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Intellectual Property Rights

Essential patents

IPRs essentia or potentially essential to normative deliverables may have been declared to ETSI. The declarations
pertaining to these essential IPRs, if any, are publicly available for ETSI member s and non-members, and can be
found in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to
ETS in respect of ETS standards’, which is available from the ETSI Secretariat. Latest updates are available on the
ETSI Web server (https./ipr.etsi.org/).

Pursuant to the ETSI Directivesincluding the ETSI IPR Policy, no investigation regarding the essentiality of IPRS,
including IPR searches, has been carried out by ETSI. No guarantee can be given as to the existence of other IPRs not
referenced in ETSI SR 000 314 (or the updates on the ETSI Web server) which are, or may be, or may become,
essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which areindicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its
Members. 3GPP™ and LTE™ are trademarks of ET Shiregisteredifor the benefiit-of its Members and of the 3GPP
Organizational Partners. oneM 2M ™ l|ogo is'a trademark -of ‘ET Sl registered for the benefit of its Members and of the
oneM2M Partners. GSM® and the GSM logo are trademarks registered and owned by the GSM Association.

Foreword

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

Theuse of underline (additionalitext) and strike through (deleted text) highlights the differ ences between base
document and extended documents.

The present document relates to the multi-part standard ETSI ES 201 873 covering the Testing and Test Control
Notation version 3, asidentified in ETSI ES 201 873-1[1].

Modal verbs terminology

In the present document "shall”, "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" areto be interpreted as described in clause 3.2 of the ETS| Drafting Rules (Verbal formsfor the expression of
provisions).

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.

ETSI
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1 Scope

The present document defines the " Continuous Signal support” package of TTCN-3. TTCN-3 can be used for the
specification of al types of reactive system tests over avariety of communication ports. Typical areas of application are
protocol testing (including mobile and Internet protocols), service testing (including supplementary services), module
testing, testing of APIs, etc. TTCN-3 is not restricted to conformance testing and can be used for many other kinds of
testing including interoperability, robustness, regression, system and integration testing. The specification of test suites
for physical layer protocolsis outside the scope of the present document.

TTCN-3 packages are intended to define additional TTCN-3 concepts, which are not mandatory as conceptsin the
TTCN-3 core language, but which are optional as part of a package which is suited for dedicated applications and/or
usages of TTCN-3.

This package defines concepts for testing systems using continuous signal's as opposed to discrete messages and the
characterization of the progression of such signals by use of streams. For both the production as well as the evaluation
of continuous signals the concept of mode isintroduced. Also, the signals can be processed as history-traces. Finally,
basic mathematical functionsthat are useful for analyzing such traces are defined for TTCN-3. It is thus especialy
useful for testing systems which communicate with the physical world via sensors and actuators.

While the design of TTCN-3 package has taken into account the consistency of acombined usage of the core language
with a number of packages, the concrete usages of and guidelines for this package in combination with other packages
is outside the scope of the present document.

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

Referenced documents which'are not found to be publicly avaitable in‘the expected 1ocation might be found at
https://docbox.etsi.org/Refererice:

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are necessary for the application of the present document.

[1] ETSI ES201 873-1 (V4.9.1): "Methods for Testing and Specification (MTS); The Testing and
Test Control Notation version 3; Part 1: TTCN-3 Core Language”.

[2] ETSI ES 201 873-4 (V4.6.1): "Methods for Testing and Specification (MTS); The Testing and
Test Control Notation version 3; Part 4: TTCN-3 Operational Semantics'.

[3] ETSI ES 201 873-5 (V4.8.1): "Methods for Testing and Specification (MTS); The Testing and
Test Control Notation version 3; Part 5: TTCN-3 Runtime Interface (TRI)".

[4] ETSI ES 201 873-6 (V4.9.1): "Methods for Testing and Specification (MTS); The Testing and
Test Control Notation version 3; Part 6: TTCN-3 Control Interface (TCI)".

