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eword

SO (the International Organlzatlon for Standardlzatlon) is aworl dW|defederat|on of nati onaI standards

bodie
throdigh 1SO technlcal commlttees Each member body mterested in asubject for WhICh atechnl cal
committee has been established has the right to be represented on that committee. | nternational
orga , $0
coll
electrotechnical standardization.
International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Par{ 3.
Draff International Standards adopted by the technical committees are circulated to the member bodiegs for
voting. Publication as an International Standard requires approval by at least 75 % of the member bodies
castipg a vote.
Atteption is drawn to the possibility that some of the elements of thispart of 1SO 10303 may be the sybject
of patent rights. ISO shall not be held responsible for identifying-any or al such patent rights.
Intemational Standard |SO 10303-34 was prepared by Technical Committee ISO/TC 184, Industrial
autofmation systems and integration, Subcommittee SC 4, Industrial data.
This|International Standard is organized as a series of parts, each published separately. The parts of
SO [10303 fall into one of the following series. description methods, integrated resources, application
interpreted constructs, application protocols, abstract test suites, implementation methods, and
confprmance testing. The series are described in 1SO 10303-1.
A camplete list of parts of 1SO 10803 is available from the Internet:

shttp://ww ni st. gov/'sc4/editing/step/titles/>
Anngx A forms@a normative part of this part of 1SO 10303.
© ISO 2001 — All rights reserved \'%
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Introduction

ISO 10303 isan Internatr onaI Standard for the computer |nterpretable representatlon and exchange of

produ
thro

sharing product databases and archiving.

Thig|part of SO 10303 is a member of the conformance testing series.

Thiglpart of 1SO 10303 specifies the test methods used in the conformance testing ‘'of) implementations

ghout the life cycle of a product |ndependent from any partlcular system The nature of thls
descfiption makes it suitable not only for neutral file exchange, but also as a basis for implementing gnd

whigh read and write 10303 exchange structures or share information with SDAI implementations based

on ajgiven 1SO 10303 application protocol.

Vi
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|ndustrial automation systems and integration —

Product data representation and exchange —

Part 34.

Confor mance testing methodology and framework: Abstract
test methodsfor application protocol implementations

1 $cope

This|part of SO 10303 specifies the abstract test methods for conformance testing of an implementat{on
of an 1SO 10303 Application Protocol (AP). The scopeis limited to the following implementation
methods:

— preprocessors that claim to generate 10303 schema instances represented as exchange structures as
gefined by 1SO 10303-21,

1+ postprocessors that claim to accept and process 10303 schema instances represented as exchange
gtructures as defined by 1SO 10303-21;

+— preprocessors that claim to generate 10303 schema instancesand use the SDAI interface as
defined in 1SO 10303-22 to populate an SDAI implementation with these schema instances;

— postprocessors that claim to accept 10303 schemadiistances and use the SDAI interface as def{ned
in 1SO 10303-22 to extract schema instances from an-SDAI implementation.

The following are within the scope of this part ef SO 10303:

— the conformance assessment process undertaken to evaluate the conformity of an implementatjon
f an 1SO 10303 application protocel:The abstract test methods are independently applicable to
iimplementation methods based on SO 10303-21 and 1SO 10303-22;

+ the methods to be followed by the testing laboratory using executable test cases (ETC). The
imethods presented are abstract, that is, they are independent of the implementation under test (1U[T).

The method descriptiens'cover the different steps from abstract test case (ATC) selection to test gase
fleport production:

The following is;eutside the scope of this part of 1SO 10303:

1+ thegenération of executable test cases from abstract test cases. This part of 1SO 10303 does ot
iinclude abstract test methods for conformance testing of application protocol independent
implementations of the Standard Data Access Interface (SDAI) -- 1SO 10303-22.

2 Normativereferences

The following normative documents contain provisions which, through reference in this text, constitute
provisions of this part of 1SO 10303. For dated references, subsequent amendments to, or revision of, any
of these publications do not apply. However, parties to agreements based on this part of 1SO 10303 are
encouraged to investigate the possibility of applying the most recent editions of the normative documents

© 1SO 2001 — All rights reserved 1
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indicated below. For undated references, the latest edition of the normative document referred to applies.
Members of 1SO and IEC maintain registers of currently valid International Standards.

