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19.11
The Log statement

The log statement provides the means to write logging information to some logging device. The information that can be logged is summarized in table 13.

Table 13: TTCN‑3 language elements that can be logged

	Used in a log statement
	What is logged
	Comment

	

	
	

	module parameter identifier
	actual value
	

	literal value
	value
	This includes also free text.

	data constant identifier
	actual value
	

	external constant identifier
	actual value
	

	template instance
	actual template or field values and matching symbols
	

	data type variable identifier
	actual value
or "UNITIALIZED"
	See notes 3 and 4.

	self, mtc, system or component type variable identifier
	actual value and if assigned the component instance name
or "UNITIALIZED"
	On logging actual values see notes 2 to 4. Actual component states shall be logged according to note 5.

	running operation
(component or timer)
	return value
	true or false. In case of component or timer arrays, array element specification shall be included.

	alive operation
(component)
	return value
	true or false. In case of arrays, array element specifications shall be included.

	port instance 
	actual state
	Port states shall be logged according to note 6.

	default type variable identifier
	actual state
or 'UNITIALIZED'
	Default states shall be logged according to note 7. See also notes 2 to 4.

	timer name
	actual state
	Timer states shall be logged according to note 8.

	read operation
	return value
	See clause 24.3.

	predefined functions
	return value
	See annex C.

	function instance
	return value
	Only functions with return clause are allowed.

	external function instance
	return value
	Only external functions with return clause are allowed.

	formal parameter identifier
	See comment column
	Logging of actual parameters shall follow rules specified for the language elements they are substituting. In case of value parameters the actual parameter value, in case of template-type parameters the actual template or field values and matching symbols, in case of component type parameters the actual component reference etc. shall be logged. For timer parameters also the use of the read operation and for component type and timer parameters the use of the running operation are allowed.

	NOTE 1:
Actual value/actual template is the value/template at the moment of the execution of the log statement.

NOTE 2:
The type of the logged value is tool dependent.

NOTE 3:
In case of array identifiers without array element specification, actual values and for component references names of all array elements shall be logged.

NOTE 4:
The string "UNITIALIZED" shall be logged only if the log item is unbound (uninitialized).
NOTE 5:
Component states that can be logged are: Inactive, Running, Stopped and Killed (for further details see annex E).

NOTE 6:
Port states that can be logged are: Started and Stopped (for further details see annex E).

NOTE 7:
Default states that can be logged are: Activated and Deactivated.

NOTE 8:
Timer states that can be logged are: Inactive, Running and Expired (for further details see annex E).


24.1
The Verdict mechanism
Each test component of the active configuration shall maintain it's own local verdict. The local verdict is an object which is created for each test component at the time of its creation. It is used to track the individual verdict in each test component (i.e. in the MTC and in each and every PTC).

Additionally, there is a global test case verdict instantiated and handled by the test system that is updated when each test component (i.e. the MTC and each and every PTC) terminates execution (see figure 14). This verdict is not accessible to the getverdict and setverdict operations. The value of this verdict shall be returned by the test case when it terminates execution. If the returned verdict is not explicitly saved in the control part (e.g. assigned to a variable) then it is lost.
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Figure 14: Illustration of the relationship between verdicts

NOTE 1:
TTCN‑3 does not specify the actual mechanisms that perform the updating of the local and test case verdicts. These mechanisms are implementation dependent.
The verdict can have five different values: pass, fail, inconc, none and error, i.e. the distinguished values of the verdicttype (see clause 6.1).

NOTE 2:
inconc means an inconclusive verdict.
When a test component is instantiated, its local verdict object is created and set to the value none.

When changing the value of the local verdict (i.e. using the setverdict operation) the effect of this change shall follow the overwriting rules listed in table 25. The test case verdict is implicitly updated on the termination of a test component. The effect of this implicit operation shall also follow the overwriting rules listed in table 25.

Table 25: Overwriting rules for the verdict

	Current value of
	New verdict assignment value

	Verdict
	pass
	inconc
	fail
	none

	none
	pass
	inconc
	fail
	none

	pass
	pass
	inconc
	fail
	pass

	inconc
	inconc
	inconc
	fail
	inconc

	fail
	fail
	fail
	fail
	fail


The error verdict is special in that it is set by the test system to indicate that a test case (i.e. run-time) error has occurred. It shall not be set by the setverdict operation and will not be returned by the getverdict operation. No other verdict value can override an error verdict. This means that an error verdict can only be a result of an execute test case operation.
Together with the local test verdict, each test component shall also maintain an implicit charstring variable to store information about the reasons for assigning the verdict. The charstring variable is built from optional parameters of the setverdict operation in the same manner as a string from the log statement is built. 
The implicit charstring variable shall have no effect on the overwriting rules and on the calculation of the final test case verdict. 
On the termination of the test component, the local verdict of the test component shall be logged together with the implicit charstring variable. The implicit charstring variable cannot be retrieved and read by any TTCN-3 function, it only provides additional information for logging.
24.2
The Setverdict operation

The local verdict is set with the setverdict operation.
Syntactical Structure
setverdict "(" SingleExpression { "," ( FreeText | TemplateInstance ) } ")"
Semantic Description
The value of the local verdict is changed with the setverdict operation. The effect of this change shall follow the overwriting rules listed in table 25.
The optional parameters allow to provide information that explain the reasons for assigning the verdict. This information is composed to a string and stored in an implicit charstring variable. On termination of the test component, the actual local verdict is logged together with the implicit charstring variable. Since the optional parameters can be seen as log information, the same rules and restrictions as for the parameters of the log statement (clause 19.11) apply.
As the result of the setverdict operation, the implicit charstring variable is overwritten whenever the local verdict of a test component is overwritten. A setverdict operation with a verdict only that overwrites the current local verdict will clear the implicit charstring variable. This means, previously stored information gets lost.


Restrictions
a) The setverdict operation shall only be used with the values pass, fail, inconc and none. It shall not be used to assign the value error, this is set by the test system only to indicate run-time errors.
b) SingleExpression shall resolve to a value of type verdict.
c) For FreeText and TemplateInstance, the same rules and restrictions apply as for the parameters of the log statement. Table 13 lists all language elements that can be used in a setverdict operation.
Examples
EXAMPLE 1

setverdict(pass);
// the local verdict is set to pass


:


setverdict(fail);
// until this line is executed, which will result in the value 







// of the local verdict being overwritten to fail 







// When the ptc terminates the test case verdict is set to fail

EXAMPLE 2

var integer myVar:= 1;


:

MyPort.receive(integer:MyVar);
// Matches an integer value with the value of MyVar










// at port MyPort


setverdict(pass, "Value received: ", myVar ); // Provided the actual test component verdict is 









// none: local verdict is set to pass, the implicit









// charstring variable is set to "Value received: 5"

stop;






// The test component terminates. The local test verdict and









// implicit charstring variable are logged.
Annex A (normative):
BNF and static semantics

A.1
TTCN‑3 BNF

This annex defines the syntax of TTCN‑3 using extended BNF (henceforth just called BNF).
A.1.1
Conventions for the syntax description

Table A.1 defines the metanotation used to specify the extended BNF grammar for TTCN‑3.
Table A.1: The syntactic metanotation

	::= 
	is defined to be

	abc xyz
	abc followed by xyz

	|
	alternative

	[abc]
	0 or 1 instances of abc

	{abc}
	0 or more instances of abc

	{abc}+
	1 or more instances of abc

	(...)
	textual grouping

	Abc
	the non-terminal symbol abc

	"abc"
	a terminal symbol abc


A.1.2
Statement terminator symbols

In general all TTCN‑3 language constructs (i.e. definitions, declarations, statements and operations) are terminated with a semi-colon (;). The semi-colon is optional if the language construct ends with a right-hand curly brace (}) or the following symbol is a right-hand curly brace (}), i.e. the language construct is the last statement in a block of statements, operations and declarations.

A.1.3
Identifiers

TTCN‑3 identifiers are case sensitive and may only contain lowercase letters (a-z) uppercase letters (A-Z) and numeric digits (0-9). Use of the underscore ( _ ) symbol is also allowed. An identifier shall begin with a letter (i.e. not a number and not an underscore).

A.1.4
Comments

Comments written in free text may appear anywhere in a TTCN‑3 specification.

Block comments shall be opened by the symbol pair /* and closed by the symbol pair */.

EXAMPLE 1:


/* This is a block comment 


spread over two lines */
Block comments shall not be nested.


/* This is not /* a legal */ comment */

Line comments shall be opened by the symbol pair // and closed by a <newline>.

EXAMPLE 2:


// This is a line comment


// spread over two lines

Line comments may follow TTCN‑3 program statements but they shall not be embedded in a statement.

EXAMPLE 3:


// The following is not legal


const // This is MyConst integer MyConst := 1;


// The following is legal


const integer MyConst := 1; // This is MyConst

A.1.5
TTCN‑3 terminals

TTCN‑3 terminal symbols and reserved words are listed in tables A.2 and A.3.

Table A.2: List of TTCN‑3 special terminal symbols

	Begin/end block symbols
	{     }

	Begin/end list symbols
	(     ) 

	Alternative symbols
	[     ]

	To symbol (in a range)
	..

	Line comments and Block comments
	/*   */             //

	Line/statement terminator symbol
	;

	Arithmetic operator symbols
	+     /    -

	Concatenation operator symbol
	&

	Equivalence operator symbols
	!=    ==    >=    <=  

	String enclosure symbols
	"         '   

	Wildcard/matching symbols
	?    *  

	Assignment symbol
	:= 

	Communication operation assignment 
	->

	Bitstring, hexstring and Octetstring values
	B   H   O 

	Float exponent
	E


The predefined function identifiers defined in table 10 and described in annex C shall also be treated as reserved words.
Table A.3: List of TTCN‑3 terminals which are reserved words

	action

activate

address

alive

all

alt

altstep

and

and4b

any

anytype

bitstring

boolean

break
case

call

catch

char

charstring

check

clear

complement

component

connect

const 

continue
control

create

deactivate

default

disconnect

display

do

done

else

encode

enumerated

error

except

exception

execute

extends

extension

external
	fail

false

float

for

from

function

getverdict

getcall

getreply

goto

group

hexstring

if

if present
import

in

inconc

infinity

inout

integer

interleave

kill

killed

label

language

length

log

map

match

message

mixed

mod

modifies

module

modulepar

mtc
	noblock

none

not

not4b

nowait

null

octetstring

of

omit

on

optional

or

or4b

out

override

param

pass

pattern

port

procedure

raise

read

receive

record

rem

repeat

reply

return

running

runs
	select

self

send

sender

set

setverdict

signature

start

stop

subset

superset

system

template

testcase

timeout

timer

to

trigger

true

type

union

universal

unmap

value

valueof

var

variant

verdicttype

while

with

xor

xor4b


The TTCN‑3 terminals listed in table A.3 shall not be used as identifiers in a TTCN‑3 module. These terminals shall be written in all lowercase letters.

A.1.6
TTCN‑3 syntax BNF productions

A.1.6.0
TTCN‑3 module

 AUTONUM   TTCN3Module ::= TTCN3ModuleKeyword TTCN3ModuleId
                   "{"
                   [ModuleDefinitionsPart]

                   [ModuleControlPart]

                   "}"

                   [WithStatement] [SemiColon]

 AUTONUM   TTCN3ModuleKeyword ::= "module"

 AUTONUM   TTCN3ModuleId ::= ModuleId
 AUTONUM   ModuleId ::= GlobalModuleId [LanguageSpec]

 AUTONUM   GlobalModuleId ::= ModuleIdentifier 

 AUTONUM   ModuleIdentifier ::= Identifier
 AUTONUM   LanguageSpec ::= LanguageKeyword FreeText
 AUTONUM   LanguageKeyword ::= "language"

A.1.6.1
Module definitions part

A.1.6.1.0
General

 AUTONUM   ModuleDefinitionsPart ::= ModuleDefinitionsList
 AUTONUM   ModuleDefinitionsList ::= {ModuleDefinition [SemiColon]}+

 AUTONUM   ModuleDefinition ::= (TypeDef |

                          ConstDef |

                          TemplateDef |

                          ModuleParDef |

                          FunctionDef |

                          SignatureDef |

                          TestcaseDef |

                          AltstepDef |

                          ImportDef |

                          GroupDef |

                          ExtFunctionDef |

                          ExtConstDef) [WithStatement]

A.1.6.1.1
Typedef definitions

 AUTONUM   TypeDef ::= TypeDefKeyword TypeDefBody
 AUTONUM   TypeDefBody ::= StructuredTypeDef | SubTypeDef
 AUTONUM   TypeDefKeyword ::= "type"

 AUTONUM   StructuredTypeDef ::= RecordDef |

                          UnionDef |

                          SetDef |

                          RecordOfDef |

                          SetOfDef |

                          EnumDef |

                          PortDef |

                          ComponentDef
 AUTONUM   RecordDef ::= RecordKeyword StructDefBody
 AUTONUM   RecordKeyword ::= "record"

 AUTONUM   StructDefBody ::= (StructTypeIdentifier [StructDefFormalParList] | AddressKeyword)

                      "{" [StructFieldDef {"," StructFieldDef}] "}"

 AUTONUM   StructTypeIdentifier ::= Identifier
 AUTONUM   StructDefFormalParList ::= "(" StructDefFormalPar {"," StructDefFormalPar} ")"

 AUTONUM   StructDefFormalPar ::= 
FormalValuePar
 AUTONUM   StructFieldDef ::= (Type | NestedTypeDef) StructFieldIdentifier [ArrayDef] [SubTypeSpec]

                       [OptionalKeyword]

 AUTONUM   NestedTypeDef ::= NestedRecordDef |

                      NestedUnionDef |

                      NestedSetDef |

                      NestedRecordOfDef |

                      NestedSetOfDef |

                      NestedEnumDef
 AUTONUM   NestedRecordDef ::= RecordKeyword "{" [StructFieldDef {"," StructFieldDef}] "}"
 AUTONUM   NestedUnionDef ::= UnionKeyword "{" UnionFieldDef {"," UnionFieldDef} "}"
 AUTONUM   NestedSetDef ::= SetKeyword "{" [StructFieldDef {"," StructFieldDef}] "}"
 AUTONUM   NestedRecordOfDef ::= RecordKeyword [StringLength] OfKeyword (Type | NestedTypeDef)

 AUTONUM   NestedSetOfDef ::= SetKeyword [StringLength] OfKeyword (Type | NestedTypeDef)

 AUTONUM   NestedEnumDef ::= EnumKeyword "{" EnumerationList "}"
 AUTONUM   StructFieldIdentifier ::= Identifier
 AUTONUM   OptionalKeyword ::= "optional"

 AUTONUM   UnionDef ::= UnionKeyword UnionDefBody
 AUTONUM   UnionKeyword ::= "union"

 AUTONUM   UnionDefBody ::= (StructTypeIdentifier [StructDefFormalParList] | AddressKeyword)

                     "{" UnionFieldDef {"," UnionFieldDef} "}"

 AUTONUM   UnionFieldDef ::= (Type | NestedTypeDef) StructFieldIdentifier [ArrayDef] [SubTypeSpec]

 AUTONUM   SetDef ::= SetKeyword StructDefBody
 AUTONUM   SetKeyword ::= "set"

 AUTONUM   RecordOfDef ::= RecordKeyword [StringLength] OfKeyword StructOfDefBody
 AUTONUM   OfKeyword ::= "of"

 AUTONUM   StructOfDefBody ::= (Type | NestedTypeDef) (StructTypeIdentifier | AddressKeyword) [SubTypeSpec]

 AUTONUM   SetOfDef ::= SetKeyword [StringLength] OfKeyword StructOfDefBody
 AUTONUM   EnumDef ::= EnumKeyword (EnumTypeIdentifier | AddressKeyword)

                "{" EnumerationList "}"

 AUTONUM   EnumKeyword ::= "enumerated"

 AUTONUM   EnumTypeIdentifier ::= Identifier
 AUTONUM   EnumerationList ::= Enumeration {"," Enumeration}

 AUTONUM   Enumeration ::= EnumerationIdentifier ["("[Minus] Number ")"]

 AUTONUM   EnumerationIdentifier ::= Identifier
 AUTONUM   SubTypeDef ::= Type (SubTypeIdentifier | AddressKeyword)  [ArrayDef] [SubTypeSpec]

 AUTONUM   SubTypeIdentifier ::= Identifier
 AUTONUM   SubTypeSpec ::= AllowedValues [StringLength] | StringLength
/* STATIC SEMANTICS - AllowedValues shall be of the same type as the field being subtyped */

 AUTONUM   AllowedValues ::= "(" (ValueOrRange {"," ValueOrRange}) | CharStringMatch ")"

 AUTONUM   ValueOrRange ::= RangeDef | ConstantExpression
/* STATIC SEMANTICS - RangeDef production shall only be used with integer, charstring, universal charstring or float based types */

/* STATIC SEMANTICS - When subtyping charstring or universal charstring range and values shall not be mixed in the same SubTypeSpec */

 AUTONUM   RangeDef ::= LowerBound ".." UpperBound
 AUTONUM   StringLength ::= LengthKeyword "(" SingleConstExpression [".." UpperBound] ")"

/* STATIC SEMANTICS - StringLength shall only be used with String types or to limit set of and record of. SingleConstExpression and UpperBound shall evaluate to non-negative integer values (in case of UpperBound including infinity) */

 AUTONUM  
LengthKeyword ::= "length"

 AUTONUM   PortType ::= [GlobalModuleId Dot] PortTypeIdentifier
 AUTONUM   PortDef ::= PortKeyword PortDefBody
 AUTONUM   PortDefBody ::= PortTypeIdentifier PortDefAttribs
 AUTONUM   PortKeyword ::= "port"

 AUTONUM   PortTypeIdentifier ::= Identifier
 AUTONUM   PortDefAttribs ::= MessageAttribs | ProcedureAttribs | MixedAttribs
 AUTONUM   MessageAttribs ::= MessageKeyword
                       "{" {MessageList [SemiColon]}+ "}"

 AUTONUM   MessageList ::= Direction AllOrTypeList
 AUTONUM   Direction ::= InParKeyword | OutParKeyword | InOutParKeyword
 AUTONUM   MessageKeyword ::= "message"

 AUTONUM   AllOrTypeList ::= AllKeyword | TypeList
/* NOTE: The use of AllKeyword in port definitions is deprecated */

 AUTONUM   AllKeyword ::= "all"

 AUTONUM   TypeList ::= Type {"," Type}

 AUTONUM   ProcedureAttribs ::= ProcedureKeyword
                         "{" {ProcedureList  [SemiColon]}+ "}"

 AUTONUM   ProcedureKeyword ::= "procedure"

 AUTONUM   ProcedureList ::= Direction AllOrSignatureList
 AUTONUM   AllOrSignatureList ::= AllKeyword | SignatureList
 AUTONUM   SignatureList ::= Signature {"," Signature}

 AUTONUM   MixedAttribs ::= MixedKeyword
                     "{" {MixedList [SemiColon]}+ "}"

 AUTONUM   MixedKeyword ::= "mixed"

 AUTONUM   MixedList ::= Direction ProcOrTypeList
 AUTONUM   ProcOrTypeList ::= AllKeyword | (ProcOrType {"," ProcOrType})

 AUTONUM   ProcOrType ::= Signature | Type
 AUTONUM   ComponentDef ::= ComponentKeyword ComponentTypeIdentifier
                     [ExtendsKeyword ComponentType {"," ComponentType}]

                     "{" [ComponentDefList] "}"

 AUTONUM   ComponentKeyword ::= "component"

 AUTONUM   ExtendsKeyword ::= "extends"

 AUTONUM   ComponentType ::= [GlobalModuleId Dot] ComponentTypeIdentifier
 AUTONUM   ComponentTypeIdentifier ::= Identifier
 AUTONUM   ComponentDefList ::= {ComponentElementDef [SemiColon]}

 AUTONUM   ComponentElementDef ::= PortInstance | VarInstance | TimerInstance | ConstDef
 AUTONUM   PortInstance ::= PortKeyword PortType PortElement {"," PortElement}

 AUTONUM   PortElement ::= PortIdentifier [ArrayDef]

 AUTONUM   PortIdentifier ::= Identifier
A.1.6.1.2
Constant definitions

 AUTONUM   ConstDef ::= ConstKeyword Type ConstList
 AUTONUM   ConstList ::= SingleConstDef  {"," SingleConstDef}

 AUTONUM   SingleConstDef ::= ConstIdentifier [ArrayDef] AssignmentChar ConstantExpression
 AUTONUM   ConstKeyword ::= "const"

