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Foreword

ISO (the International Organization for Standardization) and IEC (the
Interndtional Electrotechnical Commission) form the specialized system
for worldwide standardization. National bodies that are members of ISO
or IEC participate in the development of International Standards through
techni¢al committees established by the respective organization to deal
with particular fields of technical activity. 1SO and IEC technical com;
mittee$ collaborate in fields of mutual interest. Other international /ot~
ganizafions, governmental and non-governmental, in liaison with iSO
and IEC, also take part in the work.

In the [field of information technology, ISO and IEC have established a
joint technical commiitee, ISO/IEC JTC 1. Draft international Standards
adoptdd by the joint technical committee are circulated.to national bod-
jes for voling. Publication as an International Standard requires ap-
provai|by at least 75 % of the national bodies casting,a vote.

International Standard ISO/IEC 8646-1 was prepared by Joint Technical
Commijttee ISO/IEC JTC 1, Information technology.

ISO/IEC 9646 consists of the following parls, under the general title /n-
formation technology — Open Systems Interconnection — Conformance
testing methodology and framework:

— Hart 1: General concepts

~— Hart 2: Abstract testsuite specification

— Bart 3: The Tree and Tabular Combined Nolation (TTCN)

— Hart 4: Test realization

— Hart 5:5Requirements on test laboratories and clients for the con-
forniance assessment process

Annexes A, B and C of this part of ISO/IEC 9646 are for information only.
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Introduction

The objective of OSI will not be completely achieved-until systems can be tested to
determine whether they conform to the relevant protocol specificatign(s). The rele-
vant ones can be OSI International Standards or CCITT Recommengiations.

Standardized abstract test suites should be'developed for each Interhational Stand-
ard or CCITT Recommendation whichspecifies an OS| protocoil, for use by suppliers
or implementors in seif-testing, byusers of OSI products, by telecommunications
administrations and recognized private operating agencies, or by ofher third party
testing organizations. This shotild lead to comparability and wide acdeptance of test
results produced by differénttest laboratories, and thereby minimize the need for
repeated conformance testing of the same system.

The standardization of.test suites requires international definition and acceptance of
a common testing-methodology, together with appropriate testing methods and pro-
cedures. It is the-purpose ot ISO/IEC 9646 to define the methodology, to provide a
framework forispecifying conformance test suites, and to define the] procedures to
be followed during testing.

Confofmance testing involves testing both the capabilities and b¢haviour of an
implementation, and checking what is observed against both th%conformance

requirements in the relevant International Standards or CCITT Rechmmendations
and what the implementor states the implementation’s capabilities are.

Conformance testing does not include assessment of the performance nor the
robustness or reliability of an implementation. It cannot give judgements on the phys-
ical realization of the abstract service primitives, how a system is implemented, how
it provides any requested service, nor the environment of the protocpl implementa-
tion. It cannot, except in an indirect way, prove anything about the logical design of
the protocol itself.

The purpose of conformance testing is to increase the probability that different OSI
implementations are able to interwork. However it should be borne in mind that the
complexity of most protocols makes exhaustive testing impractical on both technical
and economic grounds. Also, testing cannot guarantee conformancelto a specifica-
tion since it detects errors rather than their absence. Thus conformjance to a test
su|te alone cannot guarantee mterworklng What it does do is glve gonfidence that

snstently in representatlve lnstances of commumcatlon

It should be noted that the OSI basic reference model (ISO 7498: 1984 or CCITT
X.200(1984)) states (in 4.3):

“Only the external behaviour of Open Systems is retained as the
standard of behaviour of real Open Systems”

This means that although aspects of both internal and external behaviour are
described in OSI International Standards and CCITT Recommendations, it is only
the requirements on external behaviour that have to be met by real open systems.
Although some of the methods defined in ISO/IEC 9646-2 do impose certain limita-
tions on the implementor, for example that there be some means of realizing control

v
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and observation at one or more service access points, it should be noted that other
methods defined herein do not impose such limitations.

However, in the case of partial OS! end-systems which provide OSI protocols up to
a specific layer boundary, it is desirable to test not only the external behaviour of the
implemented protocol entities, but also the ability of those entities to support correct
external behaviour in higher layers.

Detailed investigation of relative benefits, efficiency and limitations of all methods is
addressed in various parts of ISO/IEC 9646. However, any organization contemplat-
ing the use of test methods defined in ISO/IEC 9646-2 in a context such as certifica-
tion should carefully consider the limitations on their applicabllity and the benefits of

each.

Testing'ls voluntary as far as ISO/IEC and CCITT are concerned. Requirements for
testing i} procurement and other external contracts are not a matter for standardiza-
tion.
This par} of ISO/IEC 9646 is also to be published by CCITT as Recommendation
X.290 (1891).

vi
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Information technology — Open Systéms Interconnection —
Conformance testing methodology and framework —

Part 1:
General concepts

1 | Scope

1.1 ISO/IEC 9646 specifies a general methodology for test-
ing|the conformance of products to International Standards or
CQITT Recommendations that specify OSI protocols which
the products are claimed to implement. The methodology
alsp applies to testing conformance to an international Stand-
ard or CCITT Recommendation that specifies a transfer syn-
tax|to the extent that can be determined by testing it in com-
bination with a specific OS! protocol.

1.2 The contents of ISO/IEC 9646 are also, in principle, appli-
caljle to conformance testing for ISDN two-party protocols.

1.3 ISO/IEC 9646 is applicable to the different phases of the
confformance testing process, these phases being character-
izefl by three major activities. These activities are

) the specification of abstract test suites for particular
S| protocols;

) realization of the means of exécuting specific test
vites;

the conformance assessment process catried out by a
test laboratory for a specific client, culminating in the pro-
uction of a Protocol Conformance Test'Report, which
ives the results in terms of the protocol specification and
test suite used.

ISQ/IEC 9646 is structured into-five separate parts, each of
which, -apart from part 1, is_applicable to just one of these

NOTE - I1ISO/IEC 9646-2 deals with the requirements and guidance
e specification of abstract test suites, independent of test nota-
tion| ISO/IEC.8646-3 defines the recommended test notation. 1SO/
IEC|9646-4'deals with requirements and guidance for realization of
the Means of Testing, and ISO/IEC 9646-5 deals with requirements

b) to achieve co‘mparability betweeén the results of the cor-
responding tests on a particular OSlI Tmplementation
applied in different places at different times; '

c) to facilitate communication between theparties respon-
sible for the activities described in 1.3 aboye for parts 2 to
5.

1.6 This part of ISO/IEC 9646 includes tutofial introductory

material which-provides
a) an exposition of the meaning of conf¢rmance in the
context o OSl;
b){a\description of the major categories ¢f conformance
tests;
¢) an introduction to the conformance asgessment proc-
ess; ‘
d) an introduction to the Abstract Test Methods and their
applicability;
e) an introduction to the concepis of test spite design.

In addition, this part describes the relationshjp between the

other parts of ISO/IEC 9646 and the activifies involved in

conformance testing, and introduces the congcept of compli-
ance with respect to the other parts of ISO/!

1.7 The foliowing are outside the scope of |

a) certification, an administrative proceddre which may
follow conformance testing;

b) requirements for procurement and contfacts;

¢) testing by means of test methods which are specific to
particular applications, protocols or systemf;

uirements;
end-systems

d) testing of non-protocol conformance re

e) test methods that involve more than
communicating together.

NOTE — ISO/IEC 9646 does not apply fully to Physical layer proto-

cols. Nevertheless, many of the concepts apply to &ll protocols.

and guidance for test laboratories and their clients for the conform-
ance assessment process.

1.4 ISO/IEC 9646 specifies the requirements for and gives
guidance on the procedures to be followed in OS| conform-
ance testing.

1.5 ISO/IEC 9646 includes only such information as is nec-
essary to meet the following objectives:

a) to achieve an adequate level -of confidence in the tests
as a guide to conformance;

2 Normative references

The following standards contain provisions which, through
reference in this text, constitute provisions of this part of ISO/
IEC 9646. At the time of publication, the editions indicated
were valid. All standards are subject to revision, and parties
to agreements based on this part of ISO/IEC 9646 are
encouraged to investigate the possibility of applying the most
recent editions of the standards listed below. Members of
IEC and ISO maintain registers of currently valid International
Standards.
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iSO 7498:1984, Information processing systems — Open Sys-
tems Interconnection — Basic Reference Model.
(See also CCITT Recommendation X.200)

ISO/TR 8509:1987,‘ Information processing systems — Open
Systems Interconnection — Service Conventions.
{See also CCITT Recommendation X.210)

ISO 8825:1990, Information technology ~ Open Systems
Interconnection — Specification of Basic Encoding Rules for
Abstract Syntax Notation One (ASN.1).

(See also CCITT Recommendation X.209)

s) Transport layer

3.2 Terms defined in other International
Standards, CCITT Recommendations and
Technical Reports

This part of ISO/IEC 9646 uses the following terms defined in
the OS| Service Conventions (ISO/TR 8509 / CCITT X.210):

a) service-user
b) service-provider

ISO/NEQ 9646-2:1991, Information technology - Open Sys-
tems Interconnection - Conformance testing methodology
and frampework - Part 2: Abstract Test Suite specification.
(See aldo CCITT Recommendation X.291(1991))

(SO/IEQ 9646-3:-1, Information technology - Open Systems
Interconnection - Conformance testing methodology and
framewprk - Part 3: The lree and iabular combined notation.

iSO/IEQ 9646-4:1991, Information technology - Open Sys-
tems I}erconnection - Conformance testing methodology

and framework - Part 4: Test Realization.
(See algo CCITT Recommendation X.293(1991))

ISONEQ 9646-5:1991, Information technology - Open Sys-
tems Interconnection - Conformance testing methodology
and framework - Part 5: Requirements on test laboratories
and cliepts for the Conformance Assessment Process.

(See algo CCITT Recommendation X.294(1991))

9) (N}-service-access-point

h) Application-layer

i) Application-service-eiement
j) Data Link layer

t)service-primitive
This part of ISO/IEC 9646 uses the following term defined in
the ASN.1 - Basic Encoding Rules (1IS©)8825 / CCITT
X.209):

- encoding

3.3 Conformance testing definitions

For the purposes of this part of ISO/EC 9646 thg definitions
in 3.4 to 3.8 apply.

3.4 Basic terms

3.4.1 implementation under test [IUT] : An implementation
of one or more’OS| protocols in an adjacent uger/provider
relationship; being that part of a real open system which is to
be studied’by testing.

3,4.2.system under test [SUT] : The real open system in
which the IUT resides.

3.4.3 dynamic conformance requirement : One of the
requirements which specifies what observable behaviour is
permitted by the relevant OSI International Staphdard(s) or
CCITT Recommendation(s) in instances of comnjunication.