[5] I SO/IEC 9646-1: "Information technology -- Open Systems Interconnection -- Conformance
testing methodology and framework; Part 1: General concepts'.

[6] ETSI ES202 785 (V1.3.1): "Methods for Testing and Specification (MTS); The Testing and Test
Control Notation version 3; TTCN-3 Language Extensions: Behaviour Types'.

[7] ETSI ES202 781 (V1.3.1): "Methods for Testing and Specification (MTS); The Testing and Test
Control Notation version 3; TTCN-3 Language Extensions: Configuration and Deployment
Support".

ETSI
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2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] ETSI ES 201 873-7: "Methods for Testing and Specification (MTS); The Testing and Test Control
Notation version 3; Part 7: Using ASN.1 with TTCN-3".

[i.2] ETSI ES 201 873-8: "Methods for Testing and Specification (MTS); The Testing and Test Control
Notation version 3; Part 8: The IDL to TTCN-3 Mapping".

[1.3] ETSI ES 201 873-9: "Methods for Testing and Specification (MTS); The Testing and Test Control
Notation version 3; Part 9: Using XML schemawith TTCN-3".

[i.4] ETSI ES 201 873-10: "Methods for Testing and Specification (MTS); The Testing and Test
Control Notation version 3; Part 10: TTCN-3 Documentation Comment Specification".

[i.5] ETSI ES 202 784: "Methods for Testing and Specification (MTS); The Testing and Test Control
Notation version 3;;FTCN-3 Language Extensions: Advanced Parameterization”.

[i.6] ETSI ES 202 782: "Methods for Testing and Specification (MTS); The Testing and Test Control
Notation version 3; TTCN-3 Language Extensions: TTCN-3 Performance and Real Time Testing".

3 Definition of terms, symbols and abbreviations

3.1 Terms

For the purposes of the present document, the terms givenin ETSI ES 201 873-1 [1], ETSI ES 201 873-4[2], ETSI
ES 201 873-5[3], ETSI ES 201 873-6 [4] and | SO/IEC 9646-1 [5] apply.

3.2 Symbols

Void.

3.3 Abbreviations

For the purposes of the present document, the abbreviations givenin ETSI ES 201 873-1[1], ETSI ES 201 873-4 [2],
ETSI ES 201 873-5[3], ETSI ES 201 873-6 [4] and | SO/IEC 9646-1 [5] apply.

4 Package conformance and compatibility

The package presented in the present document is identified by the package tag:

. "TTCN- 3: 2012 Support for Testing Continuous Signals" -tobeused with modules complying
with the present document.

For an implementation claiming to conform to this package version, all features specified in the present document shall
be implemented consistently with the requirements given in the present document and in ETS| ES 201 873-1 [1], ETS
ES 201 873-4[2], ETSI ES201 873-5[3] and ETSI ES 201 873-6 [4].

ETSI
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The package presented in the present document is compatible to:
e  ETSI ES201873-1(V4.9.1) [1]
e ETSIES201873-4(V46.1)[2]
e  ETSI ES201873-5(V4.8.1) [3]
e  ETSI ES201873-6 (V4.9.1) [4]
e ETSIES202785(V1.3.1)[6]

e ETSIES202781(V1.3.1)[7]
e ETSI ES201873-7][i.1]

. ETSI ES201 873-8i.2]

e ETSI ES201873-9]i.3]

. ETSI ES201 873-10i.4]

. ETSI ES202 784 [i.5]

e ETSI ES202782[i.6]

If later versions of those parts are avail able and shouldjbe used,instead, thelcompatibility to the package presented in the
present document has to be checked individually.

