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5.4.1
Formal parameters

TTCN-3 modules, structured types, templates, functions, altsteps, and testcases may be defined incompletely, i.e. some entities (variables, templates, ports, timers, etc.) used by the above objects may not be resolved in the definition of the object. These objects are called parameterized objects. Formal entities replacing the unresolved entities in the parameterized object's definition are called formal parameters.

Formal parameters of parameterized templates, functions, altsteps, and testcases are defined in formal parameter lists. Formal parameters of modules are defined in module parameter definitions (see clause 8.2.1).

Formal parameters shall be in, inout or out parameters (see definitions in clause 3.1). If not stated otherwise, a formal parameter is an in parameter. For all these three sorts of parameter passing, the actual parameters can both be read and set (i.e. get new values being assigned) within the parameterized object.

Formal in parameters may have default values. This default value is used when no actual parameter is provided.

NOTE:
Although out parameters can be read within the parameterized object, they do not inherit the value of their actual parameter; i.e. they should be set before they are read.

5.4.1.1
Formal parameters of kind value

Values of all basic types, all user-defined types, address type, component type, and default can be passed as value parameters.
Syntactical Structure
[ ( in | inout | out ) ] Type ValueParIdentifier [ ":=" ( Expression | Dash ) ]
Semantic Description
Value formal parameters can be used within the parameterized object the same way as values, for example in expressions.

Value formal parameters may be in, inout or out parameters. The default for value formal parameters is in parameterization which may optionally be denoted by the keyword in. Using of inout or out kind of parameterization shall be specified by the keywords inout or out respectively.

In parameters may have a default value, which is given by an expression assigned to the parameter. Formal parameters of modified templates may inherit their default values from the corresponding parameters of their parent templates; this shall explicitly be denoted by using a dash (don't change) symbol at the place of the modified template parameters' default value.
TTCN‑3 supports value parameterization according to the following rules:

· the language element module allows static value parameterization to support test suite parameters, i.e. this parameterization may or may not be resolvable at compile-time but shall be resolved by the commencement of run-time (i.e. static at run-time). This means that, at run-time, module parameter values are globally visible but not changeable (see more details in clause 8.2);

· the language elements template, testcase, altstep and function support dynamic value parameterization (i.e. this parameterization shall be resolved at run-time).

NOTE:
Component and default references are also handled as value parameters. In the case of component references, the corresponding component type is the type of the formal parameter. In the case of default references the TTCN-3 type default is the type of the formal parameter.

Restrictions
a) Language elements which cannot be parameterized are: const, var, timer, control, record of, set of, enumerated, port, component and sub-type definitions, group and import.

b) Formal value parameters of templates, and of altsteps activated as defaults (see clause 20.5.2) shall always be in parameters.

c) Restrictions on module parameters are given in clause 8.2.

d) Default values can be provided for in parameters only.

e) The expression of the default value has to be compatible with the type of the parameter. The expression shall not refer to elements of the component type of the optional runs on clause. The expression shall not refer to other parameters of the same parameter list. The expression shall not contain the invocation of functions with a runs on clause.

f) Default values of component type formal parameters shall be one of the special values null, mtc, self, or system.

g) Default values of default type formal parameters shall be the special value null.
h) The dash (don't change) symbol shall be used with formal parameters of modified templates only (see also clause 15.5).
Examples
EXAMPLE 1:
In, out and inout formal parameters.


function MyFunction1(in boolean MyReferenceParameter){ … };


// MyReferenceParameter is an in value parameter. The parameter can be read. It can also be set
// within the function, however, the assignment is local to the function only


function MyFunction2(inout boolean MyReferenceParameter){ … };


// MyReferenceParameter is an inout value parameter. The parameter can be read and set 


// within the function - the assignment is not local


function MyFunction3(out template boolean MyReferenceParameter){ … };


// MyReferenceParameter is an out value parameter. The parameter can be set within the function, 

// the assignment is not local. It can also be read, but only after it has been set.

