might also
fail, in which case the hardwe safety state features areattd.

* The number of guments that can be passed to a subroutine is limited to 10.
» The type of all yuments must be one of the simple types or a pointer type.

» Subroutines can only return numeradues (i.e. alues of type flag, byte,
integer, long, float or double).

See gample forbegin subroutine

EXTOL supports tw kinds of “subroutines”: There are inline subroutines-e
cuted by gosub and terminated by retsub and step subroutewserl by call

subroutine and terminated by return from subroutine. Thesedwstructs hae
little in common.

“begin subroutine” on pageé
“label” on pagel52

“retsub” on page20

“return from subroutine” on pag1
“gosub” on pagd 35

There is a compiler option to turnf dfpe-checking bt it is not good program-
ming practice to do so because it may lead to memory corruption on the MFC.
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5.8. case
Syntax case const_expr
[ statement_list ]
Category Flow Control Statements
Arguments
Parameter Type Description
const_epr numeric This constantxpression specifies one ofveeal

constant gpression | possible alues of thexpression in the head of the
surrounding switch statement.itiin a switch all
constant gpressions mustvaluate to distinct inte-
ger\alues. The type is a signed long.

statement_list

- A list of statements can be attached tp esse state
ment. The statement list may be empty

Description

Err or Conditions

Restrictions

1.2

Table 16: Arguments of “case”

Thecase statement indicates a list of statementscerate when the constant
expressiorconst_expr  associated with thease statement matches the
evaluated gpression in the head of the switch statement.

A case statement can occur & gosition within the surroundingwitch on
... between ... endswitch statement. The order of cases within a
switch statement is not significant.

Once the associated statement ligfibe executing, &ecution will proceed until
a break statement oendswitch is encountered, at which pointezution
will proceed to the nd statement immediately folldng endswitch

There are no runtime error conditions.

Thecase statement can only be used within the body @#/#@ch on ...
between ... endswitch statement.

Duplicate cases are not alled within a singlewitch on ... between

... endswitch statement: Eactonst_expr  must &aluate to a unique
integer constant within the body of thwitch on ... between ...

endswitch  statement surrounding it.
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The following example shws the use of the case statement. As the action associ-
ated with the tw expected cases is the same casall$ through to case 2.:
/*

* Activate the required temperature control:

*/
switchon HeatType between
case 1: /* Heating */
case 2: /* Cooling */
set “TC12101” to auto
break
default: /* Unexpected value */

print with prefix
using format
“lllegal temperature control request”
on _CONSOLE
exit
endswitch
Despite appearances, ttese statement does not functiondilan if ...
else ... endif statement:

If you have acase followed by a statement list and this statement list is not con-
cluded by abreak (or ary other statement l&continue, goto orxé that

explicitly transfers control somehere else), then the statement list feilog the

next case statement will also bexecuted. This will continue until lareak
statement oendswitch  is encountered.

The order otase statements within switch on ... between ...
endswitch  statement is purely determined by programmeveoience.
There is no measurable performance impact fgroader

“switch on ... between ... endswitch” on p&$z
“default” on page0

“break” on pageé9

“if ... else ... endif” on pagg41

As a defensie programming stragy the statement list foloing acase state-

ment should abays be terminated withl@eak statement. Thisvaids hard to

track problems, should further cases be added by some maintenance program-
mer.

If a fall-through from onease to the nat is intentional thisdct should be doc-
umented by a comment in the source;aeption to this rule are lists of cases
that all result in identical code beingeeuted (as in the abe example).
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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 Intedice Statements |
Arguments |
Parameter | I/O Type Description
user_name I string \alued | This expression specifies the (SyCOS) name of the
expression | operator to checthe authentication of. |
passverd I string \valued | This expression ealuates to a passnd with which
expression | the user_name will be authenticated.
result \ar 0] local integer | This variable contains 1, if the specifipdssword
variable hasis valid for the specifiedser_name , 0 other-
wise.
conf \ar 0] local integer | This agument contains the confirmation code once
variable thecheck auth  entication o f statementhag |

finished. The confirmation code will EX_OKif the
statement &s successfuEX_ERRORtherwise.

Table 17: Arguments of “check autlentication of” |

Description | This statement generates a call to$ly€OSauthorization service on the
authorization master PIC. If the authorization databaseddérom that PIC
contains a user nameder_name and the passovd for that user matches the
password specified, a&lue of 1 is returned in the local igex \ariable
result_var

If the named usearser_name does not st or thepassword does not math
the encrpted pasard for that user is returned in thariableresult var
implying that the user did not correctly authenticate.

Err or Conditions | The current implementation of this statement only queries one single PIC (th
master authorization ses). Should this PIC be uvailable or respond too sio
the statement willdil.

If a foreign unit ariable is specified inser_name orpassword and the unit
cannot be accessed when the statementsuged the check authentication of
statement will &il.

(1]

Restrictions | The step xecuting this statement is suspended until an answer iseddedm
the master authorization senor the authorization sewis detected to be
down). This vait can be sonwehat lengtly and depends on the load of the
authorization seef.
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| An operation \ants to determine, whether the operator at a POS is authentic fnd
therefore has mptiated to read the operators name and paskinto local vari-
ables. Thexample assumes that the operators name is stored in the string tygpe
variablexOper and that the passsd is stored ixPassword . xConfVar
andxAuthVar are assumed to be local igéz \ariables:

check authentication of xOper  with password xPassword
into xAuthVar  and confirm in xConfVar
if xConfvar = EX_OK istrue
then
print with prefix
using format "Cannot check user authentication”
on _CONSOLE
/*
* + additional failure logic
*/
else
if xAuthVar = 0istrue
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

| If the statementdils and arand confirm in clause is specified the actual
authentication state is set to ®€a if the passerd supplied wuld hare been
corret!).

|“ SyCOSSystem Authorization” manual for details on 8COSauthorization
mechanism.

| The intended use for this statement is the authentication of operators interadting
with EXTOL logic from a POS or othexternal deices connected to an MFC.

Because of the unkiam and possibly lengyhdelay caused by the remote query
to the master authorization senPIC this statement should not be used in timd
critical situations.
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5.10. check authorization of

Syntax

Category
Arguments

Description

check authorization of user_name for  function
[ onunit unit_ name ] into  result var
[ and confirm in conf var ]
Operator Intedice Statements
Parameter | I/O Type Description
user_name I string \alued | This expression specifies the (SyCOS) name of the
expression | operator to check an authorization.for
function I string \valued | This expression specifies the function an authorizg-
expression | tion is required far
unit_name I string valued | The name of the unit (i.e. object of the authorization).
expression If this optional parameter is not specified the currgnt
unit is assumed.
result_\ar 0] local integer | This variable contains 1, if the specified
variable user_name has the authorization to perform
function on the unit, O otherwise.
conf \ar o local integer | This agument contains the confirmation code once

thecheck authorization of statement has
finished. The confirmation code will EX_OKif the
statement @&s successfuEX ERRORtherwise.

variable

Err or Conditions

Restrictions

1.2

Table 18: Arguments of “check authorization of

This statement generates a call to the SyCOS authorization service on the
authorization master PIC. If the authorization databaseddérom that PIC
allows access of theser_name specified for théunction  specified on the
unit_name specified (or the current unit, if notvgh), a alue of 1 is returned
in the local intger \ariableresult_var

If authorization for the tripletuser_name , function
granted O is returned in thanableresult_var

, unit_name ) is not

The current implementation of this statement only queries one single PIC (the
master authorization sa®). Should this PIC be uvailable or respond too sio
the statement willdil.

If a foreign unitariable is specified inser_name , function  or and the unit
cannot be accessed when the statemenesuéed the check authorization of
statement will &il.

The step gecuting this statement is suspended until an answer iseddeom
the master authorization seryor the authorization sexwis detected to be
down). This wait can be sonwehat lengtly and depends on the load of the
authorization seer.
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Example An operation wants to determine, whether the operator currently logged in is
allowed to kill an operation. Thexample assumes that the operators name is
stored in the string typeaviablexOper and that the name of the operation to
kill is stored inxOperation .xConfVar andxAuthVar are assumed to be
local intgger \ariables:

check authorization of xOper for "EX_OPKILL"
into xAuthVar  and confirm in xConfVar
if xConfvar = EX_OK istrue
then
print with prefix
using format "Cannot check user authorization"
on _CONSOLE
/*
* + additional failure logic
*/
else
if xAuthVar = 0istrue
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 knm to the

authorization service on the master authorization PIC ylbathese are not
defined in the authorization datab@seUnknown will be used instead and the
authorization process will continue.

If the statementdils and arand confirm in clause is specified the actual
authorization state is set to /¢ if authorization should i@ 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 othexternal deices connected to an MFC.

Because of the unkiam and possibly lengyhdelay caused by the remote query
to the master authorization serPIC this statement should not be used in time
critical situations.

Futur e Directions
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5.11. choice

Syntax choice : choice_string [ authorized by auth_string ]
[ without tracking 11 signed ]
[ statement_list ]

Category Operator Intedice Statements
Arguments

Parameter | I/O Type Description

choice_string | | string \alued | This is the tgt that will be displayed on the operatd
expression | display

=

auth_string I string valued | This optional agument specifies the authorization
expression | 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”

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

It indicates a list of statements teeeute when the messageagi 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 namedthy string for the unit

the opdec isxecuting on. If the operator is not authorized to perform the func-
tion named byuth_string he will not be able to select the choice.

If the optionalauthorized by clause is not specified, yaoperator 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 complet@pdec, see".opdec ... endopdec” on pat68 |

If the optionalsigned clause is specified, then the operator selecting the choice
will have to enter his pas®xd to re-identify himself and to electronically sign

his choice. This will be reflected in the batch protocol by #yevkrd signed

by <userid>.

Once the associated statement ligfibe executing, &ecution will proceed until
a break statement oendopdec is encountered, at which pointezution will
proceed to the statement immediately foilog endopdec .

Err or Conditions If choice_string orauth_string are foreign unit ariables and that unit
is not available the statement wilail.

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

Restrictions A choice statement cannokist outside of a opdec ... endopdec
statement.

There can only be a maximum of 10 (tehpice ,info anddefault
choice statements in ongpdec .. endopdec statement.

The length of thehoice_string argument is limited to 80 characters.
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The following is a completexample of an opdec containingvseal 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:
/*
* Code for Option C. Only selectable by users
* authorized to use function “SupOnly”.
*/
break

default choice: “Option D”
/* Code for Option D */
break

endopdec

signed

xChoice[2,0] authorized by “SupOnly” signed

without tracking

If you hare a choice followed by a statement list and this statement list does
not conclude with &dreak statement, then the statement list foilog the nat
choice statement will also bexecuted. This will continue until lareak
statement oendopdec is encountered.

auth_string , if specified, should be a name lnoto 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 lgngtbcess.

“.opdec ... endopdec” on pad68

“info” on pagel43

“default choice” on pag82

“break” on pageé9

“switch on ... between ... endswitch” on p&$z

“timeout” on page236

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

It is good programming style to terminate all statement lists for choices with a
break statement. If adll-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
Arguments
le] Type Description
expr I integer This expression mustwaluate to a file number
valued returned by a praous successful call toreate
expression | file  oropen file
conf \ar o local integer | This agument contains the confirmation code once
variable theclose file number statement has finished
The confirmation code will bEX _OKif the state-
ment was successfuEX _ERRORtherwise.
Table 20: Arguments of “close file number”
Description close file number closes a file designated by a file number returned by a

Err or Conditions

Restrictions

Example

See Also

1.2

previous successful call toreate file or open file

Closing an unopened or a naistent file will returnEX_OK in the confirm war-
iable. This is consistent with the general passirror handling stragg imple-
mented in the EXDL ervironment.

Theclose file number statement will il, if the underlying system call of
the VxWbrks operating system on the MFC returns an error

If expr references a norxistent \ariable, EX_ERRORS returned in the con-
firm variable.

Theexpr must @aluate to an intger. Float, double or the other igt@l types
are aplicitly not allowed.

Close a preiously opened file whose file number is stored in theyamtsariable
fileno:

close file number fileno

“create file” on pag&5
“open file” on pagd 61
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close terminal
5.13. close terminal
Syntax close terminal expr
[ and confirm in conf var |
Category Deprecated Statements
Description
. This statement is no longer supported. Usgose file number instead.
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5.14. continue
Syntax continue
Category Flow Control Statements
Arguments None.
Description Thecontinue statement causegezution to skip all remaining statements in
therepeat ... endrepeat when orwhile ... repeat ...

endwhile statement containing it.
Execution then proceeds directly to the first statementiollp therepeat

keyword in therepeat ... endrepeat when statement or the test
expression in thevhile ... 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 onlyalid within a surroundingepeat ...
endrepeat when  orwhile ... repeat ... endwhile statement.

Example The folloving example uses the continue statement to skip back to the top of the
while loop when either the pressuregetror the temperature ¢gat has been
reached:

while Done =NO istrue
repeat
wait 1 second
if “PT12101":0.MEAS > PressTgt  is true
then
/-k
* 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 s true
then

/-k

* 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 pajet
“while ... repeat ... endwhile” on pagé0
“break” on page&9

Recommendations Quite often a continue statement is used to reduce the nesting déptistate-
ments within loops. The alie example is equialent to the follaving, much
deeper nested (and therefore not gg#le) code:

while Done =NO istrue
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 betweerctiidinue and thebreak state-
ment: The abee example could also be written usibgeak instead oton-
tinue ; this would not perform the test at thegirening of thewhile loop,
which does not matter in theample because the test is umoto fail.

Sometimes you can also nealdse of the follwing: Within switch  statements
nested in avhile orrepeat statementthbreak statement will break out of
theswitch becauséreak is also recognized fawitch statements,
whereas @ontinue  statement will continue with the xteround of the enclos-
ing loop.

Futur e Directions
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Syntax

Category
Arguments

Description

1.2

create file file_name
[ inmode mode]
as file number
[ and confirm in

fileno
conf var |

File Control Statements

Parameter | I/O Type Description
file_name I string This parameter specifies the name of the file to create.
valued (See “Files and File Names” on page) |
expression
mode I integer This parameter specifies the mode the file should be
valued with. If the optionain mode clause is not specified |
expression | READmode is assumed.
fileno @] local On a successful return from tbeeate file
integer statement this parameter will contain a file numbef
variable designating the created file.
conf \ar 0] local integer | This agument contains the confirmation code once
variable thecreate file statement has finished. The cgn-
firmation code will beeX_OKIif the statement as
successfulEX_ERRORtherwise.

Table 21: Arguments of “create file”

create file creates a file of thexg@n name and opens it in the indicated
mode.

The folloving modes are predefined for tti@de 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 CGSBINARYUPDATES

#define BINARYREAD 6

#define BINARYWRITE 7

#define BINARYUPDATE 8

#define TEXTREAD 9

#define TEXTWRITE 10

#define TEXTUPDATE 11

The parametdileno  must be a local inger \ariable and will contain a han-

dle to the created file. This file number wilMeao be specified in the remainder
of the EXTOL logic (e.g.read , write , close statements) whewuer the cre-
ated file is referenced.
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Once created, a fileists until it is deleted and stays opened until iiglieitly
closed with theclose file statement, or until the operatioxits or is
aborted.

When a file is created, the location pointer is positiong@asition 0 |

If the file already xisted before the call tereate file , it will be truncated
to zero length.

Err or Conditions Thecreate file statement will &il under the follaving conditions:

» Thefile_name parameter is notalid, either because it designates an
already aisting directoryor it contains characters nog#e for file names, or
is empty or contains references to directories that do xiste

» Themode parameter does notaduate to one of thiegal modes |
* More than 32 files are currently open within the operation
* The underlying VxWrks system calldils.

» The «pression used for tHée_name andmode parameter contains ref-
erences toxdernal \ariables and thexéernal \ariable 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 wmigble.
External ariables arexlicitly forbidden.

The file serer serving the file decides on the correctness of a file name. This
implies diferent restrictions for files residing onféifent file serers may gist.

Example Create a file in the directory /MYFILES/ and open itrfaw write access only: |
declare temporary variable spad of type integer

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

Note that the directoryYFILES must &ist prior to the call tareate file
Otherwise the statement wilif.

Notes As files are not implicitly closed while an operation is running the application
programmer needs t@&p track of the number of files in order woid the 32
file per operation limit and close filegmicitly when the are no longer needed.

Specifying a mode dREAD when creating a file does not really reaense: As
the file is truncated to zero length by theate file statement there will be
nothing to read in the file.

Note that the successful return frororaate file statement does not neces-
sarily imply that further operations on the file designated by the returned file
number will succeed: As EXAL files usually reside on PICs or FSs and are
accessedwer the netwrk failure of the PIC, FS or the nedvk may cause ume
pected &ilures for lgal operations on successfully obtained file numbers.

Due to the implementation of the underlying Vakks system call and the cur-
rent NFS dnrer used in VxVigrks (up to ersion 5.1.2) creating a file can succeed
even in cases where the file is absolutely inaccessible aftasw

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

See Also “close file number” on paggl
“open file” on pagd 61
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Use atreme caution when avking with files in EXTOL: Most of the time files
reside on dierent machines in the netvk. This maks EXTOL file handling
sensitie to netvork 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 oaunit v
iables and the batchlog mechanismvited by the system.

Writing/reading binary data to/from a file is inherently non-portable: In hetero-
geneous enronments (i.e. Not all PICs and MFCsvkahe same type of CPU
and the same operating system) data written to a file from one madghinet |
be readable from grother machine.
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5.16. declare temporary variable

Syntax declare temporary variable var_name oftype var_type
Category Subroutines anddPameters
Arguments
Parameter Type Description
var_name - The name of the mestep \ariable or parameter
var_type - The type of the ne step \ariable or parameter

Table 22: Arguments of “declale temporary variable”

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

Second, temporaryaviables alla you to establishariables to recee values
that are being passed to a subroutine. See tiie babroutine description for
more information.

A complete description of theaxiable type syntax and all the possikédeiable
types can be found in the chapter “Day@ds, Constants andikiables” on
pagel4.

Err or Conditions This statement is for declaration only and is n@fceitable at runtime and is
therefore not subject to runtimailfure.

When used within a subroutine, a call to the subroutine aihyffthere is not
enough memory to hold all temporamgriables declared.

Restrictions If you are using théeclare temporary variable statement to declare
one of the aguments in a subroutine'syament list, then this statement must
come before thbegin subroutine statement.

Variables can be declaredyarhere in a step or subroutinatbmust be declared
before thg are referenced for the first time.

Example See “Data ¥pes, Constants andaifables” on pagé4 for ekample declarations
of the \arious data types.

See the xample in “bgin subroutine” on pagé6 for use of this statement for
subroutine parameter declaration.

Notes In contrast to other programming languagasables 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 =xiInt

is perfectly Igal EXTOL code and will set theaviablex to 27 through the
intermediate ariablexInt
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“Data Types, Constants andilfables” on pagé4
“begin subroutine” on pageé

The example gven in the Notes section al®is considered bad coding style:
The preferred &y is to define all rel@nt step ariables somehere near the
beginning of the step source code. Aweption to this rule are stepnables
defined for use solely within inline subroutines. These areectionally
defined right before the inline subroutine that uses them.
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5.17. default

Syntax default: [ statement_list ]

Category Flow Control Statements

Arguments

Parameter Type Description
statement_list - A list of statements can be attached to adlef
statement. The statement list may be empty
Table 23: Arguments of “default”

Description Thedefault  statement indicates a list of statementsxexeate if the rpres-
sion in the head of thewitch ... endswitch statement does notauate
to ary of the constant@ressions specified in tlvase statements of the
switch.

The deéult statement can occur at/grosition within the surroundirgitch

on ... between ... endswitch statement.

Once the associated statement ligfibe executing, &ecution will proceed until
abreak statement oendswitch is encountered, at which pointesution
will proceed to the nd statement immediately folldng endswitch

Err or Conditions There are no runtime error conditions.

Restrictions Thedefault  statement can only be used within the body @#f&ch on
... between ... endswitch statement.

Only onedefault  statement is all@ed perswitch on ... between
... endswitch statement.
Examples In the follaving example thedefault  statement is used to catch wpected
values:
/-k
* Activate the required temperature control:
*/
switchon HeatType between
case 1: /[*Heating*/
case 2: [*Cooling */
set “TC12101" to auto
break
default: /* Unexpected value */
print with prefix
using format
“lllegal temperature control request”
on _CONSOLE
exit
endswitch
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Notes Despite appearances, tiefault  statement does not functiondiltheelse
part in anf ... else ... endif statement:

When &ecution reaches the end of the statement listviiig thedefault
statement, theery net statement will bexecuted. If this is aendswitch  or
break statement, therxecution will proceed to the restatement follaing
theendswitch statement. Hwever, if the next statement is ease statement,
the statement list follsing thatcase statement will bexecuted.

In other vords, eecution of the statement list folling adefault  statement
will proceed until ebreak orendswitch statement (or some statement
designed to skip to a @éfrent part of the step entirely such agpéo or con-
tinue ) is encountered.

See Also “switch on ... between ... endswitch” on p&ja
“case” on pagé3
“break” on page&9

Recommendations As a defensie programming straty the statement list foleing thedefault
statement shouldwahys be terminated withlmeak statement. Thisvaids
hard to track problems should cases be added aftdefhglt  statement by
some maintenance programmer

If a fall-through to acase statement follwing thedefault  statement is inten-
tional, this fict should be commented in the source.

Every switch on ... between ... endswitch statement should
contain adefault  statement to catchvalid 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 maintenancei@mce
and does not lva ary impact on performance.
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5.18. default choice

Syntax default choice : choice_string
[ authorized by auth_string 11 without tracking ]
[ signed ]
[ statement_list ]
Category Operator Intedice Statements
Arguments
Parameter | I/O Type Description
choice_string | 1 string \alued | This is the tgt that will be displayed on the operatqr

expression | display

auth_string I string valued | This optional agument specifies the authorization
expression | 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”

Description default choice resides within the body of thapdec ... endopdec
statement.

It indicates a list of statements tweeute when no message has been selected by
the operator or the messageagi as parametehoice_string has been

selected by the operatdk 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 dadilt choice.

If the optionalauthorized by clause is specified the operator answering the
opdec must be able to access the function namedthy string for the unit

the opdec isxecuting on. If the operator is not authorized to perform the func-
tion named byuth_string the deéult choice will not be selectable and
therefore the delult choice will behee like an ordinary choice.

If the optionalauthorized by clause is not specified, yaoperator 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 complet@pdec , see “.opdec ... endopdec” on pags.

If the optionalsigned clause is specified, then the operator selecting the choice
will have to enter his pas®xd to re-identify himself and to electronically sign
his choice. This will be reflected in the batch protocol by #yevkrd signed

by <userid>.

Once the associated statement ligfibe executing, &ecution will proceed until
a break statement oendopdec is encountered, at which pointezution will
proceed to the statement immediately foilog endopdec .

Err or Conditions If choice_string orauth_string are foreign unit ariables and that unit
is not available the statement wilail.

If the authorization service on the authorization master PIC cannot be contacted

the statement willdil.
Restrictions A default choice statement cannokist outside of a opdec ...
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endopdec statement.
There can only be a maximum of 10 (tehpice ,info anddefault

choice statements in ongpdec ... endopdec statement.

There can only be orgefault choice in ary opdec ... endopdec
statement.

The length of thehoice_string argument is limited to 80 characters.
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Examples The following is a completexample of an opdec containinglafault
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 hare a default choice followed by a statement list and this state-
ment list does not conclude wittheeak statement, then the statement list fol-
lowing the ne&t choice statement (if ay) will also be &ecuted. This will
continue until reak statement oendopdec is encountered.

auth_string , if specified, should be a name lnoto 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 lgngtbcess.

See Also “.opdec ... endopdec” on pad68
“info” on pagel43
“choice” on page’9
“break” on pageé9
“switch on ... between ... endswitch” on p&$z
“timeout” on page236

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

By corvention the dedult choice statement is either specified as the first or as the
last choice within an opdec.
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Syntax

Category
Arguments

delete code

on typer_list
[ and confirm in

string

conf var |

Operator Intedice Statements

Parameter

110

Type

Description

string

string
valued
expression

This parameter specifies a list of codes designatin
the EXTOL messages that should be deletext.f&r-
ther information see the description belo

«

typer_list

This parameter is a comma separated list of alarn

destination names (typers, consoles, files, BHF) as
defined in the system configuration file.

conf \ar 0] local integer

variable

This agument contains the confirmation code onc
thedelete code statement has finished. The cqgn-
firmation code will beeX_OK:if the statement &s
successfulEX ERRORtherwise.

1%

Table 25: Arguments of “delete code”

Description Thedelete code  statement sends an EXL alarm deletion message to all

destinations specified typer_list

EXTOL messages to delete are selected through an appropiizeeot the
string  parameterThestring parameter consists of a comma separated list
of key=value pairs, where the follwing keys and alues are defined:

* n=message_number
The delete message will onlyf@dt messages with thevgn message
number (assigned by tipeint  statement). A message number of O (zero)
designates all messages, which is also thaudtdf string  does not con-
tain this ley.

e 0 = operation_name
The delete message will onlyfedt messages of the specified operation. If
the key does not occur ietring  the current operation is implied. The spe-
cial value * designates all operations.

* U =unit_name
The delete message will onlyfedt messages of the specified unit. If the k
does not occur igtring  the current unit is implied. The specialwe *
designates all units.