5 Package conceptsfor.the core language

5.0 General

Systems can communicate its'data or'signal's; either- in'discrete form' (e.g. ‘as’an‘integer'value) or in continuous form
(e.g. real values). With respect to this difference signals'are classified-intofour- categories: “The categories distinguish
whether the time and value domain of asignal is of discrete or(continuous nature:

1) Analogue signals are continuousin the time and value domain. Analogue signals are the most 'natural’ signal
category, characterized by physical units (e.g. current, voltage, velocity) and measured with sensors. Typical
examples of the physical quantities used in the area of embedded system development are the vehicle velocity,
the field intensity of aradio station etc. Analogue signals can be described as a piecewise function over time

(eg. vx =1 (t)).

2) Time quantified signals are discrete signalsin the time domain. The signal values are defined only at
predetermined time points (sampling points). Typical examples of time quantified signals are the time-value
pairs of arecorded signal. A typical representation of atime quantified signal isaseriesor an array of real
numbers. Even if the original signal is a synthetic function it can only be reconstructed from a time quantified
signal with considerable mathematical effort.

3) Vaue quantified signals are time-continuous signals with discrete values. Typical examples of avalue
quantified signal are data that are derived from analogue signals and which are dedicated to further processing,
e.g. an A/D converted sensor signal that is provided to an electrical control unit.

4) Digita signals are discrete on the time and value domain. If the set of possible signal values includes only two
elements, one speaks about binary signals. Typical examples of binary signals are switching positions or flags.

Thus on atheoretical level, continuous and discrete evolution of time and values have to be distinguished. In adiscrete
system, the changes of states are processed at fixed and finite time steps. In a continuous system state changes occur for
infinitesimally small time steps. Important mathematical models for continuous systems are ordinary differential
equations. A mixed system, which shows continuous and discrete dynamics, is known as a hybrid system. Hybrid
systems can be modelled with hybrid automatons. Examples for systems that show such variable dynamics are often
found in the area of embedded control systems e.g. in the automotive and aircraft industry.

ETSI
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In the general case, atest description notation for embedded software systems shall support all of four categories of
signals mentioned above. TTCN-3 currently supports the signal categories 2) and 4). The extension of the language with
respect to a support of the signal categories 1) and 3) is the content of the present document.

TTCN-3isaprocedural testing language, thus test behaviour is defined by algorithms that typically send messagesto
ports and receive messages from ports. For the evaluation of different alternatives of expected messages, or timeout
events, the port queues and the timeout queues are frozen when the evaluation starts. Thiskind of snapshot semantics
guarantees a consistent view on the test system input during an individual evaluation step. Whereas the snapshot
semantics provides means for a pseudo parallel evaluation of messages from several ports, there is no notion of
simultaneous stimulation and time triggered evaluation. To enhance the core language to the requirements of continuous
and hybrid behaviour the following are introduced:

. the notions of time and sampling;
. the notions of streams, stream ports and stream variables;

e thedefinition of an automaton alike control flow structure to support the specification of hybrid behaviour.

5.1 Time and Sampling

51.0 General

The TTCN-3 extensions defined in this package adopt the concept of a global clock and enhance it with the notion of
sampling and sampled time. Asin TTCN=3, all_timevalues are. denoted as floatival ues and represent time in seconds.
For sampling, simple equidistant sampling madel s-as well as dynamic-sampling models are supported.

On technical level an equidistant sampling model of'theform t =k* bdel/t a, wheret describesthe time progress,
d specifies the number of executed sampling steps and, bdel t a yields the minimal achievable step size for agiven test
system, isused as an overall basis to model equidistant samplingswith.larger, step'size or dynamic sampling.

The basic sampling with its minimal step sizebdel t a isa property of a concrete test system and not intended to be
specified as part of the test case specification. However, as a consequence of this underlying model, atest system is able
to execute user defined samplings if and-only-if-all-specified sampling rates-at test specification level provide step sizes
that are multiples of bdel ta.

When using the TTCN-3 extension defined in this package, €ach reference to time, either used for the definition and
evaluation of signals but aswell by means of ordinary TTCN-3 timers, is considered to be completely synchronized to
the global clock and the base sampling.

