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6.2.13
Subtyping of structured types

TTCN-3 allows subtyping of structured types as given in table 3.

6.2.13.1
Length subtyping of record ofs and set ofs

TTCN-3 permits constraining the number of elements in instances of record of and set of types.

The length keyword followed by a value or a range (with inclusive boundaries only) within brackets and used between the record or set and the of keywords, restricts the allowed lengths of the given record of or set of type. The value or the bounds within the brackets shall be non-negative integer values, except when the infinity keyword is used at the place of the upper bound, in which case the maximum number of the elements is not constrained.

Record of and set of type definitions may be used to define new record of or set of subtypes. In this case the rules of the previous paragraph apply, except that the length keyword and the value or range defining the allowed number of iterations (within brackets) shall be placed following the identifier of the new type.

Constants used in the constant expressions of length subtyping shall meet with the restrictions in clause 10.

EXAMPLE 1:
Length restrictions of record of and set of types


type record length(10) of integer MyRecordOfType10;


  // is a record of exactly 10 integers


type record length(0..10) of integer MyRecordOfType0_10;


  // is a record of a maximum of 10 integers


type record length(10..infinity) of integer MyRecordOfType10up; 


  // record of at least 10 integers


type record length(0..infinity) of integer MyRecordOfType0up; 


// an unrestricted record of integer type
EXAMPLE 2:
Length subtyping of referenced record of types


type record of charstring StringArray;


  // is an unlimited record of, each element shall be a charstring


type StringArray StringArray34 length(4 .. 5);


// is a record of 4 or 5 elements, each element is a charstring


// it is equivalent to


// type record length(4 .. 5) of charstring StringArray34a;


type StringArray34 StringArray34again length(4 .. 5);


// the same as StringArray34


type StringArray34 StringArray6 length(6);


// causes an error as record ofs with 6 elements are not legal values of StringArray34

EXAMPLE 3:
Length subtyping of referenced set of types


type record MyCapsule {

  set of integer mySetOfInt

}


type MyCapsule.mySetOfInt MySetOfIntSub length(5..10);


// unordered list of 5 to 10 integers
6.2.13.2
List subtyping of structured types and anytype

List subtyping is possible when defining a new type based on an existing parent type, but not directly at the declaration of the first parent type (see table 3).

Subtypes defined by a list subtyping restrict the allowed values of the subtype to the values in the list. In case of list subtyping of record, set, record of, set of, union and anytype types, the list may contain both values and subtypes of the parent types of the type being constrained. The collection of values denoted by the type(s) referenced in the list become instances of the new subtype. When constraining record of, set of, union and anytype types, all values of the expanded list (i.e. after resolving the type references) shall be valid (i.e. complete) values of the first parent type. When constraining record or set types, all values of the expanded list shall either be compete or partial values of the first parent type; missing fields of the partial values shall be implicitly unconstrained.
In case of enumerated types, the value list subtyping shall contain only values of the parent type.

EXAMPLE 1:
List subtyping of record types


type record MyRecord {


  integer

f1
optional,


  charstring
f2,


  charstring
f3


}

type MyRecord MyRecordSub1 (


  { f1 := omit, f2 := "user", f3 := "password" },


  { f1 := 1, f2 := "User", f3 := "Password" }

) // a valid subtype of MyRecord containing 2 values


type MyRecord MyRecordSub2 (

  MyRecordSub1,


  { f1 := 2, f2 := "uname", f3 := "pswd" },


  { f1 := 3, f2 := "Uname", f3 := "Pswd" }


) // a valid subtype of MyRecord, containing 4 values; notice that values of


  // MyRecordSub1 are identified by referencing MyRecordSub1


type MyRecordSub1 MyRecordSub3 (


  { f1 := 1, f2 := "user", f3 := "password" },


  { f1 := 1, f2 := "User", f3 := "Password" }


) // invalid type as { f1 := 1, f2 := "user", f3 := "password" } is not a legal value of


