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Foreword

This ETSI Standard (ES) has been produced by ETSI Technical Committee Methods for Testing and Specification (MTS).

The present document is part 1 of a multi-part deliverable covering the Testing and Test Control Notation version 3, as identified below:

Part 1:
"TTCN‑3 Core Language";
Part 2:
"TTCN‑3 Tabular presentation Format (TFT)";

Part 3:
"TTCN‑3 Graphical presentation Format (GFT)";

Part 4:
"TTCN‑3 Operational Semantics";

Part 5:
"TTCN‑3 Runtime Interface (TRI)";

Part 6:
"TTCN‑3 Control Interface (TCI)";
Part 7:
"Using ASN.1 with TTCN‑3";

Part 8:
"The IDL to TTCN-3 Mapping";

Part 9:
"Using XML with TTCN‑3";
Part 10:
" TTCN-3 Documentation Comment Specification".
1
Scope

2
References

3
Definitions and abbreviations

4
Introduction

5
Basic language elements

6
Types and values

7
Expressions

8
Modules

9
Port types, component types and test configurations

10
Declaring constants

11
Declaring variables

12
Declaring timers

TTCN-3 provides a timer mechanism. Timers can be declared and used in the module control part, test cases, functions.
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16
Functions, altsteps and testcases
In TTCN‑3, functions, altsteps and testcases are used to specify and structure test behaviour, define default behaviour and to structure computation in a module etc. as described in the following clauses.

16.1
Functions

Functions are used in TTCN‑3 to express test behaviour, to organize test execution or to structure computation in a module, for example, to calculate a single value, to initialize a set of variables or to check some condition.
Syntactical Structure

function FunctionIdentifier
"(" [ { ( FormalValuePar | FormalTimerPar | FormalTemplatePar | FormalPortPar ) [","] } ] ")"
[ runs on ComponentType ] 

[ return [ template ] Type ]

StatementBlock
Semantic Description

Functions are portions of TTCN-3 behaviour, which perform a specific task and are relatively independent of the remaining behaviour.

Functions may return a value or a template. Value return is denoted by the return keyword followed by a type identifier. Template return is denoted by the return template keywords followed by a type identifier. The keyword return, when used in the body of the function with a value return defined in its header, shall always be followed by an expression representing the return value. The type of the return value shall be compatible with the return type. The keyword return, when used in the body of the function with a template return defined in its header, shall always be followed by an expression or a template instance representing the return template. The type of the return template shall be compatible with the return template type. The return statement in the body of the function causes the function to terminate and to return the return value to the location of the call of the function.

The behaviour of a function can be defined by using statements and operations described in clauses 18 to 25 and clause 26. If a function uses variables, constants, timers and ports that are declared in a component type definition, the component type shall be referenced using the runs on keywords in the function header. The one exception to this rule is if all the necessary component-wide information is passed in the function as parameters.

Functions may be parameterized. 

Restrictions

a) A function without runs on clause shall never invoke a function or altstep or activate an altstep as default with a runs on clause locally.

b) Functions started by using the start test component operation shall always have a runs on clause (see clause 22.5) and are considered to be invoked in the component to be started, i.e. not locally. However, the start test component operation may be invoked in functions without a runs on clause.

NOTE 1:
The restrictions concerning the runs on clause are only related to functions and altsteps and not to test cases.

c) Functions used in the control part of a TTCN‑3 module shall have no runs on clause. 

NOTE 2:
Nevertheless, functions used in the control part are allowed to execute test cases.

d) The rules for formal parameter lists shall be followed as defined in clause 5.4.
Examples

EXAMPLE 1: 
Function with return.

// Definition of MyFunction which has no parameters


function MyFunction() return integer 


{



return 7; 
// returns the integer value 7 when the function terminates


}

EXAMPLE 2: 
Function with template return.