51.1 The now operator

For the specification of time-dependent signal sequences, it is necessary to be able to track the passage of time. The
access of time is guaranteed by a globally available clock whose current value can be accessed by means of the now
operator. Time progress starts at the beginning of each test case execution, thus time values are related to the start of the
test case execution.

Syntactical Structure

now
Semantic Description

Evaluation of the now operator yields the current value of the clock which is the duration of time since the start of the
currently running test case.

Restrictions

The now operator shall only be applied from within atest case, i.e. by test cases, functions and altsteps executed on test
components. The now operator shall neither directly nor indirectly be called by TTCN-3 control part.
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Example

EXAMPLE:
/1 Use of nowto retrieve the actual tinme since the test case has started

var float actual Time := now,

5.1.2 Define the default step size for sampling

For sampling, aglobally valid base sampling rate defined by the test system is provided. In addition, sampling rates can
be set separately and as part of the test specification by means of st epsi ze attribute.

Syntactic Structure

st epsi ze StepSi zeVal ue
Semantic Description

The St epSi zeVal ue isasdtring-literal which shall contain a decimal number. This number interpreted as secondsis
used as the default rate of sampling values over the stream ports to which are affected by thisst epsi ze attribute. The
actual sampling rate of a specific port can be changed dynamically with the del t a operation.

Restrictions

A st epsi ze attribute can only appear in awith-annotation. A st epsi ze attribute can be applied to individual
modules, test cases, groups, component-types,and stream, port-types-and effects,either the statements that are contained
in one of these entities or in case of component/types and Stream port types the respective instances.

Examples

EXAMPLE 1:

Il sets the stepsize for a 'nodule
nodul e nyMdul e{

]:“with {stepsize " 0.0001" p};
EXAMPLE 2:

Il sets the stepsize for a testcase
testcase nyTestcase() runs on nyConponent{

]:“with {stepsize " 0.0001" };
EXAMPLE 3:

/] sets the stepsize for all instances of the port type StreamCut
type port Streanfut stream{ out float} with {stepsize " 0.0001" };

5.2 Data streams

520 General

In computer science the term data stream is used to describe a continuous or discrete sequence of data. Normally the
length of a stream cannot be established in advance. The data rate, i.e. the number of samples per time unit, can vary.
Data streams are continuously processed and are particularly suited to represent dynamically evolving variables over a
course of time. Thus, streams are an ideal representation of the different discrete and continuous signals mentioned in
the beginning of clause 5.

ETSI



11 ETSI ES 202 786 V1.5.1 (2022-04)

While in standard TTCN-3 interactions between the test components and the SUT are realized by sending and receiving
messages through ports, the interaction between continuous systems can be represented by means of so called streams.
In contrast to scalar values, a stream represents the whole allocation history applied to a port. In computer science,
streams are widely used to describe finite or infinite data flows. To represent the relation to time, so called timed
streams are used. Timed streams additionally provide timing information for each stream value and thus enable the
traceability of timed behaviour. The TTCN-3 extension defined by this package provides timed streams. In the
following, the term measurement (record) to denote the unity of a stream value and the related timing in timed streams
will be used. Thus, concerning the recording of continuous data, a measurement record represents an individual
measurement, consisting of a stream value that represents the data side and timing information that represents the
temporal perspective of such a measurement.

In this TTCN-3 extension, two different but not complementary representations of timed data streams are introduced.
The term timed considers the fact that the time and value domain of asignal are of interest. As a consequence, a stream
is considered to consist of a sequence of samples. Each sample provides information about the timing and the value
perspective of the sample:

1) Static perspective: The static perspective provides a direct mapping between atimed stream and the TTCN-3
data structuresr ecor d andrecor d of . Thiskind of mapping is referred to below as the static
representation of a data stream and allows random access to all elements of the data stream.

2) Dynamic perspective: To provide dynamic online access to data streams, the existing concepts of TTCN-3 port
type and port are extended to provide access to data streams and their content. A so called st r eam port
references exactly one data stream and provides access to the dynamically changing values of the referenced
data stream.