* a= attrilute
This key affects the deletion betmur of the designated message: if a=0 is
specified the deletion is immediate (hard deletion); specifying a=2 wi# lea
the alarm message on the alarm summary display until it is aaged by
the operator (soft deletion). The colour of the alarm message deleted with
a=2 is changed to blue. The detf if this ley is not specified is a=2 (soft
deletion).
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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 untilythee ackneledged (soft
deletion).

Within thestring  parameter spaces may be used to separate tienif
parts. The order dfey=value pairs is arbitrary

» If the expression used for thedring parameter contains references to
external \ariables and thexéernal \ariable cannot be accessed diedete
code statement willdil and the standard error handling procedure will be
executed, unless the optioraid confirm in clause was specified.

« Ifthestring parameter is notalid (e.g.: ivalid key (not a, n, o, u), miss-
ing = sign, missing comma separaiavalid or missing alues, ivalid unit
specified, alid unit specified bt is currently not accessible, ...) thelete
code statement willdil and the standard error handling procedure will be
executed, unless the optioraid confirm in clause wvas specified.

» If the resulting deletion message cannot be sent at alelleée code
statement will &il and the standard error handling procedure willXee e
cuted, unless the optiorahd confirm in clause vas specified.

This statement can only be used to delete messages originating fraoupre
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 specifyingaidimessage
number) will not result in an errofhis is in accordance with the pagserror
handling stratgy implemented in EXDL.

The example code uses tipeint  statement to print an informational message,
waits some time for a condition to be reached and thenvestibe displayed
message from the alarm summary:

print with prefix TTO01:0.MEAS
using format
“Internal temperature %.1f degC low. Waiting.”
on _CONSOLE, BHF
with code  “n=8"

/-k
* Wait until temperature OK, then delete message from
* the alarm summary. No acknowledgement of the msg
* is required - it is removed immediately.

*/
while TTO01:0.MEAS < LOW_TEMPIs true
repeat
wait 2 seconds
endwhile

delete code  “n=8,a=0" on CONSOLE
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The folloving 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

Thedelete code  statement only ma&s sense for messages displayed on an
alarm summary displaylthough arbitrary alarm destination names are
accepted the statement will not reraanessages from the BHBg files or
hardcopy printers.

The list of alarm destination names is not clegcik ary way. If invalid or
mistyped alarm destination names aregithg are silently discarded.

The operation name is not checdkso that operation type messages caayas
be deleted.

“print” on pagel98
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5.20. delete file
Syntax delete file file_name [ and confirm in conf_var ]
Category File Control Statements
Arguments
Parameter | I/O Type Description
file_name I string This parameter specifies the name of the file to dejete.
valued
expression
conf_ \ar o local integer | This agument contains the confirmation code once
variable thedelete file statement has finished. The cqn-
firmation code will beeX_OKIif the statement &s
successfulEX _ERRORtherwise.
Table 26: Arguments of “delete file”
Description Thedelete file statement deletes the file specified as theraent
file_name

Err or Conditions

Example

Restrictions

Notes

1.2

If thefile_name specified does nokist, does not adhere to the file name syn-
tax required by the file seey names an inaccessible file, or is the empty string
delete file will complete successfullylhis is in accordance with the pas-
sive error handling strag implemented in EXOL.

» Ifthe expression used for tHde_name  parameter contains references to
external \ariables and thexéernal \ariable cannot be accessed diedete
file  statement will &il and the standard error handling procedure will be
executed, unless the optioraid confirm in clause was specified.

» If the file does xist and is visible to the operationttcannot be deleted due
to lack of privileges on the file seev thedelete file statement will &il
and the standard error handling procedure wilbxezeted, unless the
optionaland confirm in clause vas specified.

» Only rggular files can be deleted and tieete file statement will &il
if thefile_name amgument does not designate gukar file. The standard
error handling procedure will beecuted in this case, unless the optional

and confirm in clause vas specified.
Delete the file 'SCRRCH.PAD' in the directory /IMYFILES:
delete file "IMYFILES/SCRATCH.PAD"

EXTOL support of the file protection scheme of the file seiw limited. If you

try to delete a file that doesist but is not accessible from your application (e.g.
because the file resides on a UNIX file seim 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 tdst (and the file may actually

be visible from the PICs, FSs and other MFCs).

The result of deleting a file that is still opened by the sameyastaer operation

in the system is undefined. The file will be deleted (i.eddtete file

statement will succeedlubthe file contents may still be (or may not be) accessi-
ble to the original users of the file.
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“create file” on pag&5
“rename file” on pag@12
“read” on page08
“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
Arguments
Parameter | I/O Type Description
unit_name I string This parameter specifies the name of the unit to
valued detach from.
expression
conf \ar o local integer | This agument contains the confirmation code once
variable thedetach from statement has finished. The cqn-
firmation code will beeX_OKIif the statement &s
successfulEX _ERRORtherwise.

Table 27: Arguments of “detach fom”

Description The statement detaches the calling operation from the unit designated by the
amgumentunit_name . If unit_name is the empty string then the current unit
is implied.

If the calling operation @s successfully attachedunit_name the unit will,
upon successful completion of thetach from  statement, ajn be &ailable
for future successfulkecutions ofattach to statements from groperation
in the system.

Likeattachto , detach from causes the step to pause until the request
is completed.

Detaching the calling operation from a unit @sweer attached to is successful.
This is in compliance with the pagsiEXTOL error handling stragg.

Err or Conditions » Ifthe expression used for thenit name parameter contains references to
external \ariables and thexéernal \ariable cannot be accessed detach
from statement will &il and the standard error handling procedure will be
executed, unless the optioreaid confirm in clause vas specified.

» This statement willdil if the unit designated bynit_name is invalid, not
loaded, or if communications errors occurred while attempting the detach.
The standard error handling procedure will kectited, unless the optional

and confirm in clause was specified.
Example The following code sequence is used to detach fromdqursly attached unit:
detach from  “R101” and confirm in xOK
if XOK I=EX OK s true
then
print with prefix
using format “Could not detach from unit R101”
on _CONSOLE
endif
See Also “attach to unit” on pagé0
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5.22. detach from watchdog

Syntax detach from watchdog
[ and confirm in conf var ]
Category Watchdog Intedice Statements
Arguments
Parameter | I/O Type Description
conf \ar 0] local integer | This agument contains the confirmation code once
variable thedetach from watchdog statement has fin-
ished. The confirmation code will IiEeX_OKif the
statement &s successfuEX_ERRORtherwise.

Table 28: Arguments of “detach fom watchdog”

Description Thedetach from watchdog statement deggsters the current operation
from the vatchdog: The atchdog will no longenaait further eecution of
strobe watchdog statements and therefore the correct and timedggion
of the operation is no longer supervised.

If the operation s not attached to theatehdog the statement will succeed.
This is accordance with the passerror handling stragg implemented in

EXTOL.

Err or Conditions If communication with the atchdog is not possible (this should/@ehappen),
thedetach from watchdog statementdils and the standard error handling
procedure will bexecuted, unless the optioraid confirm in clause was
specified.

Example The example code uses tlagtach to watchdog statement to gster the
current operation to the systenatahdog while a critical section is running.
Once the critical section is done ttetach from watchdog statement is
used to stop the atchdogs monitoring action:

/-k

* 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
/-k
* The operation is now non-critical
*/
detach from watchdog
Notes In prior versions, theletach from watchdog statement did not ka an
and confirm in clause.
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“attach to vatchdog with timeout” on padgg
“detach operation from atchdog” on pag&03
“strobe watchdog” on pag231

Use the detach operation fronatwhdog 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 Intedice Statements
Arguments
Parameter | I/O Type Description
oper_name I string This parameter specifies the name of the operation
valued which should be detached from thatehdog.
expression
conf_ \ar o local integer | This agument contains the confirmation code once
variable thedetach operation statement has finished.
The confirmation code will bEX_OKif the state-
ment was successfuEX _ERRORtherwise.

Table 29: Arguments of “detach operation”

Description detach operation dergyisters the operation specified dgyer_name
from the vatchdog.

If the oper_name parameter is the empty string, the current operation is
implied.

If the operation s not attached to theatehdog the statement will succeed.
This is accordance with the passerror handling stragg implemented in
EXTOL.

Err or Conditions If the expression used for theper_name parameter contains references to
external \ariables and thexéernal \ariable cannot be accessed die¢ach
operation  statement will &il and the standard error handling procedure will

be xecuted, unless the optioraatd confirm in clause was specified.
Restrictions There currently is no &y to specify the unit of the operation that should be
detached. The current unit isvalys implied.
Example We are about to kill an operation that is Wmato be under atchdog supervision

at least in some of its sections. If wewld just kill the operation theatchdog
would drop because the killed operation will no longer strobe #tehdog. ©
avoid this scenario we first turnfafatchdog supervision of the operation we are
about to kill and only afterards we kill the operation:

detach operation "fillbin" from watchdog
kill operation "fillbin"

Notes The statemerndetach fromwatchdog is functionally identical tdetach
operation"" fromwatchdog anddetach operation _op from
watchdog
In prior versions priorthedetach operation statement did not ka an
and confirm in clause.

See Also “attach to vatchdog with timeout” on padi
“strobe watchdog” on pag231

Recommendations Use the detach operation statement to detach operations frorattifelog

before killing them (lile in the @ample abuwe).
Use this statement instead of the detach fratthdog statement.
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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 neer 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 Intedice Statements
Arguments None.
Description Thedisable watchdog statement will drop the aichdog i.e. the digital

output normally pulsed by theatchdog will stop pulsing.

It is a programmatic intete from EXDL that has the samefeft as a SyCOS
system dilure.

Disabling the vatchdog when the atchdog is already disabled is ated. This
is consistent with the passierror handling stragly implemented in EXDL.

The watchdog can be reenabled usinge¢hable watchdog  statement.

Example When an emgeng condition has been detected use the fahg statement to
drop the vatchdog:

disable watchdog

Notes The efects of theenable watchdog  and thedisable watchdog state-
ments are nob@ctly symmetric: Usually additional manual intemtion is
required after the atchdog has dropped so just enabling it is ndicserht.

See Also “enable vatchdog” on pag&08
“fetch status of \atchdog” on pagé&20
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5.26. drive
Syntax drive elt_spec to state
[ and confirm in conf var |
Category Process Control Statements
Arguments
Parameter | I/O Type Description
elt_spec I string This parameter specifies the name of the databasp
valued device which should be drén.
expression
state I - This parameter specifies the state to which the data-
base deice should be dven. See the description
below for a listing of possiblealues for the parame-
ter.
conf \ar 0] local integer | This agument contains the confirmation code once
variable thedrive  statement has finished. The confirmatipn
code will beEX_OKif the statement as successful,
EX_ERRORtherwise.
Table 30: Arguments of “drive”
Description The drive statement is used to change the state ofiaedblock. It talkes care of

1.2

the additional logic required internally in avitee block when a state change is
affected.

The following table shws the \alid state s a deice can be dven to:

state

Description

state expression

Drives the deice block to the stategn by the intger \alued
expression . The\alid states (a number from 1 to 8) are
defined in the dece block. \éry frequently thexpression con-
tains a call to the predefinsthte function that performs the
translation of state names (string type) to state numbergénsde

for a given deice, e.gstate state( "R99M40" ,
"open" )

open Drives the deice block to state 2. State 2 is gentionally but
not alvays, the open state. Egalent tostate 2

closed Drives the deice block to state 1. State 1 is gentionally but

not alvays, the closed state. Egalient tostate 1

Table 31: Possible alues br state

Further &ecution of statements is suspended until the access to the process data-

base has been completed.
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» If the device does not support theawted state the ae statement willdil.

» If the state gpression in its first form references foreign umitiables that
are currently unailable the statement wilafl

» If the MFC holding the EL specified cannot be reached or if thél Epeci-
fied is irvalid or not knavn in the system the statement wallf

Drive the deice blockFV2056 to state 1 and confirm the success of the action
in the local intger \ariabledeverr

drive "FV2056" to state 1 and confirmin deverr
drive "FV2056" to closed and confirmin deverr

The following statement is equalent to the abe statements if state 1 of
FV2056 is the state with the name “closed”:

drive "FV2056" to state state(" FV2056", "closed" )
and confirm in deverr

Depending on the definition of the states 1 and 2 fovengieice in the data-
base dning a deice toclosed may actuallyopena deice (if the open state is
state number 1) and ding the same déce toopen may actuallyclose the
device (if the closed state is defined as state number 2). dfdsopen and
closed should be perceed as abbreations ofstate 2  andstate 1
respectiely.

If clarity is an issue in your coding use the first form of the stgienaent only
and define OPEN and CLOSED (capital letters!) as unit or step string substitu-
tions if required.
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5.27. enable watchdog

Syntax enable watchdog

Category Watchdog Intedice Statements

Arguments None.

Description Theenable watchdog  statement will enable theatchdog, i.e. the digital

output driven by the vatchdog will start pulsing.

Note that this statement is independent gf amt operation or step as there is
only one vatchdog per MFC.

Err or Conditions The enable watchdog statement is not subject to runtimeeptions, bt
see the restriction belo

Restrictions Theenable watchdog  statement will not necessarily succeed in enabling
the watchdog: If a SyCOS systemiliire has occurred the EXJL ervironment
will not be able to actate the vatchdog. This condition cannot be captured by
EXTOL logic alone (In practice the hardve watchdog output is usuallyaila-
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 enablatghdog statement to
shawv that we are ready to go:

enable watchdog

Notes This statement is usuallxecuted only once per MFC.:dtfunction is to enable
the watchdog relay for this MFC. It is typicallxecuted in a start-up application
program.

See Also “disable watchdog” on pag&05

“fetch status of \atchdog” on pagé20
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5.28. exit

Syntax exit

Category Flow Control Statements

Arguments None.

Description Theexit statement causes the step containing it to stepugion.

Every step has an impliegkit statement; i.e. the step will act as though an
exit statement had been encountered wheralls*bf the end” after the last
statement in the step source fikeeutes.

If an eit (implied or &plicit) 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 wiil e

If an eit (implied or eplicit) is encountered in a hold step, then the hold step
stops &ecuting. This leges the operation in the hold state. Only an operator
action (restarting the operation on a console)resgart  orrun from

another EXDL operation can force the operation to/ke¢ghe hold state.

If an explicit exit is called from a subroutine thefedt is the same as if thaie
had been called directly in the same step as the caller of the subroutine.

Examples If the EXTOL step has multiplexds, this could be coded in the faling man-
ner:

if Finished is true
exit
endif

Another éample is the use @it to prevent the flov 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 bekas diferently in earlier @rsions: Thexit statement

in a hold step passes control to the main step of tktepaé in the operation (if
ary), or &its the operation if there is noxtanain step.

See Also “exit operation” on pagé10
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exit operation
5.29. exit operation
Syntax exit operation
Category Flow Control Statements
Arguments None.
Description Theexit operation statement causes the step containing it to stepue

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 impliexit operation statement; i.e. the opera-
tion will act as though a step containingexit 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 somiat like the follaving could be used:

if Finished istrue
exit operation
endif

Notes
See Also “exit” on pagel09
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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
Arguments
Parameter | I/O Type Description
elt_name I string This parameter specifies the name of the databasp
valued loop (name of elt).
expression
int_var o local On a successful return from tfegch status
integer of elt statement this parameter will contain the
variable prototype  (or block)number of the elt (i.e. of the
main block of the loop) otherwise -1.
conf \ar 0] local integer | This agument contains the confirmation code once
variable thefetch status of elt statement has fin-
ished. The confirmation code will BeX_OKif the
statement &s successfuEX_ERRORtherwise.
Table 32: Arguments of “fetch status of elt”
Description This statement fetches the status of the elt designatelt Imame .
The status of the elt is returnediim_var
If the named eltxasts and the MFC where it resides can be reattiedar is
set toEX_OK
The following list uses the #define symbols, whose definition can be found in the
SyCOS include fildieldnames.lin $COSPOT/include Please check, that the
values you use match the definition in this file.
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: Pototype Number returned
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value Meaning
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

Table 33: Pototype Number returned

If the named elt does natist or is located on another MFC that is currently not
availableint_var issettol and the standard error handling procedure will
be eecuted. If the optionand confirm in clause vas specifieéht_var

will contain -1 in this case.

The following code checks for theistence of an elt named “T101”:
"T101"
This ekample assumes, thstiate
integer.

In prior versions, thdetch status of elt statement does notvean
and confirm in clause and the status returnedéhinvar is either
EX_OK if the ELT is valid or EX_ERROR otherwise.

“fetch status of operation” on padgé3
“fetch status of recipe” on padd.6
“fetch status of unit” on pagkl8

fetch status of elt into state

is a preiously declared ariable of type
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5.31. fetch status of operation

Syntax

Category

Arguments

Description

1.2

fetch status of operation
[ onunit unit_name ]
into int_var
[ and confirm in

op_name

conf_var ]
Operation and Unit Control Statements

Parameter | I/O Type Description
op_name I string This parameter specifies the name of the 6KT
valued operation whose status has to be fetched.
expression
unit_name I string This optional parameter specifies the name of the unit
valued this operation belongs to.uhit_name is omitted,
expression | the unit the operation currently running on is
assumed.
int_var 0] local On a successful return from tfetch status
integer of operation statement this parameter will con-
variable tain the status afp_name, otherwise 0.
conf \ar 0] local integer | This agument contains the confirmation code once
variable thefetch status of operation statement
has finished. The confirmation code willBX OKif
the statement as successfuEX_ERRORtherwise.

Table 34: Arguments of “fetch status of operation”

This statement fetches the status of the operation designated hgme.

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 returnethinvar . The \alue returned is either

0 or the bitwise orBOR of one or more status bits. The symbolic names of the
status bits and their meaning arewhan the follaving table. (These symbolic
names are defined in the global string substitution file.) Bit combinations are
given for the most common operation states.

Bit values Meaning

0 The status of the operation is could not be determined
because the operation does naseor is not loaded.

OPS_REALY This bit is set when an operation is loaded and ready to fun
(and remains set when running, sleeping, and in hold).

OPS_RIN These bits are set when an operation is curreréguging a

OPS_REALY main step (if OPS_HOLD is not set as well).

OPS_ERB®R These bits are set when an operation kasdwith an errar

OPS_REALY

Table 35: Bit Values ofint_var
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Bit values Meaning
OPS_HOLD These bits are set when an operation is curreréglging a
OPS_RIN hold step.
OPS_REALY
OPS_SLEEP These bits are set when an operation liasiged asleep
OPS_RIN statement and isaiting for an &ternalwakeup opera-
OPS_REALY 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 _DERJG This bit is set for when an operation is undenudgjer con-

trol.
OPS_BREAK This bit is set when an operation has encountered a break-

point set by the delgger

Table 35: Bit Values ofint_var

If the unit specified bynit_name does notxst in the process database (not
to be confused with the EXJL unit not loaded) or is located on another MFC
and that MFC cannot be reached due to agtyroblems or other reasons the
fetch status of operation statement will &il and the standard error
handling procedure will bexecuted. If the optionand confirm in clause
was specifiedht_var  will contain O in this case.

The folloving EXTOL code checks the status of the operation OPERXXX on
the unit UNITO1:

fetch status of operation
into  xInteger
if xInteger I= 0 is true
then
if xInteger
then
print with prefix
using format
“Operation OPERXXX is ready to be run”
on CONSOLE

"OPERXXX" onunit "UNITO1"

= OPS_READY is true

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”
endif

on CONSOLE
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Notes In prior versions, thdetch status of operation statement did not
have anand confirm in clause.
See Also “fetch status of elt” on pagkll

“fetch status of recipe” on pad4.6
“fetch status of unit” on pagkl8

Recommendations Always use the symboli@lues for the status bits; the code is then easier to read
and is protected agnst any future changes of thealues.
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5.32. fetch status of ecipe

Syntax

Category

Arguments

Description

fetch status of recipe rec_name
[ onunit unit_name ]
into int_var
[ and confirm in conf_var ]

Operation and Unit Control Statements

Parameter | I/O Type Description
rec_name I string This parameter specifies the name of the BKTec-
valued ipe whose status has to be fetched.
expression
unit_name I string This optional parameter specifies the name of the unit
valued this recipe belongs to. llnit_name is omitted, the
expression | current unit is assumed.
int_var 0] local On a successful return from tfetch status
integer of recipe statement this parameter will contair
variable the status ofec_name , otherwise 0.
conf \ar 0] local integer | This agument contains the confirmation code once
variable thefetch status of recipe statement has
finished. The confirmation code will EX_OKif the
statement &s successfuEX_ERRORtherwise.

Table 36: Arguments of “fetch status of ecipe”

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 returneéhin var . The \alue returned is either O or
the bitwise or BOR of one or more status bits. The symbolic names of the status
bits and their meaning are stioin the follawing table. (These symbolic names
are defined in the global string substitution file.)

Bit values Meaning
0 The status of the recipe could not be determined becausg the
named recipe does notigt or is not currently loaded.
REC_READ/ This bit is set when the recipe is loaded.

Err or Conditions

1.2

Table 37: Bit Values ofint_var

If the unit specified bynit_ name does notxst in the process database (not
to be confused with the EXJL unit not loaded) or is located on another MFC
and that MFC cannot be reached due to agtywroblems or other reasons the
fetch status of recipe statement will &il and the standard error han-
dling procedure will bexecuted. If the optionalnd confirm in clause vas
specifiednt_var  will contain 0 in this case.
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The followving EXTOL code checks the status of the recipe REC001 on the unit
UNITO1:

fetch status of recipe "REC001" onunit "UNITO1"
into xInteger
if xInteger!=0 is true
then
print with prefix
using format
“Unit UNITO1 recipe RECO001 is loaded”
on _CONSOLE
else
print with prefix
using format
“Unit UNITO1 recipe RECO001 is not loaded”
on _CONSOLE
endif

In prior versions, théetch status of recipe statement did not kva an
and confirm in clause.

“fetch status of elt” on pagkll
“fetch status of operation” on padé3
“fetch status of unit” on pagkl8

Always use the symboli@lues for the status bits; the code is then easier to read
and is protected ainst an future changes of thealues.
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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
Arguments
Parameter | I/O Type Description
unit_name I string This parameter specifies the name of the unit whagse
valued status has to be fetched.
expression
int_var o local On a successful return from tfegch status
integer of unit statement this parameter will contain the
variable status olunit_name (see abee), otherwise 0.
conf \ar 0] local integer | This agument contains the confirmation code once
variable thefetch status of unit statement has fin-
ished. The confirmation code will BeX_OKif the
statement @&s successfuEX ERRORtherwise.
Table 38: Arguments of “fetch status of unit”
Description This statement fetches the status of the indicated unit.

The status of the unit is returnediit_var . The \alue returned is either O or

the bitwise or BOR of one or more status bits. The symbolic names of the status
bits and their meaning are stioin the follawing table. (These symbolic names
are defined in the global string substitution file.)

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.

Err or Conditions

1.2

Table 39: Bit Values ofint_var

If the unit specified bynit_ name does notxst in the process database (not
to be confused with the EXJL unit not loaded) or is located on another MFC
and that MFC cannot be reached due to agtywroblems or other reasons the
fetch status of unit statement will &il and the standard error handling
procedure will bexecuted. If the optionand confirm in clause vas spec-
ified int_var  will contain O in this case.
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The folloving EXTOL code checks the status of the unit UNITO1:

fetch status of unit "UNITO1" into xInteger
if xInteger!=0 is true
then

print with prefix
using format “Unit UNITOL is loaded”

on _CONSOLE

else
print with prefix

using format “Unit UNITO1 not loaded”

on _CONSOLE
endif
In prior versions, théetch status of unit statement did not ka an
and confirm in clause.

“fetch status of elt” on pagkll
“fetch status of operation” on padé3
“fetch status of recipe” on padd 6

Always use the symboli@lues for the status bits; the code is then easier to read
and is protected ainst an future changes of thealues.
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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 Intedice Statements
Arguments
Parameter | I/O Type Description
int_var 0] local On a successful return from tfedch status
integer of watchdog statement this parameter will con
variable tain the status of theatchdog.
conf \ar o local integer | This agument contains the confirmation code once
variable thefetch status of watchdog statement
has finished. The confirmation code willBX_OKif
the statement as successfuEX_ERRORtherwise.

Table 40: Arguments of “fetch status of watchdog”

Description This statement fetches the status of the loedtidog.
The status of the aichdog is returned imt_var

The \alue returned itnt_var  on successful completion of thetch sta-
tus of watchdog statement is 1, if and only if theatchdog output of the
MFC is pulsing, otherwise 0.

Err or Conditions There are no error conditions.

Example The folloving EXTOL code checks the status of the locatetndog:
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 pagkll

“fetch status of operation” on padé3
“fetch status of recipe” on padd 6
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5.35. format
Syntax format [ expr_list ] using format_string
into  target
[ and confirm in conf_var ]
Category Unit Variable Access
Arguments
Parameter I/O Type Description
expr_list I *a Comma separated list ofgressions whosealues should
be formatted.
format_string | | string The format that is used to ogert the alues of
constant | expr_list into thetarget  variable.
tamget @] local The formatted result. It must bedarenough to hold the
string entire result of the ceersion, including a terminating
variable | NUL byte.
conf \ar O local This agument contains the confirmation code once thx
integer format statement has finished. The confirmation code
variable | will be EX_OKif the format vas successfuEX ERROR
otherwise
Table 41: Arguments of “format”
a. The types ary according to the cwarsion specifications iformat_string
Description This statement copies the string consfannat_string to the string &ria-

Ordinary characters

Escape sequence

Corversion specification

Flags

space

1.2

bletarget . The agumentformat_string contains ordinary characters,
and escape sequences which are written unchanged, aredsion specifica-
tions which cause thealues fromexpr_list to be cowerted and included as
part of the ariabletarget

Ordinary characters do notdie with % or \ and are written unchanged to the
target, (if the characters % or \ are required they thest be doubled to %%
and \\ respectely).