EXAMPLE 2:
Reading and setting parameters.


type record MyMessage {



integer f1,



integer f2


}


function f_MyMessage (integer p_int) return MyMessage {



var integer f1, f2;



f1 := f_mult2 (p_int);




// parameter p_int is passed on; as the parameter of the called function f_mult2 is




// defined as an inout parameter, it passes back the changed value for p_int, 



f2 := p_int;



return {f1, f2};


}


function f_mult2 (inout integer p_integer) return integer {



p_integer := 2 * p_integer;




// the value of the formal parameter is changed; this new value is passed back when




// f_mult2 completes



return p_integer-1


}


testcase tc_01 () runs on MTC_PT {


...



P1.send (f_MyMessage(5))




// the value sent is { f1 := 9 , f2 := 10 }


...


}

EXAMPLE 3:
Function with default value for parameter.


function f_comp (in integer p_int1, in integer p_int2 := 3) return integer {


  var integer v := p_int1 + p_int2;


  :


  return v;


}


function f () {


  var integer w;

  …


  w := f_comp(1);   // same as calling f_comp(1,3);

  w := f_comp(1,2); // value 2 is taken for parameter p_int2 and not its default value 3


  …


}

5.4.1.2
Formal parameters of kind template

Template kind parameters are used to pass templates into parameterizable objects.

Syntactical Structure
[ in | inout | out ] template [ restriction ] Type ValueParIdentifier














[ ":=" ( TemplateInstance | Dash ) ]
Semantic Description
Templates parameters can be defined for templates, functions, altsteps, and test cases.
To enable a parameterized object to accept templates or matching symbols as actual parameters, the extra keyword template shall be added before the type field of the corresponding formal parameter. This makes the parameter a template parameter and in effect extends the allowed actual parameters for the associated type to include the appropriate set of matching attributes (see annex B) as well as the normal set of values.

Formal template parameters can be used within the parameterized object the same way as templates and template variables.

Formal template parameters may be in, inout or out parameters. The default for formal template parameters is in parameterization.

In parameters may have a default template, which is given by a template instance assigned to the parameter. Formal parameters of modified templates may inherit their default templates from the corresponding parameters of their parent templates; this shall explicitly be denoted by using a dash (don't change) symbol at the place of the modified template parameter's default template.
Formal template parameters can be restricted to accept actual parameters containing a restricted set of matching mechanisms only. Such limitations can be expressed by the restrictions omit, present, and value. The restriction template (omit) can be replaced by the shorthand notation omit. The meaning of the restrictions are explained in clause 15.8.

Restrictions
i) Only function, testcase, altstep and template definitions may have formal template parameters.

j) Formal template parameters of templates, of functions started as test component behaviour (see clause 21.2.2) and of altsteps activated as defaults (see clause 20.5.2) shall always be in parameters.

k) Default templates can be provided for in parameters only.

l) The default template instance has to be compatible with the type of the parameter. The template instance shall not refer to elements of the component type in a runs on clause. The template instance shall not refer to other parameters in the same parameter list. The template instance shall not contain the invocation of functions with a runs on clause.

m) Default templates of component type formal parameters shall be built from the special values null, mtc, self, or system.

n) Default templates of default type formal parameters shall be the specific value null.

o) The dash (don't change) symbol shall be used with formal parameters of modified templates only. (see also clause 15.5).

Examples
EXAMPLE 1: 
Template with template parameter.


// The template 


template MyMessageType MyTemplate (template integer MyFormalParam):=


{
field1 := MyFormalParam,



field2 := pattern "abc*xyz",



field3 := true

}


// could be used as follows 


pco1.receive(MyTemplate(?));


// Or as follows


pco1.receive(MyTemplate(omit)); // provided that field1 is declared in MyMessageType as optional

EXAMPLE 2: 
Function with template parameter.


function MyBehaviour(template MyMsgType MyFormalParameter)


runs on MyComponentType


{
 :



pco1.receive(MyFormalParameter);



 :


}

EXAMPLE 3: 
Template with restricted parameter.


// The template 


template MyMessageType MyTemplate1 (template ( omit ) integer MyFormalParam):=


{
field1 := MyFormalParam,



field2 := pattern "abc*xyz",



field3 := true

}


// could be used as follows 


pco1.send(MyTemplate1(omit));


// but not as follows


pco1.receive(MyTemplate1(?)); // AnyValue is not within the restriction


// the same template can be written shorter as


template MyMessageType MyTemplate2 (omit integer MyFormalParam):=


{
field1 := MyFormalParam,



field2 := pattern "abc*xyz",



field3 := true

}

5.4.1.3
Formal parameters of kind timer

Functions and altsteps can be parameterized with timers.
Syntactical Structure
[ inout ] timer TimerParIdentifier

Semantic Description
Timers passed into a parameterized object are known inside the behaviour definition of that object. Timer parameters can be used within the parameterized object like any other timer, i.e. they need not to be declared inside the parameterized object.