SO 10303-1:1994, Industrial automation systems and integration - Product data representation and
exchange - Part 1: Overview and fundamental principles.

SO 10303-11:1994, Industrial automation systems and integration - Product data representation and
exchange - Part 11: The EXPRESS language reference manual.

ISO[10303-21:1994, Industrial automation systems and integration - Product data representationarid
exchpnge - Part 21: Implementation methods: Clear text encoding of the exchange structure.

[oX

SO [10303-22:1998, Industrial automation systems and integration - Product data representation an
exchange - Part 22: Implementation methods. Standard data access interface.

ISO[10303-31:1994, Industrial automation systems and integration - Product data sepresentation arid
exchpnge - Part 31: Conformance testing methodology and framework: General concepts.

[oX

SO [10303-32:1998, Industrial automation systems and integration - Preduct data representation an
exchpnge - Part 32: Conformance testing methodology and framework: (Requirements on testing
labofatories and clients.

3 Tems, definitions and abbreviations

3.1| Termsdefined in 1SO 10303-1

For the purposes of this part of 1SO 10303, the following terms defined in 1SO 10303-1 apply.
+  abstract test suite (ATS);

+  application interpreted mode!;
+  application protocol (AP);

+  application reference’model;
+  conformaneeelass,;

1 exchangestructure;

4 implementation method;

+<£~ " Protocol Implementation Conformance Statement (PICS);

—  PICSproforma

3.2 Termsdefined in 1SO 10303-11

For the purposes of this part of 1SO 10303, the following terms defined in 1SO 10303-11 apply.

2 © 1SO 2001 — All rights reserved
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entity;

entity instance.

3.3 Termsdefined in | SO 10303-22

I SO 10303-34:2001(E)

For the purposes of this part of 1SO 10303, the following terms defined in 1SO 10303-22 apply.

schema instance:

34

For the purposes of this part of 1SO 10303, the following terms defined in SO 1030331 apply.

SDAI modd!.

Termsdefined in SO 10303-31

abstract test case (ATC);

abstract test method;
conformance;

conformance log;

conformance test report;
conformance testing;

executable test case;

fail (verdict);

implementation under-test (1UT);
inconclusive (verdict);

pass (verdich);

PIX1T,(Protocol Implementation eXtra Information for Testing);
PIXIT proforma;

preprocessor;

postprocessor;
system under test (SUT);
test campaign;

test case error;

© ISO 2001 — All rights reserved


https://standardsiso.com/api/?name=09fdb0f7912693a9f604457800bed044

1SO

10303-34: 2001(E)

—  testing laboratory;

—  test report;

— test verdict;

— verdict criteria

3.5

Othertermsanddefmrtions

For the purposes of this part of 1SO 10303, the following terms and definitions apply.

3.5.]

application element
map

plication object, attribute, or assertion defining the information requirements it clause 4 of an

application protocol.

3.5.2

semantic analysis

the gvaluation as to whether or not the information content of a scherha instance was maintained during
eithar preprocessing or postprocessing.

3.5.3

strugture analysis

the gvaluation as to whether or not an IUT schema instance conforms to the AIM and conformance
requ|rements of the SO 10303 application protocol efinterest.

3.5.4

SUT] operator

a human or an automated component of-theSystem under test that enables communication of instructions

and

3.5.5

synt
the g

repre

3.5.4
test

areq

3.5.1
test

uery data between the test engine and the implementation under test.

bx analysis
valuation as to whether.or not an IUT schema instance is properly encoded in an exchange
psentation conformingto an implementation method of 1SO 10303.

Case report

ort covering the identifiers, data, results, and verdicts associated with the execution of atest casq.

case veradict

a summarized verdict assigned to atest case derived from the individual verdicts assigned to the verdict
criteria of atest case.

3.5.8

test engine
the component of atest system that, by observing test case instructions, prepares, controls, observes, and
analysesan |UT.

© 1SO 2001 — All rights reserved
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359
test system
the hardware, software, and data used by atesting |aboratory to execute a test method.

3.6 Abbreviations

For the purposes of this part of 1SO 10303, the following abbreviations apply.