3.4.4 static conformance requirement : One of {he require-
ments that specify the limitations on the combinations of
implemented capabilities permitted in a real ogen system
which is claimed to conform to that OSI International Stand-
ard or CCITT Recommendation.

3.4.5 capability (of an implementation) : A set ¢f functions
in the relevant protocol(s) which is supported by the imple-
mentation.

3.4.6 protocol Implementation conformance [statement
[PICS] : A statement made by the supplier of an|OS) imple-
mentation or system, stating which capabilities jhave been
implemented, for a given OSI protacol.

3.4.7 PICS proforma : A document, in the form of p question-
naire, designed by the protocol specifier or conformance test
suite specifier, which when completed for an OSl|implemen-
tation or system becomes the PICS.

k) Network layer

l) Physical layer

m) Presentation layer
n) real open system
0) real system

p) Session layer

a) subnetwork

ry Transfer syntax

1) To be published.
2

3.4.8 protocol implementation extra information for test-
ing [PIXIT] : A statement made by a supplier or implementor
of an IUT which contains or references all of the information
(in addition to that given in the PICS) refated to the IUT and
its testing environment, which will enable the test laboratory
to run an appropriate test suite against the IUT.

3.4.9 PIXIT proforma : A document, in the form of a ques-
tionnaire, provided by the test iaboratory, which when com-
pleted during the preparation for testing becomes a PIXIT.
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3.4.10 conforming implementation : An |UT which satisfies
both static and dynamic conformance requirements, consist-
ent with the capabilities stated in the PICS.

3.4.11 system conformance statement [SCS] : A docu-
ment summarizing which OSI International Standards or
CCITT Recommendations are implemented and to which
ones conformance is claimed.

3.4.12 client (of a test laboratory) : The organization that
submits a system or implementation for conformance testing.

3.5|1 static conformance review : A review of the extent to

| Standard(s) or CCITT Recommendation(s).

3.512 basic interconnection test [BIT] : A test of an IUT
whith has limited scope to determine whether or not there is
sufficient conformance to the relevant protocol(s) for inter-
connection to be possible, without trying to perform thorough
tesling.

3.513 capability test : A test to verify the existence of one or
mofe claimed capabilities of an IUT.

NOTE - Capability testing involves checking all mandatory capabili-
ties pnd those optional ones that are stated in the PICS as supported,
but pot checking those optional ones which are stated in the PICS as
not supported by the IUT.

3.54 behaviour test : A test to determine the extent to which
ong or more dynamic conformance requiréments are met by
the JUT.

3.5/5 conformance resolution test-: A non-standardized,
possibly system-specific test to fulfiLa test purpose for which
a sfandardized abstract test case’is not defined, in order to
invgstigate the behaviour of'an OSI protocol implementation
with respect to one or more/particular conformance require-
ments.

3.58 conformande'testing : Testing the extent to which an
1UT]is a conforming implementation.

3.57 conformance assessment process : The complete
progess of ‘accomplishing all conformance testing activities
necpssary to enable the conformance. of an implementation

ISO/IEC 9646-1 : 1991(E)

3.6 Terminology of test suites

3.6.1 (abstract) test method [ATM] : The description of how
an lUT is to be tested, given at an appropriate level of
abstraction to make the description independent of any par-
ticular realization of a Means of Testing, but with enough
detail to enable tests to be specified for this test method.

3.6.2 abstract testing methodology : An approach to
describing and categorizing Abstract Test Methods.

3.6.3 abstract test case : A complete and independent
' 0 achievg a specific test
purpose {or a specified combination of ‘test purposes),
defined at the level of abstraction of a particular Abstract Test
Method, starting in a stable testing state and ending in a sta-
ble testing state. This specification thay involye one or more
consecutive or concurrent connections.

NOTES

1 The specification should be complete in the sense that it is suffi-
cient to enable a test verdict to be assigned unambiguously to each
potentially observable test outcome (i.e. sequence pf test events).

2 The specificatiomshould be independent in the

from other such test cases (i.e. the specification
clude the possibility of starting and finishing in the ‘jdie” state).

3.6.4 executable test case : Arealization of an abstract test
case.
NOTE - In general the use of the word ‘test” in ISO/IEC 9648 will
imply its normal English meaning. Sometimes it mgy be used as an
abbreviation for abstract test case or executable tegt case. The con-
text should make the meaning clear.

3.6.5 test purpose : A prose description |of a narrowly
defined objective of testing, focusing on a single conform-
ance requirement as specified in the approprigte OSi interna-
tional Standard or CCITT Recommendation|(e.g. verifying
the support of a specific value of a specific parameter).

3.6.6 tost group objective : A prose descriptjon of the com-
mon objective which the test purposes withinl a specific test
group are designed to achieve.

3.6.7 generic test case : A specification pf the actions
required to achieve a specific test purpose, defined by a test
body together with a description of the initial festing state in
which the test body is to start.

3.6.8 (test) preamble : The sequences of test|steps from the
starting stable testing state of the test case up to the. initial
testing state from which the test body will statt.

3.6.9 test body : The sequences of test stepls that achieve
the test purpose.

CCITT Recommendations to be assessed.

3.5.8 test campaign : The process of executing the Param-
eterized Executable Test Suite for a particular IUT and pro-
ducing the conformance log.

3.5.9 embedded testing : Testing specified for a single-pro-
tocol within a multi-protocol IUT including the specification of
the protocol activity above the one being tested, but without
specifying control or observation at service boundaries within
the multi-protocol 1UT.

NOTE - This definition assumes that the protocols of the IUT are ot-
dered in a continuous adjacent user/provider relationship.

3.6.10 (test) postamble : The sequences of test steps from
the end of the test body up 1o the finishing stable testing
state(s) for the test case.

3.6.11 test step : A named subdivision of a test case, con-
structed from test events and/or other test steps.

3.6.12 test event : An Indivisible unit of test specification at
the level of abstraction of the specification (e.g. sending or
receiving a single PDU).

3.6.13 unidentified test event : A test event which is used
to provide for receipt of PDUs and/or ASPs without identify-
ing them in the test case.
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NOTE - in TTCN, the unidentified test event is the Otherwise state-
ment.

3.6.14 testing state : A state encountered during testing,
comprising the combination of the states of the SUT, the test
system, the protocols for which control and observation is
specified in the ATS, and, if relevant, the state of the underly-
ing service.

3.6.15 stable testing state : A testing state which can be
maintained, without prescribed Lower Tester behaviour, suf-
ficiently long to span the gap between one test case and the

3.6.30 parameterized executable test suite [PETS] : A
SETS, in which all test cases have been parameterized in
accordance with the appropriate PICS and PIXIT, and corre-
sponding to a PATS.

3.6.31 standardized abstract test suite [ATS] : An abstract
test suite specified within an International Standard or CCITT
Recommendation or, in the absence of such an International
Standard or CCITT Recommendation, within a publicly avail-
able document which is in the process of being standardized
w1thin ISO/IEC or CCITT, and which has the highest stand-

next infa test campaign.

3.6.16 (dle testing state : A stable testing state in which there
is no egtablished connection of the relevant protocol(s) and in
which the state of the SUT is independent of any previously
test cases.

3.6.17 transient testing state : Any testing state which is not
a stable testing state.

NOTE - Transient testing states include those testing states that are
in the le of a logical exchange of PDUs (e.g. to establish a con-
nection pr perform negotiation), particularly when a request PDU has
been sdnt (or received) and the corresponding response PDU has
not been received (or sent).

3.6.18 |nitial testing state : The testing state in which a test
body sfarts.

NOTE - This may be either a stable testing state or a transient state.
3.6.19 [conformance) test suite : The complete set of test
cases, [possibly combined into nested test groups, that is
needed to perform dynamic oonformance testing for one or
more QSl protocols.

NOTE | It should cover both capability testing and behaviour testing.
It may bp qualified by the adjectives: abstract, generic or executable,
as apprppriate. Unless stated otherwise, an “abstract test'suite” is
meant.

3.6.20 lest case : A generic, abstract or executable test case.
3.6.21 test group : A named set of related test cases.

3.6.22 generic test sulte : A test suite-composed of generic
test casges.

3.6.23 pbstract test suite [ATS] : A test suite composed of
abstradt test cases.

3.6.24 pxecutable test suite [ETS] : A test suite composed
of exequtable test cases.

3.6.25 pelected abstract test suilte [SATS] : The subset of
an ATY selected.bsing a specific PICS and PIXIT.

3.6.26 pelected executable test suite [SETS] : The subset
of an E[TS selected using a specmc PICS and PIXIT.

hed at least
the committee draft, dratt proposal or draft recommendation
status.

3.6.32 conformance testing standard : The [nternational
Standard or CCITT Recommendation or draft [thereof that
contains a standardized ATS.

3.7 Terminology of resuits

3.7.1 repeatability (of resuits) : Characteri:r of a test
case, such that repeated executions on the same IUT under
the same conditions-lead to the same test vergict, and by
extension a characteristic of a test stite.

3.7.2 comparability (of resulits) : Characteristic

ance assessment processes, such that their exe¢

same/IUV, in different test environments, leads
overali'summary of conformance for the specifi

of conform-

ution on the

0 the same
uT.

nce of test

3.7.3 (observed) test outcome : The sequg
events, together with associated data and/or p

ameter val-

ues, which occurred during test execution of a specific
parameterized executable test case.

3.7.4 foreseen test outcome : An observed test outcome
identified in the abstract test case.

NOTE - A foreseen test outcome may include an unjdentified test
event.

3.7.5 unforeseen test outcome : An observed test outcome
not identified in the abstract test case.

NOTE - An unforeseen test outcome can only lead to 4 test case er-
ror or an abnormal test case termination.

3.7.6 {test) verdict : A statement of “pass”, “fail” pr “inconclu-
sive”, specified in an abstract test case, concerning conform-
ance of an |UT with respect to that test case when it is exe-
cuted.

3.7.7 system conformance test report [SCTR] : A docu-
ment, written at the end of the conformance pssessment
process, giving an overall summary of the conformance of
the system or implementation to the set of protocols for which
conformance testing was carried out.

case in which all appropnate parameters have been supphed
with values in accordance with a specific PICS and PIX|T.

3.6.28 parameterized executable test case : An executable
test case, in which all appropriate parameters have been sup-
plied with values in accordance with a specific PICS and
PIXIT, and corresponding to a parameterized abstract test
case.

3.6.29 parameterized abstract test suite [PATS] : A SATS
in which all test cases have been parameterized in accord-
ance with the appropriate PICS and PIXIT.

4

3.7.8 protocol conformance test report [PCTR] : A docu-
ment, written at the end of the conformance assessment
process, giving the details of the testing carried out for a par-
ticular protocol. it lists all of the abstract test cases and iden-
tifies those for which corresponding executabie test cases
were run, together with the verdicts assigned to each test
case executed.