 AUTONUM   ConstIdentifier ::= Identifier
A.1.6.1.3
Template definitions

 AUTONUM   TemplateDef ::= TemplateKeyword BaseTemplate  [DerivedDef] AssignmentChar TemplateBody
 AUTONUM   BaseTemplate ::= (Type | Signature) TemplateIdentifier  ["(" TemplateFormalParList ")"]

 AUTONUM   TemplateKeyword ::= "template"

 AUTONUM   TemplateIdentifier ::= Identifier
 AUTONUM   DerivedDef ::= ModifiesKeyword TemplateRef
 AUTONUM   ModifiesKeyword ::= "modifies"

 AUTONUM   TemplateFormalParList ::= TemplateFormalPar {"," TemplateFormalPar}

 AUTONUM   TemplateFormalPar ::= FormalValuePar | FormalTemplatePar
/* STATIC SEMANTICS - FormalValuePar shall resolve to an in parameter */

 AUTONUM   TemplateBody ::= (SimpleSpec | FieldSpecList | ArrayValueOrAttrib) | [ExtraMatchingAttributes]

/* STATIC SEMANTICS - Within TeplateBody the ArrayValueOrAttrib can be used for array, record, record of and set of types. */

 AUTONUM   SimpleSpec ::= SingleValueOrAttrib
 AUTONUM   FieldSpecList ::= "{"[FieldSpec {"," FieldSpec}] "}"

 AUTONUM   FieldSpec ::= FieldReference AssignmentChar TemplateBody
 AUTONUM   FieldReference ::= StructFieldRef | ArrayOrBitRef | ParRef
/* STATIC SEMANTICS - Within FieldReference ArrayOrBitRef can be used for record of and set of templates/template fields in modified templates only*/

 AUTONUM   StructFieldRef ::= StructFieldIdentifier| PredefinedType | TypeReference
/* STATIC SEMANTICS - PredefinedType and TypeReference shall be used for anytype value notation only. PredefinedType shall not be AnyTypeKeyword.*/

 AUTONUM   ParRef ::= SignatureParIdentifier
/* STATIC SEMANTICS - SignatureParIdentifier shall be a formal parameter identifier from the associated signature definition */

 AUTONUM   SignatureParIdentifier ::= ValueParIdentifier
 AUTONUM   ArrayOrBitRef ::= "[" FieldOrBitNumber "]"

/* STATIC SEMANTICS - ArrayRef shall be optionally used for array types and TTCN‑3 record of and set of. The same notation can be used for a Bit reference inside an TTCN‑3 charstring, universal charstring, bitstring, octetstring and hexstring type */

 AUTONUM   FieldOrBitNumber ::= SingleExpression
/* STATIC SEMANTICS - SingleExpression will resolve to a value of integer type */

 AUTONUM   SingleValueOrAttrib ::= MatchingSymbol |

                             SingleExpression |

                             TemplateRefWithParList
/* STATIC SEMANTIC - VariableIdentifier (accessed via singleExpression) may only be used in in-line template definitions to reference variables in the current scope */

 AUTONUM   ArrayValueOrAttrib ::= "{" ArrayElementSpecList "}"

 AUTONUM   ArrayElementSpecList ::= ArrayElementSpec {"," ArrayElementSpec}

 AUTONUM   ArrayElementSpec ::= NotUsedSymbol | PermutationMatch | TemplateBody
 AUTONUM   NotUsedSymbol ::= Dash
 AUTONUM   MatchingSymbol ::= Complement | 

                        AnyValue | 

                        AnyOrOmit | 

                        ValueOrAttribList |

                        Range | 

                        BitStringMatch | 

                        HexStringMatch |

                        OctetStringMatch | 

                        CharStringMatch | 

                        SubsetMatch |

                        SupersetMatch
 AUTONUM   ExtraMatchingAttributes ::= LengthMatch | IfPresentMatch | LengthMatch  IfPresentMatch
 AUTONUM   BitStringMatch ::= "'" {BinOrMatch} "'" "B"

 AUTONUM   BinOrMatch ::= Bin | AnyValue | AnyOrOmit
 AUTONUM   HexStringMatch ::= "'" {HexOrMatch} "'" "H"

 AUTONUM   HexOrMatch ::= Hex | AnyValue | AnyOrOmit
 AUTONUM   OctetStringMatch ::= "'" {OctOrMatch} "'" "O"

 AUTONUM   OctOrMatch ::= Oct | AnyValue | AnyOrOmit
 AUTONUM   CharStringMatch ::= PatternKeyword Cstring
 AUTONUM   PatternKeyword ::= "pattern"

 AUTONUM   Complement ::= ComplementKeyword ValueOrAttribListValueList
 AUTONUM   ComplementKeyword ::= "complement"

 AUTONUM   ValueList ::= "(" ConstantExpression {"," ConstantExpression} ")"

 AUTONUM   SubsetMatch ::= SubsetKeyword ValueList
 AUTONUM   SubsetKeyword ::= "subset"

 AUTONUM   SupersetMatch ::= SupersetKeyword ValueList
 AUTONUM   SupersetKeyword ::= "superset"

 AUTONUM   PermutationMatch ::= PermutationKeyword PermutationList
 AUTONUM   PermutationKeyword ::= "permutation"
 AUTONUM   PermutationList ::= "(" TemplateBody { "," TemplateBody } ")"
/* STATIC SEMANTICS: Restrictions on the content of TemplateBody are given in clause B.1.3.3 */

 AUTONUM   AnyValue ::= "?"

 AUTONUM   AnyOrOmit ::= "*"

 AUTONUM   ValueOrAttribList ::= "(" TemplateBody {"," TemplateBody}+ ")"

 AUTONUM   LengthMatch ::= StringLength
 AUTONUM   IfPresentMatch ::= IfPresentKeyword
 AUTONUM   IfPresentKeyword ::= "if present"

 AUTONUM   Range ::= "(" LowerBound ".." UpperBound ")"

 AUTONUM   LowerBound ::= SingleConstExpression | Minus InfinityKeyword
 AUTONUM   UpperBound ::= SingleConstExpression | InfinityKeyword
/* STATIC SEMANTICS - LowerBound and UpperBound shall evaluate to types integer, charstring, universal charstring or float. In case LowerBound or UpperBound evaluates to types charstring or universal charstring, only SingleConstExpression may be present and the string length shall be 1*/

 AUTONUM   InfinityKeyword ::= "infinity"

 AUTONUM   TemplateInstance ::= InLineTemplate
 AUTONUM   TemplateRefWithParList ::= [GlobalModuleId Dot] TemplateIdentifier [TemplateActualParList] |

                                TemplateParIdentifier
 AUTONUM   TemplateRef ::= [GlobalModuleId Dot] TemplateIdentifier | TemplateParIdentifier
 AUTONUM   InLineTemplate ::= [(Type | Signature) Colon] [DerivedRefWithParList AssignmentChar]

                        TemplateBody
 AUTONUM   DerivedRefWithParList ::= ModifiesKeyword TemplateRefWithParList
 AUTONUM   TemplateActualParList ::= "(" TemplateActualPar {"," TemplateActualPar} ")"

 AUTONUM   TemplateActualPar ::= TemplateInstance
/* STATIC SEMANTICS - When the corresponding formal parameter is not of template type the TemplateInstance production shall resolve to one or more SingleExpressions */

 AUTONUM   TemplateOps ::= MatchOp | ValueofOp
 AUTONUM   MatchOp ::= MatchKeyword "(" Expression "," TemplateInstance")"

 AUTONUM   MatchKeyword ::= "match"

 AUTONUM   ValueofOp ::= ValueofKeyword "(" TemplateInstance")"

 AUTONUM   ValueofKeyword ::= "valueof"

A.1.6.1.4
Function definitions

 AUTONUM   FunctionDef ::= FunctionKeyword FunctionIdentifier
                     "("[FunctionFormalParList] ")" [RunsOnSpec] [ReturnType]

                     StatementBlock
 AUTONUM   FunctionKeyword ::= "function"

 AUTONUM   FunctionIdentifier ::= Identifier
 AUTONUM   FunctionFormalParList ::= FunctionFormalPar {"," FunctionFormalPar}

 AUTONUM   FunctionFormalPar ::= FormalValuePar |

                           FormalTimerPar |

                           FormalTemplatePar |

                           FormalPortPar
 AUTONUM   ReturnType ::= ReturnKeyword [TemplateKeyword | RestrictedTemplate] Type
 AUTONUM   ReturnKeyword ::= "return"

 AUTONUM   RunsOnSpec ::= RunsKeyword OnKeyword ComponentType
 AUTONUM   RunsKeyword ::= "runs"

 AUTONUM   OnKeyword ::= "on"

 AUTONUM   MTCKeyword ::= "mtc"

 AUTONUM   StatementBlock ::= "{" [FunctionStatementOrDefList] "}"

 AUTONUM   FunctionStatementOrDefList ::= {FunctionStatementOrDef [SemiColon]}+

 AUTONUM   FunctionStatementOrDef ::= FunctionLocalDef |

                                FunctionLocalInst |

                                FunctionStatement
 AUTONUM   FunctionLocalInst ::= VarInstance | TimerInstance
 AUTONUM   FunctionLocalDef ::= ConstDef | TemplateDef
 AUTONUM   FunctionStatement ::= ConfigurationStatements |

                           TimerStatements |

                           CommunicationStatements |

                           BasicStatements |

                           BehaviourStatements |

                           VerdictStatements |

                           SUTStatements
 AUTONUM   FunctionInstance ::= FunctionRef "(" [FunctionActualParList] ")"

 AUTONUM   FunctionRef ::= [GlobalModuleId Dot] (FunctionIdentifier | ExtFunctionIdentifier ) |

                     PreDefFunctionIdentifier
 AUTONUM   PreDefFunctionIdentifier ::= Identifier
/* STATIC SEMANTICS - The Identifier shall be one of the pre-defined TTCN‑3 Function Identifiers from Annex C of ES 201 873-1 */

 AUTONUM   FunctionActualParList ::= FunctionActualPar {"," FunctionActualPar}

 AUTONUM   FunctionActualPar ::= TimerRef |

                           TemplateInstance |

                           Port |

                           ComponentRef
/* STATIC SEMANTICS - When the corresponding formal parameter is not of template type the TemplateInstance production shall resolve to one or more SingleExpressions i.e. equivalent to the Expression production */

A.1.6.1.5
Signature definitions

 AUTONUM   SignatureDef ::= SignatureKeyword SignatureIdentifier
                      "("[SignatureFormalParList] ")" [ReturnType | NoBlockKeyword]

                      [ExceptionSpec]

 AUTONUM   SignatureKeyword ::= "signature"

 AUTONUM   SignatureIdentifier ::= Identifier
 AUTONUM   SignatureFormalParList ::= SignatureFormalPar {"," SignatureFormalPar}

 AUTONUM   SignatureFormalPar ::= 
FormalValuePar
 AUTONUM   ExceptionSpec ::= ExceptionKeyword "(" ExceptionTypeList ")"

 AUTONUM   ExceptionKeyword ::= "exception"

 AUTONUM   ExceptionTypeList ::= Type {"," Type}

 AUTONUM   NoBlockKeyword ::= "noblock"

 AUTONUM   Signature ::= [GlobalModuleId Dot] SignatureIdentifier
A.1.6.1.6
Testcase definitions

 AUTONUM   TestcaseDef ::= TestcaseKeyword TestcaseIdentifier
                     "("[TestcaseFormalParList] ")" ConfigSpec
                     StatementBlock
 AUTONUM   TestcaseKeyword ::= "testcase"

 AUTONUM   TestcaseIdentifier ::= Identifier
 AUTONUM   TestcaseFormalParList ::= TestcaseFormalPar {"," TestcaseFormalPar}

 AUTONUM   TestcaseFormalPar ::= FormalValuePar |

                           FormalTemplatePar
 AUTONUM   ConfigSpec ::= RunsOnSpec [SystemSpec]

 AUTONUM   SystemSpec ::= SystemKeyword ComponentType
 AUTONUM   SystemKeyword ::= "system"

 AUTONUM   TestcaseInstance ::= ExecuteKeyword "(" TestcaseRef "(" [TestcaseActualParList] ")"

                          ["," TimerValue] ")"

 AUTONUM   ExecuteKeyword ::= "execute"

 AUTONUM   TestcaseRef ::= [GlobalModuleId Dot] TestcaseIdentifier
 AUTONUM   TestcaseActualParList ::= TestcaseActualPar {"," TestcaseActualPar}

 AUTONUM   TestcaseActualPar ::= TemplateInstance
/* STATIC SEMANTICS - When the corresponding formal parameter is not of template type the TemplateInstance production shall resolve to one or more SingleExpressions i.e. equivalent to the Expression production */

A.1.6.1.7
Altstep definitions

 AUTONUM   AltstepDef ::= AltstepKeyword AltstepIdentifier
                    "("[AltstepFormalParList] ")" [RunsOnSpec]

                    "{" AltstepLocalDefList AltGuardList "}"

 AUTONUM   AltstepKeyword ::= "altstep"

 AUTONUM   AltstepIdentifier ::= Identifier
 AUTONUM   AltstepFormalParList ::= FunctionFormalParList
 AUTONUM   AltstepLocalDefList ::= {AltstepLocalDef [SemiColon]}

 AUTONUM   AltstepLocalDef ::= VarInstance | TimerInstance | ConstDef | TemplateDef
 AUTONUM   AltstepInstance ::= AltstepRef "(" [FunctionActualParList] ")"

 AUTONUM   AltstepRef ::= [GlobalModuleId Dot] AltstepIdentifier
A.1.6.1.8
Import definitions

 AUTONUM   ImportDef ::= ImportKeyword ImportFromSpec (AllWithExcepts | ("{" ImportSpec "}"))

 AUTONUM   ImportKeyword ::= "import"

 AUTONUM   AllWithExcepts ::= AllKeyword [ExceptsDef]

 AUTONUM   ExceptsDef ::= ExceptKeyword "{" ExceptSpec "}"

 AUTONUM   ExceptKeyword ::= "except"

 AUTONUM   ExceptSpec ::= {ExceptElement [SemiColon]}

 AUTONUM   ExceptElement ::= ExceptGroupSpec |

                       ExceptTypeDefSpec |

                       ExceptTemplateSpec |

                       ExceptConstSpec |

                       ExceptTestcaseSpec |

                       ExceptAltstepSpec |

                       ExceptFunctionSpec |

                       ExceptSignatureSpec |

                       ExceptModuleParSpec
 AUTONUM   ExceptGroupSpec ::= GroupKeyword (ExceptGroupRefList | AllKeyword)

 AUTONUM   ExceptTypeDefSpec ::= TypeDefKeyword (TypeRefList | AllKeyword)

 AUTONUM   ExceptTemplateSpec ::= TemplateKeyword (TemplateRefList | AllKeyword)

 AUTONUM   ExceptConstSpec ::= ConstKeyword (ConstRefList | AllKeyword)

 AUTONUM   ExceptTestcaseSpec ::= TestcaseKeyword (TestcaseRefList | AllKeyword)

 AUTONUM   ExceptAltstepSpec ::= AltstepKeyword (AltstepRefList | AllKeyword)

 AUTONUM   ExceptFunctionSpec ::= FunctionKeyword (FunctionRefList | AllKeyword)

 AUTONUM   ExceptSignatureSpec ::= SignatureKeyword  (SignatureRefList | AllKeyword)

 AUTONUM   ExceptModuleParSpec ::= ModuleParKeyword  (ModuleParRefList | AllKeyword)

 AUTONUM   ImportSpec ::= {ImportElement [SemiColon]}

 AUTONUM   ImportElement ::= ImportGroupSpec |

                       ImportTypeDefSpec |

                       ImportTemplateSpec |

                       ImportConstSpec |

                       ImportTestcaseSpec |

                       ImportAltstepSpec |

                       ImportFunctionSpec |

                       ImportSignatureSpec |

                       ImportModuleParSpec
 AUTONUM   ImportFromSpec ::= FromKeyword ModuleId [RecursiveKeyword]

 AUTONUM   RecursiveKeyword ::= "recursive"

 AUTONUM   ImportGroupSpec ::= GroupKeyword (GroupRefListWithExcept | AllGroupsWithExcept)

 AUTONUM   GroupRefList ::= FullGroupIdentifier {"," FullGroupIdentifier}

 AUTONUM   GroupRefListWithExcept ::= FullGroupIdentifierWithExcept {"," FullGroupIdentifierWithExcept}

 AUTONUM   AllGroupsWithExcept ::= AllKeyword [ExceptKeyword GroupRefList]

 AUTONUM   FullGroupIdentifier ::= GroupIdentifier {Dot GroupIdentifier} 

 AUTONUM   FullGroupIdentifierWithExcept ::= FullGroupIdentifier [ExceptsDef]

 AUTONUM   ExceptGroupRefList ::= ExceptFullGroupIdentifier {"," ExceptFullGroupIdentifier}

 AUTONUM   ExceptFullGroupIdentifier ::= FullGroupIdentifier
 AUTONUM   ImportTypeDefSpec ::= TypeDefKeyword (TypeRefList | AllTypesWithExcept)

 AUTONUM   TypeRefList ::= TypeDefIdentifier {"," TypeDefIdentifier}

 AUTONUM   AllTypesWithExcept ::= AllKeyword [ExceptKeyword TypeRefList]

 AUTONUM   TypeDefIdentifier ::= StructTypeIdentifier |

                           EnumTypeIdentifier |

                           PortTypeIdentifier |

                           ComponentTypeIdentifier |

                           SubTypeIdentifier
 AUTONUM   ImportTemplateSpec ::= TemplateKeyword (TemplateRefList | AllTemplsWithExcept)

 AUTONUM   TemplateRefList ::= TemplateIdentifier {"," TemplateIdentifier}

 AUTONUM   AllTemplsWithExcept ::= AllKeyword [ExceptKeyword TemplateRefList]

 AUTONUM   ImportConstSpec ::= ConstKeyword (ConstRefList | AllConstsWithExcept)

 AUTONUM   ConstRefList ::= ConstIdentifier {"," ConstIdentifier}

 AUTONUM   AllConstsWithExcept ::= AllKeyword [ExceptKeyword ConstRefList]

 AUTONUM   ImportAltstepSpec ::= AltstepKeyword (AltstepRefList | AllAltstepsWithExcept)

 AUTONUM   AltstepRefList ::= AltstepIdentifier {"," AltstepIdentifier}

 AUTONUM   AllAltstepsWithExcept ::= AllKeyword [ExceptKeyword AltstepRefList]

 AUTONUM   ImportTestcaseSpec ::= TestcaseKeyword (TestcaseRefList | AllTestcasesWithExcept)

 AUTONUM   TestcaseRefList ::= TestcaseIdentifier {"," TestcaseIdentifier}

 AUTONUM   AllTestcasesWithExcept ::= AllKeyword [ExceptKeyword TestcaseRefList]

 AUTONUM   ImportFunctionSpec ::= FunctionKeyword (FunctionRefList | AllFunctionsWithExcept)

 AUTONUM   FunctionRefList ::= FunctionIdentifier {"," FunctionIdentifier}

 AUTONUM   AllFunctionsWithExcept ::= AllKeyword [ExceptKeyword FunctionRefList]

 AUTONUM   ImportSignatureSpec ::= SignatureKeyword  (SignatureRefList | AllSignaturesWithExcept)

 AUTONUM   SignatureRefList ::= SignatureIdentifier {"," SignatureIdentifier}

 AUTONUM   AllSignaturesWithExcept ::= AllKeyword [ExceptKeyword SignatureRefList]

 AUTONUM   ImportModuleParSpec ::= ModuleParKeyword  (ModuleParRefList | AllModuleParWithExcept)

 AUTONUM   ModuleParRefList ::= ModuleParIdentifier {"," ModuleParIdentifier}

 AUTONUM   AllModuleParWithExcept ::= AllKeyword [ExceptKeyword ModuleParRefList]

A.1.6.1.9
Group definitions

 AUTONUM   GroupDef ::= GroupKeyword GroupIdentifier
                  "{" [ModuleDefinitionsPart] "}"

 AUTONUM   GroupKeyword ::= "group"

 AUTONUM   GroupIdentifier ::= Identifier
A.1.6.1.10
External function definitions

 AUTONUM   ExtFunctionDef ::= ExtKeyword FunctionKeyword ExtFunctionIdentifier
                        "("[FunctionFormalParList] ")" [ReturnType]

 AUTONUM   ExtKeyword ::= "external"

 AUTONUM   ExtFunctionIdentifier ::= Identifier
A.1.6.1.11
External constant definitions