Escape sequencesgiewith \, and are not commonly used in BEXT, e.g. \n
for newline, or \On for the octal code @@ning with 0) for a special character

Conversion specifications g with %. Each specification ceerts one pres-
sion fromexpr_list . A specification has the forBdfmpc, wheref is an
optional flagmis the optional minimum field widtlp, is the optional precision
(prefixed by a period (.)), antd is the mandatory ceerrsion character

One or more flags (in grorder) modify the meaning of the a@msion specifica-
tion. The flag characters and their meanings are:

The result of the carersion will be left justified within the field. It will be right
justified if this flag is not specified.

The result of a signed ceersion will alvays bgin with a plus or minus sign. It
will begin with a sign only when a gative value is comerted if this flag is not
specified.

If the first character of a signed e@nsion is not a sign, or if a signed gersion
results in no characters, a space will be peefito the result. If thgpace and+
flag both appeathe space flag will be ignored.
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0 Ford,o,u,x, e f, andgcorversions, leading zeros (folling ary indication of
sign or base) are used to pad the field width; no space padding is performed. If
the0 and- flags both appeathe0 flag will be ignored. &r d, o, u, andx cornver-
sions, if a precision is specified, théag will be ignored. Br other cowersions,
the behaiour is undefined.

#  The resultis to be corrted to an “alternate form”. For o corversion it
increases the precision to force the first digit of the result to be a perocén-
version a non zero result will a“0x” prefixed to it. for e, f, andg conversions,
the result will alvays contain a decimal-point charactsen if no digits follav
it. (Normally, a decimal-point character appears in the result of thesersams
only if digits follow it.) For g corversion, trailing zeros will not be rewed from
the result. Br other comersions, the bel@ur is undefined.

Minimum field width  An optional minimum field width. If the ceprted \alue has feer characters
than the field width, it will be padded with spaces (byadkf on the left (or
right, if the left adjustment flag, described abohas been gén). The field
width takes the form of either an asterisk (*) or by an optional decimajentia
no case does a nomistent or small field width cause truncation of a field. If the
result of a coversion is wider than the field width, the field xpanded to con-
tain the cowmersion result.

* The field width can be dynamically specified by using the asténisk place of
the constantalue and by pndding the \alue from an intgral expression in
expr_list . This pression must appear before tlipression to be con-
verted. A ngative field width \alue is handled the same asflag folloved by a
positive field width.

Precision  An optional precision that gés the minimum number of digits to appear for the
d, o, u, andx corversions, the number of digits to appear after the decimal-point
character for the andf conversions, the maximum number of significant digits
for theg corversion, or the maximum number of characters to be written from a
string in thes corversion. The precision tek the form of a period)(followed
either by an asterisk) or by an optional decimal irger; if only the period is
specified, the precision is &k as zero. If a precision appears witi ather
conversion specifiethe behaiour is undefined.

* The precision can be dynamically specified by using the asterisk (*) in place of
the constantalue and by pnading the \alue from an intgral expression in
expr_list . This pression must appear after the minimum field width
expression (if ap), and before thexpression to be comrted (if ay). A nega-
tive precision &lue is ignored.

Corversion character A character that specifies the type of\ension to be applied. The characters
are:

d The intgral type agument is coverted to signed decimal in the style [-]dddd.
The precision specifies the minimum number of digits to appear; ibtbe v
being corerted can be represented iwée digits, it will be &panded with lead-
ing zeros. The dalilt precision is 1. The result of aamnting a zero &lue with a
precision of zero is no characters.

0, U, X, X The intgral type agument is coverted to unsigned octad); unsigned decimal
(u) or unsigned headecimal notationx) in the style dddd; the letters abcdef are
used forx corversion (or in capitals X is used). The precision specifies the
minimum number of digits to appear; if thelwe being coverted can be repre-
sented with fever digits, it will be &panded with leading zeros. The alglf pre-
cision is 1. The result of cuarting a zero alue with a precision of zero is no
characters.

f  The floating point type gument is coverted 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 isrtas 6; if the
precision is zero and th&flag is not specified, no decimal-point character
appears. If a decimal point character appears, at least one digit appears before it.
The \alue is rounded to the appropriate number of digits.

e, E  The floating point type gument is coverted in the style [-]d.dddeld, 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 ¢éakas 6; if the precision is zero and
the# flag is not specified, no decimal point character appears.alhe i¢
rounded to the appropriate number of digits. Txgoeent alvays contains at
least tvo digits. If the walue is zero, thexponent is zero. (Capital E if tlieform
is used).

0, G The floating point type gument is coverted in styld or e, with the precision
specifying the number of significant digits. If the precision is zero it entak
1. The style used depends on th&ue conerted; styles will be used only if the
exponent resulting from such a a@msion is less than -4 or greater than or equal
to the precision. failing zeros are renved from the fractional portion of the
result; a decimal-point character appears only if it is faid by a digit. (Capital
E if theG form is used).

¢ The intgral type agument is coverted to a character and the resulting character
is put into thearget  variable. The corersion uses the least significant 8 bits
of the agument only

s  The agument must be of typgring  orarray of bytes orarray of
flags . Characters from the string or array are written to tlgetastring up to
(but not including) a terminating NUL byte; if the precision is specified, no more
than that may characters are written. If the precision is not specified or is
greater than the size of the arrthe array must contain a NUL byte to terminate
the coypy.

If a corversion specification is valid, the behaour is undefined.

Err or Conditions The following errors are caught and handled by the BKTuntime system and
result in the standard error handling procedure:

« The taget \ariable is not aalid string \ariable.
» The taget luffer is too small for the formatted data.

» The list of \ariables to be formatted contains foreign uaitable or process
variable which cannot be accessed.

If the and confirm in clause is specified, the errors described/alvdll
result inconf_var being set t&EX ERROR

. In prior v ersions, the failure to get a éreign unit or process ariable
resulted in the standard eror procedure, regardless of the pesence of an
and confirm in clause.

If the runtime stack allocated to a step is nagdagnough to hold all thexgres-
sions of thdormat statement the step will be suspended. Note that this condi-
tion is not caught by the EXAL runtime system, so thend confirm in

clause is not &ctive under these circumstances.

It is a compile time error to g fever aguments in thexpr_list than are
required by théormat_string

Giving more aguments in thexpr_list than required by the
format_string will result in a compile time arning.
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If a floating point alue averflovs or underflas the walue is formatted to “Inf”
or “-Inf” respectively.

If invalid values are used with the functions asin, acos, and sqrt the resulting
floating point alue is formatted to “NaN”.

» The number of xpressions in thexpr_list of a format statement is lim-
ited to 99 by the EXDL 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 tog argo-
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 databasanables of type float or double can be formatted
directly. As the compiler does notveary information on the type of a field,
type double is assumed. This wilbvk for fields of intgral type also, pro-
vided theformat_string specifies a corersion that requires angar-
ment of type float or double. String typed process database fields are not
handled correctly and will result in runtime errors.

» The taget string type ariable may not be a foreigmanable. It may be a
pointer to a local stringariable, though.

» If the taget \ariable is designated by a pointer to a string only the number of
characters already found at that location can ber(evritten through the
pointer This implies that you ke to initialize the taget 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, foreignariables of type other than float or double must not
be specified irxpr_list . The compiler will accept thenubwill gener-
ate irvalid code.

» The result of specifying the samariable as the tget and as member of the
expr_list within one single format statement is undefined.

Format the pressure defined by tlagiablep175, and the saturatiorelue con-
tained in the intger \ariablesaturate  and store this in the stringiable
xString

format pl75:0.meas , saturate
using “pressure = %5.1f, saturate at %d"
into  xString

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 coversion specifications this will be visible in ERL.

“String Constants andaviables” on pag&9

“unformat” on page40

“print” on pagel98

If you need to use foreigraviables or process databaseiables of type other
than float or double infarmat statement use thgét variable ”or

“let " statement to transfer thanables’ contents into a locadnable and then
use that localariable in thdormat statement.

If the expr_list is empty andormat_string does not contain rton-
version specifications that requirggaments uséet instead oformat for
efficiency reasons.
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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
Arguments
Parameter| I/O Type Description
var_name | | string \alued | This agument is a string containing the name the foreign
expression | variable.
unit_name| | string \alued | This agument is the unit name where tregiable resides
expression
loc_var (0] local On a successful return from thet statement this
variable parameter will contain thealue of the foreignariable.
conf_\ar 0] local This agument contains the confirmation code once the
integer get statement has finished. The confirmation code wjll
variable be EX_OKIif get was successfuEX_ERRORtherwise
Table 42: Arguments of “get ”
Description Theget statement copies the contents of a uaitable from a foreign unit to a

Err or Conditions

Restrictions

variable local to the calling step or local to the current unit, where the name of
the \ariable to get is defined dynamically by a string.

The statement causes the step to pause until the access to the foreignaunit v
ble has completed oaifed to complete.

If theget statement could successfully access the foreign aridhle,
conf_var , if specified in the optionand confirm in clause, is set to
EX_OK

If theget statement did not succeed, the standard runtime error procedure will
be eecuted, unless the optioraid confirm in clause vas specified. If the

and confirmin clause vas specifiedzonf_var is set tdEX_ERRORNd
execution continues with the xtestatement, if an

The following errors are caught and handled by the @XTuntime system and
result in the standard error handling procedure:

» The type of the ariable determined byar_name and the type of theavia-
bleloc_var are not compatible (i.e. the types are not identical and cannot
be cowerted).

» The foreign unit does not contain the specifiadable.
» The foreign unit does nokist or its unit \ariables are not loaded.
» The MFC on which the specified unit resides cannot be accessed.

The foreign / local unitariable may only be aaviable of typdlag , byte ,
integer ,long ,float ,double ,string or a structure type.

If a variable of structure type is transferred the size of thaable may not

1.2
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exceed 1000 bytés

Pointer ariables cannot be transmitted.vwer, if a structure contains a
pointer the \alue of this pointer is transferred, although it is almost certain to be
meaningless on the reewig side.

An element of an array can be transferred,am entire array can not be trans-
ferred.

In the following example the operator is queried for the name of ti@ble
containing a quantity to be used in the operationvi{ng this, the step can no
fetch the information from the desiredriable.

Quantity  is astring of length 10 and xQuantity  is aninteger
variable present in the local step;aiable like Quantityl is available in the
foreign unit:
/-k

* 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 “Quantityl”.

*
get Quantity ofunit “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
The distinction between thget statement and tiget variable statement

is that theget statement acceptstaing valued gpression(i.e. a string constant
or a string ariable) awvar_name and thus alles dynamic bilding of the
var_name :

Assuming thaVariable is a local ariable of typestring  and also an
integer  type \ariable on uniR101 the two constructs

get Variable ofunit “R101” into xInt
and
get variable Variable  ofunit “R101" into xint

have quite diferent semantics: The first will get thariablenamed by the con-
tentsof the local ariableVariable intoxInt ; the second will get the con-
tents of the ariablenamedvariable  from the foreign unit intaInt

1. This limit is not checkd by the compilelt is not a strict limit bt depends on the
length of the ariables name and runtime memory constraints. The limit specified
really is an order of magnitudalue: Up to that manbytes can be transferred
from one MFC to another under normal circumstances.

1.2
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“get variable” on pagd 32
“put” on page202
“put variable” on pag@05

Theget/put  statement alls for error handling by priding the optional
and confirm in clause. This mads the statement preferable teia state-
ment where xdernal unit \ariable(s) are accessed throughuha$varia-

ble notation.

Local unit\ariables are generally accessed much mdiaezftly by direct refer-
ence than through thget/put  statementdmily. If synchronized access to
unit variables is required thget/put  statementdmily provides a means for
synchronized sequential access, though.

1.2
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5.37. get cgs size of |
Syntax | get cgs size of variable into intvar [ and confirmin
conf var ]
Category | File Control Statements |
Arguments |
Parameter| 1/O Type Description
variable I local varia- | This agument specifies thexiable whose size should be
ble of ary determined. In contrast to the sizeof operator the specifi-
type cation of a data type at this position is nggle
intvar (0] localinteger | On sucessfulx@cution of the statement irtvcontains
variable the size of theariable as it wuld hare been determined

by the use of the sizeof operator on a CGS system.

conf \ar (0] local This agument contains the confirmation code once the
integer get cgs size of statement has finished. The confif-

variable mation code will bé&eX_OKif get cgs size of was

successfulEX ERRORtherwise
Table 43: Argument of “getcgs size of |

Description | This statement determines the size ofwhgable  given as ajument as if

determined by the use of tehizeof operator applied to the samariable on a
CGS system.

Err or Conditions | The following errors are caught and handled by the EXKTuntime system and

result in the standard error handling procedure:

» The type of the ariablevariable  cannot be determined or thariable
type definition could not be found.

Restrictions | Thevariable  specified must be a locainable. Breign \ariables are not per-
mitted.
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Example | Assumingsl is a local structureariable, where theizeof operator on CGS
when applied to thisariable returns a size of 22 bytes:

get cgs size of sl into intvar

will set the local intger \ariableintvar  to 22, although thsizeof operator
in SyCOS might return a diirent \alue.

Notes | This statement is only needed when CGS binary compatibility mode ieat ef
on a file, because positions computedsizgof in CGS are dferent from
positions computed kgizeof in SyCOS due to the digring representation of
binary data on these systems.

See Also | “position file number” on page95
“read” on page08
“write” on page252

Recommendations | The use of this statement inwlg written EXTOL applications is not recom-
mended - it only@sts to help adaptation okisting CGS EXDL programs to
SyCOS.
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5.38. get system time into

Syntax
Category
Arguments

Description

Restrictions

get system time into variable [ asUTC ]
Other EXTOL Language Constructs

Parameter| 1/O Type Description
variable (0] local long The number of seconds since 1. Jan. 1970 local time||if a
-or- variable of typdong is specified.
local string | The string representation of the current local time, if &
variable string  type \ariable is specified.
as UTC - Optionally specifies, that the time returned represents| the
time-zone UTC
Table 44: Argument of “get system time into”
This statement retries the curreribcal time(i.e. it is adjusted for summer or
winter time) orUTC timefrom the MFC where this statement i®euted and
puts a representation of the time into Wheiable  specified as an gmment.
If the agument is of typéong , the \ariable is set to the number of seconds
since 1. January 1970 local time (or UTC).
If the agument is of typatring , the current local date and time (or date and
time of UTC) are deposited into thanable in the follaving format:
dd-mmm-yy hh:mm:ss:tt
Where:
dd day of month in the range 01 to 31
mmm month name with the folleing values:
JAN, FEB, MAR, APR, MAY, JUN, JUL, AJG, SERPOCT, 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, alvays 00

Note therds one spacketween the last digit of the year and the first digit of the
hour

The string ariable 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 askw

When elapsed time calculations are to be done, it is recommended to use the
UTC-option, because it mer changes (no daylight\sag jumps).

Thevariable  specified must be a locaable. Breign \ariables are not per-
mitted.

The compiler actually generates bad code for getting the system time into a for-

eign string type ariable anddils to generate correct code for foreign loagar
bles.

1.2
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A string similar to 18-DEC-94  18:01:26:00 " will be placed into the

string \ariables1 when the follwing statementecutes on the Bof Decem-
ber 1994 around 6 o’clock in theening:

get system time into sl
sl is assumed to be a local strireyiable able to hold at least 22 characters.

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 \alue part of the string representation isajs “00”, as the resolution
of the system clock on the MFC is 1 second only
“wait” on page247 |

In general the local time returnatlst only be used for display purposesl
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) threayaluse the
time in itslong representation and not in teging  representation.

1.2

131



SyCOS EXTOL Reference Alphabetical EXTOL Language Reference

get variable
5.39. getvariable
Syntax get variable var_name of unit unit_name
into loc_var
[ and confirm in conf var |
Category Unit Variable Access
Arguments
Parameter| I/O Type Description
var_name | | variable This agument designates the foreigariable.
name
unit_name| | string \alued | This agument designates the unit theriable resides.
expression
loc_var (0] local On a successful return from thet variable state-
variable ment this parameter will contain thalwe of the foreign
variable.
conf_\ar 0] local This agument contains the confirmation code once the
integer get variable statement has finished. The confirma-
variable tion code will beEX_OKif get variable was suc-
cessfulEX _ERRORtherwise
Table 45: Arguments of “get \ariable”
Description Theget variable statement copies the contents of a uaitable from a

foreign unit to a &riable local to the calling step or local to the current unit.

The statement causes the step to pause until the access to the foreignainit v
ble has completed oaifed to complete.

If the get variable statement could successfully access the foreign unit
variable,conf_var , if specified in the optionand confirm in clause, is
set toEX_OK

If the get variable statement did not succeed, the standard runtime error
procedure will bexecuted, unless the optioraald confirm in clause as
specified. If theand confirm in clause \as specifiedgonf_var is set to
EX_ERRORNd &ecution continues with the xiestatement, if an

Err or Conditions The following errors are caught and handled by the @XTuntime system and
result in the standard error handling procedure:

» The type of the ariable determined byar_name and the type of theavia-
bleloc_var are not compatible (i.e. the types are not identical and cannot
be cowerted).

» The foreign unit does not contain the specifiadable.
» The foreign unit does nokist or its unit \ariables are not loaded.
» The MFC on which the specified unit resides cannot be accessed.
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The foreign / local unitariable may only be aaviable of typdlag , byte ,
integer ,long ,float ,double ,string or a structure type.

If a variable of structure type is transferred the size of thaable may not
exceed 1000 bytés

Pointer ariables cannot be transmitted.wwer, if a structure contains a
pointer the \alue of this pointer is transferred, although it is almost certain to be
meaningless on the reeiig side.

An element of an array can be transferred,dam entire array can not be trans-
ferred.

In the folloving example the operator is queried for the name of the main supply
tank to be used in the operation. kg this, the step can wofetch the infor-
mation from the desired 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”
*/
get variable Quantity ofunit  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
The distinction between tlget statement and trget variable statement
is that theget variable statement accepts thameof a \ariable

Assuming thaWariable is a local ariable of typestring  and also an
integer  type \ariable on uniR101 the two constructs

get Variable ofunit “R101” into xInt
and
get variable Variable  ofunit “R101” into xint

have quite diferent semantics: The first will get thariablenamed by the con-
tentsof the local ariableVariable intoxInt ;the second will get the con-
tents of the ariablenamedvariable  from the foreign unit intxint

1. This limit is not checkd by the compilelt is not a strict limit bt depends on the
length of the ariables name and runtime memory constraints. The limit specified
really is an order of magnitudalue: Up to that manbytes can be transferred
from one MFC to another under normal circumstances.

1.2
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“put variable” on pag@05
“get” on pagel25
“put” on page202
Theget/put variable statement all@s for error handling by prding
the optionaknd confirm in clause. This mads the statement preferable to

alet statement wherexternal unit ariable(s) are accessed through the
unit$variable notation.

Local unit\ariables are generally accessed much mdiaezftly by direct refer-
ence than through thget/put variable statementdmily. If synchronized
access to unitariables is required thget/put variable statementdmily
provides a means for synchronized sequential access, though.

1.2
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5.40. gosub

Syntax gosub label
Category Flow Control Statements
Arguments

Parameter I/O Type Description

label - - label must be a label (jump @&t) defined within the
same step.

Table 46: Argument of “gosub”

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 thgofrgh
referencing it.

The location of thgosub statement is remembered so that control returns to
the statement follsing thegosub statement when theetsub  statement ter-
minating the inline subroutine isecuted.

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 witletsub  statement) control will
not be transferred back to the calliggsub . This implies a potentiaiverflow
of the inline subroutine call stack, leading to Anray index out of bounds”
runtime error

If the flow of execution encountersratsub  statement without wéng previ-
ously encounteredgosub statement an inline subroutine stack underflo
occurs, resulting in arAfray index out of bounds” runtime error

Restrictions It is possible to nest inline subroutine calls so deeply that the inline subroutine
stack eerflows. This causes afray index out of bounds” runtime error

By default the nesting depth for inline subroutine calls is 20. This can be
changed by ging the appropriate option to est when the step is compiled.
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gosub
Example The folloving example &ecutes 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 istrue
repeat
if cvts]tli] >="'A" and cvts[tli] <='Z'" istrue
then
let cvts[tli] = cvts|tli] +'a - 'A
endif
endwhile
retsub
Notes Labels define locations in steps. All jumps to labels eatiated at compile

time. There are no “labehviables”.

Extreme care is required whgoto andgosub statements are used in the
same step. Use of tigpto statement to jump into or out of inline subroutines
will cause inline subroutine stack misalignments resultiné\irdy inde< out of
bound” runtime errors that are hard to traclwdo

See Also “retsub” on page20
“goto” on pagel37

Recommendations Inline subroutines are usually collected at the end of the source file for a step. If
you use inline subroutines makure that ‘dlling off the end” of a step does not
unexpectedly gecute the inline subroutine(s), i.apécitly 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 sharessiables with the step it is defined in. Magure

that no unepected side &cts (unintentional use or modification @friables)
occur inside an inline subroutine. Definition afribles local to an inline sub-
routine should be done close to the label introducing the inline subroutine and
not at the bginning of the source file (seeteclare temporaryariable” on
page88). This preents unintentional atse of what s really meant to be aw
iable local to the inline subroutine.
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5.41. goto

Syntax goto label
Category Flow Control Statements
Arguments

Parameter I/O Type Description

label - - label must be a label (jump @e&t) defined within the
same step.

Table 47: Argument of “goto”

Description This statement causes the step to transtecigion to the specifiddbel in
the same step.

The label control is transferred to may be defined before or after thgofiost
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 il\emay index out
of bounds” error condition in the EXJL runtime system, depending on the
sequence of jumpxecuted.

Restrictions The taget label must be in the same step agtite . It is not possible to trans-
fer control to a label in another step.

The use ofjoto 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 gbto to jump to a label defined

within an inline subroutine from a location within the same inline subroutine is
well behaed.

Example The folloving example usegoto (agninst better knoledge!) to create an infi-
nite loop:

forever
wait 10 seconds
goto forever

Notes Program theory pr@s that ap language containing constructs for sequencing,
iteration and branching does not requigoto statement. Experience st®
that conscious and restrigdi use ofjoto can be aaluable tool to impree pro-
gram eficiengy and Igibility.

Labels define locations in steps. All jumps to labels eatuated at compile
time. There are no “labehviables”.

See Also “label” on pagel52
“switch on ... between ... endswitch” on p&z
“break” on pageé9
“gosub” on pagd 35
“retsub” on page20
“run operation” on pag222 (this can be used as non local goto)
“while ... repeat ... endwhile” on pag@&0
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Thegoto statement should be usegry sparinglyas code containing goto’
usually is etremely hard to maintain. Somalidation authorities will not
approre code that uses gosahdiscriminately

The following use of goto is usually considered harmless:

Use of goto to break out of a nested loop. This sardaime consuming

tests in the surrounding loop for error or termination criteria established in
the innermost loop. Note that the jumpgetrshould 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 kastly this funtionality

The following uses are dangerous and are considered (at least!) poor program-
ming style:

Use of goto where there are othaore structured means to astgi¢he same
functionality: Userepeat , while , switch instead ofjoto wherever
possible.

Use of goto to jump into loops. If gotoare 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.

1.2

138



SyCOS EXTOL Reference

Alphabetical EXTOL Language Reference
hold operation

5.42. hold operation

Syntax

Category
Arguments

Description

1.2

hold operation op_name
[ onunit unit_name ]
[ and confirm in conf var |

Operation and Unit Control Statements

Parameter | I/O Type Description
op_name I string This parameter specifies the name of the 6KT
valued operation which will be set to hold.
expression
unit_name I string This optional parameter specifies the name of the unit
valued this operation belongs to. uhit_name is omitted,
expression | the unit the operation currently running on is
assumed.
conf \ar 0] local This agument contains the confirmation code once
integer thehold operation statement has finished. The
variable confirmation code will b&X_OK:if hold opera-
tion  was successfuEX_ERRORtherwise

Table 48: Arguments of “hold operation”

This statement forces an operation which is currextg@ting a main step to
the associated hold step, if Kists.

The main step is paused angeution continues with the first statement of the
hold step.

In prior versions, &lling off the end or eplicitly exiting a hold step results in the
execution of the na main step of the operation.

Now, falling off the end or eplicitly exiting a hold step causes the operation to
remain in hold state until restarted, reran or killed.

As long as the operation igexuting the hold stepxecution of arestart
operation  statement will either restart the main step from thggriméng of
the instruction that &s ececuting when it \&s held, or restart it at a specified
label, if a label is gien 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 it name  could not successfully
forced to holdthe standard runtime error procedure will be performed.
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The following errors are caught and handled by the @KTuntime system and
result in the standard error handling procedure:

» The specified operation is notadlable.
» The specified operation is not running.
» The main step of the specified running operation has no associated hold step.

« There is no memorwailable to liild an erironment for the associated hold
step.

» The unit specified bynit_ hame does not ®ist or is not loaded.
» The MFC on which the specified unit resides cannot be accessed.
An EXTOL operation cannotxecute ghold operation statement on itself.