3.7.9 valid test event : A test event which is allowed by the
protocoi specification, being both syntactically and semanti-
cally corect, and occurring when allowed to do so by the pro-
tocot specification.
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3.7.10 invalid test event : A test event that violates at least
one conformance requirement of the relevant protocol or
transfer syntax specification.

NOTE - This term is not to be confused with the term “invalid event”
as defined in ISO 7776.

3.7.11 inopportune test event : A test event which occurs
when not allowed to do so by the protocol specification.

3.7.12 syntactically invalld test event : A test event which
syntactically is not allowed by the protocol specification.

ISO/IEC 9646-1 : 1991(E)

NOTE - The underlying service-provider is immediately beneath the
(lowest layer) protocol which is the focus of testing. It may use one
or more OSl layers, or only the Physical medium.

3.8.3 upper tester [UT] : The representation in ISO/IEC
9646 of the means of providing, during test execution, con-
trol and observation of the upper service boundary of the IUT,
as defined by the chosen Abstract Test Method.

3.8.4 abstract {N)-service-primitive [(N)-ASP] : An imple-
mentation-independent description of an interaction between
a_service-user and a setvice-provider at an (N)-service

tains a semantic etror with respect to the relevant protocol
spegcification (e.g. a PDU containing a parameter value out-
side the negotiated range for that parameter).

3.7{14 pass (verdict) : A test verdict given when the
observed test outcome gives evidence of conformance to the
conformance requirement(s) on which the test purpose(s) of

the test case is (are) focused, and when all the test events are -

valii with respect to the relevant International Standard(s) or
CG{TT Recommendation(s).

3.7{15 fail (verdict) : A test verdict given when the observed
testl outcome either demonstrates non-conformance with
respect to (at least one of) the conformance requirement(s)
on which the test purpose(s) of the test case is (are) focused,
or contains at least one invalid test event, with respect to the
relevant International Standard(s) or CCITT Recommenda-

3.7]16 inconclusive (verdict) : A test verdict given when the
obsprved test outcome is such that neither a pass nor afail
verdict can be given.

3.7.17 test case error : The term used to describe(the resuit
of eixecution of a test case when an error is detected in the
test|case itself.

3.7.18 abstract test case error A test case error resulting
from an error in the abstract test case!

3.7./19 executable test case error :) A test case error in the
realjzation of an abstract test case.

3.7.20 abnormal (test case).termination :The term used to
desgribe the result of execution of an abstract test case when
it has been prematurely terminated by the test system.

3.7.21 conformarice-log : A human-readable record of infor-
matjon produced'as a result of a test campaign, which is suf-
ficient to record/the observed test outcomes and verify the
assignment.of test results (including test verdicts).

3.8| Terminology of test methods

boundary, as defined in an OSI service definifion.

3.8.5 test coordination procedures : The ryles for cooper-
ation between the Lower and Upper Testers during testing.

3.8.6 test management protocol [TMP] : A [protocol which
is used in the test coordination‘procedures for a particular
test suite.

3.8.7 test system : Thereal system which ingludes the real-
ization of the Lower Tester.

NOTE ~ The same test'system can be used as patt ¢f several Means
of Testing.

3.8.8 local tast method : An Abstract Test Method in which
both the’Lower and Upper Testers are located within the test
system\and there is a PCO at the upper servi¢e boundary of
the(JUT. :

3.8.9 distributed test method : An Abstract Test Method in
which the Upper Tester is within the SUT and there is a PCO
at the upper service boundary of the 1UT.

3.8.10 coordinated test method : An Abstra¢t Test Method
in which the Upper Tester is within the SUT and for which a
standardized TMP is defined for the test coorgdination proce-
dures, enabling the control and observation {o be specified
solely in terms of the Lower Tester activity, including the con-
trol and observation of Test Management PDUJs.

3.8.11 remote test method : An Abstract Tlest Method in
which the control and observation of test evefts is specified
solely in terms of Lower Tester activity, and n which some
requirements for test coordination procedures may be
implied or informally expressed in the ATS, but in which no
assumption is made regarding their feasibility jor realization.

3.8.12 means of testing [MOT] (lUTs) : The combination of

equipment and procedures that can perform
selection, parameterization and execution of
conformance with a reference standardized

the derivation,
test cases, in
ATS, and can

produce a conformance log.

3.8.13 test realization : The process of prodycing a Means
of Testing IUTs. r

3.8.1 point of control and observation [PCO] : A point
within a testing environment where the occurrence of test
events Is to be controlled and observed, as defined in an
Abstract Test Method.

NOTE — A PCO is characterized by the set of ASPs and/or PDUs that
can occur, according to the ATS, at that PCO.

3.8.2 lower tester [LT] : The representation in ISO/IEC 9648
of the means of providing, during test execution, indirect con-
trol and observation of the lower service boundary of the IUT
via the underlying service-provider.

3.8.14 reference standardized (OSI) abstract test suite
[ATS] : The standardized ATS for which a Means of Testing
is realized. '

3.8.15 test realizer : An organization which takes responsi-
bility for providing, in a form independent of the clients of a
test laboratory and their IUTs, a Means of Testing IUTs in
conformance with an ATS.

3.8.16 comprehensive testing service : A service, offered
to clients by a test {aboratory, to perform the conformance
assessment process for one or more OS! protocol(s), with a
choice of test methods sufficient to make the service applica-

5
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ble to all real open systems that claim to implement the spec-
ified protocols.

4 Abbreviations

For the purposes of this part of ISOAEC 9646 the following
abbreviations apnly,

OSI International Standards and CCITT Recommendations
form a set of inter-related International Standards and CCITT
Recommendations which together define behaviour of open
systems in their communication. Conformance of a real sys-
tem is, therefore, expressed at two levels, conformance to
each individual international Standard or CCITT Recommen-
dation, and conformance to the set.

NOTE -~ If the implementation is based on a predefined set of Inter-
national Standards or CCITT Recommendations, often referred to as
a funcbonal standard or proﬁle the concept of conformance can be

RSS ctional stand-

ATM : apstract test method
ATS : abstract test suite

08l : open systems interconnection

PATS : parameterized abstract test suite

PCO : ppint of control and observation

PCTR : protocol conformance test report

PDU : pfotocol data unit

PETS : parameterized executable test suite

PICS : drotocol implementation conformance statement
PIXIT : protocol implementation extra information fortesting
SAP : service-access-point

SATS : selected abstract test suite

8CS : system conformance statement

SCTR : system conformance test report

SETS : selected executable test suite

SUT : system under test

TMP : tgst management protocol

TM-PDU : test management PDU

TTCN : {ree andtabular combined notation

UT : upger tester

ard or proﬁle as Iong as they do not conﬂict with the requtrements of
the base (protocol) international Standards and CCITT Recommen-
dations.

5.2 Conformance requirements

5.2.1 The conformance requirements in an Ifternational
Standard or CCITT Recommengdation can be

a) mandatory requirements: these are fo be gbserved in
all cases;

b) conditional requirements: these are to be observed i
the conditions set out in the specification apply

c) options: these can be selected to suit the implementa:
tion, provided that any requirements applicgble fo the
option are observed. More information on optipns is pro-
vided'in Annex A.

For.example, CCITT essential facilities are [mandatory

_(requirements; additional facilities can be either copditional or

optional requirements.

NOTE -~ The CCITT terms “essential facilities” and “additional facili-
ties” need to be considered in the context of the scope of the CCITT
Recommendation concerned; for example, in many casés, essential
facilities are mandatory for networks but not for DTEs.

5.2.2 Furthermore, conformance requirements in an Interna-
tional Standard or CCITT Recommendation can be stated

a) positively: they state what shall be done;
b) negatively: they state what shall not be done.
5.2.3 Finally, conformance requirements fall into tI«o groups
a) static conformance requirements;
b) dynamic conformance requirements.
These are discussed in 5.3 and 5.4, respectively.

5.3 Static conformance requirements

Static conformance requirements are those that specify the

5 The meaning of conformance in OSI

5.1 Introduction

in the context of OS|, a real system is said to exhibit conform-
ance if it complies with the requirements of applicable OS!
International Standards or CCITT Recommendations in its
communication with other real systems.

Applicable OSI International Standards or CCITT Recom-
mendations include those that specify OSI protocols, and
those that specify OSI transfer syntaxes (insofar as they are
implemented in conjunction with protocols).

6

tion. They define the allowed minimum capabilities in order to
facilitate interworking. They may be specified at a broad
level, such as the grouping of PDUs into functional units or
protocol classes, or at a detailed level, such as a range of val-
ues that have to be supported for specific parameters or tim-
ers.

Static conformance requirements in OS! International Stand-
ards or CCITT Recommendations can be of two varieties:

a) those which determine the capabilities to be included in
the implementation of the particular protocol;
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b) those which determine multi-layer dependencies, e.g.
those which place limitations on the capabilities of the
underlying layers of the system in which the protocol imple-
mentation resides. These are likely to be found in upper
layer International Standards or CCITT Recommenda-
tions.

5.4 Dynamic conformance requirementis

Dynamic conformance requirements are all those require-
ments which specnfy what observable behaviour is permltted

ISO/IEC 9646-1 : 1991(E)

5.7 Interworking and conformance

5.7.1 The primary purpose of conformance testing is to
increase the probability that different implementations are
able o interwork.

5.7.2 While conformance is a hecessary condition, it is not on
its own a sufficient condition to guarantee interworking capa-
bility. Even if two implementations conform to the same OSI
protocol specification, they may fail to interwork fully. Trial.
interworking is therefore recommended.

om endatlon(s) in instances of commumcatlon They form
the bulk of each OSI protocol specification. They define the
set gf allowable behaviours of an implementation or real sys-
tem| This set of allowable behaviours implicitly defines the
maxjmum set of capabilities, related to the use of the OSI pro-
toco|, that a conforming implementation or real open system
can pave.

A system exhibits dynamic conformance in an instance of
com]nunication it its behaviour is a member of the set of all
behaviours permitted by the relevant OSI protocol specifica-
tion jn a manner which is consistent with the static conform-
ancg requirements.

Dynamic conformance requirements are those that define the
actugal protocol: the use and format of its PDUs, state transi-
tiong, negotiation rules, etc. They are usually structured
acedrding to the major capabilities (e.g. functional units) that
are the subject of the main static conformance requirements.

5.5 |Protocol
Statement (PICS)

To epaluate the conformance of a particular implementation,
it is- hecessary to have a statement of the capabilities and
optigns which have been implemented, for the relevant pro-
tocol, so that the implementation can be testedfor conform-
ancg against relevant requirements, and- against those
requrements only. Such a statementyis ‘called a Protocol
Impleémentation Conformance Statement (PICS).