  // MyRecordSub1 (notice field f1)


type MyRecord MyRecordSub4 (


  { f2 := "user", f3 := "password" },


  { f2 := "User", f3 := "Password" }


) // any valid value of MyRecord, where the combination of f2 and f3 is

  // f2 := "user" AND f3 := "password” or f2 := "User" AND f3 := "Password"
EXAMPLE 2:
List subtyping of record of types


type record of charstring StringArray;


type StringArray StringArrayList1 (


  { "aa" },


  { "bbb", "cc" },


  { "ddd", "ee", "ff" }


); // valid subtype of StringArray


type StringArrayList1 StringArrayList2 (


  { "aa" },


  { "bbb", "cc" }


); // valid subtype of StringArrayList1


type StringArrayList1 StringArrayList3 (


  StringArrayList2,


  { "ddd", "ee", "ff" }


); // valid, but equivalent to StringArrayList1


type StringArrayList1 StringArrayList4 (


  StringArrayList2,


  { "ddd", "ee", "fff" }


); // empty type as { "ddd", "ee", "fff" } is not a value of StringArrayList1


   // (notice the extra character f in the third element)

EXAMPLE 3:
List subtyping of union types


type union MyUnion {


  integer

c1,


  charstring
c2,


  charstring
c3


};


type MyUnion MyUnionSub1 (


  { c1 := 0 },


  { c1 := 1 }


); // a valid subtype of MyUnion containing two values


type MyUnion MyUnionSub2 (


  MyUnionSub1,


  { c2 := "mine" },


  { c3 := "yours" }


); // a valid subtype of MyUnion containing four values; notice that values of


   // MyUnionSub1 are identified by referencing MyUnionSub1


type MyUnionSub1 MyUnionSub3 (


  { c1 := 0 },


  { c1 := 2 }


); // causes an error as { c1 := 2 } is not a value of MyUnionSub1

EXAMPLE 4:
List subtyping of enumerated types


type enumerated MyEnum { first, second, third, fourth, fifth };


type MyEnum EnumSub1 ( first, second, third );


  // a valid subtype of MyEnum


type EnumSub1 EnumSub2 ( first, second );


  // a valid subtype of EnumSub1


type EnumSub1 EnumSub3 ( first, second, fourth );


  // causes an error as fourth is not a value of EnumSub1


type MyEnum EnumSub4 ( EnumSub1, fourth);


  // causes an error as type references are not allowed in the value list of enumerated types

EXAMPLE 5:
List subtyping of anytype


type anytype MyAnySub1 (


  { integer := 5 },


  { boolean := false },


  { bitstring := '0011'B },


  { charstring := "mine" },


  { MyEnum := first }


); // a valid subtype of anytype, consisting of 5 values


type MyAnySub1 MyAnySub2 (


  { integer := 5 },


  { boolean := false },


  { bitstring := '0011'B }


); // a valid subtype of MyAnySub1, consisting of 3 values


type anytype MyAnySub3 (


  MyAnySub2,


  { octetstring := 'FF'O }


); // a valid subtype of anytype, consisting of 4 values, 3 of which are defined


   // by referring to MyAnySub2


type MyAnySub1 MyAnySub4 (


  { integer := 5 },


  { boolean := false },


  { MyEnum := second }


); // causes an error as { MyEnum := second } is not a value of MyAnySub1


type MyAnySub1 MyAnySub5 (


  MyAnySub3,


  { MyEnum := first }


); // causes an error as { octetstring := 'FF'O } (defined via referencing MyAnySub3) is


   // not a value of MyAnySub1

6.2.13.3
Subtyping of the iterated type of record ofs and set ofs

A type restriction following the identifier of a newly defined record of or set of type (i.e. when the keywords record and of or set and of are used in the definition) shall constrain the innermost type. The newly defined iterated type shall be a subset of the innermost type. If the innermost type is a basic type, the subtyping rules in clause 6.1.2shall apply. If the innermost type is referencing a structured type or anytype, the rules in clauses 6.2.13.1 and 6.2.13.2 shall apply.