 AUTONUM   ExtConstDef ::= ExtKeyword ConstKeyword Type ExtConstIdentifierList
 AUTONUM   ExtConstIdentifierList ::= ExtConstIdentifier { "," ExtConstIdentifier }
 AUTONUM   ExtConstIdentifier ::= Identifier
A.1.6.1.12
Module parameter definitions

 AUTONUM   ModuleParDef ::= ModuleParKeyword ( ModulePar | ("{" MultitypedModuleParList "}"))

 AUTONUM   ModuleParKeyword ::= "modulepar"

 AUTONUM   MultitypedModuleParList ::= { ModulePar [SemiColon] }

 AUTONUM   ModulePar ::= ModuleParType ModuleParList
 AUTONUM   ModuleParType ::= Type
 AUTONUM   ModuleParList ::= ModuleParIdentifier [AssignmentChar ConstantExpression]

                      {","ModuleParIdentifier [AssignmentChar ConstantExpression]}

 AUTONUM   ModuleParIdentifier ::= Identifier
A.1.6.2
Control part

A.1.6.2.0
General

 AUTONUM   ModuleControlPart ::= ControlKeyword
                           "{" ModuleControlBody "}"

                           [WithStatement] [SemiColon]

 AUTONUM   ControlKeyword ::= "control"

 AUTONUM   ModuleControlBody ::= [ControlStatementOrDefList]

 AUTONUM   ControlStatementOrDefList ::= {ControlStatementOrDef [SemiColon]}+

 AUTONUM   ControlStatementOrDef ::= FunctionLocalDef |

                               FunctionLocalInst |

                               ControlStatement
 AUTONUM   ControlStatement ::= TimerStatements |

                          BasicStatements |

                          BehaviourStatements |

                          SUTStatements |

                          StopKeyword
A.1.6.2.1
Variable instantiation

 AUTONUM   VarInstance ::= VarKeyword ((Type VarList) 

                      | (( TemplateKeyword | RestrictedTemplate ) Type TempVarList))

 AUTONUM   VarList ::= SingleVarInstance {"," SingleVarInstance}

 AUTONUM   SingleVarInstance ::= VarIdentifier [ArrayDef] [AssignmentChar VarInitialValue]

 AUTONUM   VarInitialValue ::= Expression
 AUTONUM   VarKeyword ::= "var"

 AUTONUM   VarIdentifier ::= Identifier
 AUTONUM   TempVarList ::= SingleTempVarInstance {"," SingleTempVarInstance}

 AUTONUM   SingleTempVarInstance ::= VarIdentifier [ArrayDef] [AssignmentChar TempVarInitialValue]

 AUTONUM   TempVarInitialValue ::= TemplateBody
 AUTONUM   VariableRef ::= (VarIdentifier | ValueParIdentifier) [ExtendedFieldReference]

A.1.6.2.2
Timer instantiation

 AUTONUM   TimerInstance ::= TimerKeyword TimerList
 AUTONUM   TimerList ::= SingleTimerInstance{"," SingleTimerInstance}

 AUTONUM   SingleTimerInstance ::= TimerIdentifier [ArrayDef] [AssignmentChar TimerValue]

 AUTONUM   TimerKeyword ::= "timer"

 AUTONUM   TimerIdentifier ::= Identifier
 AUTONUM   TimerValue ::= Expression
 AUTONUM   TimerRef ::= (TimerIdentifier | TimerParIdentifier) {ArrayOrBitRef}

A.1.6.2.3
Component operations

 AUTONUM   ConfigurationStatements ::= ConnectStatement |

                                 MapStatement |

                                 DisconnectStatement |

                                 UnmapStatement |

                                 DoneStatement |

                                 KilledStatement |

                                 StartTCStatement |

                                 StopTCStatement |

                                 KillTCStatement
 AUTONUM   ConfigurationOps ::= CreateOp | SelfOp | SystemOp | MTCOp | RunningOp | AliveOp
 AUTONUM   CreateOp ::= ComponentType Dot CreateKeyword ["(" SingleExpression ")"] [AliveKeyword]

 AUTONUM   SystemOp ::= SystemKeyword
 AUTONUM   SelfOp ::= "self"

 AUTONUM   MTCOp ::= MTCKeyword
 AUTONUM   DoneStatement ::= ComponentId Dot DoneKeyword
 AUTONUM   KilledStatement ::= ComponentId Dot KilledKeyword
 AUTONUM   ComponentId ::= ComponentOrDefaultReference | (AnyKeyword | AllKeyword) ComponentKeyword
 AUTONUM   DoneKeyword ::= "done"

 AUTONUM   KilledKeyword ::= "killed"

 AUTONUM   RunningOp ::= ComponentId Dot RunningKeyword
 AUTONUM   RunningKeyword ::= "running"

 AUTONUM   AliveOp ::= ComponentId Dot AliveKeyword
 AUTONUM   CreateKeyword ::= "create"

 AUTONUM   AliveKeyword ::= "alive"

 AUTONUM   ConnectStatement ::= ConnectKeyword SingleConnectionSpec
 AUTONUM   ConnectKeyword ::= "connect"

 AUTONUM   SingleConnectionSpec ::= "(" PortRef "," PortRef ")"

 AUTONUM   PortRef ::= ComponentRef Colon Port
 AUTONUM   ComponentRef ::= ComponentOrDefaultReference | SystemOp | SelfOp | MTCOp
 AUTONUM   DisconnectStatement ::= DisconnectKeyword [SingleOrMultiConnectionSpec]

 AUTONUM   SingleOrMultiConnectionSpec ::= SingleConnectionSpec |

                                     AllConnectionsSpec |

                                     AllPortsSpec |

                                     AllCompsAllPortsSpec
 AUTONUM   AllConnectionsSpec ::= "(" PortRef ")"

 AUTONUM   AllPortsSpec ::= "(" ComponentRef ":" AllKeyword PortKeyword ")"

 AUTONUM   AllCompsAllPortsSpec ::= "(" AllKeyword ComponentKeyword ":" AllKeyword PortKeyword ")"

 AUTONUM   DisconnectKeyword ::= "disconnect"

 AUTONUM   MapStatement ::= MapKeyword SingleConnectionSpec
 AUTONUM   MapKeyword ::= "map"

 AUTONUM   UnmapStatement ::= UnmapKeyword [SingleOrMultiConnectionSpec]

 AUTONUM   UnmapKeyword ::= "unmap"

 AUTONUM   StartTCStatement ::= ComponentOrDefaultReference Dot StartKeyword "(" FunctionInstance ")"

 AUTONUM   StartKeyword ::= "start"

 AUTONUM   StopTCStatement ::= StopKeyword | (ComponentReferenceOrLiteral Dot StopKeyword) |

                         (AllKeyword ComponentKeyword Dot StopKeyword)

 AUTONUM   ComponentReferenceOrLiteral ::= ComponentOrDefaultReference | MTCOp | SelfOp
 AUTONUM   KillTCStatement ::= KillKeyword | (ComponentReferenceOrLiteral Dot KillKeyword) |

                         (AllKeyword ComponentKeyword Dot KillKeyword)

 AUTONUM   ComponentOrDefaultReference ::= VariableRef | FunctionInstance
 AUTONUM   KillKeyword ::= "kill"

A.1.6.2.4
Port operations

 AUTONUM   Port ::= (PortIdentifier | PortParIdentifier) {ArrayOrBitRef}

 AUTONUM   CommunicationStatements ::= SendStatement |

                                 CallStatement |

                                 ReplyStatement |

                                 RaiseStatement |

                                 ReceiveStatement |

                                 TriggerStatement |

                                 GetCallStatement |

                                 GetReplyStatement |

                                 CatchStatement |

                                 CheckStatement |

                                 ClearStatement |

                                 StartStatement |

                                 StopStatement
 AUTONUM   SendStatement ::= Port Dot PortSendOp
 AUTONUM   PortSendOp ::= SendOpKeyword "(" SendParameter ")" [ToClause]

 AUTONUM   SendOpKeyword ::= "send"

 AUTONUM   SendParameter ::= TemplateInstance
 AUTONUM   ToClause ::= ToKeyword ( AddressRef |

                  AddressRefList |

                  AllKeyword ComponentKeyword )
 AUTONUM   AddressRefList ::= "(" AddressRef {"," AddressRef} ")"

 AUTONUM   ToKeyword ::= "to"

 AUTONUM   AddressRef ::= TemplateInstance
 AUTONUM   CallStatement ::= Port Dot PortCallOp  [PortCallBody]

 AUTONUM   PortCallOp ::= CallOpKeyword "(" CallParameters ")" [ToClause]

 AUTONUM   CallOpKeyword ::= "call"

 AUTONUM   CallParameters ::= TemplateInstance ["," CallTimerValue]

 AUTONUM   CallTimerValue ::= TimerValue | NowaitKeyword
 AUTONUM   NowaitKeyword ::= "nowait"

 AUTONUM   PortCallBody ::= "{" CallBodyStatementList "}"

 AUTONUM   CallBodyStatementList ::= {CallBodyStatement [SemiColon]}+

 AUTONUM   CallBodyStatement ::= CallBodyGuard  StatementBlock
 AUTONUM   CallBodyGuard ::= AltGuardChar CallBodyOps
 AUTONUM   CallBodyOps ::= GetReplyStatement | CatchStatement
 AUTONUM   ReplyStatement ::= Port Dot PortReplyOp
 AUTONUM   PortReplyOp ::= ReplyKeyword "(" TemplateInstance [ReplyValue]")" [ToClause]

 AUTONUM   ReplyKeyword ::= "reply"

 AUTONUM   ReplyValue ::= ValueKeyword Expression
 AUTONUM   RaiseStatement ::= Port Dot PortRaiseOp
 AUTONUM   PortRaiseOp ::= RaiseKeyword "(" Signature "," TemplateInstance ")" [ToClause]

 AUTONUM   RaiseKeyword ::= "raise"

 AUTONUM   ReceiveStatement ::= PortOrAny Dot PortReceiveOp
 AUTONUM   PortOrAny ::= Port | AnyKeyword PortKeyword
 AUTONUM   PortReceiveOp ::= ReceiveOpKeyword ["(" ReceiveParameter ")"] [FromClause] [PortRedirect]

 AUTONUM   ReceiveOpKeyword ::= "receive"

 AUTONUM   ReceiveParameter ::= TemplateInstance
 AUTONUM   FromClause ::= FromKeyword ( AddressRef |

                    AddressRefList |

                    AnyKeyword ComponentKeyword )
 AUTONUM   FromKeyword ::= "from"

 AUTONUM   PortRedirect ::= PortRedirectSymbol (ValueSpec [SenderSpec] | SenderSpec)

 AUTONUM   PortRedirectSymbol ::= "->"

 AUTONUM   ValueSpec ::= ValueKeyword VariableRef
 AUTONUM   ValueKeyword ::= "value"

 AUTONUM   SenderSpec ::= SenderKeyword VariableRef
 AUTONUM   SenderKeyword ::= "sender"

 AUTONUM   TriggerStatement ::= PortOrAny Dot PortTriggerOp
 AUTONUM   PortTriggerOp ::= TriggerOpKeyword ["(" ReceiveParameter ")"] [FromClause] [PortRedirect]

 AUTONUM   TriggerOpKeyword ::= "trigger"

 AUTONUM   GetCallStatement ::= PortOrAny  Dot PortGetCallOp
 AUTONUM   PortGetCallOp ::= GetCallOpKeyword ["(" ReceiveParameter ")"] [FromClause]

                       [PortRedirectWithParam]

 AUTONUM   GetCallOpKeyword ::= "getcall"

 AUTONUM   PortRedirectWithParam ::= PortRedirectSymbol RedirectWithParamSpec
 AUTONUM   RedirectWithParamSpec ::= ParamSpec [SenderSpec] |

                              SenderSpec
 AUTONUM   ParamSpec ::= ParamKeyword ParamAssignmentList
 AUTONUM   ParamKeyword ::= "param"

 AUTONUM   ParamAssignmentList ::= "(" (AssignmentList | VariableList) ")"

 AUTONUM   AssignmentList ::= VariableAssignment {"," VariableAssignment}

 AUTONUM   VariableAssignment ::= VariableRef AssignmentChar ParameterIdentifier
 AUTONUM   ParameterIdentifier ::= ValueParIdentifier
 AUTONUM   VariableList ::= VariableEntry  {"," VariableEntry}

 AUTONUM   VariableEntry ::= VariableRef | NotUsedSymbol
 AUTONUM   GetReplyStatement ::= PortOrAny Dot PortGetReplyOp
 AUTONUM   PortGetReplyOp ::= GetReplyOpKeyword ["(" ReceiveParameter [ValueMatchSpec] ")"]

                        [FromClause] [PortRedirectWithValueAndParam]

 AUTONUM   PortRedirectWithValueAndParam ::= PortRedirectSymbol RedirectWithValueAndParamSpec
 AUTONUM   RedirectWithValueAndParamSpec ::= ValueSpec [ParamSpec] [SenderSpec] |

                                       RedirectWithParamSpec
 AUTONUM   GetReplyOpKeyword ::= "getreply"

 AUTONUM   ValueMatchSpec ::= ValueKeyword TemplateInstance
 AUTONUM   CheckStatement ::= PortOrAny Dot PortCheckOp
 AUTONUM   PortCheckOp ::= CheckOpKeyword ["(" CheckParameter ")"]

 AUTONUM   CheckOpKeyword ::= "check"

 AUTONUM   CheckParameter ::= CheckPortOpsPresent | FromClausePresent | RedirectPresent
 AUTONUM   FromClausePresent ::= FromClause [PortRedirectSymbol SenderSpec]

 AUTONUM   RedirectPresent ::= PortRedirectSymbol SenderSpec
 AUTONUM   CheckPortOpsPresent ::= PortReceiveOp | PortGetCallOp | PortGetReplyOp | PortCatchOp
 AUTONUM   CatchStatement ::= PortOrAny Dot PortCatchOp
 AUTONUM   PortCatchOp ::= CatchOpKeyword ["("CatchOpParameter ")"] [FromClause] [PortRedirect]

 AUTONUM   CatchOpKeyword ::= "catch"

 AUTONUM   CatchOpParameter ::= Signature "," TemplateInstance | TimeoutKeyword
 AUTONUM   ClearStatement ::= PortOrAll Dot PortClearOp
 AUTONUM   PortOrAll ::= Port | AllKeyword PortKeyword
 AUTONUM   PortClearOp ::= ClearOpKeyword
 AUTONUM   ClearOpKeyword ::= "clear"

 AUTONUM   StartStatement ::= PortOrAll Dot PortStartOp
 AUTONUM   PortStartOp ::= StartKeyword
 AUTONUM   StopStatement ::= PortOrAll Dot PortStopOp
 AUTONUM   PortStopOp ::= StopKeyword
 AUTONUM   StopKeyword ::= "stop"

 AUTONUM   AnyKeyword ::= "any"

A.1.6.2.5
Timer operations

 AUTONUM   TimerStatements ::= StartTimerStatement | StopTimerStatement | TimeoutStatement
 AUTONUM   TimerOps ::= ReadTimerOp | RunningTimerOp
 AUTONUM   StartTimerStatement ::= TimerRef Dot StartKeyword ["(" TimerValue ")"]

 AUTONUM   StopTimerStatement ::= TimerRefOrAll Dot StopKeyword
 AUTONUM   TimerRefOrAll ::= TimerRef | AllKeyword TimerKeyword
 AUTONUM   ReadTimerOp ::= TimerRef Dot ReadKeyword
 AUTONUM   ReadKeyword ::= "read"

 AUTONUM   RunningTimerOp ::= TimerRefOrAny  Dot RunningKeyword
 AUTONUM   TimeoutStatement ::= TimerRefOrAny  Dot TimeoutKeyword
 AUTONUM   TimerRefOrAny ::= TimerRef | AnyKeyword TimerKeyword
 AUTONUM   TimeoutKeyword ::= "timeout"

A.1.6.3
Type

 AUTONUM   Type ::= PredefinedType | ReferencedType
 AUTONUM   PredefinedType ::= BitStringKeyword |

                        BooleanKeyword |

                        CharStringKeyword |

                        UniversalCharString |

                        IntegerKeyword |

                        OctetStringKeyword |

                        HexStringKeyword |

                        VerdictTypeKeyword |

                        FloatKeyword |

                        AddressKeyword |

                        DefaultKeyword |

                        AnyTypeKeyword
 AUTONUM   BitStringKeyword ::= "bitstring"

 AUTONUM   BooleanKeyword ::= "boolean"

 AUTONUM   IntegerKeyword ::= "integer"

 AUTONUM   OctetStringKeyword ::= "octetstring"

 AUTONUM   HexStringKeyword ::= "hexstring"

 AUTONUM   VerdictTypeKeyword ::= "verdicttype"

 AUTONUM   FloatKeyword ::= "float"

 AUTONUM   AddressKeyword ::= "address"

 AUTONUM   DefaultKeyword ::= "default"

 AUTONUM   AnyTypeKeyword ::= "anytype"

 AUTONUM   CharStringKeyword ::= "charstring"

 AUTONUM   UniversalCharString ::= UniversalKeyword CharStringKeyword
 AUTONUM   UniversalKeyword ::= "universal"

 AUTONUM   ReferencedType ::= [GlobalModuleId Dot] TypeReference [ExtendedFieldReference]

 AUTONUM   TypeReference ::= StructTypeIdentifier[TypeActualParList] |

                       EnumTypeIdentifier |

                       SubTypeIdentifier |

                       ComponentTypeIdentifier
 AUTONUM   TypeActualParList ::= "(" TypeActualPar {"," TypeActualPar} ")"

 AUTONUM   TypeActualPar ::= ConstantExpression
 AUTONUM   ArrayDef ::= {"[" ArrayBounds [".." ArrayBounds] "]"}+

 AUTONUM   ArrayBounds ::= SingleConstExpression
/* STATIC SEMANTICS - ArrayBounds will resolve to a non negative value of integer type */

A.1.6.4
Value

 AUTONUM   Value ::= PredefinedValue | ReferencedValue
 AUTONUM   PredefinedValue ::= BitStringValue |

                         BooleanValue |

                         CharStringValue |

                         IntegerValue |

                         OctetStringValue |

                         HexStringValue |

                         VerdictTypeValue |

                         EnumeratedValue |

                         FloatValue |

                         AddressValue |

                         OmitValue
 AUTONUM   BitStringValue ::= Bstring
 AUTONUM   BooleanValue ::= "true" | "false"

 AUTONUM   IntegerValue ::= Number
 AUTONUM   OctetStringValue ::= Ostring
 AUTONUM   HexStringValue ::= Hstring
 AUTONUM   VerdictTypeValue ::= "pass" | "fail" | "inconc" | "none" | "error"

 AUTONUM   EnumeratedValue ::= EnumerationIdentifier
 AUTONUM   CharStringValue ::= Cstring | Quadruple
 AUTONUM   Quadruple ::= CharKeyword "(" Group "," Plane "," Row "," Cell ")"

 AUTONUM   CharKeyword ::= "char"

 AUTONUM   Group ::= Number
 AUTONUM   Plane ::= Number
 AUTONUM   Row ::= Number
 AUTONUM   Cell ::= Number
 AUTONUM   FloatValue ::= FloatDotNotation | FloatENotation
 AUTONUM   FloatDotNotation ::= Number Dot DecimalNumber
 AUTONUM   FloatENotation ::= Number [Dot DecimalNumber] Exponential [Minus] Number
 AUTONUM   Exponential ::= "E"

 AUTONUM   ReferencedValue ::= ValueReference [ExtendedFieldReference]

 AUTONUM   ValueReference ::= [GlobalModuleId Dot] (ConstIdentifier | ExtConstIdentifier |

                        ModuleParIdentifier ) |

                        ValueParIdentifier |

                        VarIdentifier
 AUTONUM   Number ::= (NonZeroNum {Num}) | "0"

 AUTONUM   NonZeroNum ::= "1" | "2" | "3" | "4" | "5" | "6" | "7" | "8" | "9"

 AUTONUM   DecimalNumber ::= {Num}+

 AUTONUM   Num ::= "0" | NonZeroNum
 AUTONUM   Bstring ::= "'" {Bin} "'" "B"

 AUTONUM   Bin ::= "0" | "1"

 AUTONUM   Hstring ::= "'" {Hex} "'" "H"

 AUTONUM   Hex ::= Num | "A" | "B" | "C" | "D" | "E" | "F"| "a" | "b" | "c" | "d" | "e" | "f"

 AUTONUM   Ostring ::= "'" {Oct} "'" "O"

 AUTONUM   Oct ::= Hex Hex
 AUTONUM   Cstring ::= """ {Char} """