In a PICS there should be a distinction between the following
categories of information which'jt'may contain:

a)|information related.\to'the mandatory, optional and
copditional static conformance requlrements of the
protocol itself; »

b) [information:related to the mandatory, optional and con-
ditlonal static\..conformance requnrements for muiti-layer
dependencies.

If a sptof mterrelated OSI protocols has been |mplemented in

Implementation Conformance

tems is more Ilkely to be achleved if they-alihgonform to the
same subset of an OS| International Standard ¢r CCITT Rec-
ommendation, or to the same selection.of Ol Internationat
Standards or CCITT Recommendations, than |f they do not.

In order to prepare two or more|systems for successful inter-
working, it is recommendedithat a comparison be made of
the System Conformance Statements and P|CSs of these
systems.

If the PICSs indicate that different subsets or ersions of the
OSI InternationalyStandards or CCITT Recdmmendations
have been implemented, the nature of the differences and
their implications for interworking need to be determined.
This study should be undertaken both for the pptions in the
protocols themselves, and for the combined usg of the proto-
cols in an OS! system.

5.7.4 Further information to assist interworking between two
systems can be obtained by compatring other televant infor-
mation, including test reports and PIXIT (see §.2). The com-
parison can focus on

a) additional mechanisms claimed to work around known
ambiguities or deficiencies not yet comrpcted in the
International Standards or CCITT Recommendations or in
other real open systems with which interworldng is desired,
e.g. the solution of muiti-layer problems;

b) selection of optional capabilities which |are not con-
strained by the static conformance requirgdments of the
International Standards or CCITT Recommeéndations (i.e.
where the implementor has a free choice, ¢.g. the provi-
sion of an inactivity timer of a specific duratign).

NOTE - The comparison can be made between twd individual sys-
tems, between two or more types of product, or, forfthe PICS com-
parison only, between two or more specmcatlons fdr procurement,
permissions to connect, efc.

5.7.5 ISO/IEC 9646-5: 1991, Annex A, specifies a System
Conformance Test Report proforma which inclddes in 1.5 an
appropriate warning, stating the limits of conforfnance testing
with respect to interworking.

formance Statement wull also be necessary, ltemlzmg all pro-
tocols in the system for which a distinct PICS is provided.

5.6 A Conforming system

A conforming system or implementation is one which satisfies
both static and dynamic conformance requirements, consist-
ent with the capabilities stated in the PICS, for each protocol
declared in the System Conformance Statement.

6 Conformance and testing

6.1 Objectives of conformance testing
6.1.1 Introduction

Conformance testing as discussed in ISO/IEC 9646 is
focused on testing for conformance to International Stand-
ards or GCITT Recommendations which specify OSI proto-
cols. However, it also applies to testing for conformance to
International Standards or CCITT Recommendations which
specify OS| transfer syntaxes, to the extent that this can be

7
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carried out by testing the transfer syntax in combination with
an OSl protocol.

In principle, the objective of conformance testing is to estab-
lish whether the implementation being tested conforms to the
specification in the relevant International Standard or CCITT
Recommendation. Practical limitations make it impossible o
be exhaustive, and economic considerations may restrict
testing still further.

Therefore, ISO/IEC 9646 distinguishes four types of testing,
according to the extent to which they provide an indication of

6.1.3 Capabillity tests

6.1.3.1 Capability tests provide limited testing of each of the
static conformance requirements in a protocol and/or transfer
syntax specification, to ascertain which capabilities stated in
the PICS can be observed and to check that those observa-
ble capabilities are valid with respect to the static conform-
ance requirements.

6.1.3.2 Capability tests are appropriate

a) to check that the capabilities of the IUT are consistent
with the static conformance requirements;

confor! 4

a) bgsic interconnection tests, which provide prima facle
evidence that an IUT conforms;

b) cqpability tests, which check that the observable capa-
bilitie of the IUT are in accordance with the static conform-
ance|requirements and the capabilities claimed in the

viour tests, which endeavour to provide testing
whicl] is as comprehensive as possible over the full range
of dynamic conformance requirements specified by the
International Standard or CCITT Recommendation, within
the capabilities of the 1UT;

d) cqnformance resolution tests, which probe in depth
the cpnformance of an IUT to particular requirements, to
provide a definite yes/no answer and diagnostic information
in relation to specific conformance issues; such tests are
not standardized.

NOTE ~[As a by-product of conformance testing, errors and deficien-
cies in pfotocol specifications may be identified.

6.1.2 Basic Interconnection Tests (BITs)

6.1.2.1 BITs provide limited testing of an [UT in relationto the
main features in a protocol and/or transfer syntax.specifica-
tion, to establish that there is sufficient conformance for inter-
connection to be possible, without trying to perform thorough
testing.

6.1.2.2 BITs are appropriate
a) fof detecting severe cases of on-Conformance;

a preliminary step to decide whether or not to run fur-
pability and behaviouriests;

¢) fo checking addressing and other matters concerned
with the test environment;

d) fol use by users of implementations, to determine
whether the implementations appear to be usable for com-
munidation with other conforming implementations, e.g. as
a preliminary to data interchange.

b) to check as far as possible the consistency (of the PICS
with the IUT;

¢) when taken together with behaviour tests, as a basis for
claims of conformance.

6.1.3.3 Capability tests are inappropriate

a) on their own, as a basis-for claims of conformance by
the supplier of an implementation;

b) for testing in detailthe behaviour associated with each
capability which-has been implemented or hgs not been
implemented;

¢) for resolution of problems experienced |during live
usage orwhere other tests indicate possible ngn-conform-
ance-even though the capability tests have bej: satisfied,

6.1,3.4 Capability tests are standardized within f standard-
ized’ATS, and may be executed either as a sgparate test
group or together with the behaviour tests.

6.1.4 Behaviour tests

6.1.4.1 Behaviour tests test an implementation ag thoroughly
as is practical, over the full range of dynamic ?:}nformance
requirements specified in a protocol and/or transfer syntax
specification.

6.1.4.2 Behaviour tests are approptiate, when taken together
with capability tests, as a basis for the conformance assess-
ment process.

6.1.4.3 Behaviour tests are inappropriate for resolution of
problems experienced during live usage or where other tests
indicate possible non-conformance even though|the behav-
jour tests have been satisfied.

6.1.4.4 Behaviour tests are standardized as the njajor part of
a standardized ATS.

6.1.4.5 Behaviour tests include tests for valid behaviour by
the IUT in response to valid and invalid protocol bghaviour by
the Lower Tester.

6.1.5 Conformance resolution tests

6.1.2.3

a) when taken on their own, as a basis for claims of
conformance by the supplier of an implementation;

b) as a means to determine causes for communications
failure.

6.1.2.4 Standardized BITs are always drawn from the set of
capability and behaviour tests comprising a standardized
ATS. A list of which tests are appropriate may optionally be
included. To provide additional tests in the standardized ATS
for this purpose wouid contravene the requirements stated in
ISONEC 9646-2: 1991.

8

6.1.5.1 Conformance resolufion tesis are non-standardized,
possibly system-specific, tests to fulfil test purposes for which
standardized abstract test cases are not defined. They may
be used to complement the standardized tests used in the
conformance assessment process, in order to investigate the
behaviour of an IUT with respect to particular conformance
requirements.

6.1.5.2 The test architecture and test method will normally be

. chosen specifically for the requirements to be tested, and

need not be ones that are generally useful for other require-
ments. They may even be ones that are regarded as being
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unacceptable for standardized ATSs, e.g. involving imple-
mentation-specific methods using, say, the diagnostic and
debugging tacilities of the specific operating system.

6.1.5.3 In particular, conformance resolution tests may

include SUT-specific means of controlling the occurrence of

internal events and states (e.g. internally generated reset or

the “busy” state) in order to test aspects of the protocol which

are untestable using a standardized ATS.

6.1.5.4 Conformance resolution tests are appropriate
a) . ; __
stgndardized test purposes, but for which no test cases can
belincluded in the standardized ATS because of limitations
of the chosen test method or the general untestability of the
copformance requirement;

b) | for providing a yes/no answer in a strictly confined and
piviously identified situation (e.g. during implementation

development, to check whether a particular feature has
been correctly implemented, or during operational use, to
inyestigate the cause of problems).

¢) [to investigate the problems encountered in the execu-
tion of a standardized ATS.

6.1.8.5 Conformance resolution tests are inappropriate as a
basig for judging whether or not an implementation conforms
overall. ‘

6.1.5.6 Conformance resolution tests are not standardized.

6.2 |Protocol implementation Extra Information for
Testing (PIXIT)

In orfler to test a protocol implementation, the test laboratory
will require information relating to the IUT and its testing'envi-
ronnIclent in addition to that provided by the PICS. This{Proto-
col Implementation eXtra Information for Testing” (PtXIT) will
be provided by the client submitting the implementation for
testing, as a resuit of completing the PIXIT proforma supplied
by the test laboratory.

The PIXIT may contain the following:

a) |information about the SUT Wwhich is needed by the test
laboratory in order to be able to run the appropriate test
su'E? against that SUT -(e.g. addressing - information,

information related tothe realization of the Upper Tester
ithin the SUT, elc);

b) |information which adds precision to the information
en in the PICS (e.g. if the PICS states that a range of

£

¢) information to help determine which capabilities stated
in the PICS as being supported are testable and which are
untestable;

d) other administrative information (e.g. IUT identification
information, reference to the related PICS, efc.).

The PIXIT should not confiict with the related PICS.
There is one PIXIT for each ATS to be run against an IUT.

The ATS specifier, test realizer and test laboratory all contrib-

ute to the development of the PIXIT proforma.

ISO/IEC 9646-1 : 1991(E)

6.3 Conformance assessment process overview

6.3.1 The conformance assessment process Is the complete
process of accomplishing all conformance testing activities
necessary to enable the conformance of an implementation
or system to one or more OSI International Standards or
CCITT Recommendations to be assessed.

The conformance assessment process involves three
phases:

a) preparation for testing;

est operations,
c) test report production.
6.3.2 The preparation for testing phase involv

a) production of the System-Conforman
PICS and PIXIT;

b) choice of Abstract Test Method and ATS, based on
those documents;

c) preparation of the. SUT and Means of Testing.
6.3.3 The test operations phase invoives

a) a staticcconformance review, conducted|by analysing
the PICS (with respect to the relevant static|conformance
requirements; ~

by test selection and parameterization based on the PICS
and‘PIXIT;

c) one or more “test campaigns”.

A test campaign is the process of executing the Parameter-
ized Executable Test Suite (PETS), produced as a result of
the test selection and parameterization steps, and recording
the observed sequences of test events and any other rele-
vant information in a conformance log.

A test campaign involves the use of a configuration of equip-
ment allowing protocol exchanges to take place between the
SUT and a test system, such exchanges being controlled by
the test system. A test campaign includes the following three
types of test: BITs (optional); capability tests; and behaviour
tests.