// Definition of functions which may return matching symbols or templates


function MyFunction2() return template integer

{


:



return ?; 
// returns the matching mechanism AnyValue


}


function MyFunction3() return template octetstring

{


:



return 'FF??FF'O; 
// returns an octetstring with AnyValue inside it


}

EXAMPLE 3: 
Function with runs on clause.

function MyFunction3() runs on MyPTCType {







lo


// MyFunction3 doesn't return a value, but



var integer MyVar := 5;

// does make use of the port operation



PCO1.send(MyVar);


// send and therefore requires a runs on









// clause to resolve the port identifiers


}







// by referencing a component type

EXAMPLE 4: 
Parameterized function.

function MyFunction2(inout integer MyPar1) {









// MyFunction2 doesn't return a value



MyPar1 := 10 * MyPar1;
// but changes the value of
MyPar1 which


}






// is passed in by reference

16.1.1
Invoking functions

A function is invoked by referring to its name and providing the actual list of parameters.
Syntactical Structure

FunctionRef "(" [ { ( TimerRef | TemplateInstance | Port | ComponentRef ) [","] } ] ")"
Semantic Description

A function invocation results in the execution of the statement block of the invoked function. The invoked function is performed by the test component invoking it. Actual parameters are passed into the statement block. If the function returns (upon termination and potentially with a return value), the test components continues its behaviour right after the function invocation.
Restrictions

e) Functions that do not return values shall be invoked directly. Functions that return values may be invoked directly or inside expressions. 

f) The rules for actual parameter lists shall be followed as defined in clause 5.4.

g) Special restrictions apply to functions bound to test components using the start test component operation. These restrictions are described in clause 21.2.2.

h) When invoking a function, the compatibility to the test component type of the invoking test component as described in clause 6.3.3 need to be fulfilled.

i) Restrictions on invoking functions from specific places are described in clause 16.1.4.
Examples


MyVar := MyFunction4();
// The value returned by MyFunction4 is assigned to MyVar. 








// The types of the returned value and MyVar have to be compatible


MyFunction2(MyVar2);
// MyFunction2 doesn't return a value and is called with the








// actual parameter MyVar2, which may be passed in by reference 


MyVar3 := MyFunction6(4) + MyFunction7(MyVar3);
// Functions used in expressions 

16.1.2
Predefined functions

TTCN‑3 contains a number of predefined (built-in) functions that need not be declared before use. These are summarized in table 10.
Table 10: List of TTCN‑3 predefined functions

	Category
	Function
	Keyword

	Conversion functions 
	Convert integer value to charstring value
	int2char

	
	Convert integer value to universal charstring value
	int2unichar

	
	Convert integer value to bitstring value
	int2bit

	
	Convert integer value to hexstring value
	int2hex

	
	Convert integer value to octetstring value
	int2oct

	
	Convert integer value to charstring value 
	int2str

	
	Convert integer value to float value
	int2float

	
	Convert float value to integer value
	float2int

	
	Convert charstring value to integer value
	char2int

	
	Convert charstring value to octetstring value
	char2oct

	
	Convert universal charstring value to integer value
	unichar2int

	
	Convert bitstring value to integer value
	bit2int

	
	Convert bitstring value to hexstring value
	bit2hex

	
	Convert bitstring value to octetstring value
	bit2oct

	
	Convert bitstring value to charstring value
	bit2str

	
	Convert hexstring value to integer value
	hex2int

	
	Convert hexstring value to bitstring value
	hex2bit

	
	Convert hexstring value to octetstring value
	hex2oct

	
	Convert hexstring value to charstring value
	hex2str

	
	Convert octetstring value to integer value
	oct2int

	
	Convert octetstring value to bitstring value
	oct2bit

	
	Convert octetstring value to hexstring value
	oct2hex

	
	Convert octetstring value to charstring value
	oct2str

	
	Convert octetstring value to charstring value, version II
	oct2char

	
	Convert charstring value to integer value 
	str2int

	
	Convert charstring value to octetstring value
	str2oct

	
	Convert charstring value to float value
	str2float

	Length/size functions
	Return the length of a value of any string type
	lengthof

	
	Return the number of elements in a record, record of, template, set, set of or array
	sizeof

	
	Return the number of elements in a structured type 
	sizeoftype

	Presence/choice functions
	Determine if an optional field in a record, record of, template, set or set of is present
	ispresent

	
	Determine which choice has been made in a union type
	ischosen

	String handling functions
	Returns part of the input string matching the specified pattern description
	regexp

	
	Returns the specified portion of the input string
	substr

	
	Replaces a substring of a string with or inserts the input string into a string
	replace