The following statement causes the operation DISTILL running on unit UNITO1
to execute the hold step:

hold operation “DISTILL” onunit  “UNITO1”
and confirm in xOK

if xXOK= EX_OKis true

then

print with prefix
using format
“Operation DISTILL on unit UNITO1 in hold”
on CONSOLE

else

print with prefix
using format
“Cannot hold operation DISTILL on unit UNITO1”
on CONSOLE

endif

“restart” on page16
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if ... else ... endif
5.43. if ... else ... endif
Syntax if expr is boolean
then
[ statement list 1 ]
else
[ statement_list 2 ]
endif
Category Flow Control Statements
Arguments
Parameter 1/0 Type Description
expr I numeric This expression isaluated by the runtime. If the
value is non zero this is mapped to the boolean
value true, if zero this is mapped to the boolear]
value flse.
boolean I - Either the leywordtrue or the lkeywordfalse
This is the booleanalueexpr is compared to.
statement _list 1| - - This is the list of statements teezute when the
boolean alueexpr equals the boolearalue
specified aboolean .
statement_list 2 | - - This is the list of statements teezute when the
boolean alueexpr does not equal the boolean
value specified dsoolean .
Table 49: Arguments of “if ... else ... endif
Description Theif ... else ... endif statement controls the execution of two dif-

Err or Conditions

1.2

ferent statement lists.

If expr evaluates to either true or false (whichever is indicatdsbbiean ),
then the statement list (i.statement_list 1 ) between th¢hen and
else keywords is executed.

Otherwise, the statement list (istatement_list_2 ) between thelse
andendif keywords is executed.

Any EXTOL statement valid in the step is a val@mponent of the statement
lists, especially nesting of EXTL control structures (liif ... else ...
endif ) is supported to unlimited depth.

Both statement lists, i.statement_list_1 and/orstatement_list_2
may be empty

If statement_list 2 is empty it can be omitted, including thlse key-
word.

This statement is subject to the nornaalures ivolving expressions containing
foreign unit \ariables or processaxiables.
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if ... else... endif
Restrictions Note that the xgpr must be of numeric type. This implies that the feifg 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 &y 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 agttrtemperature, while checking that the tar-
get temperature is reached within a reasonable time frame. Whergttadan-
perature is reached the alarm limit is changed so that coofibgyaind 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

/-k

* Finished - increase the low alarm limit

*/

let “TT12101".0.LO =“TT12101".0.MEAS - AlarmOffset
endif

Note that the xeample does not shothe implied while loop around this logic
and other dxiing logic that actually écts the heating.

Futur e Directions
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5.44. info

Syntax info : info_string
Category Operator Intedice Statements
Arguments

Parameter | I/O Type Description

info_string I string \alued | This is the tgt that will be displayed on the operatd
expression | display

=

Table 50: Arguments of “info”

Description Theinfo statement can only reside within the body ofdpdec ...
endopdec statement.

Execution of the statement displays thf®o_string specified as gument
on the alarm summary displayttthe line containing thiefo_string is not
selectable as a choice.

Err or Conditions If info_string is a foreign unit griable and that unit is notailable the
statement will &il.

Restrictions Aninfo statement cannokist outside of a opdec ... endopdec state-
ment.

There can only be a maximum of 10 (tehpice ,info anddefault
choice statements in ongpdec .. endopdec statement.

There must be at least odleoice or default choice statement in addi-
tion to theinfo  statement within thepdec ... endopdec statement.

The length of thénfo_string argument is limited to 80 characters.
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The following is a completexample of an opdec containingveealinfo  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

“.opdec ... endopdec” on pad&8

“default choice” on pag82

“choice” on pag&’9

“break” on page&9

“switch on ... between ... endswitch” on p&a
“timeout” on page236

Although statements can be associated with an info statement (in analogy to the

choice and deiult choice statements) this does usually notenaky much
sense: The only &y these statements can Beauted is if controldlls through
from a preious choice statement when that choi@swelected - usually a sign
of poor programming practice.
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instate recipe
5.45. instate recipe
Syntax instate recipe rec_name
[ onunit unit_name ]
[ and confirm in conf var |
Category Operation and Unit Control Statements
Arguments
Parameter | I/O Type Description
rec_name I string This parameter specifies the name of the BKTec-
valued ipe which will be instated.
expression
unit_name I string This optional parameter specifies the name of the unit
valued this recipe belongs to. llnit_name is omitted, the
expression | current unit is assumed.
conf \ar 0] local This agument contains the confirmation code once
integer theinstate recipe statement has finished. The
variable confirmation code will b&X_OKif instate
recipe  was successfuEX_ERRORtherwise
Table 51: Arguments of “instate recipe”
Description This statement copies thalues contained in a prieusly loaded recipe into the

Err or Conditions

Example

1.2

appropriate &riables of the indicated unit or of the current unit, if no uais w
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 bgit_name could not be successfully
instated the standard runtime error procedure will be performed.

The following errors are caught and handled by the @XTuntime system and
result in the standard error handling procedure:

* The foreign unit does nokist.
» The MFC on which the specified unit resides cannot be accessed.
» The specified recipe is not loaded.

* rec_name orunit_name referencedernal unit ariables and that unit

cannot be accessed.

Assume a recipeookie has been created and subsequently loaded to the unit.
Two of the walues in this recipe atdeatTemp equal to 350 anBakeTime

equal to 1.65. These correspond to the wamiables Heatd@mp and Ba&Time.

After executing thenstate recipe statement in the folleing example, the

print statement will produce a message reading "HEAEMP = 350,
BAKE_TIME = 1.65"

let HeatTemp equal O

let BakeTime equal O

instate recipe "cookie"

print with prefix HeatTemp, BakeTime
using format “Heat temp. = %d, bake time = %f”
on _CONSOLE
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iocontrol on
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
Arguments
Parameter | I/O Type Description
expr I integer This expression mustwaluate to a déce number
valued returned by a preous successful call topen
expression | file
func_code I integral This agument specifies the numeric I/O control func-
expression | tion for the deice (see abee).
func_ag I integral This parameter specifies thggament for the func-
expression | tion code FIOSEDPTION and FIOBUDRATE.
conf \ar 0] local This agument contains the confirmation code once
integer theiocontrol on statement has finished. The
variable confirmation code will b&X_OKif iocontrol
on was successfuEX_ERRORtherwise
Table 52: Arguments of “iocontrol on”

Description This statement prades a lov level interface to charactesriented deices such
as terminals or communications lines (serial channels)ictoatrol on
statement is an open-ended mechanism for performing@riunctions that do
not fit the other basic I/O calls. The terminatides hae a full range of function
codes (with O to 1 gument) that déct the behaour of the deice.
Theiocontrol on statement respond to the fallmg numeric function code
passed ifiunc_code

Function Code Meaning

FIOFLUSH This function code discards all bytes in the input and
output huffer.

FIOCANCEL This function code cancels a read or write.

FIOBAUDRATE This function code sets the /O transfer rate to the spec-
ified agument.

Table 53: Function Code ofunc_code
1.2 146



SyCOS EXTOL Reference

1.2

Line mode

Alphabetical EXTOL Language Reference
iocontrol on

Function Code Meaning

FIOSETOPTIONS | This function code sets one or more (seevoptd the
following device options:

Device Option Meaning
OPT_LINE This option selects tHne
mode (see belw).
OPT_ECHO This option echoes input charal
ter to the output of the same
channel.

OPT_CRMOD This option translates:

¢ input RETURN character
into NEWLINES

e 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_ABOR This option enables the specia
shell abort characterC
by detault.

OPT_TERMINAL | This option setall of the abwe
device options hits.

OPT_RAN This option setsone of the
aborve device option bits (see
below).

Table 53: Function Code ofunc_code

Inline mode  (OPT_LINE), all input characters areved until a NEWLINE
character is input; then the entire line of characters, including the NEWLINE, is
made &ailable all at once. Readingline mode  causes characters up to the
end of the net line to be gtracted from the (dece) input luffer, up to the limit

of the usess read bffer. Input may be modified by the follang special charac-
ters:

» The backspace charagtby defult "H, causes succegsiprevzious charac-
ters to be deleted from the current line, up to the start of the line. It does this
by echoing a backspace folled by a space, and then another backspace.

* The line-delete charactdry defult U, will delete all the characters of the
current line.

» The end-of-file (EOF) charactdry defwult *D, will cause the current line to
become wailable in the (dece) input luffer 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.
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In the unlbifferedraw mode (OPT_RAW), each input character igalable to
readers as soon as it is input from theicke Reading from a déece inraw
mode causes as mgrcharacters as possible to béracted from the input
buffer, up to the limit of the uses’read bffer. Input cannot be modifieckeept
as directed by other diee option bitsRaw mode is the dedult mode for a
device.

If the iocontrol on statement could not be successfulg@ited the stand-
ard runtime error procedure will be performed.

The following errors are caught and handled by the @XTuntime system and
result in the standard error handling procedure:

» The specified déce number returned by a preus call to theopen file
statement is walid.

* The deice specified bexpr is not a terminal or pseudo-terminal/abe.

» The function code specified liync_code is not one of the 1/O control
functions listed in the table abe

* The deice option specified bfunc_arg in not one of theailable
options listed in the table ab®

e Theiocontrol on statement will &il, if the underlying system call of
the VxWbrks operating system on the MFC returns an error

Theexpr used for the déce number mustvaluate to an intger.
Although the term “baudrate” is used, the actual rate is in bits per second.
“open file” on pagd 61
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Syntax

Category
Arguments

Description

kill operation oper_name
[ onunit unit_name ]
[ and confirm in conf var |

Operation and Unit Control Statements

Parameter | I/O Type Description
op_name I string This parameter specifies the name of the 6KT
valued operation which will be killed.
expression
unit_name I string This optional parameter specifies the name of the unit
valued this operation belongs to.uhit_name is omitted,
expression | the unit the operation is currently running on is
assumed.
conf \ar 0] local This agument contains the confirmation code once
integer thekill operation statement has finished. The
variable confirmation code will b&X_OKif kill opera-
tion  was successfuEX_ERRORtherwise

Err or Conditions

Note

1.2

Table 54: Arguments of “kill operation”

This statement forces the specified operation on the specified uxiit 16 reo
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.

The following errors are caught and handled by the BKTuntime system and
result in the standard error handling procedure:

e The specified operation is notadlable.

* The unit specified bynit_name does notxst or is not loaded.

» The MFC on which the specified unit resides cannot be accessed.
» An operation with outstanding I/O cannot be killed.

An EXTOL operation may ne execute &ill operation statement on

itself.
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Example The folloving example kills the operation DISTILL on unit UNITO1:

kill operation "DISTILL" onunit  “UNITOL1”
and confirm  in xOK
if XOK=EX_OK istrue
then
print with prefix
using format
“Operation DISTILL on UNITO1 has been killed”
on _CONSOLE
else
print with prefix
using format
“Operation DISTILL on UNITO1 could not be killed”
on _CONSOLE
endif

See Also “kill all operations” on pagd51
“run operation” on pagg22

Futur e Directions
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5.48. Kill all operations

Syntax kill all operations [ onunit unit_name ]
[ and confirm in conf var |
Category Operation and Unit Control Statements
Arguments
Parameter | I/O Type Description
unit_name I string This optional parameter specifies the name of the
valued unit. If unit_name is omitted, the current unit is
expression | assumed.
conf \ar o local This agument contains the confirmation code once
integer thekill all operations statement has fin-
variable ished. The confirmation code will B&X_OKif kill
all operations was successfuEX_ERROR
otherwise
Table 55: Arguments of “kill all operations”
Description Thekill all operations statement will kill all operations on the unit

Err or Conditions

See Also

1.2

specified byunit_name .

If no unit is gven, 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 killedexceptthe operation thatxecutes this statement.

The operation>ecuting the statement is suspended until all operations on the
specified unit hee been killed; this may taka fev seconds.

If one operation on the unit specified inyit name could not be killed suc-
cessfully the standard runtime error procedure will be performed.

The following errors are caught and handled by the BKTuntime system and
result in the standard error handling procedure:

« Atimeout occurred while killing an operation on the specified unit.

* unit_name involve accesses txternal unit ariables and theaviables are
not available.

» The unit designated hynit_ name does notxst or is not loaded or is not
accessible.

“kill operation” on pagel49
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label
5.49. label
Syntax . label
Category Flow Control Statements
Argument
Parameter | I/O Type Description
label - - The name of the label. The name mugibeavith an
alphabetic character and be felled additionally by
up to 12 alphanumeric characters.
Table 56: Argument of “label”
Description Labels establish a named location in an BEXTstep.

Err or Conditions
Restrictions

Example

See Also

Recommendations

1.2

Labels must be unique within a step.

Labels are used as g@ts for transferring control to the associated place in the
step using thgoto , gosub , restart  orrun statements.

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.

The following lines of code set up an endless loop in the step that contained
them:

. forever
wait 1
goto forever

“begin subroutine” on pageé
“goto” on pagel37

“gosub” on pagd 35
“restart” on page16

“run operation” on pagga22

Labels may appear swhere in a step.o0 should not heever, place them in a
switch...endswitch oropdec...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 \ersions of the language).

Blank lines do not ha ary code associated with therorithis reason, the

EXTOL delugger 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 jusufpr deb
ging purposes.

152



SyCOS EXTOL Reference Alphabetical EXTOL Language Reference

let
5.50. let
Syntax let destination equal expr
let destination = expr
let destination pointto  variable
let destination point to block block
Category Unit Variable Access
Arguments
Parameter | I/O Type Description
destination 0] see belw This designates the storage area where the result|of a
computation should be stored.
expr I see bela This designates the computation to be performed.
variable I local This designates a locahniable (local unit or step
variable variable) that should be pointed to.
block I - This is the name of a block in the process database
that the destination maydally point to (same proto-
type for destination and block).
Table 57: Arguments of “let”
Description Thelet statement performscpression ealuation and assignment functional-

ity: The expressiorexpr on the right hand side of tiet  statement is\alu-
ated and the result of theaduation is stored in the location designated by
destination

Syntax 1 and 2 The pressiorexpr in the first tvo syntax forms of the statement (these tw
forms are identical )@ept that the gywordequal is replaced by the symbol)
may involve ary combination of constants, stegriables, local unitariables,
foreign unit \ariables and process database fields (all calidgtcalled oper-
ands) operated upon by operators (for a complete list see: “Operators and
Expressions” on pag#6) and functions (see “Predefined Functions” on
page33).

destination must be of the same type as thpression to the right of the
equal keyword (or= symbol) and must represent a storage area (i.e. this must
be a stepariable, a local or foreign unitviable, a database field or a pointer
expression thatwaluates to one of these).

If destination or ary part ofexpr designates a foreign unianable or a
process database field, theweution is paused until the access has been com-
pleted.

Wheneer an assignment tak place corersions are performed as falls:

» if destination andexpr are of identical type no ceersion taks place.
Thelet 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 lage enough to rece all the characters froexpr
only the number of characters resahat the destination will be copied. As a
special case, if the destination is a string pointed tofmjirger to
string  only up to the number of characters already found adekg-
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nation will be written.

« if destination is of typestring  andexpr is of typen, 1 array
of byte  (or vice \ersa) the let statement will cppp to the size of the
receving string om bytes or up to the first NUL byte found in the ayray
whicherer is less. The terminating NUL byte in the reo® string will be
presered.

» if both destination andexpr are of numeric type the result@fpr is
converted to the type of the destination. If the destination type is too small to
store the @lue ofexpr then the wlue is dependent on the machine architec-
ture (on Motorola 86k set to the maximum of theva#id by the type on Intel
architecture it is just truncated to hold the bits representable by the type).

The third form of the let statement is used to initialize poirdeiables 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 ungyiable.

The fourth form of the let statement establishes a pointer that points to a block in
the process database.

let will always succeed irxecution when wrking with local ariables
(including pointer ariables). Hwever, if either a foreign unitariable or a proc-
ess database field is referenced then this statement addét the usual rea-
sons ivolving expressions containing foreign unénables or processxiables.
There is no reaeery from such error conditions.

Using a foreign unitariable or database field for bathstination and
expr will cause a run-time error

The compiler does not kmothe type of process database fields. Unless the type
can be heuristically determined (see Notes sectiombéfee type of process
database fields is implicitly tek asdouble .

Thearray of byte/string corversions are not performed fotternal
unit variable access.

Only destination orexpr (but not both) can reference foreigtring
type unit \ariables or process database fields.

Calculate the proportionah@n of control block TIC103:1 using the EXL
float variablegtotal andtarget , and the pressure measurement from the
process loop P11045:

let “tic103™:1.kp =(total / target) * “pil045".0.MEAS

Fetch the ariable of the foreign unitariablef contained in the unit '"ANK1",
calculate the absolutale of this quantity and store the result in the local unit
variablef :

let f equal abs(tank1$f)

Move the alue contained in the floaakiablef into the intger \ariablei.
Note that the &lue off will be truncated:

let i =f

In this xampleintpoint is a\ariable of typgpointer to integer
Initialize intpoint ~ to point to the local intger \ariablei and subsequently
use and modify thealue ofi indirectly via the pointeintpoint

let intpoint point to i
let @intpoint equal @intpoint + 1

In this xamplearray andarray2 are \ariables of typarray of inte-
ger , structure andother_structure are structures of the same type.
Copy array2 toarray and then copother_structure tostructure
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Note that you may cgpentire arrays and entire structures 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 pointgrotoptr  point to block 1 of the loopIC101 :
let protoptr point to block “TIC101™1

Thelet statement currently uses heuristics to determine the tygof and
destination if the type of one of these items cannot be determined from the
information aailable to the compiler:

If expr is of type string andestination is a process database field (whose
type the compiler does not kmpthe code generated assumes that the process
database field is also of type string.

If destination is a string type ariable andexpr is an &pression designat-
ing a process database field (whose type the compiler does mgt Kme proc-
ess database field is assumed to be of type string.

“get variable” on pagd 32
“put variable” on pag@05

If error handling is required when accessing foreign warigbles use thget
andput statements instead left .

Sometimes you may need to gapata from the process database (because the
type of that kind of data cannot be determined by the compiler) to a el v
ble (thus applying the heuristics described in the Notes sectior)dbefore

using it in another EXDL statement, e.g.: T101:0.PUNI is a string type field
that contains the name of the parent unit for a loop. Thenfimitpprint 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 sole this kind of problem you can first goghe \alue of T101:0.PUNI into a
local string \ariable 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 unitariable to point to a ste@xiable because when the oper-
ation containing the stepxiés the unit ariable will then contain anvalid
pointer

155



SyCOS EXTOL Reference

Alphabetical EXTOL Language Reference

link
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
Arguments
Parameter | I/O Type Description
db_field I database This agument specifies the database field the link
field should be established from.
foreign_field | | string \valued | This agument specifies the database field the link
expression | should be established to.
conf \ar 0] local This agument contains the confirmation code once
integer thelink  statement has finished. The confirmation
variable code will beEX_OKIif link  was successful,
EX_ERRORtherwise
Table 58: Arguments of “link”
Description This statements creates a connection between the database field

Err or Conditions

Restrictions

1.2

foreign_field and the database fiedith_field
becomes an alias name foreign_field

If db_field is an input field all changes fareign_field
reflected indb_field

If db_field
foreign_field

If db_field was preiously linked to anotheforeign_field
tion will be replaced.

, So thadb_field

will be

is an output field changes made to it will be prepad to

this connec-

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 theryaisting link is bro-
ken and no ne link is established. The statement is thenajant to the
unlink  statement.

The following errors are caught and handled by the @XTuntime system and
result in the standard error handling procedure:

. db_field

» foreign_field does not contain aalid field specification (e.g.: bad syn-
tax, non &isting ELT) or the MFC holding the BLcannot be accessed.

is not an I/O field.

- foreign_field is a foreign string ariable and cannot be accessed.
* The MFC on whichdb_field

db_field must be a field in the process database of the local MFC (i.e.: the
MFC the statement isxecuting on).

resides cannot be accessed.

156



SyCOS EXTOL Reference Alphabetical EXTOL Language Reference

link
Example I*
* 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 istrue
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 fordfELT":BLOCK#.FIELD or
PROTOPTR->FIELDwhereas théoreign_field is astring  variable or
astring constant.
Although the specifietbreign_field is checled for eistence and syntactic

correctness no checks are performed to ensure that the link readly seise:

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 anxésting field! This will result in a loop error idb_field ’s loop.

See Also “unlink” on page244

1.2 157



SyCOS EXTOL Reference Alphabetical EXTOL Language Reference
.opdec ... endopdec

5.52. .opdec ... endopdec

Syntax opdec message [ with timeout after time minutes |
[ without tracking ]
endopdec
Category Operator Intedice Statements
Arguments
Parameter | I/O Type Description
message I string This parameter specifies thettevhich appears on af
valued opdec display in the alarm summary
expression
time I integral This optional parameter specifies the maximum time
expression | the operation issuing the opdec wilhitvfor an
answer from the operator

Table 59: Arguments of “opdec ... endopdec”

Description The opdec ... endopdec construct sends thextespecified bynessage
to each operator console defined in the unit block of the operation. The operation
then pausesxecution until either thepdec is answered, or the time specified
by time in the optionalvith timeout after clause has elapsed.

When the operator selects the opdet éa the console, choice, deft choice
and info tets created by thehoice: , default choice: andinfo:

cases within thepdec ... 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 fwilog the case corresponding to
the selected choicé\n automatic entry into the batch protocol file will be made
of the following format: OPERAOR: <userid> CONSOLE: <console nhame>
FUNCTION: Opeator Decision OPERAON: <operation> DECISION:
<messge> CHOICE: <choice-string> [SIGNED Bl<user-id>].

If the opdec statement ws programmed with the optionaith timeout

after clause and the time specified has elapsed, then the operation resumes
execution by branching to the statement list follog thetimeout:  case

within the body of th@pdec ... endopdec construct, if it &ists. If there is
notimeout:  case thenx@cution continues with the statement faling 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 \alue specified byime must @aluate to zero or a posiéi number

Err or Conditions The following errors are caught and handled by the BKTuntime 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 oADI s.

» The operation cannot communicate with the local opdeeserv
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* The timeout specifiedvaluates to a rgative number

» The time specification in the optionaith timeout after clause con-
tains references toceernal \ariables or process database fields and these can-
not be retriged.
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There is a combined limit of liifo: , choice: , default choice:
cases peopdec ... endopdec construct. Haever opdec ...
endopdec constructs may be nested.

Only onetimeout:  case is allwed peropdec ... endopdec construct.

EXTOL cannot detect which PICs are presently operational, it does natikno
the PICs designated to reeeithisopdec are on-line. Thereforetaneout:
case in th@pdec...endopdec construct is strongly recommended.

The length of thenessage amgument is limited to 79 characters.

Any opdec statement must contain at least cheice: or default
choice: case.

In this xkample, the operator must designate thleesto be opened. Thisxam-
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
If the operation is forced to hold while apdec from the main step has not yet
been answered, tltopdec is remwed from the display; it will heever be
regenerated if the main step is resumed usingdbliart  statement.

Specifying a timeoutalue of 0 is equialent to specifying no timeout at all.
“choice” on page&’9

“info” on pagel43

“timeout” on page236

“default choice” on pag82
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5.53. open file
Syntax open file file_name
[ inmode file_mode ]
as file number fileno
[ and confirm in conf var |
Category File Control Statements
Arguments
Parameter | I/O Type Description
file_name I string This parameter specifies the name of the file to open.
valued (See “Files and File Names” on page) |
expression
file_mode I integer This parameter specifies the mode the file should be
valued with. If the optionain mode clause is not specified |
expression | READmode is assumed.
fileno 0] local integer | On a successful return from thpen file state-
variable ment this parameter will contain a file number desjg-
nating the open file.
conf \ar 0] local integer | This agument contains the confirmation code once
variable theopen file statement has finished. The confjr-
mation code will bd&eX_OKif the statement &s suc-
cessfulEX_ERRORtherwise.
Table 60: Arguments of “open file”
Description open file opens a file of the gén name and the indicated mode. The file

must already>ast in order for it to be opened successtully

The folloving modes are predefined for tti@de 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 CGSBINARYUPDATES

#define BINARYREAD 6

#define BINARYWRITE 7

#define BINARYUPDATE 8

#define TEXTREAD 9

#define TEXTWRITE 10

#define TEXTUPDATE 11
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The parametdileno  must be a local ingeer variable and will contain a han-
dle to the open file. This file number wiliato be specified in the remainder of
the EXTOL logic (e.gread , write ,close statements) whewer the opened
file is referenced.

Once opened, a file stays opened until ikgieitly closed with theclose
file  statement, or until the operatioxits or is aborted.

When a file is opened, the location pointer is positiatgubsition 0 |
Theopen file statement will &il under the follaving conditions:

» Thefile_name parameter is notalid, either because it designates a direc-
tory, or it contains characters notjéé for file names, or is emptgr contains
references to intermediate directories that do xigt.e

» Thefile_mode parameter does notaduate to one of thiegal modes |
* More than 32 files are currently open within the operation
e The underlying VxVidrks System calldils.

» The «pression used for tHde _name andfile_mode parameter con-
tains references txternal \ariables and thexéernal \ariable cannot be
accessed.

There is a limit of 32 open files per operation.

Thefileno  parameter must be a local (i.e. step or local unitpble. External
variables arexlicitly forbidden.

The file serer serving the file decides on the correctness of a file name. This
implies diferent restrictions for files residing onféifent file serers may gist.