 AUTONUM   Char ::= /* REFERENCE - A character defined by the relevant CharacterString type. For charstring a character from the character set defined in ISO/IEC 646. For universal charstring a character from any character set defined in ISO/IEC 10646 */
 AUTONUM   Identifier ::= Alpha{AlphaNum | Underscore}

 AUTONUM   Alpha ::= UpperAlpha | LowerAlpha
 AUTONUM   AlphaNum ::= Alpha | Num
 AUTONUM   UpperAlpha ::= "A" | "B" | "C" | "D" | "E" | "F" | "G" | "H" | "I" | "J" | "K" | "L" | "M" | "N" | "O" | "P" | "Q" | "R" | "S" | "T" | "U" | "V" | "W" | "X" | "Y" | "Z"

 AUTONUM   LowerAlpha ::= "a" | "b" | "c" | "d" | "e" | "f" | "g" | "h" | "i" | "j" | "k" | "l" | "m" | "n" | "o" | "p" | "q" | "r" | "s" | "t" | "u" | "v" | "w" | "x" | "y" | "z"

 AUTONUM   ExtendedAlphaNum ::= /* REFERENCE - A graphical character from the BASIC LATIN or from the LATIN-1 SUPPLEMENT character sets defined in ISO/IEC 10646  (characters from char (0,0,0,32) to char (0,0,0,126), from char (0,0,0,161) to char (0,0,0,172) and from char (0,0,0,174) to char (0,0,0,255) */
 AUTONUM   FreeText ::= """ {ExtendedAlphaNum} """

 AUTONUM   AddressValue ::= "null"

 AUTONUM   OmitValue ::= OmitKeyword
 AUTONUM   OmitKeyword ::= "omit"

A.1.6.5
Parameterization

 AUTONUM   InParKeyword ::= "in"

 AUTONUM   OutParKeyword ::= "out"

 AUTONUM   InOutParKeyword ::= "inout"

 AUTONUM   FormalValuePar ::= [(InParKeyword | InOutParKeyword | OutParKeyword)] Type ValueParIdentifier
 AUTONUM   ValueParIdentifier ::= Identifier
 AUTONUM   FormalPortPar ::= [InOutParKeyword] PortTypeIdentifier PortParIdentifier
 AUTONUM   PortParIdentifier ::= Identifier
 AUTONUM   FormalTimerPar ::= [InOutParKeyword] TimerKeyword TimerParIdentifier
 AUTONUM   TimerParIdentifier ::= Identifier
 AUTONUM   FormalTemplatePar ::= [( InParKeyword | OutParKeyword | InOutParKeyword )]

                           ( TemplateKeyword | RestrictedTemplate ) Type TemplateParIdentifier
 AUTONUM   TemplateParIdentifier ::= Identifier
 AUTONUM   RestrictedTemplate ::= OmitKeyword | ( TemplateKeyword TemplateRestriction )

 AUTONUM   TemplateRestriction ::= "(" OmitKeyword ")"
A.1.6.6
With statement

 AUTONUM   WithStatement ::= WithKeyword WithAttribList
 AUTONUM   WithKeyword ::= "with"

 AUTONUM   WithAttribList ::= "{" MultiWithAttrib "}"

 AUTONUM   MultiWithAttrib ::= {SingleWithAttrib [SemiColon]}

 AUTONUM   SingleWithAttrib ::= AttribKeyword  [OverrideKeyword] [AttribQualifier] AttribSpec
 AUTONUM   AttribKeyword ::= EncodeKeyword |

                       VariantKeyword |

                       DisplayKeyword |

                       ExtensionKeyword
 AUTONUM   EncodeKeyword ::= "encode"

 AUTONUM   VariantKeyword ::= "variant"

 AUTONUM   DisplayKeyword ::= "display"

 AUTONUM   ExtensionKeyword ::= "extension"

 AUTONUM   OverrideKeyword ::= "override"

 AUTONUM   AttribQualifier ::= "(" DefOrFieldRefList ")"

 AUTONUM   DefOrFieldRefList ::= DefOrFieldRef {"," DefOrFieldRef}

 AUTONUM   DefOrFieldRef ::= DefinitionRef | FieldReference | AllRef
 AUTONUM   DefinitionRef ::= StructTypeIdentifier |

                       EnumTypeIdentifier |

                       PortTypeIdentifier |

                       ComponentTypeIdentifier |

                       SubTypeIdentifier |

                       ConstIdentifier |

                       TemplateIdentifier |

                       AltstepIdentifier |

                       TestcaseIdentifier |

                       FunctionIdentifier |

                       SignatureIdentifier |

                       VarIdentifier |

                       TimerIdentifier |

                       PortIdentifier |

                       ModuleParIdentifier |

                       FullGroupIdentifier
 AUTONUM   AllRef ::= ( GroupKeyword AllKeyword [ExceptKeyword "{" GroupRefList "}"]) |

                ( TypeDefKeyword AllKeyword [ExceptKeyword "{" TypeRefList "}"]) |

                ( TemplateKeyword AllKeyword [ExceptKeyword "{" TemplateRefList "}"]) |

                ( ConstKeyword AllKeyword [ExceptKeyword "{" ConstRefList "}"]) |

                ( AltstepKeyword AllKeyword [ExceptKeyword "{" AltstepRefList "}"]) |

                ( TestcaseKeyword AllKeyword [ExceptKeyword "{" TestcaseRefList "}"]) |

                ( FunctionKeyword AllKeyword [ExceptKeyword "{" FunctionRefList "}"]) |

                ( SignatureKeyword AllKeyword [ExceptKeyword "{" SignatureRefList "}"]) |

                ( ModuleParKeyword AllKeyword [ExceptKeyword "{" ModuleParRefList "}"]) 

 AUTONUM   AttribSpec ::= FreeText
A.1.6.7
Behaviour statements

 AUTONUM   BehaviourStatements ::= TestcaseInstance |

                             FunctionInstance |

                             ReturnStatement |

                             AltConstruct |

                             InterleavedConstruct |

                             LabelStatement |

                             GotoStatement |

                             RepeatStatement |

                             DeactivateStatement |

                             AltstepInstance |

                             ActivateOp |

                             BreakStatement |

                             ContinueStatement
 AUTONUM   VerdictStatements ::= SetLocalVerdict
 AUTONUM   VerdictOps ::= GetLocalVerdict
 AUTONUM   SetLocalVerdict ::= SetVerdictKeyword "(" SingleExpression { "," LogItem }  ")"

 AUTONUM   SetVerdictKeyword ::= "setverdict"
 AUTONUM   GetLocalVerdict ::= "getverdict"
 AUTONUM   SUTStatements ::= ActionKeyword "(" [ActionText ] {StringOp ActionText} ")"

 AUTONUM   ActionKeyword ::= "action"

 AUTONUM   ActionText ::= FreeText | Expression
 AUTONUM   ReturnStatement ::= ReturnKeyword  [Expression]

 AUTONUM   AltConstruct ::= AltKeyword "{" AltGuardList "}"

 AUTONUM   AltKeyword ::= "alt"

 AUTONUM   AltGuardList ::= {GuardStatement | ElseStatement [SemiColon]}

 AUTONUM   GuardStatement ::= AltGuardChar (AltstepInstance [StatementBlock] | GuardOp StatementBlock)

 AUTONUM   ElseStatement ::= "["ElseKeyword "]" StatementBlock
 AUTONUM   AltGuardChar ::= "[" [BooleanExpression] "]"

 AUTONUM   GuardOp ::= TimeoutStatement |

                 ReceiveStatement |

                 TriggerStatement |

                 GetCallStatement |

                 CatchStatement |

                 CheckStatement |

                 GetReplyStatement |

                 DoneStatement |

                 KilledStatement
 AUTONUM   InterleavedConstruct ::= InterleavedKeyword "{" InterleavedGuardList "}"

 AUTONUM   InterleavedKeyword ::= "interleave"

 AUTONUM   InterleavedGuardList ::= {InterleavedGuardElement [SemiColon]}+

 AUTONUM   InterleavedGuardElement ::= InterleavedGuard InterleavedAction
 AUTONUM   InterleavedGuard ::= "[" "]" GuardOp
 AUTONUM   InterleavedAction ::= StatementBlock
 AUTONUM   LabelStatement ::= LabelKeyword LabelIdentifier
 AUTONUM   LabelKeyword ::= "label"

 AUTONUM   LabelIdentifier ::= Identifier
 AUTONUM   GotoStatement ::= GotoKeyword LabelIdentifier
 AUTONUM   GotoKeyword ::= "goto"

 AUTONUM   RepeatStatement ::= "repeat"

 AUTONUM   ActivateOp ::= ActivateKeyword "(" AltstepInstance ")"

 AUTONUM   ActivateKeyword ::= "activate"

 AUTONUM   DeactivateStatement ::= DeactivateKeyword ["(" ComponentOrDefaultReference ")"]

 AUTONUM   DeactivateKeyword ::= "deactivate"

 AUTONUM   BreakStatement ::= "break"

 AUTONUM   ContinueStatement ::= "continue"

A.1.6.8
Basic statements

 AUTONUM   BasicStatements ::= Assignment | LogStatement | LoopConstruct | ConditionalConstruct |

                         SelectCaseConstruct
 AUTONUM   Expression ::= SingleExpression | CompoundExpression
 AUTONUM   CompoundExpression ::= FieldExpressionList | ArrayExpression
/* STATIC SEMANTICS - Within CompoundExpression the ArrayExpression can be used for Arrays, record, record of and set of types. */

 AUTONUM   FieldExpressionList ::= "{" FieldExpressionSpec {"," FieldExpressionSpec} "}"

 AUTONUM   FieldExpressionSpec ::= FieldReference AssignmentChar NotUsedOrExpression
 AUTONUM   ArrayExpression ::= "{" [ArrayElementExpressionList] "}"

 AUTONUM   ArrayElementExpressionList ::= NotUsedOrExpression  {"," NotUsedOrExpression}

 AUTONUM   NotUsedOrExpression ::= Expression | NotUsedSymbol
 AUTONUM   ConstantExpression ::= SingleConstExpression | CompoundConstExpression
 AUTONUM   SingleConstExpression ::= SingleExpression
/* STATIC SEMANTICS - SingleConstExpression shall not contain Variables or Module parameters and shall resolve to a constant Value at compile time */

 AUTONUM   BooleanExpression ::= SingleExpression
/* STATIC SEMANTICS - BooleanExpression shall resolve to a Value of type Boolean */

 AUTONUM   CompoundConstExpression ::= FieldConstExpressionList | ArrayConstExpression
/* STATIC SEMANTICS - Within CompoundConstExpression the ArrayConstExpression can be used for arrays, record, record of and set of types. */

 AUTONUM   FieldConstExpressionList ::= "{" FieldConstExpressionSpec {"," FieldConstExpressionSpec} "}"

 AUTONUM   FieldConstExpressionSpec ::= FieldReference AssignmentChar ConstantExpression
 AUTONUM   ArrayConstExpression ::= "{" [ArrayElementConstExpressionList] "}"

 AUTONUM   ArrayElementConstExpressionList ::= ConstantExpression {"," ConstantExpression}

 AUTONUM   Assignment ::= VariableRef AssignmentChar (Expression | TemplateBody)

/* STATIC SEMANTICS - The Expression on the right hand side of Assignment shall evaluate to an explicit value of a type compatible with the type of the left hand side for value variables and shall evaluate to an explicit value, template (literal or a template instance) or a matching mechanism compatible with the type of the left hand side for template variables. */

 AUTONUM   SingleExpression ::= XorExpression { "or" XorExpression }

/* STATIC SEMANTICS - If more than one XorExpression exists, then the XorExpressions shall evaluate to specific values of compatible types */

 AUTONUM   XorExpression ::= AndExpression { "xor" AndExpression }

/* STATIC SEMANTICS - If more than one AndExpression exists, then the AndExpressions shall evaluate to specific values of compatible types */

 AUTONUM   AndExpression ::= NotExpression { "and" NotExpression }

/* STATIC SEMANTICS - If more than one NotExpression exists, then the NotExpressions shall evaluate to specific values of compatible types */

 AUTONUM   NotExpression ::= [ "not" ] EqualExpression
/* STATIC SEMANTICS - Operands of the not operator shall be of type boolean or derivatives of type Boolean. */

 AUTONUM   EqualExpression ::= RelExpression { EqualOp RelExpression }

/* STATIC SEMANTICS - If more than one RelExpression exists, then the RelExpressions shall evaluate to specific values of compatible types */

 AUTONUM   RelExpression ::= ShiftExpression [ RelOp ShiftExpression ]

/* STATIC SEMANTICS - If both ShiftExpressions exist, then each ShiftExpression shall evaluate to a specific integer, Enumerated or float Value or derivatives of these types */

 AUTONUM   ShiftExpression ::= BitOrExpression { ShiftOp BitOrExpression }

/* STATIC SEMANTICS - Each Result shall resolve to a specific Value. If more than one Result exists the right-hand operand shall be of type integer or derivatives and if the shift op is "<<" or ">>" then the left-hand operand shall resolve to either bitstring, hexstring or octetstring type or derivatives of these types. If the shift op is "<@" or "@>" then the left-hand operand shall be of type bitstring, hexstring, octetstring, charstring, universal charstring, record of, set of, or array, or derivatives of these types */

 AUTONUM   BitOrExpression ::= BitXorExpression { "or4b" BitXorExpression }

/* STATIC SEMANTICS - If more than one BitXorExpression exists, then the BitXorExpressions shall evaluate to specific values of compatible types */

 AUTONUM   BitXorExpression ::= BitAndExpression { "xor4b" BitAndExpression }

/* STATIC SEMANTICS - If more than one BitAndExpression exists, then the BitAndExpressions shall evaluate to specific values of compatible types */

 AUTONUM   BitAndExpression ::= BitNotExpression { "and4b" BitNotExpression }

/* STATIC SEMANTICS - If more than one BitNotExpression exists, then the BitNotExpressions shall evaluate to specific values of compatible types */

 AUTONUM   BitNotExpression ::= [ "not4b" ] AddExpression
/* STATIC SEMANTICS - If the not4b operator exists, the operand shall be of type bitstring, octetstring or hexstring or derivatives of these types. */

 AUTONUM   AddExpression ::= MulExpression { AddOp MulExpression }

/* STATIC SEMANTICS - Each MulExpression shall resolve to a specific Value. If more than one MulExpression exists and the AddOp resolves to StringOp then the MulExpressions shall be valid operands for StringOp. If more than one MulExpression exists and the AddOp does not resolve to StringOp then the MulExpression shall both resolve to type integer or float or derivatives of these types.*/

 AUTONUM   MulExpression ::= UnaryExpression { MultiplyOp UnaryExpression }

/* STATIC SEMANTICS - Each UnaryExpression shall resolve to a specific Value. If more than one UnaryExpression exists then the UnaryExpressions shall resolve to type integer or float or derivatives of these types. */

 AUTONUM   UnaryExpression ::= [ UnaryOp ] Primary
/* STATIC SEMANTICS - Primary shall resolve to a specific Value of type integer or float or derivatives of these types.*/

 AUTONUM   Primary ::= OpCall | Value | "(" SingleExpression ")"

 AUTONUM   ExtendedFieldReference ::= {(Dot ( StructFieldIdentifier | TypeDefIdentifier))

                                | ArrayOrBitRef }+

/* STATIC SEMANTIC - The TypeDefIdentifier shall be used only if the type of the VarInstance or ReferencedValue in wich the ExtendedFieldReference is used is anytype.*/

 AUTONUM   OpCall ::= ConfigurationOps |

                VerdictOps |

                TimerOps |

                TestcaseInstance |

                FunctionInstance |

                TemplateOps |

                ActivateOp
 AUTONUM   AddOp ::= "+" | "-" | StringOp
/* STATIC SEMANTICS - Operands of the "+" or "-" operators shall be of type integer or float or derivations of integer or float (i.e. subrange) */

 AUTONUM   MultiplyOp ::= "*" | "/" | "mod" | "rem"

/* STATIC SEMANTICS - Operands of the "*", "/", rem or mod operators shall be of type integer or float or derivations of integer or float (i.e. subrange) */

 AUTONUM   UnaryOp ::= "+" | "-"

/* STATIC SEMANTICS - Operands of the "+" or "-" operators shall be of type integer or float or derivations of integer or float (i.e. subrange) */

 AUTONUM   RelOp ::= "<" | ">" | ">=" | "<="

/* STATIC SEMANTICS - the precedence of the operators is defined in Table 6 */

 AUTONUM   EqualOp ::= "==" | "!="  

 AUTONUM   StringOp ::= "&"

/* STATIC SEMANTICS - Operands of the list operator shall be bitstring, hexstring, octetstring, (universal) character string, record of, set of, or array types, or derivates of these types */

 AUTONUM   ShiftOp ::= "<<" | ">>" | "<@" | "@>"

 AUTONUM   LogStatement ::= LogKeyword "(" LogItem { "," LogItem } ")"

 AUTONUM   LogKeyword ::= "log"

 AUTONUM   LogItem ::= FreeText | TemplateInstance
 AUTONUM   LoopConstruct ::= ForStatement |

                       WhileStatement |

                       DoWhileStatement
 AUTONUM   ForStatement ::= ForKeyword "(" Initial SemiColon Final SemiColon Step ")"

                      StatementBlock
 AUTONUM   ForKeyword ::= "for"

 AUTONUM   Initial ::= VarInstance | Assignment
 AUTONUM   Final ::= BooleanExpression
 AUTONUM   Step ::= Assignment
 AUTONUM   WhileStatement ::= WhileKeyword "(" BooleanExpression ")"

                        StatementBlock
 AUTONUM   WhileKeyword ::= "while"

 AUTONUM   DoWhileStatement ::= DoKeyword StatementBlock
                          WhileKeyword "(" BooleanExpression ")"

 AUTONUM   DoKeyword ::= "do"

 AUTONUM   ConditionalConstruct ::= IfKeyword "(" BooleanExpression ")"

                              StatementBlock
                              {ElseIfClause}[ElseClause]

 AUTONUM   IfKeyword ::= "if"

 AUTONUM   ElseIfClause ::= ElseKeyword  IfKeyword "(" BooleanExpression ")"  StatementBlock
 AUTONUM   ElseKeyword ::= "else"

 AUTONUM   ElseClause ::= ElseKeyword  StatementBlock
 AUTONUM   SelectCaseConstruct ::= SelectKeyword "(" SingleExpression ")" SelectCaseBody
 AUTONUM   SelectKeyword ::= "select"
 AUTONUM   SelectCaseBody ::= "{" { SelectCase }+ "}"

 AUTONUM   SelectCase ::= CaseKeyword ( "(" TemplateInstance {"," TemplateInstance } ")" | ElseKeyword )

                    StatementBlock
 AUTONUM   CaseKeyword ::= "case"

A.1.6.9
Miscellaneous productions

 AUTONUM   Dot ::= "."

 AUTONUM   Dash ::= "-"

 AUTONUM   Minus ::= Dash
 AUTONUM   SemiColon ::= ";"

 AUTONUM   Colon ::= ":"

 AUTONUM   Underscore ::= "_"

 AUTONUM   AssignmentChar ::= ":="

Annex B (normative):
Matching incoming values

B.1
Template matching mechanisms

This annex specifies the matching mechanisms that may be used in TTCN‑3 templates (and only in templates).

B.1.1
Matching specific values

Specific values are the basic matching mechanism of TTCN‑3 templates. Specific values in templates are expressions which do not contain any matching mechanisms or wildcards. Unless otherwise specified, a template field matches the corresponding incoming field value if, and only if, the incoming field value has exactly the same value as the value to which the expression in the template evaluates.

EXAMPLE:

// Given the message type definition 


type record MyMessageType


{




integer 
field1,



charstring 
field2,



boolean 
field3 optional,



integer[4] 
field4

}


// A message template using specific values could be 


template MyMessageType MyTemplate:=

{




field1 := 3+2,


// specific value of integer type 



field2 := "My string", 
// specific value of charstring type 



field3 := true,


// specific value of boolean type 



field4 := {1,2,3}

// specific value of integer array 


}

B.1.1.1
Omitting values

The keyword omit denotes that an optional template field shall be absent. It can be used on values of all types, provided that the template field is optional.

EXAMPLE:

template Mymessage MyTemplate:=

{ 
:



:



field3 := omit,

// omit this field 



:


}

B.1.2
Matching mechanisms instead of values

The following matching mechanisms may be used in place of explicit values.

B.1.2.1
Value list

Value lists specify lists of acceptable incoming values. It can be used on values of all types. A value list may also contain templates. A template field that uses a value list matches the corresponding incoming field if, and only if, the incoming field value matches any one of the values or templates in the value list. Each value or template in the value list shall be of the type declared for the template field in which this mechanism is used.