NOTE - These tests need not be performed in separre test groups.
The test operations phase culminates in the analysis of

results and this leads on to the test report production phase.
These activities are discussed in 6.5.

6.3.4 The overview given above of the conformance assess-
ment process is illustrated in figure 1.

The requirements to be met by the test laboratory and its cli-
ent during the conformance assessment process are speci-

Statement,

6.4 Use of BiTs and capability tests in the test
campaign
6.4.1 If the conformance testing standard identifies a list of

" tests to be used as BlTs, the test laboratory can use them as

a preliminary filter in the test campaign. This shall be decided
by agreement between the test laboratory and client prior to
the start of the test campaign.

. 6.4.2 It is optional whether the capability tests are executed

as a separate test group or as part of the behaviour tests.
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Figure 1 - Conformance assessment process overview
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This should be decided by agreement between the test labo-
ratory and client prior to the start of the test campaign.

6.5 Analysis of results
6.5.1 Test outcomes and test verdicts

6.5.1.1 The test outcome is the series of events which
occurred during execution of a test case; it includes all input
to and output from the IUT at the points of control and obser-
vation.

6_5_1 A_loreseen ie pUicome one which ha Daen
defined by the abstract test case; /e the events which
occufred during execution of the test case matched a
sequence of test events defined in the abstract test case. A
foregeen test outcome may include unidentified test events,
and @lways results in the assignment of a test verdict to the
test ¢ase.

6.5.1L3 The test verdict will be pass, fail or inconclusive:

a) [pass means that the observed test outcome gives evi-
dence of conformance to the conformance requirement(s)
on| which the test purpose(s) of the test case is (are)
foqused, and is valid with respect to the relevant Interna-
tiopal Standard(s) or CCITT Recommendation(s);

b) |fail means that the observed test outcome either dem-
ongtrates non-conformance with respect to (at least one of)
thg conformance requirement(s) on which the test pur-
poge(s) of the test case is (are) focused, or contains at
legst one invalid test event, with respect to the relevant
International Standard(s) or CCITT Recommendation(s);

¢) [inconclusive means that the observed test outcome.is
su¢h that neither a pass nor a fail verdict can be given.

6.5.1l4 An unforeseen test outcome is one which chas not
beenlidentified by the abstract test case; i.e. the events which
occufred during execution of the test case did riot match any
sequence of test events defined in the abstract test case. An
unforeseen test outcome always results in the recording of a
test gase error or an abnormal test case termination for the
test dase.

6.5.1{5 A test case error is recorded if an error is detected in

eithef the abstract test case itself (/.e an abstract test case
error} or in its realization(i'e:an executable test case error).

6.5.1]6 An abnormal tes} case termination is recorded it the
execlition of the test case is prematurely terminated by the
test gystem for reasons other than test case error.

6.5.1|7 The results of executing the relevant individual test
cases$ wilkbe recorded in an overall summary for the IUT.

6.5.2| ‘Conformance test reports

ISO/IEC 9646-1 : 1991(E)

cases giving a reference to the conformance log(s) which
contain(s) the observed test outcomes. The PCTR also gives
reference to all necessary documents relating to the conduct
of the conformance assessment process for that protocol.

A proforma for the PCTR can be found in ISO/IEC 9646-5.
The order in which test cases are to be presented in the
PCTR is specified in the conformance testing standard.

6.5.3 Repeatability of results

in order to achieve the objective of credible conformance
esting;-it-is-cles of-exeet g test case on
an |UT should be the same whenever it is pe formed. Expe-
rience shows that it may not be possibleto’execute a com-
plete conformance test suite and observe t¢st outcomes
which are identical to those obtained on anothér occasion.

Nevertheless, at the test case level, it is very important that
every effort is made by the test)specifiers and ftest laborato-
ries to minimize the possibility that a test case |produces dif-
ferent test outcomes on different occasions.

~ 6.5.4 Comparability of results

The standardization of all of the procedures cqncerned with
conformance‘testing should result in comparable test reports
being accorded to the IUT, whether the testing is done by the
supplier;\a user or a third party test laboratoryl There are a
large” humber of factors to be considered to aghieve this, of
which 'some of the more important are

a) careful design and unambiguous specification of the
test cases to give flexibility where approprigte, but show
which requirements have to be met, and how the verdicts
are to be assigned;

b) careful specification of the Means of Tlesting which
should be used to run the test suite; this|specification
should give flexibility where appropriate, buf should meet
the requirements of the test suite, including gll test coordi-
nation procedures (if any);

¢) careful specification of the procedures to tie followed by

test laboratories regarding the repetition of a test case
before recording a verdict for that test case;

d) a proforma for a conformance test report;

e) careful specification of the procedures ne¢essary when
reviewing results and preparing test reports.

6.5.5 Auditability of results

It may be necessary to review the observed test outcomes
from the execution of a conformance test suife in order to
make sure that all procedures have been correctly followed.
Whether or not analysis of results is carried out in a manual

The results of conformance testing will be documented in a
set of conformance test reports. These reports will be of two
types: a S8ystem Conformance Test Report (SCTR), and a
Protocol Conformance Test Report (PCTR).

The SCTR, which will aiways be provided, gives a summary
of the conformance status of the SUT, including a summary
of the verdicts assigned during the conformance assessment
process. A proforma for the SCTR can be found in ISO/IEC
9646-5.

The PCTR, one of which will be issued for each protocol
tested in the SUT, documents all of the resuits of the test

outputs, and

: other test events are logged, for each test case being run. it

is the responsibility of the test laboratory to retain sufficient
information to be able to produce a conformance log for each
test campaign, for future reterence.

7 Test methods

7.1 Introduction

Real systems that contain OS| protocol implementations
come in a wide variety of configurations and vary in the ways
in which their behaviour can be controlled and observed dur-

11
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Figure 2 -
Configuration 1:
7-layer open
system

Key

: OSI

R=3o0r7

Figure 3 - Figure 4 -
Configuration 2: Configuration 3:
partial (N)-open open-relay system

system

Configurations 1+2

To-OSH

Figure 5 - Combination of 7-layer and partial (N)-open systems
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ing testing. A range of test methods s, therefore, defined, to
correspond to the range of possibilities for control and obser-
vation of the System under Test (SUT).

This clause first characterizes the features of the SUT which
are fo be taken into consideration, next defines the possibie
test methods in abstract terms, and finally provides guidance
on their applicability to real systems.

7.2 Classification of real open systems and IUTs
for conformance testing

ISO/IEC 9646-1 : 1991(E)

7.3 Abstract testing methodology
7.3.1 General

Test methods need to refer to an abstract testing methodol-
ogy, based upon the OSI reference model. Considering end-
systems (7-layer or partial (N)-open systems) and single pro-
tocol IUTs within these systems, Abstract Test Methods are
described in terms of what outputs from the IUT are observed
and what inputs to it can be controlled. More specifically, an
Abstract Test Method is described by identifying the points
¢l i tion are to be

7.2.1{ Classification of SUTs

7.2.1.1 There is a relationship between the test methods and
the donfigurations of the real open systems to be tested. The
apprppriate test methods vary according to

a)| the main function of the system (end-system or relay-
syptem);

b) | which layers use OSI protocols;

c)|whether the alternative of non-OSI protocols is also
avpilable.

7.2.1.2 The following configurations of systems have been
identified for the purposes of conformance testing, as illus-
tratefl in figures 2 to 4. Configurations 1 to 3 are the basic
configurations of SUTs:

a) | Configuration 1: 7-layer open system (end-system)

These systems use OSI standardized protocols in all seven
layers.

b) | Configuration 2: Partial (N)-open system (end-sys-
tem)

These systems use OSI standardized protocols in layers 1
toN.

Configuration 3: Open relay-systems

These use OSI protocols in layers 1 to 8 (Network relay-
systems) or 1 to 7 (Application relay-systems).

7.2.1L3 Other configurations can be-derived from the basic
configurations.

An SUT can be a combination-of-basic configurations 1 and
2, allpwing the alternative of-ising OS] and non-OSi proto-
cols above layer N (see figure 5).

7.2.2| ldentification, of the IUT

An WJT is that partof'a real open system which is to be stud-
ied by conformance testing. It should be an implementation of
one or more ‘related OSI protocols in the same layer or in
adjadentlayers.

IUTs|can’be defined for
single-protocol IUTs (one single protocol of the SUT is to be
tested), or as multi-protocol IUTs (a set of any number of
protocol implementations in the SUT to be tested in combina-
tion).

An |UT defined in an open relay-system will include at least
the layer which provides the relay function.

When OSI and non-OSl| protocols exist in a system, the
IUT(s) are defined for the OSI mode(s) of operation. Testing
non-OS| protocols is outside the scope of ISO/IEC 9646,

The part of the SUT to be considered as the IUT is subject to
the agreement of the test laboratory and the client.

C

o

exercised.

The International Standards and CCITT Recgmmendations
which specify OS! protocols define allowed behaviour of a
protocol entity (i.e. the dynamic conformance fequirements)
in terms of the PDUs and the ASPs both aboyve and below
that entity. Thus the behavioGr.of an (N)-entity is defined in
terms of the (N)-ASPs and(N-1)-ASPs (the latter including
the (N)-PDUs).
It an IUT comprises \more than one protocpl entity, the
required behaviour_can be defined in terms|of the ASPs
above and below-the IUT, including the PDUY{ of the proto-
cols in the {UT:

The starting point for developing Abstract Tegt Methods is
the conceptual testing architecture, illustrated in figure 6. itis
a‘black-box” active testing architecture, based|on the defini-
tion of behaviour required of the IUT.

7.3.2 Points of Control and Qbservation (
7.3.2.1 The action of the conceptual tester sh

the IUT. These can, in theory, be observed
from several different points.

7.3.2.2 Each possibie PCO is identified by thr(-:r factors:

a) the service boundary within the OSI mods! at which the
test events are controlied and observed;

b) the set of test events (ASPs or PDUs) that are controi-
led and observed at this point;

c) whether they are controlled and observed within the
SUT or in the test system.

7.3.2.3 Possible PCOs are illustrated in figure 7. It can be
seen from these figures that there is theoretically a multiplic-
Ry of possible PCOs, which offer different degrees of control

in standardized ATSs a limited number of
Methods using these PCOs.

3.2 in terms of
ASPs, it will include control and observation of the PDUs car-
ried by those ASPs; but if it is specified solely in terms of
PDUs (at layer N) then the underlying ASPs are not consid-
ered to be controlled or observed.

7.3.2.5 The PCOs can be modelled as two queues:

a) one output queue for control of test events to be sent
towards the IUT; and

b) one input queue for the observation of test events
received from the IUT.