NOTE: To represent streamsinithe present decument, a tabular notation is used. The table has two rows by which
the first one represents the value perspective of ‘a stream and the second represents the temporal
perspective. The temporal perspectivei sdefinediby:means of timestamps that are synchronized with the
overall clock. The columns represent the samples of the stream.

EXAMPLE:
Val ue 1.2 (1.4 1.5 [1.7 [1.7 [1.5 [1.2 [1.0 [1.1 [1.4 [1.5 [1.2 [1.0 [1.1 1.4
Ti mest anp 0 0.1]0.21]0.3[0.4[0.5[0.6]0.7]0.8 0.9 [1.0 |1.1 |1.2 [1.3 [1.4

The example shows a stream with the length of 1.4 seconds,and float val ues that, change between 1.0 and 1.5.

5.2.1 Data Streams: static perspective

A TTCN-3 data stream can be mapped directly to existing TTCN-3 data structures. The mapping considers each stream
to be represented by means of a TTCN-3 record of data structure. This structure itself consists of individual entities, so
called samples, each sample representing either a measurement on an incoming stream or stimulus that is dedicated to
be applied to an outgoing stream.

A sampleitself isrepresented by means of a TTCN-3 record data structure. The record consists of two fields. It has two
fields of typef | oat . Thefirst field with the name val ue represents what is called the value of a stream. Its datatype
should be aigned with the data type of the corresponding stream. The second field denotes the temporal perspective of
asample. It denotes the temporal distance to the preceding sample (the sampling step sizedel t a). The second field is
of typef | oat and representstime values that have the physical unit second. Example 1 shows the exemplary
definition of a data structure to specify individual samples.

EXAMPLE 1.

type record Sanpl e{
float val ue,
float delta

Given such a structure, atimed data stream of an arbitrary datatype is modelled as a record of samples.

EXAMPLE 2:

type record of Sanple M/Streaniype;
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The static representation of data streams can be used for the online and offline evaluation of streams aswell asfor the
piecewise in-memory definition of streams or stream templates, which are to be applied to stream portsin the
subsequent test case execution. Thus, the static representation of streams can be used to assess incoming streams and to
define outgoing or reference streams and template streams mostly by means of ordinary TTCN-3 operations and control
structures and as such provide an ideal interface between ordinary TTCN-3 concepts and the concepts defined in this
package. Example 3 shows a short specification of a sampled stream.

EXAMPLE 3:

var MyStreaniType nyStreanVar := {
{val ue: =0. 0, delta:=0.1},
{val ue: =0. 2, delta:=0.2},
{val ue: =0.1, delta:=0.1},
{val ue: =0. 0, del ta: =0. 3}

}

If the stream definition from above is applied to an outgoing stream port directly with the beginning of atest case, the
result will look as follows.

EXAMPLE 4:

Val ue 0.0
Ti nest anp 0

0 0
1 7

0.2 0.1 |0.
0.3 0.4 |0.

0.
0.

Each stream port isinitialized with a value that defines the valuation of a stream at time 0.0. Thus the first samplein
Example 4 is not defined by the specification in example 3 but by the base initialization of the stream port.

NOTE 1. In order to create larger streamsa manual specification approachjisinot feasible. In this case, the data
processing capabilities of TTCN-3 can be used. This allows to programmatically/algorithmically
construct the dedicated record structures.

NOTE 2: The data structures presented inthis clause serve forillustration purposes only. They show how timed
data streams can be mapped to standard TTCN-3 datastruetures and, thus can be processed easily by using
the existing TTCN-3 language featuresiand operators. The TT:CN-3 extensions provided in this package
do not include type declarations from above.

5.2.2 Data Streams: dynamic, perspective

5.2.2.0 General

In standard TTCN-3 ports are used for the communication among test components and between test components and the
SUT. To be ableto initiate, modify and evaluate a stream based communication between the entities of atest system,
this package extends the concepts of standard TTCN-3 port types and ports with the notion of stream-based
communication and stream ports. Stream ports are the endpoints of a stream based communication. Thus stream portsin
TTCN-3 embedded are used to provide access to streams, their values and the respective timing information. A stream
port references exactly one data stream and thus provides access to the respective stream values and timing information.