AE Application Element

AR Application Protocol

ATC Abstract Test Case

ATS Abstract Test Suite

ETC Executable Test Case

T Implementation Under Test

PICS Protocol Implementation Conformance Statemeént
PIKIT Protocol Implementation eXtra Informatiorifor Testing
SDAI Standard Data Acess Interface

SUT System Under Test

4 QOverview and assumptions

Twolabstract test methods are defined in'this part of 1SO 10303. The first provides for testing of
implementations that generate exchange-structures, i.e., preprocessors. The second provides for testing of
implementations that interpret exchange structures, i.e., postprocessors. These methods are defined i
clauges 5 and 6 respectively. Both abstract test methods apply also to applications that interface with
SDAI implementations in a.data sharing environment.

Gengra principles and-an-overall framework for conformance testing are provided in 1SO 10303-31.
Requirements on test laboratories are defined in 1SO 10303-32. The methods for preparing, controlling,
observing, and analyzing implementations during testing are defined in this part of 1SO 10303. Specific
abstriact test cases associated with 1SO 10303 application protocols are defined in corresponding 1SO
103(3 abstract test suite standards. A description of abstract test suites concepts and the requirementg on
theirluseare defined in each 10303 abstract test suite.

4.1 Components of exchange structure test methods
Exchange structure test methods are based on three principal components: the implementation to be

tested, atest system, and a human or automated component between them. These are the Implementation
Under Test (IUT), the Test Engine, and the System Under Test Operator (SUT Operator), respectively.

— The Test Engine represents the control and communication functions of a test system,
directing the execution and analysis of tests. The Test Engine communicates directly with

© 1SO 2001 — All rights reserved 5
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the IUT using a standard means (1SO 10303-21 or 1SO 10303-22) and indirectly with the IUT viathe
SUT Operator.

— The SUT Operator represents a communication interface between the Test Engine and the IUT. It
transmits commands and requests from the Test Engineto the IUT. It also transmitsthe IUT's
responses back to the Test Engine. The SUT Operator communicates directly with the IUT using
IUT-defined means.

An IJT istested either as a preprocessor or postprocessor. To output its schemainstance] the IUT ma
use the exchange structure as specified in 1SO 10303-21 or the SDAI interface as speeified in SO 10B03-
22. To accept its schema instance, the [UT may use the exchange structure as specifiedin 1SO 10303:21
or the SDAI interface as specified in 1SO 10303-22. A system under test may be'capable of supporting
both|preprocessing and postprocessing functions, but testing of each capability shall be independent. |In
both|cases, the required function of an IUT isto trandlate product data repreSentations. The basic
apprpach of both test methodsisthat an IUT is supplied an 1SO 10303 application protocol schema
instgnce in one format and is expected to translate the schema instance into another format while
observing the rules of the application protocol structures and maintaining schema instance semantics.

For & preprocessor, the input format is not defined by 1SO 10303. For testing purposes, the input
spec|fication of a schemainstance shall be provided in a human-readable format, for example, text an
graphics. The expected output format of a schemainstance is an exchange structure conforming to
1SO10303-21 or the output of a set of SDAI operations‘conforming to SO 10303-22.

[oN

For & postprocessor, the input schema instance shall be formatted in an 1SO 10303-21 exchange structure
or apet of SDAI operations input conforming-to 1SO 10303-22. The output format is undefined by 1$0
10303.

For testing purposes, the output is.expected to be a series of correct responses to human-interpretabl e
guer|es on the schema instance. (Though the postprocessor may provide the schema instancein atextfand
graphic format similar to the input format of preprocessor tests, thisis not required.

The |nputs to a preprocesSar and the outputs of a postprocessor are implementation dependent. As such,
the test methods requite'the use of a SUT Operator to support the communication of schema instanceg.

4.2| Proeesses of exchange structuretest methods

42112 Preparation for testing

A number of 1SO 10303 options, parameter values for ETCs, and IUT-dependent variables and
configurations, are identified, selected, and utilized in conformance testing. The test |aboratory identifies
the parameters that will be used, and the IUT supplier provides acceptable ranges for values of those
parameters. These values arerecorded in aPICS and aPIXIT. PICSand PIXIT proformas are provided
to IUT suppliersin preparation for testing. The PICS and PIXIT are used to guide the selection of IUT
configurations, test inputs, execution sequences, and test output eval uation.