13
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Figure 6 - Conceptual Testing Architecture
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Figure 7 - Possible PCOs for testing
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7.3.2.6 The ASP activity below the IUT can be observed and
controlled by the peer activity in a test system via an underly-
ing service-provider. It is assumed that the underlying service
offered is sufficiently reliable for control and observation to
take place remotely.

it is possible that the ASP activity above the IUT might not be

controllable nor observable, in which case this activity is said
to be hidden.

7.3.2.7 SUTs are not required to provide access to service
boundaries. However, the possible provision of such access

ISO/IEC 9646-1 : 1991(E)

7.5.2 The Local and Distributed test methods

In both the Local and Distributed test methods, there are
two PCOs: one beneath the Lower Tester and the other at the
upper service boundary of the IUT.

in the Local test method, the Upper Tester is located within
the test system; whereas in the Distributed test method, the
Upper Tester is located within the SUT.

The Local test method requires the upper service boundary
of the IUT to be a standardized hardware interface; the Dis-
! j human user

and fthe possible positions of such boundaries with respect to
the protocol of the IUT are factors to be taken into considera-
tion |n the definition of the Abstract Test Methods, which may
take|advantage of this access to define the ATSs in terms of
the porresponding ASPs. It does not matter whether the
accegssible boundaries are accessed via' Service-Access-
Poinfts (SAPs) or via some other PCOs.

7.4 | Abstract testing functions.

The |[definition of an Abstract Test Method makes use of two
abstfact testing functions, named the Lower Tester and the
Upper Tester.

The |Lower Tester is the representation in ISO/IEC 9646 of
the means of providing, during test execution, indirect control
and:Ebservation of the lower service boundary of the IUT via
the Winderlying service-provider. The underlying service-pro-
vides is, as illustrated in figure 7, beneath the (lowest layer)
protocol which is the focus of testing. it may use one or more
OSl )ayers, or the Physical medium only.

The Upper Tester is the representation in ISO/IEC 9646 -of
the eans of providing, during test execution, control\and
obsarvation of the upper service boundary of theUT, as
defined by the chosen Abstract Test Method. There'is a need
for gooperation between the Upper Tester and the Lower
Testpr; the rules for such cooperation aré called the test
coordination procedures.

The ATSs for different Abstract Test Methods will vary in the
way [that they specify requirements.on the test coordination
procedures. In some cases, jt is-possible to define a Test
Management Protocol to provide the coordination between
the UYpper and Lower Testers/In other cases, it is not possible
to specify what mechanisms might be used for the test coor-
dinalion procedures; \it' is possible only to describe the
requjrements to be.met by them.

7.5 |Overviewof Abstract Test Methods
7.5.1 End-system IUTs
For the lUTs defined within end-system SUTs (configurations

interface or a standardized programming langyage interface.
In both methods access to this interface is required for testing
purposes.
In the Local test method, the test coordination procedures
are realized entirely within the test system. In|both methods
the requirements for the test-coordination pfocedures are
specified, but the procedures’themselves are fot.

These test methods afe illustrated in figures 8[a) and b).
7.5.3 The Coordinated and Remote test mpthods

In both the Coordinated and Remote test methods, there is
only one PCQ: beneath the Lower Tester. Neither method
requires/access to the upper service boundary of the IUT.

In the Coordinated test method, the test coorTnation proce-

dures are realized by means of standardized Test Manage-
ment Protocols (TMPs). The Upper Tester isjan implemen-
tation of the relevant TMP. This method is illus{rated in figure
8 ¢).
in the Remote test method, some requirements for test coor-
dination procedures may be implied or informally expressed
in the ATS, but no assumption is made regard(ng their feasi-
bility or realization. There is no Upper Testeq as such, but
some Upper Tester functions may be performed by the SUT.
This method is illustrated in figure 8 d), the dolted lines indi-
cating that only the desired effects of the test coordination
procedures are described in the ATS.

7.5.4 Varlants of end-system test method

Each category of test methods has an emb:
which can be used for multi-protocol 1UTs.

All Abstract Test Methods for end-systems are|fully specified
in ISO/IEC 9646-2: 1991, clause 8, including embedded var-
jants where applicable.

7.5.5 Relay-system [UTs
For open relay-systems, two test methods are Feﬁned, loop-

ded variant

back and transverse. These are fully specified in ISO/IEC
9646-2: 1991, clause 8.

1 and 2 in figures 2 and 3) four categories of Abstract Test
Methods are defined: two that use a PCO between the Upper
Tester and the IUT (the Local and Distributed test methods)
and two that use only the single PCO beneath the Lower
Tester (the Coordinated and Remote test methods).

All test methods use control and observation of ASPs below
the IUT and PDUs exchanged with the IUT, by means of a
Lower Tester separated from the SUT, possibly together with
control and observation of ASPs above the IUT.

7.6 Applicability of test methods to real open
systems

The architecture and stage of development of a real open
system determines the applicability of test methods to it.

Local test methods are applicable only to testing SUTs that
have two hardware interfaces (e.g. transceivers).

Distributed test methods are applicable only to testing lUTs
that have an upper interface accessible either to a human
user or to a software Upper Tester with a standardized pro-
gramming language interface

15
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(c) The Coordinated test methods (d) The Remote test methods

Figure 8 - Overview of Abstract Test Methods
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Coordinated test methods apply where it is possible to
implement a standardized TMP in an Upper Tester in the
SUT, above the IUT.

Remote test methods apply when it is possible to make use
of some functions of the SUT to controf the IUT during testing,
instead of using a specific Upper Tester.

Single-layer test methods are the most appropriate ones for
testing the majority of the protocol conformance require-
ments. ) ; ‘

ISO/IEC 9646-1 : 1991(E)

any depth of nesting. Test step libraries may be associated
with the whole test suite or with a particular test group.

Test events are indivisible units of specification within a test
step (e.g. the transfer of a single PDU or ASP to or from the
IUT). All test steps are specified as an ordering of test events
or other (smaller) test steps. All test steps are, therefore,
equivalent to an ordering of test events.

8.2 Abstract and executable test cases
8.2.1 An abstract test case Is derived from a test purpose (or

the| appropriate single-layer embedded test methods, used
incrementally, with the following PCOs:

q) the upper interface of the Application layer as provided
hy the 7-layer open system, when applicable;

) successively, each SAP (or corresponding PCO if there

i3 no SAP as such) below the protocol which is the focus of

the testing, as controlled and observed in the Lower Tester,

starting from the lowest protocol of the IUT and working
pwards.

7.7| Applicability of the test methods to OSI
praotocols and layers

Annex B of this part of ISO/IEC 9646 provides guidance on
the|applicability of test methods to particular protocols and

8 | Test suites

8.1 Structure

suites have a hierarchical structure (see:figure 9) in
whith an important level is the test case. Each test case nor-
mally has a single test purpose, such as that of verifying that
the|IlUT has a certain required capability (e.g. the ability to
support certain packet sizes) or exhibit a certain required
behaviour (e.g. behave as required’when a particular event
occprs in a particular state).

Within a test suite, nested'test groups are used to provide a
logital ordering of the tést cases. Test groups may be nested
to an arbitrary depth. They may be used to aid planning,
lopment, undetstanding or execution of the test suite.

Asspociated with each test group may be atest group objec-
tivd. When“such objectives exist, the complete test group
objective for a given test group is formed by the concatena-
tion|of.the given test group objective with those of any higher

a combination of test purposes, as detined
specifier) and the relevant OS! Internation
CCITT Recommendations. It

the test suite
Standards or

a) specifies all sequences of. foreseep test events

necessary in order to achieve the test purg
events comprise the test body;

b) specifies, if the initial-testing state requ
body is not the desired starting stable state
at least one sequenice of test events to put

ose; these test

red by the test
f the test case,
he IUT into the

initial testing state for the test body; these tgst events com-

prise the test preamble;
c) specifies, if the test body can end withol

t the IUT being

returned to the desired stable testing statp, at least one

sequehce of test events to return the 1UT|
stable testing state; these test events cor
postamble;

to the desired
nprise the test

d) uses a singie Abstract Test Method in the specification

of all sequences of test events;

e) uses a standardized test notation for the
all sequences of test events;

specification of

f) may be constructed from test steps, eagh of which is a

set of sequences of test events;

g) specifies the verdict to be assigned to
sequence of test events comprising a

each possible
complete path

through the test case.

8.2.2 The test preamble and postamble may [be specified in
different ways depending on the degree of cortrol and obser-
vation provided by the test method used, or op the variety ot
different possible stable testing states from whjich the derived
abstract test case can start and in which it can end. These
abstract test cases are simply difierent ways df achieving the
same test purpose.

8.2.3 An executable test case is derived from T(n abstract test
case, and is in a form which allows it to be ekecuted by the
test system, in combination with the SUT.

8.2.4 The terms abstract and executable| are used to

lev : ;
complete test purposes are formed by concatenating the
appropriate complete test group objective with the individual
test purposes.

Test cases may be modularized by using named subdivisions
called test steps. :

For practical reasons, common test steps may be grouped

together into test step libraries (analogous to subroutine or

procedure libraries in programming languages). Test step
libraries may be structured into nested sets of test steps, to

describe test suites which comprise absiract and executable
test cases respectively.

9 Relationships between parts, concepts
and roles

Figure 10 is a pictorial representation of the relationship
between the various parts of ISO/IEC 9646 and the proc-

esses of producing abstract and executable test suites and
test reports.

17
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Key: means “a is composed of b and ¢”

Figure 9 - Test suite structure
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ISO/IEC 9646-2 concerns the production of testable protocol
specifications and conformance testing standards. ISO/NEC
9646-3 concerns a standardized test notation for ATS speci-
fication. ISONEC 9646-4 concerns the realization of the
Means of Testing. ISO/IEC 9646-5 concerns the roles of a
test laboratory and its client in the conformance assessment
process, which culminates in test report production. This part
of ISO/IEC 9646 provides general concepts and definitions
which underpin the other parts.

ISO/IEC 9646-1 : 1991(E)

in an attempt to eliminate confusion between compliance to
one or more parts of ISO/IEC 9646 and conformance of a
protocol implementation to International Standards or CCITT
Recommendations which specify protocols.

ISONEC 9646-2 to 9646-5 contain compliance requirements,
appropriate to the various activities addressed. These, if met,
will achieve the objectives of conformance testing, as
described in the Introduction of this part of ISO/IEC 9646.

This part of ISO/IEC 9646 contains no compliance require-
ments.

In IBO/IEC 9846, compliance refers to meeting the require-
ments specified in one or more of the parts. This word is used

19
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Figure 10 - Relationships between parts, concepts and activities
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Annex A
(informative)

Options

AAd
CCIT|

A2
whicH
andt

Options are those items in an International Standard or
T Recommendation for which the implementor may

makd a choice regarding the item to suit the implementation.

Such a choice is not truly free. There are requirements
specify the conditions under which the option applies
ne limitations of the choice.