EXAMPLE 1:
Subtyping of basic innermost types of record ofs and set ofs


type record of charstring String23Array length(2 .. 3);


  // is an unlimited record of, each element shall be a charstring of 2 or 3 characters



type record length(0..10) of charstring String12Array10 length(12);


// is a record of a maximum of 10 strings each with exactly 12 characters


type record of record of charstring String12Array2D length(12);


// is a two-dimensional unlimited array of strings each with exactly 12 characters


type set length(5) of set length(6) of charstring String12Array2D56 length(12);


// is an unordered two-dimensional array of the size 5*6 strings, each with


// exactly 12 characters


const String23Array c_str23arr_a := { "aa", "bbb", "cc", "ddd", "ee", "ff" };


// valid, all charstrings are 2 or 3 characters long


const String23Array c_str23arr_b := { "a", "bbbb", "cc", "ddd", "ee", "ff" };


// causes an error as "a" and "bbbb" are not 2 or 3 characters long


const String12Array2D56 c_str12arr2D56_a := {


  { "aa", "aaa", "bb", "bbb", "cc", "ccc" },


  { "dd", "ddd", "ee", "eee", "ff", "fff" },


  { "gg", "ggg", "hh", "hhh", "ii", "iii" },


  { "jj", "jjj", "kk", "kkk", "ll", "lll" },


  { "mm", "mmm", "nn", "nnn", "oo", "ooo" }


}; // valid, a 5*6 matrix of charstrings being 2 or 3 characters long


const String12Array2D56 c_str12arr2D56_b := {


  { "a", "aaa", "bb", "bbbb", "cc", "ccc" },


  { "dd", "ddd", "ee", "eee", "ff", "fff" },


  { "gg", "ggg", "hh", "hhh", "ii", "iii" },


  { "jj", "jjj", "kk", "kkk", "ll", "lll" },


  { "mm", "mmm", "nn", "nnn", "oo", "ooo", "pp" }


}; // causes an error as "a" and "bbbb" are not 2 or 3 characters long and 


   // the 5th inner record of has 7 elements

EXAMPLE 2:
Length subtyping of structured innermost types of record ofs


type record of String23Array String23Array45 length(4 .. 5);


// is a two-dimensional array, the first dimension is unlimited, 


// the second dimension is restricted to 4 or 5 elements and each element


// is a charstring of 2 or 3 characters. It is equivalent to:


// type record of record length(4 .. 5) of charstring String23Array45 length(2 .. 3);


const String23Array45 c_str23arr45_a := {


  { "aa", "bbb", "cc", "ddd" },


  { "ee", "fff", "gg", "hhh", "ii" }


}; // valid, 4 or 5 elements in the inner record of, all containing 2 or 3 characters

const String23Array45 c_str23arr45_b := {


  { "aa" , "bbb", "cc" }

}; //causes an error as there are only 3 elements in the inner record of


const String23Array45 c_str23arr45_c := {


  { "aa", "bbbb", "cc", "dd" }


}; //causes an error as "bbbb" contains 4 characters


type record length(0 .. 1) of String23Array String23Array0145 length(4 .. 5);


// is a two-dimensional array, the first dimension is limited to 0 or 1 elements,


// the second dimension is restricted to 4 or 5 elements, each element is a 


// charstring of 2 or 3 characters.


const String23Array0145 c_str23arr0145_a := {


  { "aa", "bbb", "cc", "ddd" },


}; // a valid 1*4 array of charstrings, each of 2 or 3 characters

const String23Array0145 c_str23arr0145_a := {


  { "aa", "bbb", "cc", "ddd" },


  { "ee", "fff", "gg", "hhh", "ii" }


}; // causes an error as there are two elements in the outer record of


const String23Array0145 c_str23arr0145_b := {


  { "aa" , "bbb", "cc" }


}; // causes an error as there are only 3 elements in the inner record of


const String23Array0145 c_str23arr0145_c := {


  { "aa", "bbbb", "cc", "dd" }


}; // causes an error as "bbbb" contains 4 characters


type record of String23Array45 String23Array6 length(6);


// empty type as String23Array45 is restricted to 4 or 5 elements,


// thus length restriction 6 is outside the allowed range

6.2.13.4
Mixing subtyping mechanisms

In the case of structured types and the special type anytype, it is forbidden to mix different subtyping mechanisms (e.g. list and length) in the same definition.
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