	Other functions
	Generate a random float number
	rnd

	Codec functions
	Encode a value into a bitstring
	encode


	
	Decode a bitstring into a value
	decode


Syntactical Structure

int2char "(" SingleExpression ")" |
int2unichar "(" SingleExpression ")" |
int2bit "(" SingleExpression "," SingleExpression ")" |
int2hex "(" SingleExpression "," SingleExpression ")" |
int2oct "(" SingleExpression "," SingleExpression ")" |
int2str "(" SingleExpression ")" |
int2float "(" SingleExpression ")" |
float2int "(" SingleExpression ")" |
char2int "(" SingleExpression ")" |
char2oct "(" SingleExpression ")" |
unichar2int "(" SingleExpression ")" |
bit2int "(" SingleExpression ")" |
bit2hex "(" SingleExpression ")" |
bit2oct "(" SingleExpression ")" |
bit2str "(" SingleExpression ")" |
hex2int "(" SingleExpression ")" |
hex2bit "(" SingleExpression ")" |
hex2oct "(" SingleExpression ")" |
hex2str "(" SingleExpression ")" |
oct2int "(" SingleExpression ")" |
oct2bit "(" SingleExpression ")" |
oct2hex "(" SingleExpression ")" |
oct2str "(" SingleExpression ")" |
oct2char "(" SingleExpression ")" |
str2int "(" SingleExpression ")" |
str2oct "(" SingleExpression ")" |
str2float "(" SingleExpression ")" |
lengthof "(" SingleExpression ")" |
sizeof "(" Expression ")" |
sizeoftype "(" Expression ")" |
ispresent "(" Expression ")" |
ischosen "(" Expression ")" |
regexp "(" SingleExpression "," SingleExpression "," SingleExpression ")" |
substr "(" SingleExpression "," SingleExpression "," SingleExpression ")" |
replace "(" SingleExpression "," SingleExpression "," SingleExpression "," SingleExpression ")" |
rnd "(" [ SingleExpression ] ")" |
encode "(" SingleExpression ")" |
decode "(" SingleExpression "," SingleExpression ")"
Semantic Description

The description of predefined functions is given in annex C.

Restrictions

j) When a predefined function is invoked:

1)
the number of the actual parameters shall be the same as the number of the formal parameters; and

2)
each actual parameter shall evaluate to an element of its corresponding formal parameter's type; and

3)
all variables appearing in the actual parameter list shall be bound.

k) Restrictions on invoking functions from specific places are described in clause 16.1.4.
Examples


var hexstring h:= bit2hex ('111010111'B);

var octetstring o:= substr ('01AB23CD'O, 1, 2);

16.1.3
External functions

A function may be defined within a module or be declared as being defined externally (i.e. external).

Syntactical Structure

esternal function ExtFunctionIdentifier

"(" [ { ( FormalValuePar | FormalTimerPar | FormalTemplatePar | FormalPortPar ) [","] } ] ")"

[ return Type ]
Semantic Description

For an external function only the function interface has to be provided in the TTCN‑3 module. The realization of the external function is outside the scope of the present document.
Restrictions

l) External functions are not allowed to contain port, timer or default handling operations. 

m) External functions are not allowed to return templates.

n) Restrictions on invoking functions from specific places are described in clause 16.1.4.
Examples


external function MyFunction4() return integer;
// External function without parameters














// which returns an integer value


external function InitTestDevices();
// An external function which only has an












// effect outside the TTCN‑3 module

16.1.4
Invoking functions from specific places

Value returning functions can be called during communication operations (in templates, template fields or in-line templates) or during snapshot evaluation (in Boolean guards of alt statements or altsteps (see clause 20.2) and in initialization of altstep local definitions (see clause 16.2). To avoid side effects that cause changing the state of the component or the actual snapshot and to prevent different results of subsequent evaluations on an unchanged snapshot, the following operations shall not be used in functions called in the cases specified above:

o) All component operations, i.e. create, start (component), stop (component), kill, running (component), alive, done and killed (see notes 1, 3, 4 and 6).

p) All port operations, i.e. start (port), stop (port), halt, clear, send, receive, trigger, call, getcall, reply, getreply, raise, catch, check, connect, map (see notes 1, 2, 3 and 6).
q) The action operation (see notes 2 and 6).

r) All timer operations, i.e. start (timer), stop (timer), running (timer), read, timeout (see notes 4 and 6).

s) Calling external functions (see notes 4 and 6).

t) Calling the rnd predefined function (see notes 4 and 6).

u) Changing of component variables, i.e. using component variables on the right-hand side of assignments, and in the instantiation of out and inout parameters (see notes 4 and 6).

v) Calling the setverdict operation (see notes 4 and 6).

w) Activation and deactivation of defaults, i.e. the activate and deactivate statements (see notes 5 and 6).

x) Calling functions with out or inout parameters (see notes 7 and 8).