Open the file 'SCRPCH.PAD' in the directory /MYFILES/ for both read and
write access:

open file " IMYFILES/SCRATCH.PAD"
in mode UPDATE
as file number spad
and confirm in xOK

As files are not implicitly closed while an operation is running the application
programmer needs t@&p track of the number of files in order toid the 32
file per operation limit and close filesmicitly when the are no longer needed.

Note that the successful return froragen file statement does not necessar-
ily imply that further operations on the file designated by the returned file
number will succeed: As EXAL files usually reside on PICs or FSs and are
accessedwer the netwrk failure of the PIC, FS or the natvk may cause umne
pected &ilures for lgal operations on successfully obtained file numbers.

Due to the implementation of the underlying Vakks system call and the cur-
rent NFS dnrer used in VxVgrks (up to ersion 5.1.2) creating a file can succeed
even in cases where the file is absolutely inaccessible aftasw

In prior versions,thén mode clause will allov arbitrary numeric types, as long
as the final @lue of the gpression ealuates ta \alid mode Now only integer |
valued epressions are permitted.

“close file number” on paggl
“create file” on pag&5

“read” on page08

“write” on page252

“position file number” on pag&95
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Use atreme caution when avking with files in EXTOL: Most of the time files
reside on dierent machines in the netvk. This maks EXTOL file handling
sensitie to netvork 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 oaunit v
iables and the batchlog mechanismvited by the system.

Writing/readingraw data to/from a file is inherently non-portable: In heterogeng-
ous erironments (i.e. Not all PICs and MFCsvkeahe same type of CPU and
the same operating system) data written to a file from one maeHiimet be |
readable from gnother machine.
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Syntax

Category
Arguments

Description

open process command on host_name
[ asuser remote user |

[ inmode mode]

as file number fileno

[ and confirm in conf var |
Other EXTOL Language Constructs

Parameter | I/O Type Description
command I string This parameter specifies the command toxeeeted
valued on the remote host.
expression
host_name I string This parameter specifies the name of the host on
valued which the command will bexecuted.
expression
remote_user | | string This parameteiif specified, defines the remote user
valued account where the command will beeuted.
expression
mode I integer This parameter specifies the mode the process should
valued be opened with. The folaing modes are predefined
expression | for this parameter in the global string substitution file:
READ(open for readingWWRITE (open for writing),
UPDATHopen for updating, i.e. read and write). If
the optionain mode clause is not specificREAD
mode is assumed.
fileno 0] local On a successful return from thpen process
integer statement this parameter will contain a file numbey
variable designating the open file.
conf \ar 0] local integer | This agument contains the confirmation code once
variable theopen process  statement has finished. The
confirmation code will b&X_OK:if the statement
was successfuEX_ERRORtherwise.

Table 61: Arguments of “open piocess”

This statement connects to the host specifielddsy name and &ecutes the
specified commandommandon that host. The host may only be a PIC or a FS.

The defult remote user name isxtol ", unless the optionals user clause

specifies a diérent remote user name.

The local user name used by the EXTprogram to identify itself with the
remote machine is\ahys ‘extol .

Thefileno  returned by thepen process  statement is the handle to the
opened channel to the process, running on the remote host, which can then be
used by EXOL read , write , andclose statements.
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Theopen process statement will &il under the follaving 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 notauate to one of the threegld modes (i.e.
READWRITE UPDATE

* The local useréxtol ”is not permitted access to the remote host.
» More than 32 files are currently open within the operation.
* The underlying VxWrks system calldils.

» The pressions used for thevdrse aguments contain references to foreign
variables which cannot be accessed.

There is a limit of 32 open files per operation.

Thefileno  parameter must designate a local (i.e. step or localintgter
variable. Externalariables arexlicitly forbidden.

For the statement to succeed the remote user (whetlzedtdef specified by the
optionalas user clause) must ha& an account on the specified host.

The concept of a file location pointemist supported by the communication
channel: thgosition file number statement is not applicable to the
communication channel established bydpen process statement.

The «it status of the commandecuted on the remote host is neditable in
EXTOL.

Execute the “Is” command on the host specifiedHbgtName:

“ ”

open process Is " on HostName in mode READ
as file number xFileNo  and confirm in xOK
if (xOK= EX _OK istrue
then
read sizeof( xBuffer ) bytes from file number xFileNo
into xBuffer and return count in xCount
/-k
* + additional processing
*
close file number xFileNo
else
print with prefix
using format “ Couldn’t open process on host "
on _CONSOLE
/-k
* + additional failure logic
*
endif
For further information on the remote login/remoxeeution supported by the
PIC operating system see the valet manual entries (rlogin, rsh, rhosts,
hosts.equi) in the UNIX System Manual.

It is possible to create deadlock situations with programs on the remote host
whenin mode UPDATE is in efect: The command on the host magitfor
input from the MFC while the operation of the MF@its for output from the
program running on the host; neither program is able to proceed.

While an operation is bloekl waiting for input from the remote process the
operation cannot be killed or held or restarted or suspendeduygizh

1.2

165



SyCOS EXTOL Reference

See Also

Recommendations

Alphabetical EXTOL Language Reference
open process

“close file number” on paggl
“read” on page08
“write” on page252

Use the open process statement sparingly avel metime 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 wlibeafile
statement.

This statement alles EXTOL to simulate a UNIX user on the remote host up to

a lage dgree. This is not what the statement is intendedfse this statement
mainly to implement access to system resources on the UNIX PIC or FS not oth-
erwise &ailable from EXTL, e.g.:

* to create/remee directories with the UNIX mkdir and rmdir commands

 to run scripts on the UNIX host that gogave, or restore data for the use of
the EXTOL ervironment,
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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 neer implemented. Useopen file instead.
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Syntax

Category
Arguments

Description

openter
[ authorized by
[ with timeout after

message into

variable
auth ]
time minutes |

[ with value value ]
[ without tracking 1[ signed ]
Operator Intedice Statements
Parameter | I/O Type Description
message I string This parameter specifies at&vhich appears on an
valued opdec display in the alarm summary
expression
variable 0] local string | This variable will recefe the \alue entered by the
or numeric | operator in response to the openter statement.
variable
auth I string This optional agument specifies the authorization
valued required for the opdec.
expression
time I integral This optional parameter specifies the maximum time
expression | in minutes the operation issuing thygenter  will
wait for an answer from the operator
value I string or This wvalue will be stored into theariable  when
numeric the timeout specified yme has elapsed without
expression | operator action.

Table 62: Arguments of “openter”

The openter statement sends thetespecified bynmessage to each opera-
tor console defined in the unit block where the operation is running.

The operation then pauseseeution until either thepenter
the time specified in the optionalth timeout after

is answered, or
clause has elapsed.

When the operator selects thgenter text on the console an input field is dis-
played that allevs entry of a single data item.

When the operator answers tipenter |, the answer is written intaariable

and the operation will resumaezution. The xpected type of the entered data
must be compatible with the typedriable . If an integer \alue is &pected
and a alue outside of the range of ig&rs is entered then thalue will be set to
the maximum (posite or ngative) integer \alue.An automatic entry into the
batch protocol file will be made of the foing format: OPERAOR: <user

id> CONSOLE: <console name> FUNCTION: Op¢or Entry OPERAION:
<operation> ENTRY: <message> VALUE: <value enteed> [SIGNED BY
<userid>].

The \alue specified byime should galuate to a posite numberlf a neyative
time is specified then it is set to zero. A zéme value is the same as not
specifying awith timeout after clause).
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If theopenter  times out, thevalue specified in the optionalith value
clause is stored inteariable  and the operation resumeseeution. If no
with value is specified and a timeout occurs then zero is storedania-
ble .

If the optionalauthorized by clause is specified the openter can only be
answered by an operator possessing the appropriailegeiauth .

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 enteringahesv
will have to enter his pas®nd to re-identify himself and to electronically sign
his value entered. This will be reflected in the batch protocol byeywsded
signed by  <userid>.

The following errors are caught and handled by the @XTuntime system and
result in the standard error handling procedure:

» The unit block of the operation has no operator console defined in its list of
ADls.

* The operation cannot communicate with the local opdeeserv

 Themessage orauth parameters are foreign undnables that cannot be
accessed at runtime.

* Theopenter times out and there is malue specified in thevith
value clause.

There is no recgery from aly of these error conditions as the statement does not
have the optionaénd confirm in clause.

If the optional with alue clause is specified the typevafue must match the
type of thevariable  specified.

The length of thenessage is limited to 79 characters.

Only variables of the simple typéag , byte ,integer ,long ,float |,
double orstring (or a simple type pointeor a simple type array element,
or a simple type structure member) may be specifiedr@sble . The use of
whole structures or entire arrays igkcitly forbidden.

Variable must be a localariable (step or local unitviable). It cannot be a
foreign \ariable or a process database field.

In this exkample, the operator is askto supply the lot number for the batch. This
number will be stored in the irger \ariablelot . Subsequent logging state-
ments could makuse 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

If the operation is forced to hold while apenter  from the main step has not
yet been answered, tbpenter is remaed form the display; it will heever
be rggenerated if the main step is resumed throuxgletion of aestart
statement.

“.opdec ... endopdec” on pad&8 |

EXTOL cannot detect which PICs are presently operational, it doesmitikno
the PICs designated to reeeihisopenter are on-line. Thereforetameout
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in theopenter  statement is strongly recommended.

As the timeout option requires thalwe option the syntax will be changed to
enforce this behaour (i.e. if with timeout is specified withalue must be speci-

fied as well.)
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Syntax

Category
Arguments

Description

pager delete
[ message msg_type ]
[ onunit unit_name ]
[ and confirm in conf var |

Operator Intedice Statements

Parameter | I/O Type Description

msg_type I string This parameter specifies the message type. If omitted
valued then ‘ALARM” is assumed.
expression

unit_name I string This parameter specifies the unit name. If omitted
valued then the unit the operation is currently running on jis
expression | assumed.

conf \ar 0] local integer | This agument contains the confirmation code once

variable thepager delete statement has finished. The
confirmation code will b&X_OK:if the statement

was successfuEX_ERRORtherwise.

Err or Conditions

1.2

Table 63: Arguments of “pager delete”

This statement deletes pending messages ofggetype 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 typd ARM” are deleted from all
pagers of the unit specified bpit_name .

If the message typLL”" is specified, all messages are deleted from all pagers
of the unit specified bynit_name .

If the message typALLALL” is specified, all messages are deleted from all
pagers of all units.

The following errors are caught and handled by the BKTuntime system and
result in the standard error handling procedure:

e The pager send command cannot bevdedid to the alarm system.
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pager delete
Example I*
* 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, th@ager delete statement did not lva anand con-

firmin clause.

See Also “pager delete group” on pad&3
“pager disable” on pagkr5
“pager enable” on pagk77
“pager escalation time” on pad&9
“pager pager#” on padi81
“pager send group” on pad83
SyCOS Rger System Documentation
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5.58. pager delete goup

Syntax pager delete group arp
[ user wusr ]
[ message msg_type ]
[ and confirm in conf var |

Category Operator Intedice Statements
Arguments

Parameter | I/O Type Description

arp I string This parameter specifies a group name from the ynit
valued the operation is currently running on.
expression

usr I string This parameter specifies the type of user from the
valued specified group. If omitted then all types of user of
expression | the specified group are assumed.

msg_type I string This parameter specifies the message type. If omitted
valued then ‘ALARM” is assumed.
expression

conf \ar 0] local integer | This agument contains the confirmation code onc
variable thepager delete group statement has fin-
ished. The confirmation code will IEeX_OKif the
statement &s successfuEX_ERRORtherwise.

11%

Table 64: Arguments of “pager delete goup”

Description This statement deletes pager messagesqudy transmitted with thpager
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 tydeARM” are
deleted from all pagers of all user typegnd of the current unit.

If usr is specified anthsg_type is not specified then messages of type
“ALARM” are deleted from all pagers obr and ofgrp of the current unit.

If usr is not specifieddtt msg_type is specified messages of typeg_type
are deleted from all pagers of all user typegrpf of the current unit.

If usr andmsg_type are specified then messages of tyysg_type are
deleted from all pagers aofr andgrp of the current unit.

Err or Conditions The following errors are caught and handled by the BKTuntime 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 dedired to the alarm
system.

1.2 173



SyCOS EXTOL Reference

Example

Notes

See Also

1.2

Alphabetical EXTOL Language Reference

pager delete group

/*

* 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 confirmin 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

In prior versions, thegager delete group statement did not kra anand

confirm in clause.

“pager delete” on pagkrl

“pager disable” on pagkr5

“pager enable” on pagEr7

“pager escalation time” on pad&9
“pager pager#”’ on padgi81

“pager send group” on pad83
SyCOS Rger System Documentation

174



SyCOS EXTOL Reference

5.59. pager disable
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pager disable

Syntax

Category
Arguments

Description

pager disable
[ message msg_type ]
[ onunit unit_name ]
[ and confirm in conf var |

Operator Intedice Statements

Parameter | I/O Type Description

msg_type I string This parameter specifies the message type. If omitted
valued then ‘ALARM” is assumed.
expression

unit_name I string This parameter specifies the unit name. If omitted
valued then the unit the operation is currently running on jis
expression | assumed.

conf \ar 0] local integer | This agument contains the confirmation code once

thepager disable statement has finished. The
confirmation code will b&X_OK:if the statement
was successfuEX_ERRORtherwise.

variable

Err or Conditions

1.2

Table 65: Arguments of “pager disable”

This statement disables messages of tgpg 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 ARM” are disabled for all
pagers of the unit specified bpit_name .

If the message typ@LL" is specified all message types are disabled for all pag-
ers of the unit specified lynit_name .

The following errors are caught and handled by the BKTuntime system and
result in the standard error handling procedure:

» The message type is specified AsLALL”". (All messages on all units may
not be disabled).

» The pager disable command cannot bevdedd to the alarm system.
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pager disable
Example I*
* 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 msgfor  unit_name .
*
pager disable message msg onunit unit_name
/*
* Disable all messages for unit_name.
*
pager disable message “ALL”  onunit unit_name
Notes In prior versions, theager disable statement did not kra anand con-

firmin clause.

See Also “pager delete” on pagkrl
“pager delete group” on pad&3
“pager enable” on pagdEr7
“pager escalation time” on pad&9
“pager pager#” on padgi81
“pager send group” on pad83
SyCOS Rger System Documentation
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pager enable

Syntax

Category
Arguments

Description

pager enable
[ message msg_type ]
[ onunit unit_name ]
[ and confirm in conf var |

Operator Intedice Statements

Parameter | I/O Type Description

msg_type I string This parameter specifies the message type. If omitted
valued then ‘ALARM” is assumed.
expression

unit_name I string This parameter specifies the unit name. If omitted
valued then the unit the operation is currently running on jis
expression | assumed.

conf \ar 0] local integer | This agument contains the confirmation code once

thepager enable statement has finished. The
confirmation code will b&X_OK:if the statement
was successfuEX_ERRORtherwise.

variable

Err or Conditions

1.2

Table 66: Arguments of “pager enable”

This statement enables messages of the type specifiesigoytype 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 tygd ARM” are enabled for all
pagers of the unit specified bpit_name .

If the messageALL" is specified all message types are enabled for all pagers of
the unit specified bynit_name .

The following errors are caught and handled by the BKTuntime system and
result in the standard error handling procedure:

* The message type is specified AKLALL”. (i.e. it is not allowed to enable
all messages on all units).

» The pager enable command cannot bevdrdd to the alarm system.
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Example I*
* 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 onunit unit_name

/*
* Enable all messages for unit_name.
*
pager enable message “ALL”  onunit unit_name
Notes In prior versions, th@ager enable statement did not va anand con-
firmin  clause.

See Also “pager delete” on pagkrl
“pager delete group” on pad¥3
“pager disable” on pagkr5
“pager escalation time” on pad&9
“pager pager#”’ on padgi81
“pager send group” on pad83
SyCOS Rger System Documentation
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pager escalation time

5.61. pager escalation time

Syntax pager escalation time time group grp user usr
[ onunit unit_name ]
[ and confirm in conf var |
Category Operator Intedice Statements
Arguments
Parameter | I/O Type Description
time I numeric This parameter specifies the time in minutes until the
expression | next step in the escalation procedure isstak
arp I string This parameter specifies a group name from the spec-
valued ified unit.
expression
usr I string This parameter specifies the type of user from the
valued specified group. If omitted then all types of user of
expression | the specified group are assumed.
unit_name I string This parameter specifies the unit name. If omitted
valued then the unit the operation is currently running on fis
expression | assumed.
conf \ar o local integer | This agument contains the confirmation code once
variable thepager escalation time statement has
finished. The confirmation code will EX_OKif the
statement @&s successfuEX ERRORtherwise.
Table 67: Arguments of “pager escalation time”
Description This statement changes the escalation time for the spegifiedndusr for the

Err or Conditions

1.2

unit specified byinit_ name . The change is ag# 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 tite ne
higher level of the escalation procedure is triggered.

The ngative escalation time (-1) indicates that the user should be skipped in the
escalation procedure.

The following errors are caught and handled by the BKTuntime 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.

e The pager send command cannot bevdedid to the alarm system.
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pager escalation time

/*
* Change the escalation time to 5 minutes for unit
* unit_name, group grp and user usr.

*

pager escalation time 5 group grp user usr
onunit 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
In prior versions, the@ager escalation time statement did not ka an
and confirm in clause.

“pager delete” on pagkrl

“pager disable” on pagkr5

“pager enable” on pagdEr7

“pager delete group” on pad&3
“pager pager#”’ on padgi81

“pager send group” on pad83
SyCOS Rger System Documentation
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Alphabetical EXTOL Language Reference
pager pager#

Syntax

Category
Arguments

Description

pager pager_name pager_no
[ onunit unit_name ]
[ and confirm in conf var |

group grp user usr

Operator Intedice Statements

Parameter | I/O Type Description
pager_name | | - This parameter specifies one of the 3 pagers that jare
available to a user of a certain user type and group.
The names argragerl , pager2 orpager3 .
pager_no I numeric This parameter specifies the number of one of the
expression | configured pagers to be associated with the page
name.
arp I string This parameter specifies a group name from the spec-
valued ified unit.
expression
usr I string This parameter specifies the type of user from the
valued specified group.
expression
unit_name I string This parameter specifies the unit name. If omitted
valued then the unit the operation is currently running on jis
expression | assumed.
conf \ar 0] local integer | This agument contains the confirmation code once
variable thepager pager# statement has finished. The
confirmation code will b&X_OK:if the statement
was successfuEX_ERRORtherwise.

Err or Conditions

1.2

Table 68: Arguments of “pager pager#”

This statement allocates a pager to a user from the specified type dtaser
allocation is actie until another allocation is made or the pager system is
restarted.

Pagers, units, groups, and user types are predefined in the pager configuration
file.

The following errors are caught and handled by the BKTuntime system and
result in the standard error handling procedure:

e The group name is not specified aulty (no alphanumeric character).
» The user name is not specified aulty (no alphanumeric character).

* The pager number is gative.

e The pager send command cannot bevdedid to the alarm system.
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pager pager#

/*
* Assign pagerl for user type usr of group grp of
* unit unit_name to pager number 3.
*
pager pagerl 3 group grp user usr onunit 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

In prior versions, th@ager pager#  statement did not ka anand con-
firmin  clause.

“pager delete” on pagkrl

“pager delete group” on pad¥3
“pager disable” on pagkr5

“pager enable” on pagEr7

“pager escalation time” on pad&9
“pager send group” on pad83
SyCOS Rger System Documentation
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pager send group

5.63. pager send goup

Syntax

Category
Arguments

Description

pager send group
[ user wusr ]
[ message msg_type ]
[ and confirm in conf var |

grp

Operator Intedice Statements

Parameter | I/O Type Description
arp I string This parameter specifies a group name from the ynit
valued the operation is currently running on.
expression
usr I string This parameter specifies the type of user from the
valued specified group. If omitted then all types of users o¢f
expression | the specified group are assumed.
msg_type I string This parameter specifies the message type. If omitted
valued then ‘ALARM” is assumed.
expression
conf \ar 0] local integer | This agument contains the confirmation code once
variable thepager send group statement has finished.
The confirmation code will bEX_OKIif the state-
ment vas successfuEX ERRORtherwise.

Err or Conditions

1.2

Table 69: Arguments of “pager send goup”

This statement transmits a message of typg_type to all pagers defined by
the current unit, the grougrp and the useusr . The escalation procedure is
followed when a usarsr 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 aresihd or do
not ist in the pager configuration file no message is transmitted to the pager
system.

If usr andmsg_type are not specified the a message of tyfleARM” is
sent to the pagers of all types of users definegrpyof the current unit.

If usr is not specifieddtt msg_type is specified then a message of type
msg_type is sent to the pagers of all users belongingyo of the current
unit.

If usr is specified anthsg_type is not specified then messages of type
“ALARM" are sent to the pagers specifiedusr andgrp of the current unit.

If usr andmsg_type are specified then a message of ysg_type is sent
to the pagers defined lgr andgrp of the current unit.

The following errors are caught and handled by the @XTuntime system and
result in the standard error handling procedure:

» The group name is not specified aulty (no alpha numeric character).

» Thepager send group
tem.

command cannot be detred to the alarm sys-
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pager send group

It is not possible to specify a foreign unit.
The EXTOL runtime does not check the pager configuration file for correctness.
/-k
* 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 confirmin xOK

/-k
* 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 confirmin xOK

/-k
* 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

/-k
* 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
In prior versions, th@ager send group statement did not ka anand

confirm in clause.

In prior versions, thgroup grp part was optional (i.e. the compilerould
accept pager send statement without thgroup clause). As noalid group
can be specified in thisay, the resulting déct is that no pager message will be
sent. This problem has beergfikby making thgroup clause a mandatory part
of the statement.

“pager delete” on pagkrl

“pager delete group” on pad¥3
“pager disable” on pagkr5

“pager enable” on pager7

“pager escalation time” on pad&9
“pager pager#”’ on padgi1
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pap box
5.64. pap box
Syntax pap box [ number , ] name
Category Other EXTOL Language Constructs
Arguments
Parameter | I/O Type Description
number I integer Hierarcly level of the box. If not specified the current
constant nesting leel + 1 is assumed. Nestingéds start from
zero for the outermostuel.
name I string Title of the box. Only used when box is displayed |n
constant its closed state. If set to the empty string box will not
be displayed in its closed state.
Table 70: Arguments of “pap box”
Description Thepap box statement lgins a so called “black box” when EXL code is

Err or Conditions

Restrictions

1.2

displayed in a flw chart by the papgen tool.

Thename agument determines the name of the black box while it is folded (i.e.
the code between tpap box statement and the correspondgagp endbox
statement is folded into a single box that contains the stantg).

If the name algument is the empty string the black box will disappear from the
flowchart display when it is folded.

The optional intger agumentnumber is used to werride the defult nesting
level automatically assumed whpap box statements are nested. The outer-
most box has a nestingvld of one and nestingvels increase by one fovery
pap box statement encountered. If numbexsispecified for pap box state-
ment allpap box statements folling agnin increase nestingJels by one,
unless thg also hae a number gument.

pap box statements can be nested to arbitrary depth although the papgen tool
only allows easy unfolding of the first 8viels.

There are no runtime error conditions for this statement. The compiler only
checks the syntacticahlidity of the statementut not its semantic correctness.

There must be apap endbox statement forvery pap box statement,
although this is not enforced by the EXII compiler

A pap box statement and its correspondipep endbox statement must
appear on the same structurakle If apap box statement is found within the
then part of anf statement the correspondipgp endbox mustalso be
within thethen part. Itcannotbe within theelse part or occur after the

endif keyword of theif statement. The compiler does not check for this
restriction lut the papgen tool will complain when this rule is not adhered to.
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Example The folloving example uses the pap box and pap endbox statements/idepro
additional information within the papgen generateddloarts. The indentation
in this kample sergs to illustrate the nestingvie as displayed

pap box 2, “Set up the information for this entry.”
pap box 3, “set a default message”
let xmessagel = “UNKNOWN”
pap endbox
pap box “set the message string”
if XOPERREC.RECORDID= RID_NEW is true

then
let xmessagel =“PENDING”
endif
if XOPERREC.RECORDID= RID_RIP istrue
then
let xmessagel ="“INPROGRESS”
endif
pap endbox
pap box *“display message”
print with prefix xmessagel
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 dehugger). This is due to the implementation of the compiler and is an
unsupported side-fefct.

See Also “pap endbox” on pagé&87
“pap endliteral” on pag&88
“pap filter” on pagel 89
“pap formfeed” on pag&90
“pap literal” on pagd 91
“pap nofilter” on pagd 92
“pap title” on pagel94

Recommendations If the optionalnumber amgument for thgap box statement is used once it
should be used fowverypap box statement. This segg to document a clear
concept of nesting. It also implies a predefined gyafer using RP’s within a
project.
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pap endbox
5.65. pap endbox
Syntax pap endbox
Category Other EXTOL Language Constructs
Arguments
Description This statement marks the end of a “black box” started by a pregesinigox
statement.
Err or Conditions There are no runtime error conditions for this statement. The compiler only

checks the syntacticahlidity of the statementut not its semantic correctness.

Restrictions There must be apap endbox statement forvery pap box statement,
although this is not enforced by the EXII compiler

A pap box statement and its correspondjpep endbox statement must
appear on the same structurakle If apap box statement is found within the
then part of anf statement the correspondipgp endbox mustalso be
within thethen part. ltcannotbe within theelse part or occur after the

endif keyword of theif statement. The compiler does not check for this
restriction lut the papgen tool will complain when this rule is not adhered to.