Timer parameters shall preserve there current state, i.e. only the timer is made known within the parameterized object. For example, also a started timer continues to run, i.e. it is not stopped implicitly. Thereby, possible timeout events can be handled inside the function or altstep to which the timer is passed.
Formal timer parameters are identified by the keyword timer.

Restrictions
p) Formal timer parameters shall be inout parameters, which can optionally be indicated by the keyword inout.

q) Only function - with the exception of functions started as test component behaviour (see clause 21.2.2) - and altstep definitions may have formal timer parameters.

Examples

// Function definition with a timer in the formal parameter list 


function MyBehaviour (timer MyTimer)


{
:



MyTimer.start;



:


}


// could be used as follows


function MyBehaviour2 ()


{
:



timer t;



MyBehaviour(t);



:


}

5.4.1.4
Formal parameters of kind port

Functions and altsteps can be parameterized with ports.
Syntactical Structure
[ inout ] PortTypeIdentifier PortParIdentifier

Semantic Description
Ports passed into a parameterized object are known inside the behaviour definition of that object. Port parameters can be used within the parameterized object like any other port, i.e. they need not to be made visible by a runs on clause.

Ports passed in as parameters shall preserve there current state, only the port is made known within the parameterized object's body. For example, a started port continues to send/receive messages, i.e. it is not stopped implicitly; thereby, possible port events can be handled inside the function or altstep to which the port is passed to.

Restrictions
r) Formal port parameters shall be inout parameters, which can optionally be indicated by the keyword inout.

s) Only function - with the exception of functions started as test component behaviour (see clause 21.2.2) ‑ and altstep definitions may have formal port parameters.

Examples

// Altstep definition with a port in the formal parameter list 


altstep MyBehaviour (MyPortType MyPort)


{
:



[] MyPort.receive { setverdict(fail); stop; }



:


}

15.5
Modified templates

Normally, a template specifies a set of base or default values or matching symbols for each and every field defined in the appropriate type or signature definition. In cases where small changes are needed to specify a new template, it is possible to specify a modified template. A modified template specifies modifications to particular fields of the original template, either directly or indirectly. As well as creating explicitly named modified templates, TTCN‑3 allows the definition of in-line modified templates.

Syntactical Structure
Global or local modified template:

template [restriction] Type TemplateIdentifier  ["(" TemplateFormalParList ")"] 

modifies TemplateRef ":=" TemplateBody

NOTE:
The optional restriction part is covered by clause 15.8.

In-line modified template:

[ Type ":" ] modifies TemplateRefWithParList ":=" TemplateBody

Semantic Description
The modifies keyword denotes the parent template from which the new, or modified template shall be derived. This parent template may be either an original template or a modified template.

The modifications occur in a linked fashion eventually tracing back to the original template. If a template field and its corresponding value or matching symbol is specified in the modified template, then the specified value or matching symbol replaces the one specified in the parent template. If a template field and its corresponding value or matching symbol is not specified in the modified template, then the value or matching symbol in the parent template shall be used. When the field to be modified is nested within a template field which is a structured field itself, no other field of the structured field is changed apart from the explicitly denoted one(s).

When individual values of a modified template or a modified template field of record of type wished to be changed, and only in these cases, the value assignment notation may also be used, where the left hand side of the assignment is the index of the element to be altered.
Modified template formal parameters inherit the default value of the corresponding parameter of their parent templates only, if this is denoted by the dash (don't change) symbol at the place of the parameters' default value.
Modified templates may also be restricted. Template restrictions are specified in clause 15.8.