EXAMPLE:

template Mymessage MyTemplate:= 


{ 




field1 := (2,4,6),




// list of integer values 



field2 := ("String1", "String2"),
// list of charstring values 



:



:


}
B.1.2.2
Complemented value list

The keyword complement denotes a list of values that will not be accepted as incoming values (i.e. it is the complement of a value list). It can be used on all values of all types. A complemented value list may also contain templates.
Each value or template in the list shall be of the type declared for the template field in which the complement is used. A template field that uses complement matches the corresponding incoming field if and only if the incoming field does not match any of the values or templates listed in the value list. The value list may be a single value, of course.
EXAMPLE:


template Mymessage MyTemplate:= 


{




complement (1,3,5),
// list of unacceptable integer values 



:



field3 not(true)

// will match false 



:


}

B.1.2.3
Any value

The matching symbol "?" (AnyValue) is used to indicate that any valid incoming value is acceptable. It can be used on values of all types. A template field that uses the any value mechanism matches the corresponding incoming field if, and only if, the incoming field evaluates to a single element of the specified type.

EXAMPLE:

template Mymessage MyTemplate:=

{ 




field1 := ?,
// will match any integer 



field2 := ?,
// will match any non-empty charstring value 



field3 := ?,
// will match true or false 



field4 := ?

// will match any sequence of integers 


}

B.1.2.4
Any value or none

The matching symbol "*" (AnyValueOrNone) is used to indicate that any valid incoming value, including omission of that value, is acceptable. It can be used on values of all types, provided that the template field is declared as optional.

A template field that uses this symbol matches the corresponding incoming field if, and only if, either the incoming field evaluates to any element of the specified type, or if the incoming field is absent.

EXAMPLE:

template Mymessage MyTemplate:=

{
:



field3 := *,
// will match true or false or omitted field 



:


}

B.1.2.5
Value range

Ranges indicate a bounded range of acceptable values. When used for values of integer or float types (and integer or float sub-types). A boundary value shall be either:

d) infinity or -infinity;

e) an expression that evaluates to a specific integer or float value.

The lower boundary shall be put on the left side of the range, the upper boundary at the right side. The lower boundary shall be less than the upper boundary. A template field that uses a range matches the corresponding incoming field if, and only if, the incoming field value is equal to one of the values in the range.

When used in templates or template fields of charstring or universal charstring types, the boundaries shall evaluate to valid character positions according to the coded character set table(s) of the type (e.g. the given position shall not be empty). Empty positions between the lower and the upper boundaries are not considered to be valid values of the specified range.
EXAMPLE:

template Mymessage MyTemplate:=

{ 




field1 := (1 .. 6),
// range of integer type 



:



:



:


}


// other entries for field1 might be (-infinity to 8) or (12 to infinity)

B.1.2.6
SuperSet

SuperSet is an operation for matching that shall be used only on values of set of types. SuperSet is denoted by the keyword superset. A field that uses SuperSet matches the corresponding incoming field if, and only if, the incoming field contains at least all of the elements defined within the SuperSet, and may contain more. The argument of SuperSet shall be of the type declared for the field in which the SuperSet mechanism is used. This argument must not contain templates.
EXAMPLE:


type set of integer MySetOfType;


template MySetOfType MyTemplate1 := superset ( 1, 2, 3 );


// any sequence of integers matches which contains at least one occurrences of the numbers


// 1, 2 and 3 in any order and positions

B.1.2.7
SubSet

SubSet is an operation for matching that can be used only on values of set of types. SubSet is denoted by the keyword subset.

A field that uses SubSet matches the corresponding incoming field if, and only if, the incoming field contains only elements defined within the SubSet, and may contain less. The argument of SubSet shall be of the type declared for the field in which the SubSet mechanism is used. This argument must not contain templates.
EXAMPLE:


template MySetOfType MyTemplate1:= subset ( 1, 2, 3 );

// any sequence of integers matches which contains zero or one occurrences of the numbers


// 1, 2 and 3 in any order and positions

B.1.3
Matching mechanisms inside values

The following matching mechanisms may be used inside explicit values of strings, records, records of, sets, sets of and arrays.

B.1.3.1
Any element

The matching symbol "?" (AnyElement) is used to indicate that it replaces single elements of a string (except character strings), a record of, a set of or an array. It shall be used only within values of string types, record of types, set of types and arrays.

EXAMPLE:

template Mymessage MyTemplate:=

{
:



field2 := "abcxyz", 



field3 := '10???'B, 
// where each "?" may either be 0 or 1 



field4 := {1, ?, 3}
// where ? may be any integer value 


}

NOTE:
The "?" in field4 can be interpreted as AnyValue as an integer value, or AnyElement inside a record of, set of or array. Since both interpretations lead to the same match no problem arises.
B.1.3.1.1
Using single character wildcards

If it is required to express the "?" wildcard in character strings it shall be done using character patterns (see clause B.1.5). For example: "abcdxyz", "abccxyz" "abcxxyz" etc. will all match pattern "abc?xyz". However, "abcxyz", "abcdefxyz", etc. will not.

B.1.3.2
Any number of elements or no element

The matching symbol "*" (AnyElementsOrNone) is used to indicate that it replaces none or any number of consecutive elements of a string (except character strings), a record of, a set of or an array. The "*" symbol matches the longest sequence of elements possible, according to the pattern as specified by the symbols surrounding the "*".

EXAMPLE:

template Mymessage MyTemplate:= 



{
:



field2 := "abcxyz",  



field3 := '10*11'B, 
// 
where "*" may be any sequence of bits (possibly empty) 



field4 := {*, 2, 3}

// where "*"may be any number of integer values or omitted 


}


var charstring MyStrings[4];


MyPCO.receive(MyStrings:{"abyz", *, "abc" });

If a "*" appears at the highest level inside a string, a record of, set of or array, it shall be interpreted as AnyElementsOrNone.

NOTE:
This rule prevents the otherwise possible interpretation of "*" as AnyValueOrNone that replaces an element inside a string, record of, set of or array.
B.1.3.2.1
Using multiple character wildcards

If it is required to expressed the "*" wildcard in character strings it shall be done using character patterns (see clause B.1.5). For example: "abcxyz", "abcdefxyz" "abcabcxyz" etc. will all match pattern "abc*xyz".

B.1.3.3
Permutation

Permutation is an operation for matching that shall be used only on values of record of types. Permutation is denoted by the keyword permutation. Expressions and AnyElement and AnyElementsOrNone are allowed as permutation elements. Each element listed in the permutation shall be of the type replicated by the record of type.

Permutation in place of a single element means that any series of elements is acceptable provided it contains the same elements as the value list in the permutation, though possibly in a different order. If both permutation and AnyElementsOrNone are used inside a value, they shall be evaluated jointly.

AnyElementsOrNone used inside permutation replaces none or any number of elements within the segment of the record of value matched by permutation. AnyElementsOrNone used inside a permutation shall be evaluated last (when all other elements of the permutation list have matched an element in the evaluated list already).

NOTE 1:
AnyElementsOrNone used inside permutation has a different effect as AnyElementsOrNone used in conjunction with permutation as in the latter AnyElementsOrNone replaces consecutive elements only. For example, {permutation(1,2,*)} is equivalent to ({*,1,*,2,*},{*,2,*,1,*}), while {permutation(1,2),*} is equivalent to ({1,2},{2,1},*).

NOTE 2:
When AnyElementsOrNone is used in conjunction with permutation a length attribute may be applied to AnyElementsOrNone to restrict the number of elements matched by AnyElementsOrNone (see also clause B.1.4.1). On the contrary, no length attribute shall be added to AnyElementsOrNone used inside a permutation (but can be applied to the whole permutation instead).

EXAMPLE:


type record of integer MySequenceOfType;


template MySequenceOfType MyTemplate1 := { permutation ( 1, 2, 3 ), 5 };


// matches any of the following sequences of 4 integers: 1,2,3,5; 1,3,2,5; 2,1,3,5;


// 2,3,1,5; 3,1,2,5; or 3,2,1,5

template MySequenceOfType MyTemplate2 := { permutation ( 1, 2, ? ), 5 };


// matches any sequence of 4 integers that ends with 5 and contains 1 and 2 at least once in


// other positions


template MySequenceOfType MyTemplate3 := { permutation ( 1, 2, 3 ), * };


// matches any sequence of integers starting with 1,2,3; 1,3,2; 2,1,3; 2,3,1; 3,1,2 or 3,2,1


template MySequenceOfType MyTemplate4 := { *, permutation ( 1, 2, 3 )};


// matches any sequence of integers ending with 1,2,3; 1,3,2; 2,1,3; 2,3,1; 3,1,2 or 3,2,1


template MySequenceOfType MyTemplate5 := { *, permutation ( 1, 2, 3 ),* };


// matches any sequence of integers containing any of the following substrings at any position:


// 1,2,3; 1,3,2; 2,1,3; 2,3,1; 3,1,2 or 3,2,1 


template MySequenceOfType MyTemplate6 := { permutation ( 1, 2, * ), 5 };


// matches any sequence of integers that ends with 5 and containing 1 and 2 at least once in


// other positions


template MySequenceOfType MyTemplate7 := { permutation ( 1, 2, 3 ), * length (0..5)};


// matches any sequence of three to eight integers starting with 1,2,3; 1,3,2; 2,1,3; 2,3,1;


// 3,1,2 or 3,2,1


template MySequenceOfType MyTemplate9 := { permutation ( 1, 2, *) length (3..5), 5 };


// matches any sequence of four to six integers that ends with 5 and contains 1 and 2 at least


// once in other position

B.1.4
Matching attributes of values

The following attributes may be associated with matching mechanisms.

B.1.4.1
Length restrictions

The length restriction attribute is used to restrict the length of string values matching the template and the number of elements in a set of, record of or array structure. It shall be used only as an attribute of the following mechanisms: AnyValue, AnyValueOrNone, AnyElement and AnyElementsOrNone (but not inside permutation), permutation, superset and subset. It can also be used in conjunction with the complement matching mechanism and with the if present attribute. The syntax for length can be found in clauses 6.2.3 and 6.3.3.

NOTE:
When both the complement and the length restriction matching mechanisms are used for a template or template field, restrictions implied by them shall apply to the template or template field independently.

The units of length are to be interpreted according to table 4 in the main body of the present document in the case of string values. For set of, record of types and arrays the unit of length is the replicated type. The boundaries shall be denoted by expressions which resolve to specific non-negative integer values. Alternatively, the keyword infinity can be used as a value for the upper boundary in order to indicate that there is no upper limit of length.

The length specifications for the template shall not conflict with the length for restrictions (if any) of the corresponding type. A template field that uses length as an attribute of a symbol matches the corresponding incoming field if, and only if, the incoming field matches both the symbol and its associated attribute. The length attribute matches if the length of the incoming field is greater than or equal to the specified lower bound and less than or equal to the upper bound. In the case of a single length value the length attribute matches only if the length of the received field is exactly the specified value.

It is allowed to use a length restriction in conjunction with the special value omit, however in this case the length attribute has no effect (i.e. with omit it is redundant). With AnyValueOrNone and if present it places a restriction on the incoming value, if any.

EXAMPLE:

template Mymessage MyTemplate:=

{ 




field1 := complement ({4,5},{1,4,8,9}) length (1 .. 6),
// any value containing 1, 2, 3, 4,  // 5 or 6 elements is accepted provided it is not {4,5} or {1,4,8,9} 



field2 := "ab*ab" length(13) // max length of the AnyElementsOrNone string is 9 characters 



:


}

B.1.4.2
The IfPresent indicator

The if present indicates that a match may be made if an optional field is present (i.e. not omitted). This attribute may be used with all the matching mechanisms, provided the type is declared as optional.

A template field that uses if present matches the corresponding incoming field if, and only if, the incoming field matches according to the associated matching mechanism, or if the incoming field is absent.

EXAMPLE:

template Mymessage:MyTemplate:=

{
:



field2 := "abcd" if present, // matches "abcd" if not omitted 


:



:


}

NOTE:
AnyValueOrNone has exactly the same meaning as ? if present.
B.1.5
Matching character pattern

Character patterns can be used in templates to define the format of a required character string to be received. Character patterns can be used to match charstring and universal charstring values. In addition to literal characters, character patterns allow the use of meta-characters (e.g. ? and * within a character pattern means matching any character and any number of any character respectively).

EXAMPLE 1:

template charstring MyTemplate:= pattern "ab??xyz*0";

This template would match any character string that consists of the characters "ab", followed by any two characters, followed by the characters "xyz", followed by any number of any characters (including any number of "0"-s) before the closing character "0".

If it is required to interpret any metacharacter literally it should be preceded with the metacharacter "\". 

EXAMPLE 2:


template charstring MyTemplate:= pattern "ab?\?xyz*";

This template would match any character string which consists of the characters "ab", followed by any character, followed by the characters "?xyz", followed by any number of any characters.

The list of meta characters for TTCN‑3 patterns is shown in table B.1. Metacharacters shall not contain whitespaces except a whilespace preceded by a newline character before or inside a set expression.

Table B.1: List of TTCN‑3 pattern metacharacters

	Metacharacter
	Description

	?
	Match any character (see notes 1 and 2)

	*
	Match any character zero or more times; shall match the longest possible number of characters (see example 1 above) (see notes 1 and 2)

	\
	Cause the following metacharacter to be interpreted as a literal (see note 3). When preceding a character without defined metacharacter meaning "\" and the character together match the character following the "\" (see note 4)

	[ ]
	Match any character within the specified set, see clause B.1.5.1 for more details

	-
	Has a metacharacter meaning inside a pair of square brackets ("[" and "]") only, except the first and last positions within the bracket. Allows to specify a range of characters; see clause B.1.5.1 for more details

	^
	 Has a metacharacter meaning as the first character following the opening square bracket inside a pair of square brackets ("[" and "]") only and cause to match any character complementing the set of characters following this metacharacter; 
see clause B.1.5.1 for more details

	\q{group,plane,row,cell}
	Match the Universal character specified by the quadruple

	{reference}
	Insert the referenced user defined string and interpret it as a regular expression.
See clause B.1.5.2 for more details

	\N{reference}
	Match any character within the set of characters, where the set is defined by the referenced definition; see clause B.1.5.4 for more details

	\d
	Match any numerical digit (equivalent to [0-9])

	\w
	Match any alphanumeric character (equivalent to [0-9a-zA-Z])

	\t 
	Match the C0 control character HT(9) (see ISO/IEC 6429 [12])

	\n
	Match any of the following C0 control characters: LF(10), VT(11), FF(12), CR(13) (see ISO/IEC 6429 [12]) (jointly called newline characters)

	\r
	Match the C0 control character CR (see ISO/IEC 6429 [12])

	\s
	Match any one of the following C0 control characters: HT(9), LF(10), VT(11), FF(12), CR(13), SP(32) (see ISO/IEC 6429 [12], ISO/IEC 646 [11]) (jointly called white-space characters)

	\b
	Match a word boundary (any graphical character except SP or DEL is preceded or followed by any of the whitespace or newline characters)

	
	

	\"
	Match the double quote character

	""
	Match the double quote character

	|
	Used to denote two alternative expressions

	( )
	Used to group an expression

	#(n, m)
	Match the preceding expression at least n times but no more than m times (postfix). See clause B.1.5.3 for more details

	#n
	Match the previous expression exactly n times (where n is a single digit) (postfix); the same as #(n)

	+ 
	Match the preceding expression one or several times (postfix); the same as #(1,)

	NOTE 1:
Metacharacters ? and * are able to match any characters of the character set of the root type of the template or template field in which they are used (i.e. not considering type constraints applied). However, it shall not be forgotten, that receiving operations require type checking of the received message before attempting to match it. Therefore received values not complying with the subtype specification of the template or template field are never provided for matching.

NOTE 2:
In some other languages/notations ? and * has different meaning as metacharacters. However in TTCN these characters are traditionally used for matching in the sense as specified in this table.

NOTE 3:
Consequently the backslash character can be matched by a pair of backslash characters without space between them (\\), e.g. the pattern "\\d" will match the string "\d"; opening or closing square brackets can be matched by "\[" and "\]" respectively, etc.

NOTE 4:
Such use of the metacharacter "\" is deprecated as further metacharacters can be defined later.


B.1.5.1
Set expression

A list of characters enclosed by a pair of "[" and "]" matches any single character in that list. The set expression is delimited by the "[" "]" symbols. In addition to character literals, it is possible to specify character ranges using the hyphen "-" as separator. The range consist of the character immediately before the separator, the character immediately after it and all characters with a character code between the codes of the two bordering characters. A hyphen character "-" inside the list but without preceding or following character loses its special meaning.

The set expression can also be negated by placing the caret "^" character as the first character after the opening square bracket. Negation takes precedence over character ranges. Therefore a hyphen "-" immediately following a negating caret "^" shall be processed as a literal character.

An empty list and an empty negated list are not allowed. Therefore a closing square bracket "]" immediately following an opening square bracket "[" or a caret following the opening square bracket "[" and immediately followed by a closing square bracket "]" shall be processed as literal characters.

All metacharacters, except those listed below, lose their special meaning inside the list:

· "]" not at the first position and not immediately following a "^" at the first position;

· "-" not at the first or last positions in the list;

· "^" at the first position in the list except when immediately followed by a closing square bracket;

· "\", "\d", "\t", "\w", "\r", "\n", "\s" and "\b";

· "\q{group,plane,row,cell}";

· "\N{reference}".

NOTE 1:
Embedded lists are not allowed (for example in pattern "[ab[r-z]]" the second "[" denotes a literal "[", the first "]" closes the list and the second "]" causes an error as no related opening bracket in the pattern).

NOTE 2:
To include a literal caret character "^", place it anywhere except in the first position or precede it with a backslash. To include a literal hyphen "-", place it first or last in the list, or precede it with a backslash. To include a literal closing square bracket "]", place it first or precede it with a backslash. If the first character in the list is the caret "^", then the characters "-" and "]" also match themselves when they immediately follow that caret.

EXAMPLE:


template charstring RegExp1:= pattern "[a-z]";  // this will match any character from a to z


template charstring RegExp2:= pattern "[^a-z]";  // this will match any character except a to z


template charstring RegExp3:= pattern "[AC-E][0-9][0-9][0-9]YKE";  


// RegExp3 will match a string which starts with the letter A or a letter between

// C and E (but not e.g. B) then has three  digits and the letters YKE

B.1.5.2
Reference expression

In addition to direct string values it is also possible within the pattern to use references to existing templates, constants, variables, formal parameters, or module parameters. The reference is enclosed within the "{"  "}" characters and reference shall resolve to one of the character string types. Contents of the referenced templates, constants or variables shall be handled as a regular expression. Each expression shall be dereferenced only once.

EXAMPLE 1:

const charstring MyString:= "ab?";


template charstring MyTemplate:= pattern "{MyString}";

This template would match any character string that consists of the characters "ab", followed by any character. In effect any character string following the pattern keyword either explicitly or by reference will be interpreted following the rules defined in this clause.


template universal charstring MyTemplate1:= pattern "{MyString}de\q{1, 1, 13, 7}";
This template would match any character string which consists of the characters "ab", followed by any character, followed by the characters "de", followed by the character in ISO10646-1 with group=1, plane=1, row=13 and cell=7.
If a reference expression refers to a template, constant or variable which contains one or more reference expressions, then the references in the referred template, constant or variable shall recursively be dereferenced before inserting their contents into the referring pattern.

EXAMPLE 2:


const charstring MyConst2 := pattern "ab";


template charstring RegExp1 := pattern "{MyConst2}";


   // matches the string "ab"


template charstring RegExp2 := pattern "{RegExp1}{RegExp1}";


   // matches the string "abab"


template charstring RegExp3 := pattern "c{RegExp2}d";


   // matches the string "cababd"


template charstring RegExp4 := pattern "{Reg"; 


template charstring RegExp5 := pattern "Exp1}";


template charstring RegExp6 := pattern "{RegExp4}{RegExp5}";


   // matches the string "{RegExp1}" only (i.e. shall not be handled as a reference expression


   // to the template RegExp1) 

B.1.5.3
Match expression n times

To specify that the preceding expression should be matched a number of times one of the following syntaxes shall be used: "#(n, m)", "#(n, )", "#( , m)", "#(n)", "#n" or "+".. The form "#(n, m)" specifies that the preceding expression must be matched at least n times but not more than m times. The metacharacter postfix "#(n, )" specifies that the preceding expression must be matched at least n times while "#( , m)" indicates that the preceding expression shall be matched not more than m times. Metacharacters (postfixes) "#(n)" and "#n" specify that the preceding expression must be matched exactly n times (they are equivalent to "#(n, n)" ). In the form "#n" n shall be a single digit. The metacharacter postfix "+" denotes that the preceding expression must be matched at least 1 time (equivalent to "#(1,)").