6 © 1SO 2001 — All rights reserved
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Abstract test cases (ATCs) are standardized in 1SO 10303. A number of parameters of the ATCs may not,
or cannot be, resolved until a specific IUT is prepared for conformance testing. Executable test cases
(ETCs), for use with a specific IUT, are derived from the ATCsusing PICS and PIXIT information to

resolve ATC parameters. Conformance test campaign execution may proceed when all ETCs
corresponding to required ATCs and a specific IUT are available.

NOTE - For afurther description of conformance testing preparations and procedures, see SO 10303-32.

h test purpose and ETC.

campaign is a sequenced execution of all required ETCs with the objective of determining-averdict

nd
n of

theipput. These steps are different for preprocessors and postprocessors. They are.described in clauges 5

ETC isdetermined to be in error, a verdict-ef inconclusive shal be assigned to the test case, and
n recorded, until the error is resolved and the test repeated. 1SO problem resolution parties shall
congulted whenever an error in an executable test case is potentially the result of a defect in 1SO 103(

4214 Report production

A cdnformance log shall be produced for each executed test campaign. The conformance log or logs
be uged to produce the conformance test report.

5 Exchange structure test method - preprocessor

A sefluence of testing preparation, execution, analysis, and reporting activities shall form the general
procedure asdescribed in clause 4. Test execution and analysis activities for an IUT claiming
confprmance as a preprocessor of 1SO 10303-21 exchange structures or preprocessor of 1SO 10303-?

the
be
3.

shall

P2

SDA| ‘operations output are further detailed in the remainder of this clause. Figure 1 depictsthe

functional components and interfaces that support the test method.

© ISO 2001 — All rights reserved
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SYSTEM UNDER TEST (SUT)
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Figure 1 — Preprocessor testing components

5.1] Mode creation

For preprocessor input, the test system provides atext, or both text and graphic,
descfiption, either paper or eectronic, of the schemainstance from an ETC. Optionally, a sequence gf
steps may be specified to detexmine how the model should be created in the IUT. Theseinstructions pre
deliiered to the SUT Operator for entry into the |UT.

The ETC describes gpeeific actions and permissible interpretations. The IUT data entry process shall|be
mon|tored for accaracy throughout the test campaign or its integrity shall be established through another
means and recerded in the conformance test report. Any deviation from expected entries shall be noted in
the gonformance log and analyzed by the SUT Operator for impact. If entered data differs from
executabletest case requirements, the data shall either be re-entered to remove deviations and the tesff re-
run, prethe test case result shall be reported as inconclusive.

NOTE - One means of establishing IUT data entry integrity may be through the variation of a small sample of
model values for each run of a campaign.

5.2 Exchange structure generation

After the ETC specified schemainstanceis input, created in the IUT, the IUT shall generate an 1SO
10303-21 exchange structure or 1SO 10303-22 SDAI operations output corresponding to the input model.

8 © 1SO 2001 — All rights reserved
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Preprocessor parametersidentified in the ATC and resolved during testing preparations shall be applied to
the IUT.

5.3

Analysis

Preprocessor output, the IUT generated exchange structure, is analyzed and examined for elements that
are expected and searched for elements that are disallowed. Verdicts (see 5.4) are assigned as appropriate
during analysis. A single fail verdict during any analysis step may terminate further analysis and shall

result-inr-an-overall-failerdict belng-assianed-to-the-test-case.
HA-aR-BvelaH—+aH-eraicteHig-ass-ghRecto-Hietest

5.3]

The
210

portipns of the analysis shall be included in the test report.

5.3]

The
the A

The

repre
and
the A

Vali

Cons

1 Syntax analysis

pbserved exchange structure shall be analyzed for conformance to the syntax defined by 1SO 103
alanguage binding of 1SO 10303-22 as appropriate. If afail or inconclusive verdict results, relq

2 Structureanalysis

schema instance contained in the observed exchange structure shall e analyzed for conformance
IM (clause 5 of the AP) and the conformance requirements (clalise 6 of the AP).

EXAMPLE 1- Requirements may include informal propositions, quantitative limits, and error responses.

structure analysis objective is to decide whether the instance elements and their structuring,
bsented in the schema instance, are those permitted as'defined in the Application Interpreted Mod
conformance classes of the AP. Valid element yalue domains and element structures are specifig

P through the type and relationship mechanisis defined in 1SO 10303-11.