Example Seepap box” on pagd.85 |

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 delugger). This is due to the implementation of the compiler and is an
unsupported side-fefct.

See Also “pap box” on pagd.85
“pap endliteral” on pag&88
“pap filter” on pagel 89
“pap formfeed” on pag#90
“pap literal” on pagd 91
“pap nofilter” on pagd 92
“pap title” on pagel94
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pap endliteral

5.66. pap endliteral

Syntax pap endliteral

Category Other EXTOL Language Constructs

Arguments

Description This statement ends a block startecphp literal . Everything between a
pap literal statement and the correspondpap endliteral state-
ment is copied erbatim in the RP 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 syntacticahlidity of the statementut not its semantic correctness.

Restrictions There must be apap endliteral statement forvery pap literal
statement, although this is not enforced by the BXTompiler
A pap literal statement and its correspondpep endliteral state-
ment must appear on the same structuvaliéf a pap literal statement is

found within thethen part of anf statement the correspondipgp endl-

iteral  mustalso be within théhen part. ltcannotbe within theelse part

or occur after thendif keyword of theif statement. The compiler does not
check for this restrictionut the papgen tool will complain when this rule is not

adhered to.
Example Seepap literal” on pagel 91 |
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 dehugger). This is due to the implementation of the compiler and is an
unsupported side-fefct.

See Also “pap box” on pagd.85
“pap endbox” on pagé&87
“pap filter” on pagel 89
“pap formfeed” on pag#90
“pap literal” on pagd 91
“pap nofilter” on pagd 92
“pap title” on pagel94
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pap filter
5.67. pap filter
Syntax pap filter filter_spec
Category Other EXTOL Language Constructs
Arguments
Parameter | I/O Type Description
filter_spec I string String containing a comma separated list of EXXT
constant keywords for statements that should no longer appear
in a AP generated from this source.
Table 71: Arguments of “pap filter”
Description This statement filters the EXOL statements specified in tfiker_spec
from the AP generated from the source by the papgen ytilitgddition to an
statements already filtered by apoaisly encounteregap filter state-
ment.
Thefilter_spec is a comma separated list aykvords. The alloed key-

words are the firstdgwords of an EXDL statement as listed in this reference
manual (e.g.: to filtelet statements use the itdet  within the

filter_spec , to filteropen file statements use the itepen file in
thefilter_spec ).

Err or Conditions There are no runtime error conditions for this statement. The compiler only
checks the syntacticahirdity of the statementub not its semantic correctness.

Only the papgen utility looks at the contentdilér_spec and ay typo-

graphical errors in thiélter_spec will only be noticed by the papgen util-
ity.
Restrictions
Example The following pap filter statement adds tle¢ , 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 delugger). This is due to the implementation of the compiler and is an
unsupported side-fefct.

See Also “pap box” on pagd.85
“pap endliteral” on pag&88
“pap endbox” on pagé&87
“pap formfeed” on pag&90
“pap literal” on page 91
“pap nofilter” on pagd 92
“pap title” on pagel94

Recommendations If you usepap filter for some source, the must reset the filter wip
nofilter at the end of the source file teoad an ungpected filter setting for
the net source file parsed by the papgen utility

1.2 189



SyCOS EXTOL Reference

5.68. pap formfeed

Alphabetical EXTOL Language Reference
pap formfeed

Syntax
Category
Arguments
Description

Err or Conditions
Restrictions

Example

Notes

See Also

Recommendations

Futur e Directions

1.2

pap formfeed
Other EXTOL Language Constructs
None.

This statement inserts form feeds (i.e. mandatory page breaks) in the output gen-
erated by papgen.

There are no runtime error conditions for this statement. The compiler only
checks the syntacticahlidity of the statementut not its semantic correctness.

The pap formfeed statement is recognized by the@®Xdompiler lut is not
implemented in the papgen utility

The following code inserts a formfeed into theHPgenerated by papgen:
pap formfeed

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 dehlugger). This is due to the implementation of the compiler and is an
unsupported side-fefct.

“pap box” on pagd85
“pap endliteral” on pag&88
“pap filter” on pagel 89
“pap endbox” on pagé&87
“pap literal” on pagd 91
“pap nofilter” on pagd 92
“pap title” on pagel94

Use this statement sparingly as it interferes with the automatic page break strat-
egy implemented by papgenely often changes to the source code will emak

this statement generate page breaks atpewed locations (e.g. page breaks

that were used to aclkiewell filled pages suddenly will result in pages with

very little information on them).

Future \ersions of the papgen utility will actually implement this statement.
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pap literal
5.69. pap literal
Syntax pap literal
Category Other EXTOL Language Constructs
Arguments None.
Description All EXT OL source tet found between pap literal and the corresponding
pap endliteral statement is displayed literally in theviichart generated

by the papgen utility: Structure elements such aswhile , switch are not
translated into fivchart elementsut are displayed asxe

Err or Conditions There are no runtime error conditions for this statement. The compiler only
checks the syntacticahlidity of the statementut not its semantic correctness.

Restrictions There must be apap endliteral statement forvery pap literal
statement, although this is not enforced by the BXTompiler

A pap literal statement and its correspondpep endliteral state-
ment must appear on the same structuvaliéf a pap literal statement is
found within thethen part of anf statement the correspondipgp endl-

iteral  mustalso be within théhen part. ltcannotbe within theelse part

or occur after thendif keyword of theif statement. The compiler does not
check for this restrictionut the papgen tool will complain when this rule is not
adhered to.

Example The following include the EXDL comment as part of &P 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 delugger). This is due to the implementation of the compiler and is an
unsupported side-fefct.

See Also “pap box” on pagd.85
“pap endliteral” on pag&88
“pap filter” on pagel 89
“pap formfeed” on pag&90
“pap endbox” on pag&87
“pap nofilter” on pagd 92
“pap title” on pagel94

Recommendations Thepap literal statement is frequently used to include EXXTcomments
in the AP generated by papgen.
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pap nofilter
5.70. pap nofilter
Syntax pap nofilter filter_spec
Category Other EXTOL Language Constructs
Arguments
I/0 Type Description
filter_spec I string String containing a comma separated list of EXXT
constant keywords for statements that should no longer appear
in a AP generated from this source.
Table 72: Arguments of “pap nofilter”
Description This statement specifies a list of statements that should no longer be filtered from

Err or Conditions

Restrictions
Example

Notes

See Also

1.2

the FAP generated by papgen. Ivegses the &ct of a preiouspap filter
statement with the sanfiééer_spec

Thefilter_spec is a comma separated list aykvords. The alloed key-
words are the firstdgwords of an EXDL statement as listed in this reference
manual (e.g.: to filtelet statements use the itdet  within the

filter_spec , to filteropen file statements use the itepen file in
thefilter_spec ).

There are no runtime error conditions for this statement. The compiler only
checks the syntacticahblidity of the statementut not its semantic correctness.

Only the papgen utility looks at the contentdilér_spec and ay typo-
graphical errors in thiélter_spec will only be noticed by the papgen util-

ity.

The following pap nofilter statement neerses the &ct of the ®ample
given in the reference entry for thap filter statement. It adds thet |,
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”

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 delugger). This is due to the implementation of the compiler and is an
unsupported side-fefct.

“pap box” on pagd.85
“pap endliteral” on pag&88
“pap filter” on pagel 89
“pap formfeed” on pag&90
“pap literal” on page 91
“pap endbox” on pagé&87
“pap title” on pagel94
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pap replace

5.71. pap replace
Syntax pap replace rep_string
Category Other EXTOL Language Constructs
Arguments

Parameter | I/O Type Description

rep_string I string String containing the k& that should replace the pre-
constant ceding line in the generatedP
Table 73: Arguments of “pap replace”

Description This statement is used to replace the preceding@X3tatement by a user

Err or Conditions

Restrictions
Example

Notes

See Also

Recommendations

1.2

definable string as specified in tteg_string amgument.

There are no runtime error conditions for this statement. The compiler only
checks the syntacticahlidity of the statementut not its semantic correctness.

The following code replaces the preceding Extol statement with an alternati
text:

let xmessagel = “UNKNOWN"
pap replace  “Initialise message.”

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 delugger). This is due to the implementation of the compiler and is an
unsupported side-fefct.

“pap box” on pagd.85
“pap endliteral” on pag&88
“pap filter” on pagel 89
“pap formfeed” on pag#90
“pap literal” on pagd 91
“pap nofilter” on pagd 92
“pap endbox” on pagé&87
“pap title” on pagel94

Abuse of this statement will render th&RPgenerated by papgen useless.
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pap title
5.72. pap title
Syntax pap title title_string
Category Other EXTOL Language Constructs
Arguments
Parameter | I/O Type Description
title_string I string String containing the title that should be put garg
constant page of the RP generated by papgen.
Table 74: Arguments of “pap title”
Description This statement sets the title displayed werg page of theAP generated by the

Err or Conditions

Restrictions
Example

Notes

See Also

1.2

papgen utility from the source.
Every page will hge the stringditle_string on top of the page.

There are no runtime error conditions for this statement. The compiler only
checks the syntacticahblidity of the statementut not its semantic correctness.

The following code defines the title:
pap title “Example title.”

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 delugger). This is due to the implementation of the compiler and is an
unsupported side-fefct.

“pap box” on pagd.85
“pap endliteral” on pag&88
“pap filter” on pagel 89
“pap formfeed” on pag&90
“pap literal” on pagel91
“pap nofilter” on pagd 92
“pap endbox” on pagé&87
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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
Arguments
Parameter | I/O Type Description
fileno I integer This expression mustwaluate to a file number
valued returned by a praous successful call toreate
expression | file  oropen file
offset I integer The bytditem offset the location pointer of the file is |
valued to be meed to. The dbet is interpreted according tp

expression | the optionalwhence clauseand depends on the
mode the file s opened in

whence - One of the kywordsabsolute  (position to abso-
lute position in file)relative (position relatie to
the current position in filegndrelative (posi-

tion relative to the current end of the file). If not spec-
ified absolute is implied.

pos var 0] locallong This agument contains theurrent absolute position
variable once theposition file number statement has
finished
conf \ar o local integer | This agument contains the confirmation code once
variable the position file number statement has fin-

ished. The confirmation code will lEX_OKif the
statement @&s successfuEX ERRORtherwise.

Table 75: Arguments of “position file number”

Description This statement me@s the location pointer for the file associated with the sup-
pliedfileno . The natread orwrite statement will perform its function
starting at the e position within the file.

In all cases the finalalue of the location pointgre. the absolute position in the
file after positioning has tak place, must not be gaive and must notxeeed
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 &s successful, the optionally
specifiedpos_var of typelong will contain the then current absolute location
within the file.

Dependent on the mode the filasvopened/created in locations are either byteg
locations (rav mode, CGS compatible modextenode) or item locations
(binary mode).

Err or Conditions Theposition file number statement will &il under the follaving condi-
tions:

» Thefileno parameter does not designate a file that is currently open.
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* The resulting &lue of the location pointer is not in thalid range from 0
(zero) to the current size of the file.

e The underlying VxVidrks system library functiorafls.
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Example Position the location pointer at byte number 5 in the file identified byatioe v
contained in the ingger \ariablefd and opened in ramode. Bllowing that, |
read 2 bytes (the size of an EQL integer  variable) from the file into the
integer  variablexint . After theread statement hascecuted successfully
the \alue 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 bothlead andwrite statements cause the location pointer to be

incremented by the number of byfieamsread or written if the file operation
was successful (for instance, if you successfully read 5/bgtas the location
pointer is incremented by 5 bytiéems.

There currently is no statement that aiato query the currentiue of the loca-
tion pointer: It is the programmers responsibility & track of the current
position within the file should that information be needed.

See Also “create file” on pag&5
“open file” on pagd 61
“read” on page08
“write” on page252
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print
5.74. print
Syntax print [ prefix_spec ][ expr_list ]
using format format_string
on typer_list
[ withcode code ]
Category Operator Intedice Statements
Arguments
Parameter I/O Type Description
prefix_spec I - This agument only has tavlegal formulationswith
prefix  prefixes the message with date and time infor-
mation,without prefix omits the printing of an
additional information. If this optional part is not speci-
fied, without prefix is implied. Prior ersions, this
agument vas mandatory
expr_list I *a Comma separated list afgressions, whosealues
should be formatted into the alarm message.
format_string | | string This string constant specifies the format that is used to
constant | represent thexpr_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 This parameter specifies a list of options for the printing
valued of the message on a console alarm destinatmrfurther
expres- | information see the description belo
sion
Table 76: Arguments of “print”
a. Typesary according tdormat_string . See Description section belo
Description Theprint  statement directs formatted messagestmus output daces such
as alarm displays, alarm typers, logger files and BHF as specified in
typer_list
This statement outputs the string consfarmnat_string to the output
device intyper_list . The string constaribrmat_string contains ordi-

nary characters, which are written unchanged, plugersion specifications,
which cause thealues fromexpr_list to be cowerted and included as part
of the output message.

This message may be printed as is, or mag lize time and the date prefikto
it, depending on thprefix_spec  option. In prior ersions, the
prefix_spec  can be omitted implying print without prefix

Messages are identfied as being specific to a unit and operation.

When the message issued by phiat statement is directed to an operator
console the optionalith 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 follaving keys and alues defined:
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n = message_number

The message_number is an geewhich is used to identify (groups of) mes-
sages so that thiecan later be deleted wittelete code . The
message_number 0 is reshby the system to mark messages that were not
given an gplicit message_number and should not be used as a
message_number by an application.

r =rank

The rank is an ingger in the range 0 - 4 which identifies the colour in which
the message is to be displayed:

0 - green (defult)

1- blue

2 -gan

3 - yellov

4 -red

v = ack \ariable

The ack wariable is a local unitariable of type intger, which must be of
simple type (i.e. no comptevariable is allaved, such as an array element).
This variable is used to signal the acknedgement of the message to the
EXTOL operation. The dafllt, if this option is not specified, is to not modify
ary variables. If an ivalid variable name @riable that does nokist or is of
the wrong type) is specified for this option the alarm will not be aglaty-
able.

s = ack walue

The ack_walue is an intger which is stored in ackaxiable when the opera-
tor acknavledges the message. It must be in the rangalaf EXTOL inte-
gers and daiults to -1, if not specified.

b = bell

This key activates the annunciator on the alarm display if tlees of bell is
distinct from O (zero). The daidlt is to not actiate the annunciator on the
alarm summary

a = attrilute

This key affects the ackneledgement behdiour of a message on the alarm
summary displaya=0 is the defult behaiour. All other \alues result in a

a= Description

0 The message will stay on the alarm summasgneafter it has
been ackmeledged until it is plicitly removed by EXTOL
(using the delete code statement).

1 The message is automatically rerad from the alarm sum-
mary display when it is akmdedged.

=i

2 The unackneledged message turns into blue (latched) whe
deleted gplicitely from EXTOL and disappears when ackvio
edged.

Table 77: attributes a

runtime error

Note that the &y letters may be written in upper omler case with identical
meaning.

For alarm destinations other than the alarm summary display on an operator con-
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sole the optionalith code  clause is not &ctive, 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 numbeessage i, acknavledge \ariable, and
acknavledge \alue already»asts in the display system, then thevrarint mes-

sage is ignored.

Err or Conditions The following errors are caught and handled by the @XTuntime system and
result in the standard error handling procedure:

* The alarm messagaffer is too small for the formatted data.

» The list of \ariables to be formatted contains foreign uaiiable or process
variable which cannot be accessed.

» If code cannot be parsed successfully or the code string continsswout
of range (in prior ®grsions this string as not checd).

* The alarm message cannot be sent to the alarm transmitter task.

If the runtime stack allocated to a step is nadagnough to hold all thexgres-
sions of theprint  statement the step will be suspended. Note that this condi-
tion is not caught by the EXJL runtime system.

Restrictions The formatted print message can only be up to 131 bytes long.
In prior versions, foreign stringariables are not alleed 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 P175:0.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 logginyites designated in
typer_list are currently acte. Theprint  statements directed to a non-
operational PIC are notgenerated and will be lost for that PIC.

See Also “format” on pagel21
“delete code” on page5

Futur e Directions
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amgument (e.g.: name and type @ifriable in v option).

The syntax of this statement needs eerbaul so that all the sfuiow encoded
in the code string becomespdicit and checkable by the compiler

We should probably lva 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 diees other than _CONSOLE and BHF)
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put
5.75. put
Syntax put loc_var into var_name
of unit unit_name
[ and confirm in conf var |
Category Unit Variable Access
Arguments
Parameter| I/O Type Description
loc_var I local This agument designates the localriable.
variable
var_name | O | string On a successful return from that variable state-
valued ment the ariable designated by this parameter will con-
expression | tain the alue of the local ariable.
unit_name| | string \alued | This agument designates the unit where thdable
expression | var_name resides.
conf_\ar 0] local This agument contains the confirmation code once the
integer put variable statement has finished. The confirma-
variable tion code will beEX_OKif putvariable was success-
ful, EX_ERRORtherwise
Table 78: Arguments of “put”
Description Theput statement copies the contents ofaable local to the calling step or
local to the current unit to a unianable on a foreign unit.
The statement causes the step to pause until the access to the foreignainit v
ble has completed oaited to complete.
If theput statement could successfully access the foreign aridhle,
conf_var , if specified in the optionand confirm in clause, is set to
EX_OK.
If theput statement did not succeed, the standard runtime error procedure will
be eecuted, unless the optioraid confirm in clause vas specified. If the
and confirmin clause vas specifiedzonf_var is set tdEX_ERRORNd
execution continues with the xtestatement, if an
Err or Conditions The following errors are caught and handled by the @XTuntime system and

result in the standard error handling procedure:

» The types of source and destinati@niable are not compatible (i.e. the types
are not identical and cannot be certed).

» The foreign unit does not contain the specifiadable.
» The foreign unit does nokist or its unit \ariable are not loaded.
» The MFC on which the specified unit resides cannot be accessed.
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The foreign / local unitariable may only be aaviable of typdlag , byte ,
integer ,long ,float ,double ,string or a structure type.

If a variable of structure type is transferred the size of thaable may not
exceed 1000 bytés

Pointer ariables cannot be transmitted.wwer, if a structure contains a
pointer the \alue of this pointer is transferred, although it is almost certain to be
meaningless on the reeiig side.

An element of an array can be transferred,dam entire array can not be trans-
ferred.

In the follaving example, the operator is queried for the name of the main sup-
ply tank to be used in the operation. Kiiiog 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 istrue
then
print  Supply, Quantity
using format “quantity of supply vessel %s: %d"
on _TYPER
endif

The distinction between thmut statement and thaut variable statement
is that theput statement acceptsting valued gpression(i.e. a string constant
or a string ariable) asyar_name and thus alles dynamic hilding of the
var_name :

Assuming thaWariable is a local ariable of typestring  and also an
integer  type \ariable on uniR101 the two constructs

put xint into Variable ofunit  “R101”
and
put variable xInt  into Variable ofunit  “R101”

have quite diferent semantics: The first will put thelue of xInt into the aria-
ble named by the contenté the local ariableVariable ; the second will put
the \alue of xInt into a ariablenamedvariable  on the foreign unit.

“put variable” on pag@05
“get” on pagel25

1. This limit is not checkd by the compilelt is not a strict limit bt depends on the
length of the ariables name and runtime memory constraints. The limit specified
really is an order of magnitudalue: Up to that manbytes can be transferred
from one MFC to another under normal circumstances.
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“get variable” on pagd 32 |

Theget/put  statement alls for error handling by priding the optional
and confirm in clause. This mads the statement preferable teia state-
ment where xdernal unit \ariable(s) are accessed throughuha$varia-

ble notation.

Local unit\ariables are generally accessed much mdiaeaftly by direct refer-
ence than through thget/put  statementdmily. If synchronized access to
unit variables is required thget/put  statementdmily provides a means for
synchronized sequential access, though.
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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
Arguments
Parameter| I/O Type Description
loc_var I local This agument designates the localriable.
variable
var_name | O | variable On a successful return from that variable state-
name ment the ariable designated by this parameter will con-
tain the \alue of the local ariable.
unit_name| | string \alued | This agument designates the unit where thdable
expression | var_name resides.
conf_\ar 0] local This agument contains the confirmation code once the
integer put variable statement has finished. The confirma-
variable tion code will beEX_OKif putvariable was success-
ful, EX_ERRORtherwise
Table 79: Arguments of “put variable”
Description Theput variable statement copies the contents ohaable local to the

calling step or local to the current unit to a umitigble on a foreign unit.

The statement causes the step to pause until the access to the foreignaunit v
ble has completed oaited to complete.

If the put variable statement could successfully access the foreign anit v
iable,conf_var , if specified in the optionand confirm in clause, is set
to EX_OK.

If the put variable statement did not succeed, the standard runtime error
procedure will bexecuted, unless the optioraald confirm in clause as
specified. If theand confirm in clause was specifiedgonf_var is set to
EX_ERRORNd &ecution continues with the xiestatement, if an

Err or Conditions The following errors are caught and handled by the @XTuntime system and
result in the standard error handling procedure:

 Thetypesofoc var andvar name are not compatible (i.e. the types are
not identical and cannot be ca@nted).

» The foreign unit does not contain the specifiadable.
» The foreign unit does nokist or its unit \ariable are not loaded.
» The MFC on which the specified unit resides cannot be accessed.
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The foreign / local unitariable may only be aaviable of typdlag , byte ,
integer ,long ,float ,double ,string or a structure type.

If a variable of structure type is transferred the size of thaable may not
exceed 1000 bytés

Pointer ariables cannot be transmitted.wwer, if a structure contains a
pointer the \alue of this pointer is transferred, although it is almost certain to be
meaningless on the reeiig side.

An element of an array can be transferred (if and only if theciisde constant),
but an entire array can not be transferred.

In the follaving example, the operator is queried for the name of the main sup-
ply tank to be used in the operation. Kiiiog 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 istrue
then
print  Supply, Quantity
using format “quantity of supply vessel %s: %d"
on _TYPER
endif

The distinction between thmut statement and thaut variable statement
is that theput variable statement accepts anablename

Assuming thaWariable is a local ariable of typestring and also an
integer  type \ariable on uniR101 the two constructs

put xint into Variable ofunit  “R101”
and
put variable xInt  into Variable ofunit  “R101”

have quite diferent semantics: The first will put thelue of xInt into the aria-
ble named by the contenté the local ariableVariable ; the second will put
the \alue of xInt into a ariablenamedvariable  on the foreign unit.

1. This limit is not checkd by the compilelt is not a strict limit bt depends on the
length of the ariables name and runtime memory constraints. The limit specified
really is an order of magnitudalue: Up to that manbytes can be transferred
from one MFC to another under normal circumstances.
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put variable
“put” on page202
“get variable” on pagd 32
“get” on pagel25
Theget/put variable statement all@s for error handling by prding
the optionaknd confirm in clause. This mads the statement preferable to

alet statement wherexternal unit ariable(s) are accessed through the
unit$variable notation.

Local unit\ariables are generally accessed much mdiaeaftly by direct refer-
ence than through thget/put variable statementdmily. If synchronized
access to unitariables is required thget/put variable statementdmily
provides a means for synchronized sequential access, though.
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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 countin cnt ]
[ and confirm in conf var ]
Category | File Control Statements
Arguments
Parameter | I/O Type Description
count I integer This agument specifies the number of byitesns b |
valued read from the file.
expression
fileno I integer This expression mustwaluate to a file number
valued returned by a praous successful call toreate
expression | file  oropen file
loc_var 0] local This agument designates the localriable that the
variable data read from the file should be put into. Localar
bles of ay type may be specified hei@ependent on
the mode the file ms opened/created with.restrictions
on the data type apply
cnt O | local This variable will contain the count of bytéems |
integer actually read from the file. This wilhahys be equal
variable or less than the number of byfiemmsthat were
requested.
conf \ar 0] local integer | This agument contains the confirmation code once
variable theread statement has finished. The confirmatior
code will beEX_OKif the statement as successful,
EX_ERRORtherwise.
Table 80: Arguments of “read”
Description This statement attempts to rezmlint bytegditemsfrom the file associated with |

the suppliedileno  at the current location pointer inc_var

Upon return from theead statement, the location pointer is incremented by the
number of bytelemsactually read. |

In cnt , using the optionadnd return count in clause, the number of
bytegditems a&tually read and placed lac_var is returned; this number may
be less thagount , if the number of bytégéemsleft in the file is less than
count bytegitems or when the file & opened in CGS compatible mode and
the CGS size is smaller than the SyCOS size of the data.

If no byteditemscan be reathe end-of-file iseached and the predefined step
variable_eof is set to 1 otherwiseeof is setto 0.

If aread statement on an ordinary file does not succeed, the location pointer is
reset to the position it had before thad statement ws eecuted and the
standard runtime error procedure will be performed.
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Err or Conditions Theread statement will&il under the follaving conditions:
* Thefileno parameter is notalid.
» Theloc_var variable is too small for the data about to be read.
* The underlying VxWrks system calldils.

» An attempt vas made to read a type of data ngaldor the mode the file
was opened with.

Example | The precise semantics of the read statement depend on the mode the file w
opened in.