' Convprsely, there may be mandatory or conditional require-

ment
Reco

5, or prohibitions, in an International Standard or CCITT
mmendation which are dependent on the choice made
a combination of the choices already made.

A3

The following are examples of options and associated

requitements; the list is not exhaustive:

a) ['Boolean” options: the option is “do or do not do”; the

re

|
;
| or on
:
|
|
i
V
] b)

irement is “if do, then do as specified.”
utually exclusive options: the requirement is to do

jus{ one of n actions, the option is which one of them fo do.
These options could also be considered fo be alternative

ma

datory features.

¢) Selectable options: the option is todo

y moutot n

actions, with a requirement to do at leagt one action

(1 <= m<=nand n>=2).

A.4 Options may apply to anything within the
international Standard or (GCITT Recomme
static or dynamic aspects, Use or provision

scope of an
hdation (e.g.
pf a service,

actions to be taken, pfesence/absence or formn of parame-

ters, elc.).

A.5 In a wider(context, the choice may be determined by

conditions which' lie outside the scope of the
Standard, or.CCITT Recommendation (e.g. d
tional Standards or CCITT Recommendations v
the implementation, the protocols used in the (N
layers, the intended application, conditions of

have no bearing on conformance to the intern

international
ther Interna-
thich apply to
+1) and (N+1)
brocurement,

tional Stand-

target price for the implementation, eic.). Hc%wever, these

ard or CCITT Recommendation in which the op

On appears.
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Annex B
(informative)

Applicability of the test methods to OSI protocols

B.1 The Physical layer

in the Hhysical layer, test events include the act of measuring
some characteristic of or generating a Physical signal (e.g. an
electrichl or optical signal). Nevertheless, ISO/IEC 9646
does n¢t fully address the requirements of the Physical layer
(e.g. nq standardized test notation is provided for the Physi-
cal laygr).

For thé Physical layer functions of Physical components,
such a$ Modems and Transceivers, the Local test method is
directly| applicable.

The Reémote and Coordinated embedded test methods are
likely tg be the most practical for local area networks.

In somg cases for local area networks, sufficient control and
observation above the IUT can be provided by the normal
activity|of a Data Link protocol. In such cases, the Data Link
protocq! implementation in the SUT provides the Upper
Tester [functionality and employs the Data Link protocol for
test coprdination. This is an example of the Remote Embed-
ded tet method. If, however, there are no protocols-used
above the Data Link protocol, then this can be considered to

be an ¢xample of the Coordinated test method.
B.2 Data Link and Media Access Control
protocols

For testing Data Link protocols, the following points should be
considered:

a) the Local single-layer-test method is applicable only if
the IUT has a standardized hardware upper interface;

b) the test methods/are applicable only if a Lower Tester
can pe realized-with control over Physical Service primi-
tives| (or perhaps’more realistically Physical and Data Link
PDUs). Thismay be difficult for some types of subnetwork.

For Mddia-Access Control protocol testing:

B.3 Network protocols

For Network protocols, the test methods to bg used are
dependent upon whether the IUT is)an end-system or an
open relay system.

It should be recognised thatwith' some subnetwork technolo-
gies there are more than(three protocols requireq to provide
the Network Service, Each of these protocols maly be tested
separately or in any combination of adjacent protpcols.

Considering thé: layer as a whole, both Network and Data
Link ASPs aré_controllable and observable. Thys, for end-
systems, alifour Single-layer (non-embedded) test methods
are applicable, but since the Data Link Service is not end-to-
end;.the Lower Tester has to be connected to the SUT over
acsingle link.

Both the Loop-back and Transverse test methods are appli-
cable to testing Network relay systems.

B.4 Transport protocol

The Coordinated, Remote and Distributed embedded test
methods are applicable to Transport protocol cgnformance
testing.

B.5 Session protocol

The Coordinated, Remote and Distributed embedded test
methods are applicable to Session protocol cgnformance
testing.

For a large group of systems it will be appropriate to test the
Session protocol in combination with the Presentation proto-
col and appropriate ASEs. Testing of the Sessipn protocol
should, therefore, be done in one of the two folloying ways:

a) as a single-layer implementation, in order|to test the
provision of a general purpose Session Servicq capable of
supporting several different ASEs; the Coordin;ted Single-

¢) sufficient control and observation above the [UT may be
provided by the normal activity of the Logical Link Control
protocol. In such cases, the Logical Link Control protocol
implementation in the SUT provides the Upper Tester func-
tionality and employs the Logical Link Control protocol for
test coordination. This is an example of the Remote
embedded test method. If, however, there are no protocols
used above the Logical Link Control protocol, then this can
be considered to be an example of the Coordinated test
method.

If single-layer testing of a Data Link protocol is not possible,
single-layer embedded test methods should be considered.

22

layer Test method is likely f0 be appropniate;

b) in combination with Presentation protocol and ASEs, in
order to test it in a specific Application context; the Remote
or Distributed Single-layer Embedded test methods are
likely to be appropriate.

B.6 Presentation and Application protocols

B.6.1 General comments

The Presentation protocol and protocols for ASEs in a spe-
cific Application Context are interrelated to a large extent.
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Invalid Application PDUs will (e.g. in the case of syntactic
errors) have to be detected by the Presentation layer, and, in
the case of semantic errors, by the relevant ASE. Real sys-
tems may choose to combine these functions.

itis therefore, in general, not feasible to test Presentation and

Application protocols separate from each other.

B.6.2 Presentation

The service primitives are potentially observable and control-
lable to the same extent as for lower layers. Thus, all four Sin-

ISO/IEC 9646-1 : 1991(E)

It is accepted that, in some circumstances, International
Standards or CCITT Recommendations for Applications,
defining Application Contexts, may specify non-protocol con-
formance requirements which have to be achieved as a
result of protocol exchanges. However, these requirements
should be kept quite distinct from the normal protoco! con-
formance requirements, possibly even in separate Interna-
tional Standards or CCITT Recommendations. Testing of
non-protocol conformance requirements will in general
require application-specific test methods, and so fall outside

AL
"0

gle-layer (non-embedded) test methods. are theoretically
applicable. However, the testing of Presentation protocol in
isolation from an ASE is of limited value, because it could only
testthe protocol machine, leaving untested the more interest-
ing laspect of the Presentation layer, namely the mapping
between abstract and transfer syntaxes. Therefore, the test-
ing pf Presentation protocol embedded under Association
Control and other ASEs in a specific Application Context is
prefprred. Thus, the relevant applicable test methods are the
Remote and Distributed Single-layer Embedded ones.

B.6|3 Application

Conformance tests can be specified abstractly in terms of
servjce primitives, whether or not there is any notion of a SAP
assqciated with them. Thus, provided that there is some map-
ping| between ASE primitives and effects which can be
obsgrved and/or controlied, tests can be specified in terms of
thosg ASE primitives. The observation and control of the
service primitives may be indirect because of the nature of
the mapping onto corresponding effects, but as long as that
mapping is possible then tests specified in these terms can

When testing specific ASEs in an Application Context that
includes ACSE, the PCO below the, Lower [Tester will be
characterized by the set of possible ASPs that can occur at
it. These will include both ACSE and Presentdtion ASPs.

B.6.4 Transfer syntaxes

Transfer syntaxes (e.g. ASN.1 or X.209) are father different
from the OSI protocolspecifications with respgct to conform-
ance. In general, there would not be conformance testing of
the encoding rules-of a transfer syntax independent of the
ASE using those rules. In any case, the transfer syntax
encoding rules will be tested with the Presenthtion protocol,
and the{fest methods appropriate to that pfotocol will be
used.

B.7 Connectionless protocols

Since each test method described in ISO/|[EC 9646 s
defined in terms of observation and control |of ASPs and
PDUs, and not in terms of connections, they dre all applica-
ble to the testing of connectionless protocols, taking into
account the restrictions applying to each layer
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Annex C
(informative)

Index of ISO/IEC 9646 Parts 1,2,4and 5

C.1 Introduction

This anfiex presents an alphabetical index of terms and acro-
nyms With references to their uses in ISO/NEC 9646 (1990)
parts 1,[2, 4 and 5. The references are in terms of clause, fig-
ure and|table numbers, grouped by part, with each group pre-
fixed by| the part number in square brackets. The significance
of each|reference is indicated as follows:

a) definitions of the terms and acronyms are in bold;
b) requirements clauses- concerning the term or acronym

are uhderlined;
c) major uses of the term or acronym are in jtalics;

d) major requirements clauses are in undertined italics;

poLALC A LA R A2 )

e) othher uses are in normal font.

Abstragt service primitive:

[1])3.8.4, 7.3, Figure 6, Figure 7, Figure 8

2111.2, 12.1,42.3, Figure 1, Figure 2, Figure 3, Figure 4,
12.4, Figure 5, Figure 6, Figure 7, Figure 8, 12.5,
Figlre'9, Figure 10, Figure 11, Figure 12, Figure 13,
Figure 14, 13.1

Abstract test method:
[1] 3.6.1, 6.3.2, 7.5, Figure 8, Annex B
[2) 1.2, 10.5, 12,13.2.3
[4]6.2.1,6.25 A.1.2.1, A1,3pA2.2
(5] Figure 1, Figure 2,6.2.1.1,6.3.2.3, A.2(1.7), A.2(2.n),
B.2(1.3),C.1,C.2(2)
Abstract test suite specification:
(2]5.2, 8 13 15
[4]15.1,5.5,6.2.1,.A.4.5
Abstract test sujte.specifier:
[218,9.1,93, 10.1.3, 102, 10.3,10.4, 12.7.2, 12.7.3,
132,134, 15,16, A.1.2, Annex C, D.4.2
Abstracttest suite:
[1]3.6.283, 8.2, 9, Figure 10
[215.3,6.1, 8,9, 10, 10.1.2, 11, 12, 13, 15, 16
[5] 1, Figure 1, Figure 2, 7.6.2.3, A.2(1.7), Cj1, C.2(2)
Abstract testing methodology:
{113.6.2, 7.3
Accreditation:
[5)1,6.3.1.2
Analysis of results:
(1] Figure 1, 6.5
[2) A1.3
Application context:
{118.5,B.6.1,B.6.2,B.6.3
Application layer:
[113.1,B.6
Application service element:
{113.1,B.5,B.6
ASE:
[114,B.5,B.6
ASN.1:
[1]2,3.2,4,B6.4
[2]12,A.88
ASP;
{1] 3.8.4, 4, 7.3, Figure 6, Figure 7, Figure 8
[2]1.2,12.1,12.3, Figure 1, Figure 2, Figure 8, Figure 4,
124, Figur i i i 8, 12.5,