5.2.2.1 Defining stream port types

The TTCN-3 port concept of message-bhased and procedure-based ports is extended with stream-based ports. Stream
ports support stream-based communication.

Syntactical Structure

type port PortTypeldentifier stream"{"

{ ( (in]| out | inout ) StreanVal ueType [";"] )
( map param" (" { Fornal ValuePar [","] }+ ")" [";"] ) |
( unmap param"(" { Fornul Val uePar [","] }+ ")" [";"] ) }

Semantic Description

Stream port types shall be declared by using the keyword st r eam Stream ports are directional. The directions are
specified by the keywordsi n (for thein direction), out (for the out direction) and i nout (for both directions).
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The specified StreamValueType references the type of values which can be sent or received (depending on the direction
of the port) over ports of the type PortTypel dentifier.

Like message and procedure ports, stream ports can use map and unmap parameters to pass additional information to
the system adapter.

Restrictions

Each stream port type definition shall have one and only one entry indicating the allowed type together with the allowed
communication direction:

a)  Stream port type definition shall always contain exactly one stream value definition.
b) At most one map parameter list should be defined for a port type.
c) At most one unmap parameter list should be defined for a port type.

Example

EXAMPLE:

/'l Stream based port which allows streamvalues of type float to be received
type port Streamn stream{ in float }

/] Stream based port which allows streamvalues of type float to be sent
type port Streanmfut stream{ out float }

/] Stream based port with nap and unnep_paraneter definitions
type port StreanmQut stream

in float;
map param (i nteger p_parl, integer {p_par2);
unmap param (i nteger p_parl);

5.2.2.2 Declaration and instantiation of stream ports

The declaration of stream-based ports is similar to-the declaration’of message-based and procedure-based ports. The
conponent type declares which/portsaneassociated with: a component.cA /componenit:type can have ports with
different communication characteristics (e.g. Stream:based ports, message-hased ports, jand procedure based). All ports
are instantiated together with the component that owns the port, i.e. when the component is created.

Outgoing stream ports start to emit stream values directly after the component, which contains the respective stream
port, has been started. The same applies for incoming stream ports. They start receiving data directly after their
component has been started. Both incoming and outgoing stream ports are updated for each sampling step. If no explicit
step size is defined by means of step size annotations on module level, test case level, port type level, etc. the port is
initially sampled with the test systems' base sampling, which is the smallest available step size.

Outgoing stream ports may already beinitialized beforeitsfirst use, so that their values before the start of their
component are defined. The initialization occurs in the context of their declaration.

Outgoing stream ports, when they are not explicitly initialized, are automatically initialized with implicit default values.
The implicit default values for the various TTCN-3 basic data types can be found in table 1.

Table 1

float |integer |boolean |charstring | bitstring | octetstring
0.0 0 FALSE '0'B '00' O

Theinitia stream port value for outgoing stream port applies to the time point 0.0 and for the following sample steps as
long as no other stream value is set. The value initialization for incoming streamsisin responsibility of the data
provider. Hence either the system adapter or the emitting component (in case of a PTC) isresponsible to initialize the
streams.
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Syntactical Structure

port StreanPort TypeRef erence
{ StreanPortldentifier [ ":=" StreanDefaultValue ] [","] }+ [";"]

Semantic Description

A stream port Portlnstance named StreamPortldentifier is declared inside a component type definition using a
SreamPortTypeReference which is a type-reference expression for an existing stream port type. Optionally, a
SreamDefaultValue can be supplied which defines the value of the stream before the first sampling over this port.

Restrictions

The SreamDefaultVValue shall be of the type StreamValueType in the port type definition referenced by
SreamPortTypeReference.