NOTE 1:
The execution of the operations start, stop, done, killed, halt, clear, receive, trigger, getcall, getreply, catch and check can cause changes to the current snapshot.

NOTE 2:
The operations send, call, reply, raise, and action shall be avoided for readability purposes, i.e. all communication shall be made explicit and not as a side-effect of another communication operation or the evaluation of a snapshot.

NOTE 3:
The operations map, unmap, connect, disconnect, create shall be avoided for readability purposes, i.e. all configuration operations shall be made explicit, and not as a side-effect of a communication operation or the evaluation of a snapshot.

NOTE 4:
Calling of external functions, rnd, running, alive, read, setverdict, and writing to component variables shall be avoided because it may lead to different results of subsequent evaluations of the same snapshot, thus, e.g. rendering deadlock detection impossible.

NOTE 5:
The operations activate and deactivate shall be avoided because they modify the set of defaults that is considered during the evaluation of the current snapshot.

NOTE 6:
Restrictions except the limitation on the use of out or inout parameterization shall apply recursively, i.e. it is disallowed to use them directly, or via an arbitrary long chain of function invocations.

NOTE 7:
The restriction of calling functions with out or inout parameters does not apply recursively, i.e. calling functions that themselves call functions with out or inout parameters is legal.

NOTE 8:
Using out or inout parameters shall be avoided because it may also lead to different results of subsequent evaluations of the same snapshot.

16.2
Altsteps

16.3
Test cases

17
Void

18
Overview of program statements and operations

19
Basic program statements
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Statement and operations for alternative behaviours
21
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23
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24
Test verdict operations

25
External actions

26
Module control

27
Specifying attributes

Annex A (normative):
BNF and static semantics

Annex B (normative):
Matching incoming values

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

This annex defines the TTCN‑3 predefined functions.

C.38
The encoding function


encode (anytype plain_value) return bitstring
The encode function encodes a value into a bitstring. The resulting bitstring shall be the same as when calling the TCI function encode with the parameter plain_value, cf [5, clause 7.3.2.2.2] due to a send operation
. 
Note: encoding attributes and variants might exist for the value or its type and shall be used in the same way as the TCI function encode.
The general error causes in clause 16.1.2 apply. The runtime system might not now how to encode the value and raise a dynamic error. This is outside the scope of this standard.
C.39
The decoding function


decode (inout bitstring encoded_value, inout anytype plain_value) return integer
The decode function decodes a bitstring into a value. The bitstring is decoded as if the TCI function decode would have been called with this bitstring and with the type of  value as decoding hypothesis, cf [5, clause 7.3.2.2.1
]. If the decoding was successful, then the used bits are removed from the parameter encoded_value and the parameter plain_value is changed to the decoded value. If the decoding was not successful, the parameters encoded_value and plain_value are not changed. The function returns an integer to indicate success or failure of the decoding: The return value 0 indicates success, any other value indicates that decoding was not successful. The return value 1 indicates an unspecified cause. The return value 2 indicates that encoded_value did not contain enough bits.

Note: encoding attributes and variants might exist for the type or value and shall be used in the same way as the TCI function decode.
The general error causes in clause 16.1.2 apply. The runtime system might not now how to decode the value and raise a dynamic error. This is outside the scope of this standard.
Annex D (informative):
Library of Useful Types
Annex E (informative):
Operations on TTCN‑3 active objects

Annex F (informative):
Deprecated language features















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































�Check function name. Should it be a keyword or should that be avoided.


Alternative proposals: encoding/decoding. tciEncode, tciDecode 


�Is that more clear now?


�It is not possible to refer to the receive operation, as in a runtime system the decoding and the actual receive operation could be decoupled. Therefore no explanation as for the encode function.


�Two specific reasons are provided. I find these two the easiest one.
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