Restrictions
In addition to the general static rules of TTCN‑3 given in clause 5, the following restrictions apply:

t) A modified template shall not refer to itself, either directly or indirectly, i.e. recursive derivation is not allowed.

u) If a base template has a formal parameter list, the following rules apply to all modified templates derived from that base template, whether or not they are derived in one or several modification steps:

1)
the derived template shall not omit parameters defined at any of the modification steps between the base template and the actual modified template;
2)
a derived template can have additional (appended) parameters if wished;
3)
the formal parameter list shall follow the template name for every modified template.
4)
if the dash (don't change) symbol is used at the place of a default value or default template, the corresponding parameter of the parent template shall have a valid default value or template, either assigned directly or inherited.
v) Restrictions on referencing elements of templates or template fields are described in clause 15.6: for modified templates the rules for the left hand side of assignments apply.
w) Limitations on template restrictions described in clause 15.8 shall apply.

Examples
EXAMPLE 1:

// Given 


type record MyRecordType


{




integer field1 optional,


charstring field2,



boolean field3


}

template MyRecordType MyTemplate1 :=


{




field1 := 123,



field2 := "A string",



field3 := true

}

// then writing 


template MyRecordType MyTemplate2 modifies MyTemplate1 :=


{




field1 := omit,




// field1 is optional but present in MyTemplate1



field2 := "A modified string"











// field3 is unchanged


}


// is the same as writing 


template MyRecordType MyTemplate2 :=


{




field1 := omit,



field2 := "A modified string",



field3 := true

}

EXAMPLE 2: 
Modified record of template.

template MyRecordOfType MyBaseTemplate := { 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 };


template MyRecordOfType MyModifTemplate modifies MyBaseTemplate := { [2] := 3, [3] := 2 };

// MyModifTemplate shall match the sequence of values { 0, 1, 3, 2, 4, 5, 6, 7, 8, 9 }

EXAMPLE 3: 
Modified in-line template.

// Given 


template MyMessageType Setup :=


{
field1 := 75,



field2 := "abc",



field3 := true

}


// Could be used to define an in-line modified template of Setup


pco1.send (modifies Setup := {field1:= 76});

EXAMPLE 4: 
Modified parameterized template.

// Given 


template MyRecordType MyTemplate1(integer MyPar):=


{




field1 := MyPar,



field2 := "A string",



field3 := true

}


// then a modification could be 



template MyRecordType MyTemplate2(integer MyPar) modifies MyTemplate1 :=


{
// field1 is parameterized in Template1 and remains also parameterized in Template2



field2 := "A modified string"


}

EXAMPLE 5: 
Default values of modified parameterized templates.


// Given 


template MyRecordType MyTemplate11 (integer p_int := 5 ):= {

  // p_int has the default value 5


field1 := p_int,



field2 := "A string",



field3 := true

}


// then a modification chain could be 


template MyRecordType MyTemplate12(integer p_int) modifies MyTemplate11 := { 

  // p_int had a default value in MyTemplate11 but has none in this template

  field2 := "B string"

}


template MyRecordType MyTemplate13(integer p_int := 0 ) modifies MyTemplate12 := { 

  // p_int has the default value 0; pls. note, no change is made to the template's content,

  // but the default value of p_int

}


template MyRecordType MyTemplate14(integer p_int := - ) modifies MyTemplate13 := { 

  // p_int inherits the default value 0 from its parent

  field2 := "C string"


}


template MyRecordType MyTemplate15(integer p_int := - ) modifies MyTemplate14 := { 

  // p_int inherits the default value 0 from MyTemplate13 via MyTemplate14

  field2 := "D string"


}


template MyRecordType MyTemplate16(integer p_int ) modifies MyTemplate15 := { 

  // p_int has no default value

}


template MyRecordType MyTemplate17(integer p_int := - ) modifies MyTemplate16 := { 

  // causes an error as dash is used at the place of p_int's defaulr value but p_int 

  // has no default value in its parent template

  field2 := "E string"


}

A.1.6
TTCN‑3 syntax BNF productions

515. FormalValuePar ::= [(InParKeyword | InOutParKeyword | OutParKeyword)]

                        Type ValueParIdentifier [ ":=" ( Expression | Dash ) ]
521. FormalTemplatePar ::= [( InParKeyword | OutParKeyword | InOutParKeyword )]

                           ( TemplateKeyword | RestrictedTemplate ) 

                           Type TemplateParIdentifier [ ":=" ( TemplateInstance | Dash ) ]
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