Let's assume we kia three data items, an ERL string &Str), an EXTOL var-
iablexStructYof a structure typ8tructYand an array of EXDL structures
(xArrOfStructY and are reading with the follang 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

Rav Mode: | a)readsxactly 5 bytes from file number 9. xCnt is 5. The 6th byte is not
modified.
b) reads ractly (2 * sizeof(xStructY)) bytes from file number 9. Structure
changes generallygo unnoticed and result in data corruption. Data writtery by
a system of another architecture is readaabage.
CGS Compatible mode: |  a) reads»actly 5 bytes from file number 9. xCnt is 5. The 6th byte of xStr

not modified.
b) reads tw structures of type xStructY from file number 9. xCnt is the
number of bytes actually read and may béedit from (2
*sizeof(xStructY)), it will be equal to xCnt returned by the read statemen|
on CGS.
Any change in the layout of StructY between the timeai$ written and the
time it is read will lead to data corruption of the dates moxArrOfStructY
and may or may not result in a runtimeeption, depending on whether the
corruption can be be detected by the system. All subsequent data on thelfile
represented by file number 9 will be interpreted wrgriggause the byte
offsets when reading no longer match thfseatb of the data when written.

Binary mode: | a)isillegal and causes a runtimeception. The correct statemenbwd
have been:
read 1 item from file number 9 into xStr and return count in xCnt

in which case as mgibytes would have been read as had been written. xCn
would have been 1.

b) would probably cause a runtimeception, 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 wuld have been read. xCntauld have been 2.
Should the layout of StructY @ been changed between the time of writing
and the time of reading this changeul result in a runtimexeeption. Also
trying to read a StructY when iadt a StructX is on the fileauld be
detected and result in a runtimeception.

TextMode | a)readsxactly 5 bytes from file number 9. xCnt is 5. The 6th byte of xStr
set to NUL.
b) is illegal and causes a runtimeoception.

v)

v)
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Notes | Usethesizeof() ~ function to determine thexact sizes of theariable storage. |
See Also “position file number” on pag&95
“write” on page252
“open file” on pagd 61
“create file” on pag&5
Recommendations Use etreme caution when avking with files in EXTOL: Most of the time files

reside on dierent machines in the netwk. This maks EXTOL file handling
sensitie to netvork 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 neer assume thaitw data written by one machine in the netw |
(either PIC or MFC) can be read byyasther machine in the netrk. This is

not generally true and will createveee porting problems should the underlying
hardware or softwre structure change |
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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 neer implemented.
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5.79. rename file
Syntax rename file file_namel tofile file_name2
[ and confirm in conf var |
Category File Control Statements
Arguments
Parameter | I/O Type Description
file_namel I string This parameter specifies the name of the file to
valued rename.
expression
file_name2 I string This parameter specifies thanneame of the file.
valued
expression
conf \ar 0] local integer | This agument contains the confirmation code once
variable therename file statement has finished. The cqgn-
firmation code will beeX_OK:if the statement &s
successfulEX ERRORtherwise.
Table 81: Arguments of “rename file”
Description This statement changes the name of the file specififittbgamel to

Err or Conditions

Restrictions

1.2

file_name2 .file_namel
order for it to be renamed.

must already»dst and must be a normal file in

When renamindile_namel to a filefile_name2
contents ofile_name2 are destrged.

If fle_namel orfile_name2 isthe empty string or both filenames are
identicalrename file no rename will occurli the command will complete
successfullyThis is in accordance with the passerror handling straggy
implemented in EXDL.

that alreadydsts, the

» |If the expression used for tfde_namel andfile_name2 parameters
contains references taternal \ariables and thexéernal \ariable cannot be
accessed theename file statement will &il and the standard error han-
dling procedure will bexecuted.

» If fle_namel does ®ist and is visible to the operationticannot be
accessed due to lack ofyileges on the file seev therename file state-
ment will fail and the standard error handling procedure willxeeegted.

* Only normal files can be renamed andrérgame file statement will &il
if thefile_namel amument does not designate a normal file. The standard
error handling procedure will beecuted in this case.

Therename file statement cannot be used to rename directories.

EXTOL support for file semr file protection schemes isteemely weak. If you
try to rename a file thaoesexist but is not accessible from your application
(e.g. because the file resides on a UNIX file seiv some subdirectory not
accessible to your application) the rename file statement will not succeed
(because it cannot see the file, although the file dasts and the file may actu-
ally be accessible from the PICs, FSs and other MFCs).
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rename file "IMYFILES/SCRATCH.PAD"
to file "/MYFILES/SCRATCH.PAD.OLD"

The result of renaming a file that is still opened by the sameyasthar opera-

tion in the system is undefined. The file will be renamed (i.aetheme

file  statement will succeedlubthe 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 &ult in the rename function in the underlying VaiWs operating sys-
temrename file is implemented as “cepold file to nev name and then

remove old file”. This implies that the Notes and Restrictions sections of the
delete file description are also refent 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 remiole when the cgpis com-

pleted.

“create file” on pag&5
“delete file” on pag®8
“read” on page08
“write” on page252
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5.80. repeat ... endepeat when

Syntax repeat
[ statement_list ]
endrepeat when expr is boolean
Category Flow Control Statements
Arguments
Parameter | I/O Type Description
statement_list| - - List of statements taxecute. This list will be »e-

cuted at least once and possibly more than once until
the condition after thevhen keyword is fulfilled.

expr I numeric This expression isaluated by the runtime. If the
value is non zero this is mapped to the booledney
true, if zero this is mapped to the booleatue flse.

boolean I - Either the leywordtrue or the leyword false
This is the booleanalueexpr is compared to.

Table 82: Arguments of “repeat ... endepeat when”

Description Therepeat ... endrepeat when statementxaecutes all statements
between theepeat andendrepeat keywords at least once.

After the first @ecution theexpr given is @aluated and compared to the
boolean value specified. If the tavmatch thenxecution loops back to the

repeat keyword and all statements in te@atement_list are &ecuted
again.

This statement is functionally identicalwdnile ... endwhile statement
except that thestatement_list is guaranteed takecute at least once since

the expression which determines loop terminationvisleated follaving the ee-
cution of the statement list.

Any EXTOL statement valid in the step is a val@mmponent of the statement
list, especially nesting of EXQL control structures (liif ... else ...
endif , anotherepeat etc.) is supported to unlimited depth.

Thebreak statement may be used inside sketement_list of the
repeat ... endrepeat when statement to break out of the loop from
some place in the middle of teaatement_list

Thecontinue statement may be used inside sketement_list of the
repeat ... endrepeat when statement to continue with another round
of execution after ealuation of the conditional after thnehen keyword.

Err or Conditions Thisexpr part of this statement is subject to the norragilifes ivolving
expressions containing foreign undnables or processviables.
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The folloving example lusy waits until the attach to uriR101 succeeds:

repeat

wait 2 seconds

attach to “R101” and confirm in xOK
endrepeat when xOk =EX_OK istrue

Note that this loop does containwait statement so that it will not be a tight
loop that consumes alvailable CPU time (thus resulting in an immediatere
load condition on the MFC) while the attach s#iil$. The @ample also
assumes that there is a possibility that the Rb@1 will become sailable at
some point in time as there is no limit on the number of tries.

“if ... else ... endif’ on pag&41
“while ... repeat ... endwhile” on pagé0

When writing loops mak sure that the loops do terminate at some point and
leave some CPU time to other tasks on the MFC by insertaiggstatements as
appropriate.

The example abwe could also be written as:

XOK=EX_ERROR
while xOK=EX_ERROR is true
repeat
wait 2 seconds
attach to “R101” and confirm in xXOK

endwhile
The decision whether to choosespeat ... endrepeat when loop or a
while ... repeat ... endwhile loop is often not an easy one to

make: The main distinction between theotioops is the position of the test. If

the test does maksense before you enter the loop you probably should be using
a while loop. If the statements must xe@uted at least once you probably

should be using a repeat loop. Also note that the sense conditipnegson is
inverted for the while statement.

215



SyCOS EXTOL Reference

Alphabetical EXTOL Language Reference

restart
5.81. restart
Syntax restart
[ tostep  step_name ]
[ atlabel label_name ]
[ and confirm in conf var |
Category Operation and Unit Control Statements
Arguments
Parameter | I/O Type Description
step_name I string This parameter specifies a main step of the currently
valued held operation
expression
label_name I string This parameter specifies the label in the main step
valued where control should be transferred to.
expression
conf \ar 0] local integer | This agument contains the confirmation code once
variable therestart statement has finished. The confirma-
tion code will beEX_OKif the statement &s suc-
cessfulEX _ERRORtherwise. Note, that unless an
illegal parameter is specified, the retuatue is not
from the eecuted restart instruction.
Table 83: Arguments of “restart”
Description This statement can only appear in hold steps or subroutines. If it occurs in a sub-

Err or Conditions

1.2

routine the subroutine must onlyezute theestart  statement when it &s

called from a hold step.

The statement forces an operation which is currerging a hold step to the
associated or a specified main step.

If neither a step nor a label is specified, the instruction thateeecuting in the
main step when the ste@wheld is re-run (i see Notes belg).

If a step is specified, then the suspended main step is aborteceantian

begins either at the top of the imemain 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 thépeeor the nely
designated main step) starkeeution at that label.

The successfulxecution of a restart statement will terminate the hold step (and
ary subroutine ¥ecuting from the hold step); An unsuccesskdaition of the
restart statement will result in the standard error handling procedure (which may
then result in thex@cution of further statements in the hold step).

The following errors are caught and handled by the @XTuntime system and
result in the standard error handling procedure:

* The operation is not in hold state.
» The specified main step is naiadable.
» The specified label within the main step is not defined.
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* There is no memoryvailable to iild an ewironment for the specified main
step.

This statement cannot occur in a main step.
(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
/*

* |f we get here at all, the restart didn’t work
* 50 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

If neither a step name nor a label namevsgithen the instruction thabaw ee-
cuting in the main step it aways re-run (problem report 594 made).

“hold operation” on pag&39 |
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5.82. resume operation

Syntax resume operation op_name
[ onunit unit_name ]
[ and confirm in conf var ]
Category Operation and Unit Control Statements
Arguments
Parameter | I/O Type Description
op_name I string This parameter specifies the name of the 6KT
valued operation which will be resumed.
expression
unit_name I string This optional parameter specifies the name of the unit
valued this operation belongs to.uhit_name is omitted,
expression | the unit the operation is currently running on is
assumed.
conf \ar 0] local This agument contains the confirmation code once
integer theresume operation statement has finished.
variable The confirmation code will bEX _OKif resume
operation was successfuEX_ERRORtherwise
Table 84: Arguments of “resume operation”
Description This statement forces the specified operation, which prveiously suspended

Err or Conditions

Restrictions
See Also

1.2

to resume. If no unit is gén, the operation is assumed to reside on the same unit
as the operation issuing thesume operation statement.

If the operation could not be resumed successfully the standard runtime error
procedure will be performed.

The following errors are caught and handled by the BKTuntime system and
result in the standard error handling procedure:

e The specified operation is notadlable.

» The unit and operation hames are matching the operation curnezttiytiag
theresume operation statement.

» The unit specified bynit_name does not st or is not loaded.
» The MFC on which the specified unit resides cannot be accessed.

“suspend operation” on pag8&2 |
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5.83. resume timer
Syntax resume timer timer_block direction
[ and confirm in conf var ]
Category Process Control Statements
Arguments
Parameter | I/O Type Description
timer_block I string This parameter specifies the name of the databasp
valued timer which should be resumed.
expression
direction I - This parameter specifies the direction in which the
database timer should count. There are ontypas-
sible values for this parametarp will resume a
timer counting upwards,down will resume a timer
counting devnwards.
conf \ar 0] local This agument contains the confirmation code once
integer theresume timer statement has finished. The
variable confirmation code will b&X_OKif resume
timer was successfuEX ERRORtherwise
Table 85: Arguments of “resume timer”
Description This statement causes the specified timer block to count in thenurpdil@ction

Err or Conditions

Example

Notes

See Also

1.2

starting with the currentalue of the database timer block.

The following errors are caught and handled by the @KTuntime system and
result in the standard error handling procedure:

» The timer specified byymer_block does not ®ist.

« The MFC on which the specified timer block resides cannot be accessed.
/)\-
* Start decrementing the cool-down timer
*
resume timer  “COOLDOWN” down and confirm in
if xOK I= EX_OKis true
then
print with prefix
using format
on _CONSOLE
endif

In prior versions, the block type of the block namedimgr_block  was not
checled. This could result in the corruption of database blocks that are not of
type timer block.

xOK

“Cannot resume the cool-down timer”

“start timer” on pag28
“stop timer” on page30
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5.84. retsub
Syntax retsub
Category Flow Control Statements
Arguments None.
Description retsub returns control from an inline subroutine to the locatiorai$ walled
from.
This statement causes the step to transksridion to the statement after the last
executedgosub .
Err or Conditions If retsub is executed without there king been a prdousgosub , retsub

will not know where to transfen@cution and will declare a runtime errdhe
error tales 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 ging the appropriate option to est when the step is compiled.

Example The following example shws 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 istrue
repeat
if cvts[tli] >="A" and cvtsltli] <='Z'" istrue
then
let cvts[tli] = cvts|tli] +'a - A
endif
endwhile
retsub
Notes Extreme care is required whgoto andgosub statements are used in the

same step. Use of tigpto statement to jump into or out of inline subroutines
will cause inline subroutine stack misalignments resultingirgy index out of
bound” runtime errors that are hard to trackvdo

See Also “goto” on pagel37
“gosub” on pagd 35
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5.85. return from subroutine

Syntax return from subroutine
[ with value expression |
Category Subroutines anddPameters
Arguments
Parameter | I/O Type Description
expression 0] numeric or | The \alue of this gpression is returned to the calling
pointer type | step.

Table 86: Arguments of “return from subroutine”

Description return from subroutine returns from a step compiled as a subroutine.

Thereturn from subroutine statement causes a subroutine to cegse e
cution and return to the step or subroutine that called it.

An optional return alue may be passed as well.

Theexpression  constituting this returnalue must ealuate to one of the fol-
lowing typesflag , byte ,integer ,long ,float |, or double

If the call to the subroutine (séeall subroutine” on pag@l) did not specify |
the optionalnd return value in clause the alue returned by the
return from subroutine with value statement will be discarded.

If the call to the subroutine did specify the optioaadl return value in
clause bt no \alue is returned from the subroutine (i.e. the optiovith

value clause of theeturn from subroutine statement &s not speci-
fied) a \alue 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 gample forbegin subroutine

See Also “call subroutine” on pagél

“begin subroutine” on pageé
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5.86. run operation

Syntax run operation op_name
[ onunit unit_name ]
[ atstep  step_name ]

[ atlabel label ]
[ and confirm in conf var |
Category Operation and Unit Control Statements
Arguments
Parameter | I/O Type Description
op_name I string This parameter specifies the name of the 6KT
valued operation which will be started.
expression
unit_name I string This optional parameter specifies the name of the unit
valued this operation belongs to. If omitted the current unit is
expression | assumed.
step_name I string This parameter specifies a main step of the operation
valued which will be started.
expression
label_name I string This parameter specifies the label in the main step
valued where control should be transferred to.
expression
conf \ar o local integer | This agument contains the confirmation code once
variable therun operation statement has finished. The
confirmation code will b&X_OK:if the statement
was successfuEX_ERRORtherwise.
Table 87: Arguments of “run operation”
Description This statement runs the specified operation. If the optmmahit  clause is

not specified the current unit is assumed.

If step_name is specified the operation stari®euting 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,@X3tarts the operation at
the appropriate location in thiest 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 EXI assumes the first step in the opera-
tion is appropriate.

If label_name is specified the appropriate step wilpbeexecution at that
label. If no label is specified the operation staxecating 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«i 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.
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The following errors are caught and handled by the @KTuntime system and
result in the standard error handling procedure:

» The specified operation is notadlable.

» The unit and operation names are matching the operation curnesttiytiag
therun operation statement.

* The unit specified bynit_name does notxst or is not loaded.

» The MFC on which the specified unit resides cannot be accessed.
» The specified main step is nodable.

» The specified label within the main step is not defined.

* There is no memoryvailable to lnild an erironment for the specified main
step.

An EXTOL operation cannotxecute aun operation statement on itself.

run operation “DISTILL” onunit  “UNITO1”
and confirm  in xOK
if XOK =EX_ERROR is true
then
print with prefix
using format
“Couldn’t run operation DISTILL on unit UNITO1”
on CONSOLE
/*
* Plus additional failure logic
*
endif
“kill operation” on pagel49
“restart” on pag16

The user may ant to check the status of the operation usindetoh
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 cascadeto  casc_action
[ and confirm in conf var ]
Category Process Control Statements
Arguments
Parameter | I/O Type Description
elt_ name I Process This agument specifies the block the set statement
Database should be applied to. It has the form of a process
Block database access (see: “Process Database Access$” on
page31) with the field part omitted. As a short hand
notation the specification of the Elpart alone is
equivalent to “ELT:0 which in turn is equialent to
“ELT":9 and all of these designate the display blogk
of the loop.
loop_action I - This parameter is askword to specify the loop
action it is eithemanual , orauto .
part I - This parameter is ageword to specify the loop part i
is eitheroutput  or setpoint
expression I numeric The \alue of this gpression becomes themeutput
expression | or setpoint alue of the block.
casc_action I - This parameter is asword to specify the cascade
action it is eitheppen, orclosed
conf \ar o local This agument contains the confirmation code once
integer theset statement has finished. The confirmation
variable code will beEX_OKif set was successful,
EX_ERRORtherwise
Table 88: Arguments of “set”
Description set modifies the &lues of certain type of fields in a specified control block. The

1.2

functions possible are:

set elt_ name tomanual : sets the loop to manual.

set elt name toauto : setsthe loop to auto.

set elt_ name outputto expression : the output of the block is set
to the \alue of &pression.

set elt_name setpointto expression : the setpoint of the block is

set to the &lue of epression.

set elt name cascade to open : the cascade is set to open, which
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causes the setpoint tosegt to the measuredive.
set elt_name cascade to closed : the cascade is set to closed.

The fields that are modifiable using 8t statement are notgelar fields and
cannot therefore be modified using/ather EXTOL statements.

These fieldsdll into the catgory of special fields that require CCEX todak
some action whener their \alue changes. CCEX assumes responsibility for
modifying ary other fields that should be modified as a result of the requested
field change.

The following errors are caught and handled by the BXKTuntime system and
result in the standard error handling procedure:

» The specified database field does mxidte

» The database field resides on a remote MFC and cannot be accessed due to
communicationdilure or because the MFC is nohdable.

* 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 th& Ed.in manual.

/-k

* example of the set to auto / manual instruction
*/

set “TC10101" toauto and confirmin xOK

if XOK = EX OK istrue

then
print with prefix

using format
“Cannot set TC10101 to auto” on _CONSOLE

/*
* + additional failure logic
*/
endif

/-k
* example of the set ouput instruction
*/
set “TC10101" outputto 0 and confirmin xOK
if XOK = EX OK istrue
then
print with prefix
using format
“Cannot set TC10101 output to 0” on _CONSOLE

/*
* + additional failure logic
*/
endif

/-k
* example of the set setpoint instruction
*/
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set “TC10101" setpoint to DistillTemp

and confirm in xOK
if XOK I= EX _OK istrue
then

print with prefix
using format

“Cannot set TC10101 setpoint” on _CONSOLE
J*
* + additional failure logic
*
endif /
J*

* example of the set cascade instruction
*
set “PC10101" cascade to closed

and confirm in xOK
if XOK = EX _OK istrue
then

print with prefix
using format
“Cannot close PC10101 cascade control”
on CONSOLE

/*
* + additional failure logic
*
endif

set
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sleep
5.88. sleep
Syntax sleep
Category Process Control Statements
Arguments None.
Description This statement causes the operation to sleep.
Once this statement has be&r@uted, the operation will stay in this state until a
run , kill ,hold ,restart ,wakeup operation , orsuspend opera-
tion command changes its status.
Examples I*
* 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 pag&i8
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start timer

Syntax

Category
Arguments

Description

start timer
[ with value
[ and confirm in

timer_block direction
expression |
conf var |

Process Control Statements

Parameter | I/O Type Description
timer_block I Process This parameter specifies the name of the databasp
Database timer which should be started.
Block
direction I - This parameter specifies the direction in which the
database timer should count. There are ontypas-
sible \alues for this @umentup will start a timer
counting upvards,down will start a timer counting
downwards.
expression I numeric This parameter specifies thalwe that the database
expression | timer will start counting.
conf \ar 0] local This agument contains the confirmation code once
integer thestart timer statement has finished. The cgn-
variable firmation code will beeX_OKIif start timer
was successfuEX_ERRORtherwise

Err or Conditions

1.2

Table 89: Arguments of “start timer”

This statement causes the specified timer block to start counting ivéne gi
direction.

If the optionalwith value clause is specifiegxpression is evaluated

and the result is t&k as the initial alue for the timer block to start counting up
or dowvn (whichever is specified). If the optionalith value clause \as not
specified, a zero will be set as initi@lwe for the timer block.

The following errors are caught and handled by the BKTuntime system and

result in the standard error handling procedure:
» The timer specified byymer_block does not ®ist.

» The MFC on which the specified timer block resides cannot be accessed.
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/*
* Start the cool-down timer. It counts down form the
* required cooling time.
*/
start timer “COOLDOWN” down with value xCoolTime
and confirm in xXOK
if XxOK = EX _OK istrue
then
print with prefix
using format “Cannot start the cool-down timer”
on CONSOLE
endif

In prior versions, the block type of the block namedimgr_block  was not
checled. 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;fast the
timer counts depends onwadhe timer vas specified using DBB.

“resume timer” on page19
“stop timer” on page30
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5.90. stop timer
Syntax stop timer timer_block
[ and confirm in conf var |
Category Process Control Statements
Arguments
Parameter | I/O Type Description
timer_block I Process This parameter specifies the name of the databasp
Database timer which should be stopped.
Block
conf_ \ar o local This agument contains the confirmation code once
integer thestop timer statement has finished. The con-
variable firmation code will beEX_OKif stop timer was
successfulEX_ERRORtherwise
Table 90: Arguments of “stop timer”
Description This statement causes the specified timer block to stop countingallieeod
the timer block freezes at its curreaiwe.
Err or Conditions The following errors are caught and handled by the BKTuntime system and

result in the standard error handling procedure:
» The timer specified biimer_block does not ®ist.
» 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 istrue
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 namedimgr_block  was not
checled. This could result in the corruption of database blocks that are not of
type timer block.

See Also “resume timer” on page19
“start timer” on pag®28
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strobe watchdog
5.91. strobe watchdog
Syntax strobe watchdog
Category Watchdog Intedice Statements
Arguments None.
Description strobe watchdog sends an ale and well message to thatehdog program

indicating that the issuing operation is functioning normdlhe applications
programmer must insestrobe watchdog statements at appropriate points
in the program to ensure that the timeout condition cannot be raised.

Err or Conditions If communication with the atchdog is not possible (this should/@ehappen),
thestrobe watchdog statementdils and the standard error handling proce-
dure will be gecuted.

Example I*
* 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 TTO1:0.MEAS >90.0 is true repeat
strobe watchdog
wait 2 seconds
endwhile
detach from watchdog

See Also “attach to vatchdog with timeout” on pad#¥
“detach from vatchdog” on pag&01
“suspend watchdog” on pag233
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5.92. suspend operation

Syntax suspend operation oper_name
[ onunit unit_name ]
[ and confirm in conf var |
Category Operation and Unit Control Statements
Arguments
Parameter | I/O Type Description
op_name I string This parameter specifies the name of the 6KT
valued operation which will be suspended.
expression
unit_name I string This optional parameter specifies the name of the unit
valued this operation belongs to.uhit_name is omitted,
expression | the unit the operation is currently running on is
assumed.
conf \ar 0] local This agument contains the confirmation code once
integer thesuspend operation statement has finished.
variable The confirmation code will bEX _OKif suspend
operation was successfuEX_ERRORtherwise
Table 91: Arguments of “suspend operation”
Description This statement forces the specified operation to suspend. If no uniiis tie

Err or Conditions

Restrictions
See Also

1.2

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.

The following errors are caught and handled by the BKTuntime system and
result in the standard error handling procedure:

e The specified operation is notadlable.

» The unit and operation hames are matching the operation curnezttiytiag
thesuspend operation statement.

» The unit specified bynit_name does not st or is not loaded.
» The MFC on which the specified unit resides cannot be accessed.

“resume operation” on pagd8
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suspend watchdog
5.93. suspend watchdog
Syntax suspend watchdog
Category Watchdog Intedice Statements
Arguments None.
Description This statement indicates to thatwhdog program that the operation will tempo-

rarily cease to issugtrobe watchdog statements. The operation remains
registered with the atchdog program, which internally will ignore the timeouts
on it until it (the operation)x@cutes atrobe watchdog statement. The
suspend watchdog  statement is used whesae there is an indefinite delay
in the operation e.g. aiting for an operator decision.

Err or Conditions If communication with the atchdog is not possible (this should/@ehappen),
thestrobe watchdog statementdils and the standard error handling proce-
dure will be gecuted.

Example I*
* During this critical operation we want to get
* goperator input. Suspend the watchdog until the
* input is received.

*
suspend watchdog
openter “Enter a new setpoint for TTO1” into xSetpoint

strobe watchdog

See Also “attach to vatchdog with timeout” on padi2
“detach from vatchdog” on pag&01
“strobe watchdog” on pag231
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5.94. switch on ... between ... endswitch

Syntax switch on  expression between
case_list
endswitch
Category Flow Control Statements
Arguments
Parameter | I/O Type Description
expression I numeric This expression isaluated once. The resulting

expression | value is cowmerted 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 xeewted.

case_list - - A list of case statements.