Examples

EXAMPLE 1:

type port Streamin stream{ in float }
type port Streanmfut stream{ out float }

type conponent SUT {
port Stream n A B;
port Streanmtut C, D

}
EXAMPLE 2:

type conponent SUT {
port Stream n A B;
port Streantut C =1.0,D =2.0;

5.2.2.3 The Connect and Map operations

Stream ports can be mapped and connected:-Fhe'syntax ‘and-general rutesfor-the map and connect operations are
described in ETSI ES 201 8731 [1]!

Restrictions

In addition to the general static rules of TTCN-3 givenin clauses 9 and 21.1 of ETSI ES 201 873-1[1], the following
restrictions apply:

a)  Stream ports can be connected or mapped to stream ports only. Connection or mapping between a stream port
and a message port is not allowed.

b)  Assuming the following:
1) Ports PORT1 and PORT2 are the stream ports to be connected or mapped;
2) Inval-PORT1 defines the value type of the in-direction of PORT1;
3) Outval-PORT 1defines the value type of the out-direction of PORT1;
4) Inval-PORT?2 defines the value type of the in-direction of PORT2; and
5)  Outval-PORT2 defines the value type of the out-direction of PORT2; and

6) If novauetypeisdefined for adirection, the value typeis considered to be undefined. When checking
conditions for stream port connecting and mapping, the undefined typeis equal to the undefined type
only.

c) Theconnect operationisallowed if and only if:

outval-PORT1 = inval-PORT2 and outval-PORT2 = inval-PORT1
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d) Themap operation isallowed if and only if:
outval-PORT1 = outval-PORT?2 and inval-PORT2 = inval-PORT1
€) Inall other cases, the connect and map operations shall not be allowed.

f)  Incoming stream ports of test components and outgoing stream ports of the system adapter cannot be
connected or mapped to more than one port.

NOTE: Therestriction on the number of connected and mapped ports does not apply to outgoing stream ports of
test components and incoming ports of the system adapter, making stream broadcast possible.

5.2.3 Data Streams: access operations

5230 General

Similar to message-based and procedure-based communication incoming streams can be examined and outgoing
streams can be controlled. In general, access to the actual sample of a stream (i.e. the stream value, the respective timing
and sampling information) is provided by means of stream data operations. Moreover, access to the preceding samples
by means of dedicated navigation operationsis provided. Last but not least, record structured stream data can be
extracted as explained in clause 5.2.1 by means of stream evaluation statements.

In contrast to message-based and procedure-based communication, stream data operations and stream navigation
operations on expression level have been integrated. This allows testers to directly assign values to streams and read
values from streams by means of ordinany T.TCN-3 assignments.

5.2.3.1 The value operation

Each data stream connected to a stream port allows accessing its current value by means of the val ue operation. In
case of incoming streams, the value opération yields theactual'value that is available at a stream port.

Syntactical Structure

( StreanPortReference | StreanPortSanpleReflerence )", "“value
Semantic Description

Theval ue operation can be applied to either a SreamPortReference expression or a StreamPortSampleReference
expression which isyielded by the application of anavigation operation on a StreamPortReference. In the first case, it
yields the current value of the stream port; in the second case it yields the value in the referenced sampling.

When using a StreamPortReference to an outgoing stream port, the val ue operation expression can also be used on the
left hand side of an assignment or as an out parameter to a function.

When using aval ue operation expression as a value expression the type of the value is the StreamValueType of the
referenced stream port.

If the value operation is used for setting the actual output value of a stream, the effectiveness of the stream port
evaluation isdelayed. A value, which has been assigned to a stream port value handle, becomes effective inside and
outside the component at the beginning of the next sampling step.

Restrictions

If theval ue operation expression is used as the target of an assignment, the type of the assigned value shall be
compatible with the StreamVaueType of the referenced stream port.

Examples

EXAMPLE 1:

/] accessing the actual input value of a stream
var float nyVar:=stream nPort. val ue;
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