EXAMPLE:

template charstring RegExp4:= pattern "[a-z]#(9, 11)";
// match at least 9 but no more than 11















// characters from a to z


template charstring RegExp5a:= pattern "[a-z]#(9)";  
// match exactly 9  
















// characters from a to z


template charstring RegExp5b:= pattern "[a-z]#9";  

// match exactly 9  
















// characters from a to z


template charstring RegExp6:= pattern "[a-z]#(9, )";  
// match at least 9  
















// characters from a to z


template charstring RegExp7:= pattern "[a-z]#(, 11)";  
// match no more than 11 
















// characters from a to z


template charstring RegExp8:= pattern "[a-z]+";


// match at least 1 
















// characters from a to z,

B.1.5.4
Match a referenced character set

A notation of the form "\N{reference}", where reference is denoting a one‑character‑length template, constant, variable or module parameter, matches the character in the referenced value or template.

Referencing a template, constant, variable or module parameter that is not of length 1 shall cause an error.

A notation of the form "\N{typereference}", where "typereference" is a reference to a charstring or universal charstring type, matches any character of the character set denoted by the referenced type.

NOTE 1:
Cases when the referenced set of characters is not a true subset of values allowed by the type definition of the template or template field for which the character pattern is used, shall not be treated as an error (but e.g. matching never can occur if the two sets do not overlap).

NOTE 2:
\N{charstring} is equivalent to ? when the latter is applied to a template or template field of charstring type and \N{universal charstring} is equivalent to ? when the latter is applied to a template or template field of universal charstring type (but causes an error if applied to a template or template field of charstring type).

EXAMPLE:


type charstring MyCharRange ("a".."z");


type charstring MyCharList ("a", "z");


const MyCharRange myCharR := "r";


template charstring myTempPatt1 := pattern "\N { myCharR }";


// myTempPatt1 shall match the string "r" only


template charstring myTempPatt2 := pattern "\N { MyCharRange }";


// myTempPatt2 shall match any string containing a single character from a to z


template MyCharRange myTempPatt3 := pattern "\N { MyCharList }";


// myTempPatt3 and shall match strings "a" and "r" only


template MyCharList myTempPatt4 := pattern "\N { MyCharRange }";


// myTempPatt4 shall match strings "a" and "r" only

B.1.5.5
Type compatibility rules for patterns

For the purpose of referenced patterns (see clause B.1.5.2) and references character sets (see clause B.1.5.3) specific type compatibility rules apply: a referenced type, template, constant, variable or module parameter of the type charstring always can be used in the pattern specification of a template or template field of universal charstring type; a referenced type, template or value of the type universal charstring can be used in the pattern specification of a template or template field of charstring type if all characters used in the referenced template or value and the character set allowed by the referenced type has their corresponding characters in the charstring type (see definition of corresponding characters in clause 6.3.1).

Annex C (normative):
Pre-defined TTCN‑3 functions

This annex defines the TTCN‑3 predefined functions.

C.0
General exception handling procedures

When the general restrictions specified in clause 16.1.2 are not met, this shall cause a compile time or runtime error. Error situations for which no explicit exception-handling rule is defined in the relevant clauses of this annex shall cause a TTCN‑3 compile-time or run-time error. Which error situation causes compile-time and which one run-time error is a tool implementation option.

C.1
Integer to character


int2char(integer invalue) return charstring

This function converts an integer value in the range of 0 to 127 (8-bit encoding) into a single-character-length charstring value. The integer value describes the 8-bit encoding of the character.

Error causes are:
· invalue is less than 0 or greater than 127.
C.2
Integer to universal character


int2unichar(integer invalue) return universal charstring

This function converts an integer value in the range of 0 to 2 147 483 647 (32-bit encoding) into a single‑character‑length universal charstring value. The integer value describes the 32-bit encoding of the character.

Error causes are: 

· invalue is less than 0 or greater than 2147483647

C.3
Integer to bitstring


int2bit(in integer invalue, in integer length) return bitstring

This function converts a single integer value to a single bitstring value. The resulting string is length bits long.

For the purposes of this conversion, a bitstring shall be interpreted as a positive base 2 integer value. The rightmost bit is least significant, the leftmost bit is the most significant. The bits 0 and 1 represent the decimal values 0 and 1 respectively. If the conversion yields a value with fewer bits than specified in the length parameter, then the bitstring shall be padded on the left with zeros.

Error causes are:
· invalue is less than zero.
· the conversion yields a return value with more bits than specified by length.
C.4
Integer to hexstring


int2hex(in integer invalue, in integer length) return hexstring
This function converts a single integer value to a single hexstring value. The resulting string is length hexadecimal digits long.

For the purposes of this conversion, a hexstring shall be interpreted as a positive base 16 integer value. The rightmost hexadecimal digit is least significant, the leftmost hexadecimal digit is the most significant. The hexadecimal digits 0 to F represent the decimal values 0 to 15 respectively. If the conversion yields a value with fewer hexadecimal digits than specified in the length parameter, then the hexstring shall be padded on the left with zeros.

Error causes are: 

· invalue is less than zero.
· the conversion yields a return value with more hexadecimal characters than specified by length.
C.5
Integer to octetstring


int2oct(in integer invalue, in integer length) return octetstring
This function converts a single integer value to a single octetstring value. The resulting string is length octets long.

For the purposes of this conversion, an octetstring shall be interpreted as a positive base 16 integer value. The rightmost hexadecimal digit is least significant, the leftmost hexadecimal digit is the most significant. The number of hexadecimal digits provided shall be multiples of 2 since one octet is composed of two hexadecimal digits. The hexadecimal digits 0 to F represent the decimal values 0 to 15 respectively. If the conversion yields a value with fewer hexadecimal digits than specified in the length parameter, then the hexstring shall be padded on the left with zeros.

Error causes are:
· invalue is less than zero.
· the conversion yields a return value with more octets than specified by length.
C.6
Integer to charstring


int2str(integer invalue) return charstring
This function converts the integer value into its string equivalent (the base of the return string is always decimal).

The general error causes in clause 16.1.2 apply. 

EXAMPLE:


int2str(66) 
// will return the charstring value "66"


int2str(-66) 
// will return the charstring value "-66"


int2str(0) 

// will return the charstring value "0"
C.7
Integer to float


int2float (integer invalue) return float

This function converts an integer value into a float value.

The general error causes in clause 16.1.2 apply. 

EXAMPLE:


int2float(4) = 4.0
C.8
Float to integer


float2int (float invalue) return integer

This function converts a float value into an integer value by removing the fractional part of the argument and returning the resulting integer.

The general error causes in clause 16.1.2 apply. 

EXAMPLE:


float2int(3.12345E2) = float2int(312.345) = 312
C.9
Character to integer


char2int(charstring invalue) return integer

This function converts a single-character-length charstring value into an integer value in the range of 0 to 127. The integer value describes the 8-bit encoding of the character.
Error causes are:
· length of invalue does not equal 1.
C.10
Character string to octetstring


char2oct (charstring invalue) return octetstring
This function converts a charstring invalue to an octetstring. Each octet of the octetstring will contain the ISO/IEC 646 [11] codes (according to the IRV) of the appropriate characters of invalue.

The general error causes in clause 16.1.2 apply.
EXAMPLE:


char2oct ("Tinky-Winky") = '54696E6B792D57696E6B79'O
C.11
Universal character to integer


unichar2int(universal charstring invalue) return integer

This function converts a single-character-length universal charstring value into an integer value in the range of 0 to 2 147 483 647. The integer value describes the 32-bit encoding of the character.

Error causes are:
· length of invalue does not equal 1.
C.12
Bitstring to integer


bit2int(bitstring invalue) return integer

This function converts a single bitstring value to a single integer value.

For the purposes of this conversion, a bitstring shall be interpreted as a positive base 2 integer value. The rightmost bit is least significant, the leftmost bit is the most significant. The bits 0 and 1 represent the decimal values 0 and 1 respectively.

NOTE:
On real test systems the integer interpretation of invalue may lead to an overflow problem that causes compile time or run-time error. However, this is out of the scope of the present document.

The general error causes in clause 16.1.2 apply. 

C.13
Bitstring to hexstring


bit2hex (bitstring invalue) return hexstring
This function converts a single bitstring value to a single hexstring. The resulting hexstring represents the same value as the bitstring.

For the purpose of this conversion, a bitstring shall be converted into a hexstring, where the bitstring is divided into groups of four bits beginning with the rightmost bit. Each group of four bits is converted into a hex digit as follows:

'0000'B ( '0'H,
'0001'B ( '1'H,
'0010'B ( '2'H,
'0011'B ( '3'H,
'0100'B ( '4'H,
'0101'B ( '5'H,
'0110'B ( '6'H,
'0111'B ( '7'H,
'1000'B ( '8'H,
'1001'B ( '9'H,
'1010'B ( 'A'H,
'1011'B ( 'B'H,
'1100'B ( 'C'H,
'1101'B ( 'D'H,
'1110'B ( 'E'H, and '1111'B ( 'F'H.

When the leftmost group of bits does contain less than 4 bits, this group is filled with '0'B from the left until it contains exactly 4 bits and is converted afterwards. The consecutive order of hex digits in the resulting hexstring is the same as the order of groups of 4 bits in the bitstring.

The general error causes in clause 16.1.2 apply.
EXAMPLE:


bit2hex ('111010111'B)= '1D7'H
C.14
Bitstring to octetstring


bit2oct (bitstring invalue) return octetstring
This function converts a single bitstring value to a single octetstring. The resulting octetstring represents the same value as the bitstring.

For the conversion the following holds: bit2oct(value)=hex2oct(bit2hex(value)).

The general error causes in clause 16.1.2 apply.
EXAMPLE:


bit2oct ('111010111'B)= '01D7'O

C.15
Bitstring to charstring


bit2str (bitstring invalue) return charstring

This function converts a single bitstring value to a single charstring. The resulting charstring has the same length as the bitstring and contains only the characters '0' and '1'.

For the purpose of this conversion, a bitstring should be converted into a charstring. Each bit of the bitstring is converted into a character '0' or '1' depending on the value 0 or 1 of the bit. The consecutive order of characters in the resulting charstring is the same as the order of bits in the bitstring.

The general error causes in clause 16.1.2 apply. 

EXAMPLE:


bit2str ('1110101'B) will return "1110101"
C.16
Hexstring to integer


hex2int(hexstring invalue) return integer
This function converts a single hexstring value to a single integer value.

For the purposes of this conversion, a hexstring shall be interpreted as a positive base 16 integer value. The rightmost hexadecimal digit is least significant, the leftmost hexadecimal digit is the most significant. The hexadecimal digits 0 to F represent the decimal values 0 to 15 respectively.

NOTE:
On real test systems the integer interpretation of invalue may lead to an overflow problem that causes compile time or run-time error. However, this is out of the scope of the present document.

The general error causes in clause 16.1.2 apply. 

C.17
Hexstring to bitstring


hex2bit (hexstring invalue) return bitstring
This function converts a single hexstring value to a single bitstring. The resulting bitstring represents the same value as the hexstring.

For the purpose of this conversion, a hexstring shall be converted into a bitstring, where the hex digits of the hexstring are converted in groups of bits as follows:

'0'H ( '0000'B,
'1'H ( '0001'B,
'2'H ( '0010'B,
'3'H ( '0011'B,
'4'H ( '0100'B,
'5'H ( '0101'B,
'6'H ( '0110'B,
'7'H ( '0111'B,
'8'H ( '1000'B,
'9'H ( '1001'B,
'A'H ( '1010'B,
'B'H ( '1011'B,
'C'H ( '1100'B,
'D'H ( '1101'B,
'E'H ( '1110'B, and 'F'H ( '1111'B.

The consecutive order of the groups of 4 bits in the resulting bitstring is the same as the order of hex digits in the hexstring.

The general error causes in clause 16.1.2 apply. 

EXAMPLE:


hex2bit ('1D7'H)= '000111010111'B
C.18
Hexstring to octetstring


hex2oct (hexstring invalue) return octetstring
This function converts a single hexstring value to a single octetstring. The resulting octetstring represents the same value as the hexstring.

For the purpose of this conversion, a hexstring shall be converted into a octetstring, where the octetstring contains the same sequence of hex digits as the hexstring when the length of the hexstring modulo 2 is 0. Otherwise, the resulting octetstring contains 0 as leftmost hex digit followed by the same sequence of hex digits as in the hexstring.

The general error causes in clause 16.1.2 apply.
EXAMPLE:


hex2oct ('1D7'H)= '01D7'O
C.19
Hexstring to charstring


hex2str (hexstring invalue) return charstring
This function converts a single hexstring value to a single charstring. The resulting charstring has the same length as the hexstring and contains only the characters '0' to '9'and 'A' to 'F'.

For the purpose of this conversion, a hexstring should be converted into a charstring. Each hex digit of the hexstring is converted into a character '0' to '9' and 'A' to 'F' depending on the value 0 to 9 or A to F of the hex digit. The consecutive order of characters in the resulting charstring is the same as the order of digits in the hexstring.

The general error causes in clause 16.1.2 apply. 

EXAMPLE:


hex2str ('AB801'H) will return "AB801"
C.20
Octetstring to integer


oct2int(octetstring invalue) return integer
This function converts a single octetstring value to a single integer value.

For the purposes of this conversion, an octetstring shall be interpreted as a positive base 16 integer value. The rightmost hexadecimal digit is least significant, the leftmost hexadecimal digit is the most significant. The number of hexadecimal digits provided shall be multiples of 2 since one octet is composed of two hexadecimal digits. The hexadecimal digits 0 to F represent the decimal values 0 to 15 respectively.
NOTE:
On real test systems the integer interpretation of invalue may lead to an overflow problem that causes compile time or run-time error. However, this is out of the scope of the present document.
The general error causes in clause 16.1.2 apply.
C.21
Octetstring to bitstring


oct2bit (octetstring invalue) return bitstring

This function converts a single octetstring value to a single bitstring. The resulting bitstring represents the same value as the octetstring.

For the conversion the following holds: oct2bit(value)=hex2bit(oct2hex(value)).

The general error causes in clause 16.1.2 apply. 

EXAMPLE:


oct2bit ('01D7'O)='0000000111010111'B
C.22
Octetstring to hexstring


oct2hex (octetstring invalue) return hexstring
This function converts a single octetstring value to a single hexstring. The resulting hexstring represents the same value as the octetstring.

For the purpose of this conversion, a octetstring shall be converted into a hexstring containing the same sequence of hex digits as the octetstring.

The general error causes in clause 16.1.2 apply. 

EXAMPLE:


oct2hex ('1D74'O)= '1D74'H

C.23
Octetstring to character string


oct2str (octetstring invalue) return charstring
This function converts an octetstring invalue to an charstring representing the string equivalent of the input value. The resulting charstring shall have the same length as the incoming octetstring.

For the purpose of this conversion each hex digit of invalue is converted into a character '0', '1', '2', '3', '4', '5', '6', '7', '8', '9', 'A', 'B', 'C', 'D', 'E' or 'F' echoing the value of the hex digit. The consecutive order of characters in the resulting charstring is the same as the order of hex digits in the octetstring.

The general error causes in clause 16.1.2 apply. 

EXAMPLE:


oct2str ('4469707379'O) = "4469707379"
C.24
Octetstring to character string, version II

oct2char (octetstring invalue) return charstring
This function converts an octetstring invalue to a charstring. The input parameter invalue shall not contain octet values higher than 7F. The resulting charstring shall have the same length as the input octetstring. The octets are interpreted as ISO/IEC 646 [11] codes (according to the IRV) and the resulting characters are appended to the returned value.

The general error causes in clause 16.1.2 apply.
EXAMPLE:


oct2char ('4469707379'O) = "Dipsy"

NOTE:
The character string returned may contain non-graphical characters, which can not be presented between the double quotes.

C.25
Charstring to integer


str2int(charstring invalue) return integer
This function converts a charstring representing an integer value to the equivalent integer. 

Error causes are:
· invalue contains characters other than "0", "1", "2", "3", "4", "5", "6", "7", "8", "9" and "-".
· invalue contains the character "-" at another position than the leftmost one.

NOTE:
On real test systems the integer interpretation of invalue may lead to an overflow problem that causes compile time or run-time error. However, this is out of the scope of the present document.

EXAMPLE:


str2int("66") 
// will return the integer value 66


str2int("-66") 
// will return the integer value -66


str2int("6-6") 
// will cause an error


str2int("abc") 
// will cause an error


str2int("0") 
// will return the integer value 0
C.26
Character string to octetstring


str2oct (charstring invalue) return octetstring
This function converts a string of the type charstring to an octetstring. The string invalue shall contain even number characters and each shall be one of the  "0", "1", "2", "3", "4", "5", "6", "7", "8", "9", "a", "b", "c", "d", "e" "f", "A", "B", "C", "D", "E" or "F" graphical characters only. The resulting octetstring will have the same length as the incoming charstring.

Error causes are: 

· invalue contains characters other than specified above.
· invalue contains odd number of characters.
EXAMPLE:


str2oct ("54696E6B792D57696E6B79") = '54696E6B792D57696E6B79'O
C.27
Character string to float


str2float (charstring invalue) return float
This function converts a charstring comprising a number into a float value. The format of the number in the charstring shall follow rules in clause 6.1.0, items a) or b) with the following exceptions:

· leading zeros are allowed;
· leading "+" sign before positive values is allowed;
· "-0.0" is allowed;
·  no numbers after the dot in the decimal notation are allowed.

Error causes are:
· the format of invalue is different than defined above.

NOTE:
On real test systems the float interpretation of invalue may lead to an overflow problem that causes compile time or run-time error. However, this is out of the scope of the present document.

EXAMPLE:


str2float("12345.6") //  is the same as str2float("123.456E+02")

str2float("1.6") //  returns a float value equal to 1.6


str2float("+001.") //  returns a float value equal to 1.0


str2float("+001") //  returns a float value equal to 1.0


str2float("-0.0") //  returns a float value equal to 0.0

C.28
Length of strings and lists

lengthof(template any_string_or_list_type inpar) return integer
This function returns the length of a value or template that is of type bitstring, hexstring, octetstring, charstring, universal charstring, record of, set of, or array (see the note below). The units of length for each string type are defined in table 4 in the main body of the present document. For record of, set of, and array the value to be returned is the sequential number of the last initialized element (index of that element plus 1).

The length of a fixed length record of, set of, or array value will always be the fixed length according to the type definition.

The length of an universal charstring shall be calculated by counting each combining character and hangul syllable character (including fillers) on its own (see ISO/IEC 10646 [9], clauses 23 and 24).
When the function lengthof is applied to string-type templates, inpar shall only contain the following matching mechanisms: specific value, value list, complemented value list, pattern, "?" (AnyValue instead of value), "*" (AnyValueOrNone instead of value), "?" (AnyElement inside value) and "*" (AnyElementsOrNone inside value) and the length restriction matching attribute. In case of string-type templates inpar shall match values of the same length only.

When the function lengthof is applied to templates of record of or set of types, inpar shall only contain the following matching mechanisms: specific value, value list, complemented value list, "?" (AnyValue instead of value), "*" (AnyValueOrNone instead of value), SuperSet, SubSet, "?" (AnyElement inside value) and "*" (AnyElementsOrNone inside value), permutattion and the length restriction matching attribute. The parameter inpar shall only match values, for which the lengthof function would give the same result.

NOTE 1:
In case of record ofs and set ofs and arrays only elements of the TTCN‑3 object, which is the parameter of the function are calculated; i.e. no elements of nested types are taken into account at determining the return value.

Error causes are:
· inpar is a string-type template and it can match string values with different length or the length restriction matching attribute contradicts the number of string elements in the template body.
· inpar is a  record of or set of type template and it can match values of different lengths or the length restriction matching attribute contradicts the number of elements in the template body.
NOTE 2:
On real test systems the length calculation of inpar may lead to an overflow problem that causes compile time or run-time error. However, this is out of the scope of the present document.