[4}64,A.1.2.1
[5] 6.2.1.2.1, 6.2.1.3, C.2(5)
Abstract test case error:
[1]13.7.18
5)7.62.3
Abstract test case:
(1]13.6.3,8.2
[2]8.2,10.3.2, 10.3.3, 10.4, 10.5, 11, 12, 12,51, 13.2,
15,D.3,D.4
[4]5.3,6.1,6.3.3,6.3.4,64,66,A.1.2.1,A4.3
(51 7.3.1, 7.6.2.3, 8.3.1, B.2(6), C.2(5), C.2(7.2.4)

24

e 5, Figure 6, Figure 7, Figure|
Figure 9, Figure 10, Figure 11, Figure 12, Figure 13,
Figure 14, 13.1

[416.4, A1.21

{51 4.1, 6.2.1.2.1, 6.2.1.3, C.2(5)

ATM:
[1] 3.6.1, 4, 6.3.2, 7.5, Figure 8, Annex B
[2]11.2,10.5, 12,13.2.3
{416.2.1,6.25, A.1.2.1,A1.3,A22
[5] 4.1, Figure 1, Figure 2, 62.1.1, 6.3.2.3, A.2(1.7),

A.2(2.n), B.2(1.3), C.1, C.2(2)
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ATS conformance clause:

ISO/IEC 9646-1 : 1991(E)

Comparability of results:

[2] 13.3 [111.5,8.7.2,6.54
ATS: [5] 1

[1] 3.6.23, 4, 8.2, Figure 10 Compliance:

[215.3,6.1, 8,9, 10, 10.1.2, 11, 12, 13 15, 16 116, 10

[511, 4.1, Figure 1, Figure 2, 7.6.2.3, A.2(1.7),C.1, 215

C.2(2) [46.21,6.22,7

Auditability of results: [5)1,6.3.1.2,6.3.1.3, 9

[116.5.5 Comprehenslve testlng service:

[1]13.8.16

Basic inter 2l 4272

[1] 3.5.2,6.1.1, 6.1.2, Flgure1 6.4 [4]1 6.2.5

[2] 10.2/3, 13.1, 15.2
[4] 8.2. ,A.4.5
[515.8, Figure 3,7.31,7.3.2,74.1.2,7.6.22,7.6.3.2,
8341
Basic referefce model
[1]2,3.1,7.3.1
]2
12

| Behaviour tests:

»

[113.5.4, 6.1.1, 6.1.4, Figure 1
[2]_1_g.__§,102 13.1, 156.2
[4]62.3, A45
[5]5.3,1.8.1,7.6.2.2

BIT:
(1]3.5.2, 4,6.1.1, 6.1.2, Figure 1,6.4
(21 10.2, 13.1,15.2
{41 A45
[5]5.3 |gur93]____27412 7.6.22 7632

[210.1.8, 10.2, 10.4, 15.2
(41 A4.
5] 5.3, Figure 3, Z.3.1, 7.4.1.2, 7.6.2:2

ertification:
[1]11.7

st laboratory):

[1) 3.4.1R, 6.3.4, 9, Figure 10
[21A3.7 A5

[4]16.5,6.6, Ad4.1,A4.4

[511,3.8,3.7,5.2,Figure 2,6.2.1,6.3.1.3,6.3.2.2, 6.4.1,

64.2!3 6433 6.44.1,6.4.4.3,6453,7.2.1.2,
7122|732, 742 7622 7623 7624 7.6.3,

7.72,
A2 3) A2(1 6), A2(1 8), B. 2(1 4) B. 2(1 5) cl,
C.2(1), C.2(4), C.2(5), C.2(6), C.2(7.2.2)
Client and test laboratory:
[513.5,5.3,6.1,6.3 6.3.1.1, 63.2.3, 6.3.3, 6.4.1, 7.2.3,
7.52,771,7.7.4, 8. 3 3 Annex D, E.2
Client checkiist:
[5] 3.7, Figure 2, 6.2.1.3.2,6.2.1.5.2,6.3.1, 6.3.2.1
Client test manager:
[5] 3.1,7.6.4.1, C.2(4)

[6}6.3.1.2,6.3.2.2,9.1
Conformance assessment process:
[111.3,3.5.7,6.1.4.2, 6.3, Figure 1, 6.4,,6.5.2, 9, Figure

10
21152, A.13
[4]5.3, 6.4

[5] 1,3.5, 3.6, 5, Figure 1,6.1, 6.3.1.2, 6.4.3.2,7|12.1.2,
7.7,8.1.1,8.2.1, 8.3. A1
Conformance clause:
[2] 6.3 A.3.6
Conformance log:
[1] 3.7.21,6.33)6.5.2,6.5.5
[4]1,5.2,53,6.1,6.2.6, 6.4, 6.6, 7, A.3, Figure A.2,
A4S
[511,7.6.1,7.6.2.1,7.6.2.1,7.6.2.3, 7.6.24,7.7.2]7.7.3,
8:3.1,8.3.2,B.2(1.3), E2
Conformance resolution tests:
[113.5.5,6.1.1,6.1.5
[2] 11,13.2.3
Conformance test suite:
[1] 3.6.19
[2)1.1,5.2
Conformance testing standard:
[1] 3.6.32,6.5.2,9
[2)1.1,1.2,8,83,10.1.1,11,12.7.2, 14
[4] 5.1,6.3.2
511,52,6.3.1.2,6.3.2.1,6.3.3,6.4.5.1,9.1
Conformance testing:
[1] 3.5.6
[2] 5, Annex B
[5] 1,3.1,3.4,6.3.1.2,7.7.4,8.2.1,8.3.1, 9.1, A.3(1.5),
B.1, Annex E
Conforming implementation:
[1] 3.4.10
[2]C.4
Coordinated embedded test method:
[11B.1
[2] 1254 Flgure 11,14

[1]3810 7.5.3, Figure 8, 7.6, Annex B, B.1, B.2, B4,
B.5
[2) Figure 3, 12.3.4, 12.4.4, Figure 7, 12.5.4, 14
4] 6.2.1
(5) 6.2.1.4, 6.4.5,7.5.2
Copyright:
(21 A4
[5] Annex A, Annex B, Annex C
Coverage:
2] 8.2,10.1.3,10.2.1, 10.3.1, 10.3.5, 10.4, 13.1

25
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Cs:

[214, 12.4.4, Figure 7, 12.5.4, 14

CSE:
2] 4, 12.5.4, Figure 11, 14

Data link layer:

Executable test suite:
[1]1 3.6.24, 3.6.26, 9
[2] A1.3
[4]5.3,5.5, 6.3, A.2.1, Figure A.1, A.2.2, A.2.3, A4.5
5} 7.6.1, C.2(7.2) ‘

[113.1,B2 Fail verdict:
Defect report: [1]13.7.6, 3.7.15, 6.5.1.3

[2113.2.2,13.4, 16 [2)13.2.7

[4} 6.6 [5)7.6.2.3,7.6.3.3,7.6.4.2,8.3.1,8.3.1,A.2(2.n), B.2(2),
Derivation: 8.2(4)

[4]15.2,5.3,5.4,6.1,6.24, 6.3, 7, A.2, Figure A1 FDT:
Diagnostic trace: [2] 1.3, 4,10.3.1, 13.4,B.3.1, B-7

(511,7.7.2,8.1.1
Distributed embedded test method:
(2] 12.5.3, Figure 10,12.7.2
Distributed test method:
[1]3.8.9, 7.5.2, Figure 8, 7.6, Annex B, B.4, B.5
[2] 12.3.3, Figure 2, 12.4.3, Figure 6, D.2
[4] 6.2.1
[516.2.1.8
DS:
[2] 4, 12.3.6, 12.4.3, Figure 6, D.2
DSE:
[2] 4, 12.3.6, 12.5.3, Figure 10, 12.5.4,12.7.2
DTE:
[114, 5.21
Dynamic conformance requirements:
[1]13.4.3,5.2.3, 5.4, 5.6, 6.1.4.1
[21.2,6.2.1,8.3,A8.3,B.42

Dynamic conformance summary:

Finite states:
(2] B.6

Foreseen test outcome:
[113.7.4,6.5.1.2

Formal description technigues:
[2]11.3,10.3.1,134,B8.3.1,8.7

Formal methods.iniconformance testing:
[2) 104

Functional standard:
[1] 5.1

Generic test case:

[1] 3.6.7

[2] 8.2, 13.2.3, Annex D
Generic test suite:

1] 3.6.22

(2183, 10.5, 11

(5] B.2(4) Idle testing state:
[1]3.6.16
FEmbedded test methods: [2] 13.2.3, 13.2.5
(1]17.5.4, 7.6, Annex B, B.2 Implementation under test:
[2] 12.5 [113.4.1, 7.2.2,7.3.1, Figure 6, Figure ¥, Figure 8, Figure
Fmbedded testing: 10
[113.5.9 {21 10.2.1, 10.2.2, 12.3, Figure 1, Figyre 2, Figure 3,
[2]9, 12.8.6, 12.5 Figure 4, 12.4, Figure 5, Figure 6, figure 7, Figure 8,
[6) 6.3.2.2,6.4.3.2 12.5, Figure 9, Figure 10, Figure 11, Figure 12,
Encoding: [4]5.3,6.2.2,6.3.3,6.3.4,6.3.5,6.4,6.5 A.1.2.1, '
[1]13.2,B.64 A122 A13 A.1.4 A21,A42,A43
[2] 10.2.1, 10.2.2;,10.3.1, 10.4, A.8.6, B.5.1,B.5.8, [5) 1, 3.3, Figure 1, 5.4, 6.2.1.3.1, 6.2]11.4.1, 6.3.1.1,
B.5.10 6.3.1.3,6.3.2.1,6.3.2.2,6.3.2.3,64.1,6.4.2.3,
[517.4.1.1 6.4.32,72.1.1,7.31,7.6.1,7.6.3.1,7.6.3.3,7.6.4.1,
Fnd-systems: 7,642, 8.2.1,83.1, 9.1, A2(1.5), A.2(1.7), A.2(2),
[117:2.011,7.5.1,75.4 A.2(2.n), B2, C.1, C.2(5), C.2(6), £.2(7.2), Annex D
[2) 1.3, 12.3 Inconclusive verdict:
ETSE (113.7.6,3.7.16, 6.5.1.3
[1] 3.6.24, 3.6.26, 4 [2113.2.7
[2TAT3 577628, 7642422

[4]4,5.3,5.5, 6.3, A.2.1, Figure A1, A.2.2, A23,A45
[5] 7.6.1, C.2(7.2)
Executabie test case error:
(1]13.7.19
[5]7.6.2.3
Executable test case:
[113.6.3,3.6.4,8.2.3
[415.3,6.1,6.2.2, 6.3 A.1.2.1, A2, A3,A43
[5] 8.3.1

26

Incremental testing:
[117.6
15)6.3.22,7.1

Initial testing state:

[1] 3.6.18
[2] 13.2.5,D.2,D.4.2

Inopportune test event:
[113.7.11
[2) 10.2.1

J
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