Table 92: Arguments of “switch on ... between ... endswitch”

Description Theswitch statementwaluates thexpression  and causesxecution to
branch to a&ase statement inside the body of theitch...endswitch
that has aalue matching thealue of the ealuated gpression.

If no matchingcase exists and alefault  statement is present thexeeution
branches to the statement list immediately foifg thedefault  statement.

If no matchingcase exists and there is ndefault  statement present then
execution branches to the statement immediatelyviatig theendswitch
statement.

If there is ndbreak statement to endaase statement then control fie into
the nt case ordefault statement or to the statement afteraghds-
witch

Theswitch may be nested.
Also see the discussions on threak , case , anddefault statements.

Err or Conditions This statement is subject to the nornzdlures ivolving expressions containing
foreign unit \ariables or processwiables.

Restrictions The statement immediately folling the switch statement must be either a
case statement, default statement, or a comment.
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switch on ... between ... endswitch

This example will determine whichalves to open based upon the sum af tw
integer variablesa andb. This example also illustrates the correct interaction

between thewitch...endswitch , case , break , anddefault state-
ments and is a good model to feldor constructing yourwn
switch...endswitch compound statements.

switchon a+b  between

/*a+bisequaltol*

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+ bisnotequalto 1, 2, or3*
default:
drive FV15 to close

endswitch

“break” on pageé9
“case” on pag&3
“default” on page0

It is good practice to @lays include alefault  statement, and to endezy
case anddefault statement with Break statement.
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timeout
5.95. timeout
Syntax timeout [ statement_list ]
Category Operator Intedice Statements
Arguments
I/10 Type Description
statement_list| - - List of statements taxecute when an opdec has
timed out.

Description

Restrictions

Notes

See Also

1.2

Table 93: Arguments of “timeout”

Thetimeout statement resides within the body of dpelec...endopdec
compound structure.

It indicates a list of statements txeeute wheneer theopdec has gone for a
specified amount of time without being answered (i.e. the opdec 'times out').

Once the associated statement list stasting, &ecution will proceed until a
break orendopdec statement is encountered, at which pokscaition will
proceed to the ¢ statement immediately folldng theendopdec statement.

See thepdec...endopdec discussion forxamples of statement usage.

Thetimeout statement cannokist outside of apdec...endopdec com-
pound.

Only onetimeout  statement may appear within @pdec...endopdec
statement.

If you hare atimeout statement follwed by a statement list and this list does
not conclude with &reak statement, then the statement list feilag ary suc-
ceedingchoice statements will also bexecuted. This will continue until a
break orendopdec statement is encountered.

This statement does not alldo suppress automatic tracking to the batch proto-
col file. Therefore there will bewahys a tracking message be produced, in case
the timeout is encountered.

“break” on pageé9

“choice” on page&’9

“default choice” on pag82

“info” on pagel43

“.opdec ... endopdec” on pad&8
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5.96. trend
Syntax trend db_field with deadband limit
[ andcycle cycle ]
[ and confirm in conf var |
- or -
trend db_field off [ and confirm in conf_var ]
Category Process Control Statements
Arguments
Parameter | I/O Type Description
db_field I Process This parameter specifies the name of the databasg
Database field which should be trended or on which trending
Field should be stopped.
limit I numeric This parameter specifies the deadband. A deadband is
expression | the limit by which the actualalue of the field may
vary without being treated as afdifent \alue.
cycle I integer This parameter specifies the update irgkrvhe
expression | value of the database field is sent approximately
everycycle seconds.
conf \ar o local integer | This agument contains the confirmation code once
variable thetrend statement has finished. The confirmation
code will beEX_OKIif the statement &as successful,
EX_ERROPRtherwise.
Table 94: Arguments of “trend”
Description This statement is used to start or stop the collection of batch trend data for the

1.2

givendb_field ,wheredb_field must be a process database field specified
in the syntax gien in “Process Database Access” on pzihe

A new value for the trended field is only recorded if ifeli by more than the
given deadbantimit  from the \alue recorded last.

If the optionaland cycle clause is specified, thalue of the database field is
checled approximatelyvery cycle seconds it only sent when the nevalue
also flls out of the deadbartidnit  specified.

As trending information isathered by the system indid intenals (currently
multiples of 4 seconds with aldimit of 8 seconds)gycle is rounded to the
nearest supported intevpoint.

If cycle is specified to be less than tlastest possibleycle (8 seconds) or no
cycle is specified, theafstest possibleycle (8 seconds) is assumed.

Collection of batch trend data fdb_field is stopped when:
» thetrend off statement is used.
» the batch history file is closed (wiltfatchlog into nullfile ).

» thetrend statementis called wittycle less than zeranda deadband
value of zero.

Trending continues with metrending interals iftrend is called with ne
cycle ordeadband values.
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trend
Trend data will continue into a wdfile if the batchlog into statement is
issued for a ne file (a link between the files is made). (In priersions, trend-

ing stopped when laatchlog into was called).

The following errors are caught and handled by the BKTuntime system and
result in the standard error handling procedure:

- db _field does not specify aalid database block name.

- db_field does not specify aalid database block numberuginot for
trend off ).

« db_field does not designate alid database field (iv not fortrend
off ).

» The type ofdb_field is not compatible (i.e. the type cannot bevested
into adouble , but not fortrend off ).

* The database field specified dily_field is located on another MFC and
that MFC cannot be reached due to rekaproblems or other reasons.

* The database block specifieddly field contains no parent unit block.
» The parent unit specified in the database block doesisbt e
* The batch history file is not defined in the parent unit.

» The batch history file has not been opened wiihtahlog into , Or was
turned of with batchlog into NULLFILE

Note the follaving also do not cause an error witend off  , they are han-
dled passiely:
* The trending is already fof
/*
* Enable trending for a digital device
*/
trend JACKET:0.ACT withdeadband 0.5 andcycle 60
and confirm in xOK
if xXOK = EX _OK istrue
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 XxOK I= EX _OK istrue
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 pagé4
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unformat
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
Arguments
Parameter | 1/O Type Description
string I string This agument contains the data to unformat.
valued
expression
format_string | | string This agument contains cemrsion specifications that are

constant | applied to thestring  amgument resulting in the setting
of variables in thevariable_list

variable_list | O *a Comma separated list of locanables that will recee
values from thestring  according to the
format_string

count (0] local The number of items successfully gerted from
integer string  into variables irvariable_list is returned
variable in this agument.

conf \ar (0] local This agument contains the confirmation code once the
integer unformat  statement has finished. The confirmation

variable code will beEX_OKIif the statement as successful,
EX_ERRORtherwise

Table 95: Arguments of “unformat”
a. Types ary according to the cwoarsion specifications iformat_string

Description Theunformat statement performs thevarse of thdormat statement in that
it takes thestring  provided and breaks it up according to thevarsion spec-
ification informat_string , and then stores the resultingjues into the ari-
ables of thevariable_list

Theformat_string contains ordinary characters, escape sequences, and
conversion specifications.

Ordinary characters Ordinary characters do notdie with % or \, (if the characters % or \ are
required then themust be doubled to %% and \\ respesdij).

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 streamfeit from the one comprising the ordinary char-
acters (the diering and subsequent characters remain unread).

Escape sequence Escape sequenceggirewith \ and are handled Bkordinary charactersubthey
are not commonly used in EXJL, e.g. \n for neline, or \On for the octal code
(beginning with 0) for a special character
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Corversion specification Corversion specifications ge with %. Each specification cearts characters
fromstring  to a\ariable invariable_list . A specification has the form
%sm¢ wheres is the optional assignment suppression charaunisrthe
optional maximum field width, and is the mandatory cemrrsion characters.

Assignment suppression The optional assignment suppression character * causes thexsion to be
executed bt not to be assigned to anable. e.g%*d.

Maximum field width  An optional maximum field width is a non-zero decimalgete
Corversion characters Characters that specify the type of wersion to be applied. The characters are:

d,hd Matches an optionally signed decimal gee The correspondingaviable in
variable_list should be amteger

0, ho  Matches an optionally signed octal igée The correspondingaviable in
variable_list should be aimteger

X, hx, X, hX  Matches an optionally signedxslecimal intger The correspondingaviable
in variable_list should be ainteger

Id, li, lo, Ix, IX Matches an optionally long signed decimal/octadétecimal intger The corre-
sponding wariable invariable_list should be dong .

e, E, f,g,G Matches an optionally signed floating-point numiére correspondingaviable
in variable_list should be dloat

le, IE, If, Ig, IG ~ Matches an optionally signed double precision floating-point nuriithercorre-
sponding ariable invariable_list should be @ouble .

s  Matches a sequence of non-white-space characters. The correspanidibbe v
in variable_list should be &tring  or anarray of bytes large
enough to accept the sequence and a terminating Imathcter, which will be
added automatically

1 Matches a non-empty sequence of characters from a sqiexfted characters
(thescansét The correspondingaviable invariable_list should be a
string  or anarray of bytes large enough to accept the sequence and a
terminating null charactewhich is added automaticallyhe conersion charac-
ters include all subsequent characters in the format string, up to and including
the matching right braek (). The characters between the betskthescanlis)
comprise the scanset, unless the character after the lefebimekcircumfle
(™) in which case the scanset contains all characters that do not appear in the
scanlist between the circumfland the right braeX. If the comersion specifier
begins with “[]” or “[]”, the right bracket character is in the scanlist and thetne
right braclet character is the matching right bracthat ends the specification;
otherwise the first right braekcharacter is the one that ends the specification.

¢ Matches a sequence of characters of the number specified by the field width (1 if
no field width is present in the direst). The correspondingaviable in
variable_list should be a&tring  or anarray of bytes large
enough to accept the sequence. No null character is added. Single characters also
can be unformatted ftag andbyte , but this unusual in Extol.

n No input is consumed, the number of characters read from the input stresam so f
is returned. The correspondingriable invariable_list should be an
integer
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A corversion specification isxecuted in the follwing steps:

Input white-space characters are skipped, unless tiversion character is[a

C, orn.

An input item is read from the stream (unless the specification incluaes an
specifier). An input item is defined as the longest matching sequence of input
characters, unless thatceeds a specified maximum field width, in which case it
is the initial subsequence of that length in the sequence. The first chafacter
ary, after the input item remains unread. If the length of the input item is zero,
the cowersion fils: this condition is a matchingifure, unless an error pre-
vented input from the stream, in which case it is an irglutré.

The input item is corerted to a type appropriate to the wension characters. If
the input item is not a matching sequence, theemsion fils: this condition is a
matching &ilure. Unless assignment suppressi@s indicated by #, the result

of the cowersion is placed in the first object of tariable_list

that has

not already receed a cowersion result.

If a corversion specification is valid, the behaour is undefined.

If an output variable does not hae an appiopriate type, or if the result of
the corversion cannot be epresented in the space jovided (e.g a string is
too small), then memory may becomewerwritten in the MFC which may

lead to a system failue.

Unformat to dlag orbyte is only possible using tHéc conversion charac-
ter which is not ery useful, (a wrk-around is to use an intermediate g&e.

declare temporary variable
of type string of length

declare temporary variable
of type string of length

declare temporary variable
of type string of length

declare temporary variable
of type string of length

declare temporary variable
of type string of length

declare temporary variable
of type [7,1] array of byte

declare temporary variable

unformat xbatchid

using
into  xpid, xcode, xyr, xbytearr

xbatchid
14
xpid
12
xcode
12
Xyr
12

xseqnr
12

xbytearr

xbatchnr  of type integer

“%45%45%25%4c”

/* Note: unformatting text into an array of bytes,
* requires to specify the name of the array variable *

* without any index.
*/
/-k

* On a 68k architecture a short integer is
* equivalent to an EXTOL integer therefore hd

* should be used in the
*/
unformat

xXseqnr  using

format_string

into  xbatchnr
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In prior versions, th@nd return count in clause vas not part of this
statement. Instead tlenf_var of theand confirm in clause was used

to return the number of items read. This has been changed in order to implement
error propagtion and to bring the use of thad confirm in clause in line

with its use within all the other statements.

This function maps directly to the Vxiks system function.
“format” on pagel21

Although the cowersion characters:, u, lu , Le, Lf , Lg are alloved theg
should not be used in Extol becauseytb@nnot be mapped to theadlable
Extol data types.
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5.98. unlink

Syntax unlink db_field [ and confirmin conf var |
Category Dynamic Field Links in the Process Database
Arguments

Parameter I/O Type Description

db_field I database| This agument specifies the database field that should|be
field unlinked.

conf \ar O local This agument contains the confirmation code once the
integer unlink  statement has finished. The confirmation code
variable | will be EX_OKIif the statement &as successful,
EX_ERRORtherwise

Table 96: Arguments of “unlink”

Description Theunlink  statement clears the reference in the field specifieih bfjeld
It reverses the &fct of a preiouslink  statement.
The statement returisX_OK or EX_ERRORNM the confirm wariable.

According with the passg error handling stragg in EXTOL unlinking a
db_field thatwas not linled is successful.

Err or Conditions The following errors are caught and handled by the BKTuntime system and
result in the standard error handling procedure:

e db_field isnotan I/O field.

* db_field does not contain ealid field specification (e.g.: bad syntax, non
existing ELT) or the MFC holding the HLcannot be accessed.

» db_field is a foreign stringariable 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 isxecuting on).

Example To reverse the déct of the @ample gven for the link statement use the falto
ing:
/-k
* 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_OKistrue

then

print with prefix
using format
“Cannot unlink temperature sensor”
on _CONSOLE, BHF
endif
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unlink
Notes Note thatdb_field is specified in the fordfELT":BLOCK#.FIELD or
PROTOPTR->FIELD
See Also “link” on page156
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5.99. version
Syntax version  version_id
Category Other EXTOL Language Constructs
Arguments
Parameter I/O Type Description
version_id I string This string constant contains thersion number that will
constant | be put into the generated binary for later identification

Table 97: Arguments of “version”

Description The \ersion statement lgas 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 oneersion statement per EXJL source file.

Example The following example sets theersion of an EXDL source module to the RCS
identification string as supplied by thevigon Control System RCS of a UNIX
host:

version “$ keyword $”

wherekeyword is ary of Author , Date , Header , Id , Locker , Log,
Revision , Source , State .

Notes When RCS is used as a source control systemdém¢ command can be used
to extract the ersion information from the binary and the source file(s).

Recommendations Every step source file should pide exactly oneversion statement so that
the source and the resulting binary file can be uniquely identified.

For correct and best results tersion_id  should be automatically gener-
ated by a Résion Control System such as RCS or SCCS. In absence of such a
powerful tool a manually maintainecersion_id s better than nothing.

Access of ¥rsion: The version number initialized by the instruction is stored in the intearéive
_verssion This can be used for further references. Note that thesion \ariable
does not contain theevsion ID lut rather a pointer to the string containing the
version ID.
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5.100. wait
Syntax wait expression  time_units
Category Other EXTOL Language Constructs
Arguments
Parameter I/O Type Description
expression I numeric | This agument specifies the time that should lzted.
expres-
sion
time_units I - This agument specifies the time unit. Only threg-k
words are lgal hereticks  (specifying that the ait
time is in 1/60th of a secondeconds andminutes
(specifying that the it time is in seconds respesety
minutes.
Table 98: Arguments of “wait”
Description Thewait statement causes the EQI step to pausexecution for the specified

Err or Conditions

Restrictions
Example

Notes

See Also

Recommendations

1.2

time intenal.

This statement is subject to the nornaalures ivolving expressions containing
foreign unit \ariables or processaxiables.

The maximum it time is 2**32 ticks (2**27 seconds).

switchon  WaitType between

case FAST:
wait 30 ticks
break

case MEDIUM:
wait 10 seconds
break

case SLOW:

default
wait 2 minutes
break

endswitch

Please note that the time interval indicated is approximate only. The step may
actually pause slightly longer than the specified interval.

“start timer” on pag28
“stop timer” on page30
“resume timer” on pagea19

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 toyast a “tight loop” (i.e.
a loop that consumes allailable CPU) and therefore will makhe vatchdog
drop because a CPWerload condition is detected.
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wakeup operation

5.101. wakeup operation

Syntax wakeup operation op_name
[ onunit unit_name ]
[ and confirm in conf var |
Category Operation and Unit Control Statements
Arguments
Parameter | 1/0 Type Description
operation | | string This agument specifies the operation that should be
valued woken up. If this ayument galuates to the empty string
expression | all operations of the unit will beaken.
unit_name | | string This agument specifies the name of the unit where all
valued operations should beaken up.
expression
conf \ar @] local This agument contains the confirmation code once the
integer wakeup operation statement has finished. The con-
variable firmation code will beeX_OK:if the format vas success-

ful, EX_ERRORtherwise

Table 99: Arguments of “wakeup operation”

Description This statementvaakens 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 statemenirfigltidhe

sleep statement in that operation. If the specified operation is not sleeping the
statement will not hze ary effect. This is in accordance with the passérror
handling stratgy implemented in EXOL.

Err or Conditions The following errors are caught and handled by the @XTuntime system and
result in the standard error handling procedure:

e operation orunit_name involve accesses tarnal unit ariables and
the \ariables are notvailable.

» operation does not designate alid and loaded operation on the speci-
fied unit.

» The unit designated hynit name does notxst or is not loaded or is not
accessible.

* The nameaperation  could not be restarted.

Example The folloving example vakeup causes the operatiBbOWunning on the unit
specified by the stringaviablerl to run:
wakeup operation "blow"  onunit rl

See Also “wakeup all operations” on page9

“sleep” on pag27
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wakeup all operations

5.102. wakeup all operations

Syntax wakeup all operations
[ onunit unit_name ]
[ and confirm in conf var |
Category Operation and Unit Control Statements
Arguments
Parameter | 1/0 Type Description
unit_name | | string This agument specifies the name of the unit where all
valued operations should beoken up.
expression
conf \ar O local This agument contains the confirmation code once the
integer wakeup all operations statement has finished.
variable The confirmation code will bEX_OKif the format vas
successfulEX_ERRORtherwise

Table 100: Aguments of “wakeup all operations”

Description This statementwakens all operations on a specified unit.
If no unit is specified the current unit is assumed.

Execution of each operation resumes at the statemenwiodhesleep
statement in that operation.

If the specified operation is not sleeping the statement will vet &g effect.
This is in accordance with the pagserror handling stragg implemented in
EXTOL.

Err or Conditions The following errors are caught and handled by the BKTuntime system and
result in the standard error handling procedure:

« Atimeout occurred whilevaaking an operation on the specified unit.
* unit_name involve accesses txternal unit ariables and theaviables are

not available.
* The unit designated hynit_ name does notxst or is not loaded or is not
accessible.
Restrictions
Example The folloving example vakes up all sleeping operations on the local unit:

wakeup all operations

See Also “wakeup operation” on pag&i8
“sleep” on pag27
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while ... repeat ... endwhile

5.103. while ... repeat ... en@vhile

Syntax while  expression is boolean
repeat
[ statement_list ]
endwhile
Category Flow Control Statements
Arguments
Parameter | I/O Type Description
statement_list| - - List of statements taxecute. This list will possibly

be executed more than once as long as the condition
after thewhile  keyword is fulfilled.

expression I numeric This expression isaluated by the runtime. If the
value is non zero this is mapped to the booledney
true, if zero this is mapped to the booleatue flse.

boolean I - Either the leywordtrue or the leyword false
This is the booleanalueexpression  is compared
to.

Table 101: Arguments of “while ... repeat ... endvhile”

Description Thewhile ... repeat ... endwhile statement surrounds an EQT
statement_list that will be &ecuted only if thexpression  after the
while keyword evaluates either tobtue orfalse (whichever is indicated by
boolean ).

When the end oftatement_list is reached (i.e. thendwhile  keyword
is encountered) xecution will 'loop' back to the gening of the while state-
ment, at which point thexpression is aquin evaluated.

If the expression  does notealuate to the indicatdabolean then &ecu-
tion proceeds to the statement immediately falhy the endwhile &word.

while ... repeat ... endwhile statements can be nested to arbitrary
depth.
Err or Conditions This statement is subject to the nornzdlures ivolving expressions containing

foreign unit \ariables or processwiables.
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Example

See Also

Recommendations

1.2

Alphabetical EXTOL Language Reference
while ... repeat ... endwhile

While flow accumulator FI210 is less than floatiable taget, check for tem-
perature TI500 greater than floariable High®mp or less than floatxiable
LowTemp. Open alve FV200 if lav; close alve FV200 if high:

while FI210:0.MEAS <targ istrue

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

“break” on pageé9
“continue” on pag&3
“repeat ... endrepeat when” on paje!

When writing loops mak sure that the loops do terminate at some point and
leave some CPU time to other tasks on the MFC by insertaiggstatements 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 countin cnt |
[ and confirmin conf var ]
Category File Control Statements
Arguments
Parameter | 1/0 Type Description
count I integer This agument specifies the number of byitesnsto |
valued write to the file.
expression
file_no I integer This expression mustwaluate to a file number returned
valued by a preious successful call toreate file or
expression | open file
loc_var 0] local This agument designates the localriable that the data
variable should be written from. Locakviables of aptype may
be specified herd&kestrictions apply dependent on the
mode the file s opened in.
cnt o) local This variable will contain the count of byt@smsactu- |
long ally written to the file. Thisnustbe a wariable of type
variable long .
conf_\ar @] local This agument contains the confirmation code once the
integer write  statement has finished. The confirmation code
variable will be EX_OKIf the statement as successful,
EX_ERRORtherwise
Table 102: Aguments of “write”
Description This statement writes the number of bjitemsindicated bycount from the |

Err or Conditions

1.2

local variableloc_var into the file associated with the supplied file number
file_no

After the write concludes the location pointer isvex forward by the number
of bytegitemswritten. |

If this moves the location pointer pend the end of the file, the file istended
(i.e. the file size is increased).

The optional return count tells Wwanary byteditemswere actually written. |
Thewrite statement will &il under the follaving conditions:

* Thefileno parameter is notalid.

* The type of the data to write cannot be determined. |
e The underlying VxVigrks system call writegfls.
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write

Example | Let's assume we kia three data items, an ERL string &Str), an EXTOL var-
iablexStructYof a structure typ8tructYand an array of EXDL structures
(xArrOfStructY and the follaving 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 eactly 5 bytesto file number 9, xCnt is 5.
b) writes eactly (2 * sizeof(xStructY)) bytes to file number 9. xCnt is (2 *
sizeof(xStructY)). Data is in a machine dependent representation and cafnot
be read sensibly by machines of another architecture. 1
CGS compatible mode: |  a) writes aactly 5 bytes to file number 9. xCnt is 5. l
b) writes two structures of type xStructY to file number 9. xCnt is the numbgr
of bytes actually written and may befdient from (2 * sizeof(xStructY))
when computed on a SyCOS i86 based systamyitl be equal to (2 *
sizeof(xStructY)) when computed on a CGS m68k based system.. Data i
represented in CGS m68k negiformat on the file.
Binary mode: | a)isillegal and causes a runtimgception. The correct statemenbunid
have been:
write 1 item to file number 9 from xStr and return count in xCnt

in which case the number of bytes writteauld hare been the amount of
characters currently in the string plus somerbead for machine independ-
ent positioning and data representation. xCotileh have been 1.

b) would probably cause a runtimeception, 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 wuld hare been written from the baaning of the
array in a machine independent positioning and data representation. xCn
would hare been 2.

Text Mode: |  a) writes eactly 5 bytes to file number 9. xCnt is 5.
b) is illegal and causes a runtimgoeption.

See Also | ‘create file” on pag&5
“open file” on pagd 61
“position file number” on pag&95
“read” on page08

Recommendations For all file modes xcept binary modeUsethe sizeof () function to determine |
the &act sizes of theariable storage so that you kmbow mary bytes to write
to the file. Strings and structuranables in particular may be sizedfeiently
from what you think the are.

Use atreme caution when avking with files in EXTOL: Most of the time files
reside on dierent machines in the netvk. This maks EXTOL file handling
sensitie to netvork 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 neer assume thaitw data written by one machine in the netkw |
(either PIC or MFC) can be read byyasther machine in the netnk. This is

not generally true and will createveee porting problems should the underlying
hardware or softvare structure change |
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writeto (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 neer implemented.
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6.

EXTOL Utllities Reference

6.1.

6.2.

6.3.

6.4.

6.5.

6.6.

6.7.

6.8.

6.9.

1.2

The EXTOL programming evironment supports the folidng set of utilities:

uvt - Unit Variable Translator

This program runs on a PIC or FS and translates xtgalespecification of glo-
bally knovn structures and unifviables into a format loadable by the MFC.

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.

est - EXTOL Step and Suboutine 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.

ert - EXTOL Recipe Translator

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

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.

exld - EXTOL Loader

This program allas the caller to denload 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.

edb - EXTOL Debugger

Once an operation or a step has been loadexlthytee EXTOL detugger EDB
allows the application engineer to dephis code by single-stepping through
statements, setting breakpoints and inspecimgbles.

ewb - EXTOL Workbench

This tool combines all the translation steps performed by uvt, eot, esklert, e
edb in one command that will generate all objects required for a unit, plus load
and run them.

exgram - On-line help systemdr EXT OL statements

During development of an EXDL application this is the “programmers best
friend”, because it prades a quick reference to all EXL statements. The
quick reference is not a substitute for this reference mantahtner a short
and concise statement summary
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process control
drive 106
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sleep227
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trend237
process database acc84s
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