The general error causes in clause 16.1.2 apply.
EXAMPLE 1:
Using lengthof for values

lengthof('010'B) 
// returns 3 


lengthof('F3'H) 
// returns 2 


lengthof('F2'O) 
// returns 1 


lengthof (universal charstring : "Length_of_Example") // returns 17

// Given


type record length(0..10) of integer MyList;


var MyList MyListVar := { 0, 1, -, 2, - };


lengthof(MyListVar);


// returns 4 without respect to the fact, that the element MyListVar[2] is not initialized
EXAMPLE 2:
Using lengthof for string-type templates


lengthof(charstring : "HELLO") 


// returns 5 


lengthof(octetstring : (’12’O, ’34’O)) 
// returns 1 


lengthof(’1??1’B) 





// returns 4 


lengthof(universal charstring : ? length(8)) // returns 8 


lengthof(’1*F’H)  





// shall cause an error 


lengthof(’1*F’H length (8))  


// returns 8


lengthof(bitstring : ? length(2..infinity)) // shall cause an error 


lengthof(’00*FF’O length(1..2)) 

// returns 2 


lengthof(’1*49’H length(1..2)) 


// shall cause an error 


lengthof(’1’B length(3)) 



// shall cause an error 


lengthof(’1*1’B length(10..20)) 

// shall cause an error

EXAMPLE 3:

type record of integer RoI; 


template RoI tr_roI1 := { 1, permutation(2, 3), ? } 


template RoI tr_roI2 := {1, *, (2, 3) } 


template RoI tr_roI3 := { 1, *, 10 } length(5) 


template RoI tr_roI4 := { 1, 2, 3, * } length(1..2) 


template RoI tr_roI5 := { 1, 2, 3, * } length(1..3) 


lengthof (tr_roI1) // returns 4 


lengthof (tr_roI2) // shall cause an error 


lengthof (tr_roI3) // returns 5 


lengthof (tr_roI4) // shall cause an error 


lengthof (tr_roI5) // returns 3

C.29
Number of elements in a structured value


sizeof(template any_record_set_type inpar) return integer
This function returns the actual number of elements of a value or template of a record or set type (see note). In the case of record of and set of values, templates or arrays, the actual value to be returned is the sequential number of the last defined element (index of that element plus 1).

The function sizeof is applicable to templates of record and set types. The function is applicable only if the sizeof function gives the same result on all values that match the template.

NOTE:
Only elements of the TTCN‑3 object, which is the parameter of the function are calculated; i.e. no elements of nested types/values are taken into account at determining the return value.

Error causes are:
· when inpar is a template and it can match values of different sizes.

EXAMPLE:


// Given 


type record MyPDU 



{ 
boolean field1  optional,



integer field2



};


template MyPDU MyTemplate



{ field1 := omit,



  field2 :=
5



};


sizeof(MyTemplate);
// returns 1


type set S {


  integer f1,


  bitstring f2 optional,


  charstring f3 optional


}


template S tr_S1 := { f1 := (0..99), f2 := omit, f3 := ? } 


template S tr_S2 := { f3 := *, f1 := 1, f2 := ’00’B if present } 


template S tr_S3 := ({ f1 := 1, f2 := omit, f3 := "ABC" }, { f1 := 2, f3 := omit, f2 := ’1’B }) 


template S tr_S4 := ? 


sizeof(tr_S1) // returns 2 


sizeof(tr_S2) // shall cause an error 


sizeof(tr_S3) // returns 2 


sizeof(tr_S4) // shall cause an error

C.30
The IsPresent function


ispresent(template any_record_or_set_type_field inpar) return boolean
This function is allowed for record and set types only and returns the value true if and only if the value of the referenced field is present in the actual instance of the referenced data object. The argument to ispresent shall be a reference to a field of a record or set type. 
The function ispresent is applicable to optional fields of a record or set templates. It returns true if inpar matches only value fields that are present. The returned value is false if the inpar matches only value fields that are omitted.

Error causes are: 

· inpar is referring to a field that is not accessible, e.g. embedded in a template or in a field using omit, "?" (AnyValue) or "*" (AnyValueOrNone). Note, that this rule apply for any levels of embedding.

· when inpar is a template and it can match both present and omitted value fields.
EXAMPLE:


// Given  


type record MyRecord 


  {


    record {


      boolean innerField1 optional,


      integer innerField2 optional

    } field1 optional,



integer field2



}


var MyRecord vl_MyRecord := { field1 := {}, field2 := 5 }


ispresent(vl_MyRecord.field1) // returns true


vl_MyRecord.field1 := omit


ispresent(vl_MyRecord.field1) // returns false


ispresent(vl_MyRecord.field1.innerField1) // shall cause an error because field1 is omitted


var template MyRecord vlt_MyRecord := { field1 := ?, field2 := 5 }


ispresent(vlt_MyRecord.field1) // returns true


ispresent(vlt_MyRecord.field1.innerField1) // shall cause an error because field1 is AnyValue


// (pls. note, that at expansion of field1 the optional field innerField1 obtains "*" 


// that can match both a present and an omitted field


type record R { integer f1 optional, integer f2 optional } 


template R t1 := {f1 := 1, f2 :=(2 .. 4) } 


template R t2 := { f1 := omit, f2 := (5, 7) if present } 


template R t3 := {f1 := *, f2 :=? } 


ispresent(t1.f1) // returns true 


ispresent(t1.f2) // returns true 


ispresent(t2.f1) // returns false 


ispresent(t2.f2) // shall cause an error 


ispresent(t3.f1) // shall cause an error 


ispresent(t3.f2) // returns true 

C.31
The IsChosen function


ischosen(template any_union_type inpar) return boolean
This function returns the value true if and only if the data object reference specifies the variant of the union type that is actually selected for a given data object.
The function ischosen is applicable to templates of union types containing a specific value or a value list. It returns true if all the values matched by inpar have the given field selected. The result is false if there is another field of the union type on which ischosen would return true.

Error causes are:
· inpar is referring to a field that is not accessible, e.g. embedded in a template or in a field using omit, "?" (AnyValue) or "*" (AnyValueOrNone). Note, that this rule apply for any levels of embedding.

· when inpar is a template and it can match values containing different selected fields
EXAMPLE 1: 


type union U { integer f1, octetstring f2 } 


template U t_U1 := {f1 := 1} 


template U t_U2 := {f2 := ?} 


template U t_U3 := ? 


template U t_U4 := ({ f1 := 2 }, {f2 := ’AB’O }) 


template U t_U5 := ({ f2 := ’12?’O }, { f2 := ’*34’O length(2) }) 


ischosen(t_U1.f1) // returns true 


ischosen(t_U1.f2) // returns false 


ischosen(t_U2.f1) // returns false 


ischosen(t_U2.f2) // returns true 


ischosen(t_U3.f1) // shall cause an error 


ischosen(t_U3.f2) // shall cause an error 


ischosen(t_U4.f1) // shall cause an error 


ischosen(t_U4.f2) // shall cause an error 


ischosen(t_U5.f1) // returns false 


ischosen(t_U5.f2) // returns true 

EXAMPLE 2:


// Given 


type union MyUnion



{
PDU_type1
p1,




PDU_type2
p2,




PDU_type
p3 



}


// and given that MyPDU is a template of MyUnion type


// and received_PDU is also of MyUnion type 


// then 


MyPort.receive(MyPDU) -> value received_PDU

ischosen(received_PDU.p2)


// returns true if the actual instance of MyPDU carries a PDU of the type PDU_type2 

C.32
The Regexp function


regexp (

  in template any_character_string_type inpar,

  in template any_character_string_type expression,
      integer groupno
    ) return 
any_character_string_type
This function returns the substring of the input character string inpar, which is the content of n-th group matching to the expression. Theparameters inpar and expression shall be a value or a template of charstring or universal charstring types. In case inpar is a template, it shall contain the specific value matching mechanism only. The type of expression shall be universal charstring only when the type of inpar is universal charstring. When expression is a template it shall contain the specific value or pattern matching mechanisms only. The parameter groupno shall be a non-negative integer. The type of the character string returned is the root type of inpar.

First inpar (or in case inpar is a template, its value equivalent) shall be matched against expression. If  expression is not a template containing a pattern matching mechanism, it shall be processed by this predefined function as if it was a character pattern as described in clause B.1.5. If this matching is unsuccessful, an empty string shall be returned. If this matching is successful, the substring of inpar shall be returned, which matched the groupno-s group of expression during the matching. Group numbers are assigned by the order of occurrences of the opening bracket of a group and counted starting from 0 by step 1.

Error causes are: 

· when inpar is a template, it contains other matching mechanism than specific value or character pattern;
· when expression is a template, it contains other matching mechanism than specific value or character pattern;
· inpar is of charstring type and expression is of universal charstring type;
· groupno is a negative integer;
· there is no groupno -s group in expression.
EXAMPLE:

// Given


var charstring myInput := "   simple text for a regexp example   ";


var charstring myString;


myString := regexp(myInput,charstring:"?+(text)?+",0) //will return "text"


myString := regexp(myInput,charstring:"?+(text)?+",1) //causes an error as there is


                                                       //no group with index 1

myString := regexp(myInput,charstring:"(?+)(text)(?+)",0) //will return "   simple "


myString := regexp(myInput,charstring:"(?+)(text)(?+)",2) //will return


                                                          //" for a regexp example   "

myString := regexp(myInput,charstring:"((?+)(text)(?+))",0) //will return the whole inpar,

                                                 //i.e. "   simple text for a regexp example   "


myString := regexp(myInput,charstring:"(([ ]+)(text)(?+))",0) //will return an empty string

                                                   //as expression does not matches inpar


myString := regexp(myInput,universal charstring:"?+(text)?+",0) //will cause an error as


                                                   // inpar is of type charstring, while 


                                                   // expression is of type universal charstring

myInput := "      date: 2001-10-20 ;  msgno: 17; exp  "


var template charstring myPattern := pattern"([ /t]#(,)date:[ \d\-]#(,);[ /t]#(,)msgno: (\d#(1,3)); (exp)#(0,1))"

//please note, that only the very first opening bracket and the bracket before "\d" denotes 


// groups; "#(,)", "#(1,3)" and "#(0,1)" denotes matching the preceding expression several time


myString := regexp(myInput, myPattern,1) //will return the value "17".


//An example of a wrapper function to count groups from 1 and return the complete p_inpar


//if p_groupno equals 0


function regexp0(


  in template charstring p_inpar,


  in template charstring p_expression,


  in integer p_groupno)


return charstring {



var template charstring extended_expr := pattern "({p expression})";



return regexp(p inpar, extended_expr, p_groupno )


}
C.33
The Substring function


substr (template any_string_or_sequence _type inpar, in integer index, in integer count) 


return 
input_string_or_sequence_type
This function returns a substring or subsequence from a value that is of a binary string type (bitstring, hexstring, octetstring),  a character string type (charstring, universal charstring), a sequence type (record of, set of) or array. The type of the substring or subsequence is the root type of the input value. The starting point of substring or subsequence to return is defined by the second in parameter (index). Indexing starts from zero. The third input parameter (count) defines the length of the substring or subsequence to be returned. The units of length for string types are as defined in table 4 of the present document.

When used on templates of character string types, only the inside matching mechanisms AnyElement and AnyElementsOrNone are allowed in inpar and the function shall return the character representation of the matching mechanisms, i.e. "?" for AnyElement and "*" for AnyElementsOrNone. When inpar is a template of binary string or sequence type or is an array, only the specificvalue and AnyElement matching mechanisms are allowed and the substring or subsequence to be returned shall not contain AnyElement.
Error causes are:
· index is less than zero;
· count is less than zero;
· index+count is greater than lengthof(inpar);
· inpar is a template of a character string type and contains a matching mechanism other than AnyElement or AnyElementsOrNone;
· inpar is a template of a binary string or sequence type or array and it contains other matching mechanism as specific value and AnyElement;
· inpar is a template of a binary string or sequence type or array and the substring or subsequence to be returned contains the AnyElement matching mechanism.
EXAMPLE:


substr ('00100110'B, 3, 4)

// returns '0011'B


substr ('ABCDEF'H, 2, 3)

// returns 'CDE'H


substr ('01AB23CD'O, 1, 2)

// returns 'AB23'O


substr ("My name is JJ", 11, 2)
// returns "JJ"


substr ({ 4, 5, 6 }, 1, 2)

// returns {5, 6}
C.34
The Replace function


replace (in any_string_or_sequence _type inpar, in integer index, in integer len, 

 


 in any_string_or_sequence _type repl)

return any_string_or_sequence type
This function replaces the substring or subsequence of value inparat index index of length len with the string or sequence value repl and returns the resulting string or sequence. inparshall not be modified. If len is 0 the string or sequence repl is inserted. If index is 0, repl is inserted at the beginning of inpar. If index is lengthof(inpar), repl is inserted at the end of inpar. inparand repl, and the returned string or sequence shall be of the same root type. The function replace can be applied to bitstring, hexstring, octetstring, or any character string, record of, set of, or array. Note that indexing in strings starts from zero. 

Error causes are: 
· inparor repl are not of string, record of, set of, or array type;

· inparand repl are of different root type;

· index is less than 0 or greater than lengthof(inpar);

· len is less than 0 or greater than lengthof(inpar);

· index+len is greater than lengthof(inpar).

EXAMPLE:


replace ('00000110'B, 1, 3, '111'B)

// returns '01110110'B


replace ('ABCDEF'H, 0, 2, '123'H)

// returns '123CDEF'H


replace ('01AB23CD'O, 2, 1, 'FF96'O)
// returns '01ABFF96CD'O


replace ("My name is JJ", 11, 1, "xx")
// returns "My name is xxJ"


replace ("My name is JJ", 11, 0, "xx")
// returns "My name is xxJJ"


replace ("My name is JJ", 2, 2, "x")
// returns "Myxame is JJ", 


replace ("My name is JJ", 12, 2, "xx")
// produces test case error


replace ("My name is JJ", 13, 2, "xx")
// produces test case error


replace ("My name is JJ", 13, 0, "xx")
// returns "My name is JJxx"
C.35
The random number generator function


rnd ([float seed]) return float

The rnd function returns a (pseudo) random number less than 1 but greater or equal to 0. The random number generator is initialized by means of an optional seed value. Afterwards, if no new seed is provided, the last generated number will be used as seed for the next random number. Without a previous initialization a value calculated from the system time will be used as seed value when rnd is used the first time.

NOTE:
Each time the rnd function is initialized with the same seed value, it shall repeat the same sequence of random numbers.

To produce a random integers in a given range, the following formula can be used:


float2int(int2float(upperbound - lowerbound +1)*rnd()) + lowerbound


// Here, upperbound and lowerbound denote highest and lowest number in range.

The general error causes in clause 16.1.2 apply.
C.36
Enumerated to integer


enum2int (Enumerated_type inpar) return integer

This function accepts an enumeration value and returns the  integer value associated to the enumeration (see also clause 6.2.4).

The general error causes in clause 16.1.2 apply.
EXAMPLE:


type enumerated MyFirstEnumType {



Monday, Tuesday, Wednesday, Thursday, Friday


};


type enumerated MySecondEnumType {



Saturday(-3), Sunday (0), Monday


};


//within a dynamic language element:


var MyFirstEnumType vl_FirstEnum := Monday;


var MySecondEnumType vl_SecondEnum := Monday;


enum2int(vl_FirstEnum) // returns 0


enum2int(vl_SecondEnum) // returns 1


vl_FirstEnum := Wednesday;


vl_SecondEnum := Saturday;

enum2int(vl_FirstEnum) // returns 2


enum2int(vl_SecondEnum) // returns -3


vl_FirstEnum := Friday;


vl_SecondEnum := Sunday;

enum2int(vl_FirstEnum) // returns 4


enum2int(vl_SecondEnum) // returns 0

C.37
The IsValue function


isvalue(in template any_type inpar) return boolean;
The function shall accept templates of any known type. The function shall return true, if inpar is completely initialized and resolves to a specific value. If inpar is of a structured type or array, omit is considered to be a concrete value for optional fields, i.e. the function shall also return true if optional fields of inpar are set to omit. The function shall return false otherwise.

If the isvalue function is used with a non-selected choice of a union type value or template, this shall cause an error.

NOTE:
The null value assigned to default and component references shall be considered as concrete values.

Error causes are:

· inpar is referring to a field that is not accessible, e.g. embedded in a template or in a template field using omit or "*" (AnyValueOrNone). Note that this rule applies for any levels of embedding.

EXAMPLE 1:
Simple types


template charstring ts_char0 := "ABCD"; //template containing a specific value matching

template charstring tr_char1 := "AB?D"; //template containing a specific value matching










   //note, that "?" is not a matching symbol in this case

template charstring tr_char2 := pattern "ABCD"; //a pattern matching a single value only

template charstring tr_char3 := pattern "AB?D"; //pattern matching

template charstring tr_char4 := ("ABCD"); // template containing a specific value (expression)

template charstring tr_char5 := ("ABCD","EFGH"); //a value list matching a single value only


isvalue(ts_char0); // shall return true


isvalue(tr_char1); // shall return true


isvalue(tr_char2); // shall return false


isvalue(tr_char3); // shall return false


isvalue(tr_char4); // shall return true similarly to e.g. isvalue((2)) shall return true

isvalue(tr_char5); // shall return false


EXAMPLE 2:
Special types


var default vl_default := null;


isvalue(vl_default); // shall return true

EXAMPLE 3:
Record/set types


type record MyRec {


integer f1 optional,


integer f2 optional

}


var MyRec vl_MyRec;


var template MyRec vlt_MyRec;


isvalue(vl_MyRec); // shall return false


isvalue(vlt_MyRec); // shall return false


vl_MyRec  := { f1 := 5, f2 := omit }


vlt_MyRec := { f1 := ?, f2 := 5 }


isvalue(vl_MyRec); // shall return true


isvalue(vl_MyRec.f2); // shall return false; 


isvalue(vlt_MyRec); // shall return false


isvalue(vlt_MyRec.f1); // shall return false


isvalue(vlt_MyRec.f2); // shall return true


vlt_MyRec.f2 := omit;

isvalue(vlt_MyRec.f2); // shall return false
EXAMPLE 4:
Union types


type union MyUnion {


integer ch1,


integer ch2

}


template MyUnion ts_MyUnion := { ch1 := 5 }


template MyUnion tr_MyUnion := { ch1 := ? }


var MyUnion vl_ MyUnion;


isvalue(ts_MyUnion); // shall return true


isvalue(tr_MyUnion); // shall return false


isvalue(tr_MyUnion.ch1); // shall return false;


// note, this is different from ischosen(tr_MyUnion.ch1) as isvalue checks the content of the 


// choice ch1, while ischosen is checking if ch1 has been selected or not

isvalue(tr_MyUnion.ch2); // shall cause an error;

Annex D (informative):
Library of Useful Types
D.1
Limitations
Names of types added to this library should be unique within the whole language and within the library (i.e. should not be one of the names defined in annex C. Names defined in this library should not be used by TTCN‑3 users as identifiers of other definitions than given in this annex.

NOTE:
Therefore type definitions given in this annex may be repeated in TTCN‑3 modules but no type distinct from the one specified in this annex can be defined with one of the identifiers used in this annex.

D.2
Useful TTCN‑3 types
D.2.1
Useful simple basic types

D.2.1.0
Signed and unsigned single byte integers

These types supports integer values of the range from -128 to 127 for the signed and from 0 to 255 for the unsigned type. The value notation for these types are the same as the value notation for the integer type. Values of these types shall be encoded and decoded as they were represented on a single byte within the system independently from the actual representation form used.

NOTE:
Encoding of values of these types may be the same or may differ from each other and from the encoding of the integer type (the root type of these useful types) depending on the actual encoding rules used. Details of encoding rules are out of the scope of the present document.

Type definitions for these types are:


type integer
byte


(-128 .. 127)
with { variant "8 bit" };


type integer
unsignedbyte
(0 .. 255)

with { variant "unsigned 8 bit" };

D.2.1.1
Signed and unsigned short integers

These types support integer values of the range from -32 768 to 32 767 for the signed and from 0 to 65 535 for the unsigned type. The value notation for these types are the same as the value notation for the integer type. Values of these types shall be encoded and decoded as they were represented on two bytes within the system independently from the actual representation form used.

NOTE:
Encoding of values of these types may be the same or may differ from each other and from the encoding of the integer type (the root type of these useful types) depending on the actual encoding rules used. Details of encoding rules are out of the scope of the present document.

Type definitions for these types are:


type integer
short


(-32768 .. 32767)
with { variant "16 bit" };


type integer
unsignedshort
(0 .. 65535)

with { variant "unsigned 16 bit" };

D.2.1.2
Signed and unsigned long integers

These types support integer values of the range from -2 147 483 648 to 2 147 483 647 for the signed and from 0 to 4 294 967 295 for the unsigned type. The value notation for these types are the same as the value notation for the integer type. Values of these types shall be encoded and decoded as they were represented on four bytes within the system independently from the actual representation form used.

NOTE:
Encoding of values of these types may be the same or may differ from each other and from the encoding of the integer type (the root type of these useful types) depending on the actual encoding rules used. Details of encoding rules are out of the scope of the present document.

Type definitions for these types are:


type integer
long
(-2147483648 .. 2147483647)





with { variant "32 bit" };


type integer
unsignedlong
(0 .. 4294967295)





with { variant "unsigned 32 bit" };

D.2.1.3
Signed and unsigned longlong integers

These types support integer values of the range from -9 223 372 036 854 775 808 to 9 223 372 036 854 775 807 for the signed and from 0 to 18 446 744 073 709 551 615 for the unsigned type. The value notation for these types are the same as the value notation for the integer type. Values of these types shall be encoded and decoded as they were represented on eight bytes within the system independently from the actual representation form used.

NOTE:
Encoding of values of these types may be the same or may differ from each other and from the encoding of the integer type (the root type of these useful types) depending on the actual encoding rules used. Details of encoding rules are out of the scope of the present document.

Type definitions for these types are:


type integer
longlong
(-9223372036854775808 .. 9223372036854775807)





with { variant "64 bit" };


type integer
unsignedlonglong
(0 .. 18446744073709551615)





with { variant "unsigned 64 bit" };

D.2.1.4
IEEE 754 floats

These types support the ANSI/IEEE Standard 754 [14] for binary floating-point arithmetic. The type IEEE 754 [14] float supports floating-point numbers with base 10, exponent of size 8, mantissa of size 23 and a sign bit. The type IEEE 754 [14] double supports floating-point numbers with base 10, exponent of size 11, mantissa of size 52 and a sign bit. The type IEEE 754 [14] extfloat supports floating-point numbers with base 10, minimal exponent of size 11, minimal mantissa of size 32 and a sign bit. The type IEEE 754 [14] extdouble supports floating-point numbers with base 10, minimal exponent of size 15, minimal mantissa of size 64 and a sign bit.

Values of these types shall be encoded and decoded according to the IEEE 754 [14] definitions. The value notation for these types are the same as the value notation for the float type (base 10).

NOTE:
Precise encoding of values of this type depends on the actual encoding rules used. Details of encoding rules are out of the scope of the present document.

Type definitions for these types are:


type
float
IEEE754float

with { variant "IEEE754 float" };


type
float
IEEE754double

with { variant "IEEE754 double" };


type
float
IEEE754extfloat

with { variant "IEEE754 extended float" };


type
float
IEEE754extdouble
with { variant "IEEE754 extended double" };

D.2.2
Useful character string types

D.2.2.0
UTF-8 character string "utf8string"

This type supports the whole character set of the TTCN‑3 type universal charstring (see paragraph d) of clause 6.1.1). Its distinguished values are zero, one, or more characters from this set. Values of this type shall entirely (e.g. each character of the value individually) be encoded and decoded according to the UCS Transformation Format 8 (UTF-8) as defined in annex R of ISO/IEC 10646 [9]. The value notation for this type is the same as the value notation for the universal charstring type.
The type definition for this type is:


type universal charstring utf8string with { variant "UTF-8" };

D.2.2.1
BMP character string "bmpstring"

This type supports the Basic Multilingual Plane (BMP) character set of ISO/IEC 10646 [9]. The BMP represents all characters of plane 00 of group 00 of the Universal Multiple-octet coded Character Set. Its distinguished values are zero, one, or more characters from the BMP. Values of this type shall entirely (e.g. each character of the value individually) be encoded and decoded according to the UCS-2 coded representation form (see clause 14.1 of ISO/IEC 10646 [9]). The value notation for this type is the same as the value notation for the universal charstring type.

NOTE:
The type "bmpstring" supports a subset of the TTCN‑3 type universal charstring.
The type definition for this type is:


type universal charstring bmpstring
( char ( 0,0,0,0 ) .. char ( 0,0,255,255) )










with { variant "UCS-2" };

D.2.2.2
UTF-16 character string "utf16string"

This type supports all characters of planes 00 to 16 of group 00 of the Universal Multiple-octet coded Character Set (see ISO/IEC 10646 [9]). Its distinguished values are zero, one, or more characters from this set. Values of this type shall entirely (e.g. each character of the value individually) be encoded and decoded according to the UCS Transformation Format 16 (UTF-16) as defined in annex Q of ISO/IEC 10646 [9]. The value notation for this type is the same as the value notation for the universal charstring type.
NOTE:
The type "utf16string" supports a subset of the TTCN‑3 type universal charstring.
The type definition for this type is:


type universal charstring utf16string
( char ( 0,0,0,0 ) .. char ( 0,16,255,255) )











with { variant "UTF-16" };

D.2.2.3
ISO/IEC 8859 character string "iso8859string"

This type supports all characters in all alphabets defined in the multiparty standard ISO/IEC 8859 (see annex G). Its distinguished values are zero, one, or more characters from the ISO/IEC 8859 character set. Values of this type shall entirely (e.g. each character of the value individually) be encoded and decoded according to the coded representation as specified in ISO/IEC 8859 (an 8-bit coding). The value notation for this type is the same as the value notation for the universal charstring type.

NOTE 1:
The type "iso8859string" supports a subset of the TTCN‑3 type universal charstring.
NOTE 2:
In each ISO/IEC 8859 alphabet the lower part of the character set table (positions 02/00 to 07/14) is compatible with the ISO/IEC 646 [11] character set. Hence all extra language specific characters are defined for the upper part of the character table only (positions 10/00 to 15/15). As the "iso8859string" type is defined as a subset of the TTCN‑3 type universal charstring, any coded character representation of any ISO/IEC 8859 alphabets can be mapped into an equivalent character (a character with the same coded representation when encoded on 8 bits) from the Basic Latin or Latin‑1 Supplement character tables of ISO/IEC 10646 [9].
The type definition for this type is:


type universal charstring iso8859string
( char ( 0,0,0,0 ) .. char ( 0,0,0,255) )











with { variant "8 bit" };
D.2.3
Useful structured types

D.2.3.0
Fixed-point decimal literal

This type supports the use of fixed-point decimal literal as defined in the IDL Syntax and Semantics version 2.6 (see annex G). It is specified by an integer part, a decimal point and a fraction part. The integer and fraction parts both consist of a sequence of decimal (base 10) digits. The number of digits is stored in "digits" and the size of the fraction part is given in "scale". The digits itself are stored in "value_". Value notation for this type is the same as the value notation for the record type. Values of this type shall be encoded and decoded as IDL fixed point decimal values.

NOTE:
Precise encoding of values of this type depends on the actual encoding rules used. Details of encoding rules are out of the scope of the present document.

The type definition for this type is:


type record
IDLfixed {







unsignedshort
digits,







short
scale,







charstring
value_






}






with { variant "IDL:fixed FORMAL/01-12-01 v.2.6" };

D.2.4
Useful atomic string types

D.2.4.1
Single ISO 646 character type

A type whose distinguished values are single characters of the version of ISO/IEC 646 [11] complying to the International Reference Version (IRV) as specified in clause 8.2 of ISO/IEC 646 [11] (see also note 1 to clause 6.1.1).

The type definition for this type is:


type charstring char646 length (1);

NOTE:
The special string "8 bit" defined in clause 27.5 may be used with this type to specify a given encoding for its values. Also, other properties of the base type can be changed by using attribute mechanisms.

D.2.4.2
Single universal character type
A type whose distinguished values are single characters from ISO/IEC 10646 [9].
The type definition for this type is:


type universal charstring uchar length (1);

NOTE:
Special strings defined in clause 27.5 except "8 bit" may be used with this type to specify a given encoding for its values. Also, other properties of the base type can be changed by using attribute mechanisms.

D.2.4.3
Single bit type
A type whose distinguished values are single binary digits.
The type definition for this type is:


type bitstring bit length (1);

D.2.4.4
Single hex type
A type whose distinguished values are single hexadecimal digits.
The type definition for this type is:


type hexstring hex length (1);

D.2.4.5
Single octet type
A type whose distinguished values are pairs of hexadecimal digits.
The type definition for this type is:


type octetstring octet length (1);

Annex E (informative):
Operations on TTCN‑3 active objects

This annex describes in a short form the semantics of operations on active objects in TTCN‑3 being test components, timers and ports. This dynamic behaviour is written in the form of state machines with:
· the states being named and identified as nodes;

· the initial state being identified by an incoming arrow;

· transitions between states connecting two states (not necessarily different states) and identified as arrows;

· transitions being marked with the enabling condition for that transition (i.e. operation or statement calls) and the resulting condition (for example a test case error), both are separated by '/':

· operation and statement calls are the TTCN‑3 operations and statements applicable to the object (written in bold);

· error as a resulting condition means testcase error (written in bold);

· null as a resulting condition means that except of a possible state change no other results apply (written in bold);

· match/no match refers to the matching result of a transition (written in bold);

· concrete values are boolean or float results (written in bold italics);

· all other resulting conditions are textually described (written in standard font);

· notes are used to explain further details of the state machine.

For further details, please refer to the operational semantics of TTCN‑3 [3]. In case of any contradiction between this annex and the operational semantics of TTCN‑3 [3] the latter takes precedence.

E.1
Test components

E.1.1
Test component references

Variables of test component types, the self and mtc operations are used to reference test components. The start, stop, done and running operations are not directly applied on test components but on component references. The test system shall decide if the operation requested shall effect the component object itself or other action is appropriate (e.g. an error occurs when the reference of a stopped PTC is used in a component start operation). The create operation used to create PTCs returns a unique reference to the created PTC, which is typically bound to a test component variable. The behaviour related to test component variables themselves is shown in figure E.1.
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NOTE:
Whenever a test component enters its error state, the error verdict is assigned to its local verdict, the test case terminates and the overall test case result will be error.

Figure E.1: Handling of test component references

E.1.2
Dynamic behaviour of PTCs

PTCs can be of non-alive type or alive-type. Non-alive type PTCs can be in Inactive, Running and Killed states. Their dynamic behaviour is shown in figure E.2.
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NOTE 1:
(a) Stop can be either a stop, self.stop or a stop from another test component.
(b) Kill can be either a kill, self.kill, a kill from another test component or a kill from the test system (in error cases).

NOTE 2: 
(a) Stop can be from another test component only. 
(b) Kill can be from another test component or from the test system (in error cases)only.

NOTE 3: 
Whenever a test component enters its error state, the error verdict is assigned to its local verdict, the test case terminates and the overall test case result will be error.

Figure E.2: Dynamic behaviour of non-alive type PTCs

Alive-type PTCs can be in Inactive, Running, Stopped and Killed states. Their dynamic behaviour is shown in figure E.3.
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NOTE 1:
(a) Stop can be either a stop, self.stop or a stop from another test component.
(b) Kill can be either a kill, self.kill, a kill from another test component or a kill from the test system (in error cases).

NOTE 2:
(a) Stop can be from another test component only.
(b) Kill can be from another test component or from the test system (in error cases) only.

NOTE 3:
Whenever a test component enters its error state, the error verdict is assigned to its local verdict, the test case terminates and the overall test case result will be error.

Figure E.3: Dynamic behaviour of alive-type PTCs

E.1.3
Dynamic behaviour of the MTC

The MTC can be in Running or Killed state. The dynamic behaviour of the MTC is shown in figure E.4.
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NOTE 1:
(a) Stop can be either a stop, self.stop, a stop from another test component.
(b) Kill can be either a kill, self.kill, a kill from another test component or a kill from the test system (in error cases).

NOTE 2:
All remaining PTCs shall be killed as well and the testcase terminates.

NOTE 3:
Whenever the MTC enters its error state, the error verdict is assigned to its local verdict, the test case terminates and the overall test case result will be error.

Figure E.4: Dynamic behaviour of the MTC

E.2
Timers

Timers can be in Inactive, Running or Expired state. The dynamic behaviour of a timer is shown in figure E.5.
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NOTE 1:
For any scope unit, all timers in that scope being in Running state constitute the running-timer list.

NOTE 2:
For any scope unit, all timers in that scope being in Expired state constitute the timeout-list.

NOTE 3:
Whenever a timer enters its error state, the test component it belongs to enters also its error state, assigns a local error verdict, the test case terminates and the overall test case result will be error.

Figure E.5: Dynamic behaviour of timers

E.3
Ports

Ports can be in Started or Stopped state. As their behaviour is rather complex, the state machine has been split into a state machine giving the dynamic behaviour of configuration operations (i.e. connect, disconnect, map and unmap), of port controlling operations (i.e. start, stop, and clear) and of communication operations (i.e. send, receive, call, getcall, raise, catch, reply, getreply, and check). As trigger is a shorthand for an alt together with receive it is not considered here.

E.3.1
Configuration Operations

The port configuration operations (i.e. connect, disconnect, map, and unmap) are indifferent to the state of the port. They show the behaviour shown in figure E.6.
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NOTE 1: 
When creating a PTC the ports of that PTC are created and started; when creating the MTC the ports of the MTC and the ports of the TSI are created and started.

NOTE 2: 
Whenever a port enters its error state, the test component it belongs to enters also its error state, assigns a local error verdict, the test case terminates and the overall test case result will be error.

Figure E.6: Dynamic behaviour of ports: port configuration operations

The transitions do not change the main state of the port, i.e. the port remains in the Started or Stopped state.
E.3.2
Port Controlling Operations

The results of port controlling operations are shown in figure E.7.
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NOTE:
When creating a PTC the ports of that PTC are created and started; when creating the MTC the ports of the MTC and the ports of the TSI are created and started.

Figure E.7: Dynamic behaviour of ports: port controlling operations

E.3.3
Communication Operations

The results of the communication operations send, receive, call, getcall, raise, catch, reply, getreply, check are shown in figure E.8.
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NOTE 1:
When creating a PTC the ports of that PTC are created and started; when creating a MTC the ports of the MTC and the ports of the TSI are created and started.

NOTE 2:
A unique receiver exists if there is only one link for this port or if the to address expression references a test component whose port is linked to this port (a terminated test component is not a legal receiver).

NOTE 3:
Whenever a port enters its error state, the test component it belongs to enters also its error state, assigns a local error verdict, the test case terminates and the overall test case result will be error.

NOTE 4:
As trigger is a shorthand for an alt together with receive it is not considered here.

Figure E.8: Dynamic behaviour of ports: communication operations

Annex F (informative):
Deprecated language features
F.1
Group style definition of module parameters

Previous versions of the standard (up to and including 2.2.1) required to use a group-like syntax shown in the example below to declare module parameters. The module parameter syntax has been unified with constant and variable declaration syntax in this version but group-like syntax is not fully removed to leave a time period for tool providers and users to change from the old syntax to the new one. The group-like syntax of module parameter declarations may be fully removed in a future edition of the standard.

EXAMPLE (superfluous syntax):


module MyModuleWithParameters


{ 



modulepar { integer TS_Par0, TS_Par1 := 0;

                    boolean TS_Par2 := true

                "};



modulepar { hexstring TS_Par3 };


}
F.2
Recursive import

Previous versions of the standard (up to and including 2.2.1) allowed to import named definitions implicitly, via importing other definitions of the same module using them in a recursive mode. This feature is deprecated and may be fully removed in a future edition of the standard.

F.3
Using all in port type definitions

Previous versions of the standard (up to and including 2.2.1) allowed to use the all keyword in port type definitions instead of an explicit list of types and signatures allowed via the given port. This feature is deprecated and may be fully removed in a future edition of the standard.
F.4
sizeof for length of lists

Previous versions of the standard (up to and including 3.2.1) allowed to use the builtin function sizeof to compute the length of record of, set of, and array. This has been replaced by lengthof. The use of sizeof for list like types is deprecated and is planned to be fully removed in the next published edition.

F.5
Mixed ports

Previous versions of the standard (up to and including 3.2.1) allowed to use mixed ports. This feature is deprecated and may be fully removed in a future edition of the standard.
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�is part of "literal value" below.


�Not at this place - it is explained already in the setverdict section.


�I propose to handle this in the setverdict clause only (avoid duplicating the information)


�I propose to handle this in the previous paragraph only as this has no direct relation to setverdict.
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‘

start with negative duration/error







start/"timer starts with non-negative duration"







start/"timer restarts with non-negative duration"



running/true



read/elapsed time



timeout/no match















stop/stop timer







start/"timer starts with �non-negative duration"







running/false



read/0.0







timeout/match



stop/null







(timer expiry)/null







Expired



(see note 2)







stop/null



running/false



read/0.0



timeout/no match







Running�(see note 1)







Test component timers: "component created";�Other local timers: "testcase, function, altstep,�statement block entered or default activated"







Inactive







Error



(see note 3)
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receive/no match



getcall/no match



getreply/no match



catch/no match



check/no match







receive/if ("top queue element is halt marker")



                then no match�             else if ("top queue element matches")



                then match & "remove from queue"�             else no match



getcall/if ("top queue element is halt marker")�               then no match



            else if ("top queue element matches")�               then match & "remove from queue"



            else no match



getreply/if ("top queue element is halt marker")�                  then no match



             else if ("top queue element matches")�                 then match & "remove from queue" 



             else no match



catch/if ("top queue element is halt marker")�             then no match



          else if ("top queue element matches")



             then match & "remove from queue"



          else no match



check/if ("top queue element is halt marker")



              then no match



          else if ("top queue element matches")



             then match 



          else no match







Halted















Stopped







Started







send/error



call/error



reply/error



raise/error







send/if ("ambiguous" or "no receiver") error (see note 2)



call/if ("ambiguous" or "no receiver") error (see note 2)



reply/if ("ambiguous" or "no receiver") error (see note 2)



raise/if ("ambiguous" or "no receiver") error (see note 2)











create/"creates�test component"�(see note 1)







send/if ("unique receiver") then "transmit" (see note 2)



receive/if ("top queue element matches")



               then match and "remove from queue"



            else no match



call/if ("unique receiver") then "transmit" (see note 2)



getcall/if ("top queue element matches")



               then match and "remove from queue"



            else no match



reply/if ("unique receiver") then "transmit" (see note 2)



getreply/if ("top queue element matches")



                  then match and "remove from queue"



               else no match



raise/if ("unique receiver") then "transmit" (see note 2)



catch/if ("top queue element matches")



             then match and "remove from queue"



          else no match



check/if ("top queue element matches")



              then match



           else no match







Error



(see note 3)
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start/"clears queue"







clear/"clears queue"



start/"clears queue"











create/"creates�test component"�(see note)







clear/"clears queue" and �"puts halt marker at the� top of the queue"



halt/null







stop/"removes halt maker"







halt/"puts halt marker�at the end of the queue"







halt/"puts halt



marker at the



top of the queue"







start/"clears queue" and "removes halt maker"







Halted







stop/null







Stopped







Started







clear/"clears queue"



stop/null
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Halted







connect/if ("legal connection")



                 then ( if ("link not yet established")�                             then "establish this link" else null )



disconnect/if ("link established") then "remove this link" else null



map/if ("legal connection")



           then ( if ("link not yet established")



                       then "establish this link" else null )



unmap/if ("link established") then "remove this link" else null







connect/if ("illegal connection") then error



map/if ("illegal connection") then "store link to other port" error 







Error



(see note 2)











Started







create/"creates�test component"



(see note 1)











Stopped







connect/if ("legal connection")



                 then ( if ("link not yet established")



                             then "establish this link" else null )



disconnect/if ("link established") then "remove this link" else null



map/if ("legal connection")



           then "store link to other port"�           ( if ("link not yet established")



               then "establish this link" else null )



unmap/if ("link established") then "remove this link" else null
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start/error



stopfrom another component/error



kill from another component/error



"run-time error"/error







Error



(see note 3)















execute/"creates the MTC" and "starts the testcase"











done/no match	killed/no match



running/true	alive/true







stop/"component terminates" (see note 1a)



kill/"component terminates" (see note 1b)



"completing of the test case"/"component terminates"







Killed



(see note 2)











Running
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variable�declaration











Error



(see note)







"assignment of the return value of create"/"references created�test component" (and "looses the previous reference")







done/error	killed/error



running/error	alive/error



stop/error		kill/error



start/error







Uninitialized







"assignment of the return value of create"/"references created test component"







Initialized
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Error



(see note 3)







Killed







Running







Inactive







"run-time error"/error







start/error







start/error







create/creation of a non-alive PTC







stop/"component terminates" (se note 2a)



kill/"component terminates" (see note 2b)







stop/null (see note 2a)	kill/null (see note 2b)



done/match	killed/match



running/false	alive/false







done/no match	killed/no match



running/true	alive/true







done/no match	killed/no match



running/false	alive/true







stop/"component terminates" (see note 1a)



kill/"component terminates" (see note 1b)



"return from function"/"component terminates"



"completion of function"/"component terminates"







start/"component executes function"
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V







V







PTCn







V







PTC1







V







MTC







Verdict returned by the test case when it terminates