EXAMPLE 2 - Type and relationship mechanisms may be elements, attributes, supertypes, subtypes, rule
functions, and procedures.

l elements in invalid relationships' are considered to be errors.

EXAMPLE 3 - Vadid edementsin invalid relationships include correctly constructed entities which violate
AIM rule, an informal proposition, or a conformance class constraint.

traints that shall beichecked are identified in the ATS, by test purposes and include:

— |ocal constraints;
— glebal“constraints;

<~ Uniqueness constraints;

03-
Pvant

el
din

an

— existence constraints (INVERSE);

— cardinality constraints resulting from aggregate definitions;

— informal propositions.

Violation of the AIM or AP conformance requirements shall result in assignment of atest verdict of fail.

© ISO 2001 — All rights reserved
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5.3.3 Semantic analysis

The schema instance contained in the observed exchange structure shall be analyzed for accuracy with
respect to the ETC-defined input schema instance. The objective isto decide whether semantics
supported by the application protocol of interest, and selected for instantiation in a particular ETC, are
accurately conveyed as output in the schema instance of the observed exchange structure. The supported
semantics are identified in the Application Elements (AEs) of an AP, their

encodl ngs as defl ned in the Appl [ catlon Reference M odel to Application Interpreted Model mappings.

Cture

-

dllowed value in the AP) for a pass verdict to be assigned.

An BETC may specify aconcept to be conveyed in an exchange structure that-altows the use of more than
one AP-defined mechanism (not necessarily using specific entities or values). If the schema instancelin
the gbserved exchange structure contains the general information coneept, then a pass verdict is assighed
to the analysis of this semantic.

FXAMPLE 2 - An AP may allow geometric surfaces to be planaror non-planar. This property may be implicit
in the specification of surfaces (and not explicit asin example’).” A pass verdict will be assigned only afte

letermining that the planarity property of a surface specifiedih the ETC has been maintained in the excharjge
structure.

=

The |evel of detail of a semantic, whether it is ageneral concept or a specific numerical value, shall be
specified in the verdict criteria, and shall be andlyzed accordingly.

The ETC identifies which semantics to ehserve and analyze, and the means for discerning whether ar
obsefved semantic is acceptable. These-selected semantics shall be captured in the specification of EfFC
verd|ct criteria. The specification.ofverdict criteria may include the specification of numerical accurgcy,
i.e., mathematical precision, that shall be maintained between input and output schema instances,
clasgification categories to which observations shall be assigned, computations or operations that shall be
performed on output schemainstances, or other specific measurement techniques to be employed.

Semantic analysis progedures that are not identified in the ATC, but used in the
detefmination of aaerdict, shall be recorded in the conformance log.

5.4| Verdict assgnment

Duripgthe different steps of the analysis phase, information is gathered on the observed results and
verdicts are generated. Test purpose verdicts are generated as sub-resultsin test case analysis as required
by the verdict criteria specified by the test case. These test purpose verdicts contribute to a single test
case verdict.

For each test case, all applicable verdict criteria shall be evaluated and test purpose verdicts of pass, fail,
or inconclusive are to be assigned to each verdict criterion. The assignment of atest case verdict reflects
the conclusion of atest case analysis. A test case verdict shall be assigned based on the following:
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— If at least one test purpose verdict isfail, atest case verdict of fail shall be assigned.

— If no test purpose verdicts are fail and at least one test purpose verdict isinconclusive, atest case
verdict of inconclusive shall be assigned.

— If al test purpose verdicts are pass, atest case verdict of pass shall be assigned.

A pg
non-

5.5

The
and

dict criterion into pass or fail. It is recommended that atest |aboratory and client work to reselve
clusive verdict into a pass or fail in an expedient and cost effective manner.

EXAMPLE - Anomalies may be events such as test equipment failure, test case error, unexpéected IUT oy
or resource limits being exceeded during testing.

ss verdict at any level indicates no observed non-conformance of an IUT. A fail verdict indicateg
conformance.

Test caseresultsreporting

lest case verdict shall be recorded in atest case report. Detailed information
esults of analysis phases, such as sub-verdicts, may also be collected in atest case report.

cr

The
conf

6

A se
proc
conf
SDA

components and interfaces that support the test method.

Suegﬁrorti ng information such as selected values for the ETC sehéma instance (i.e., parameters resolve

ing an ETC) shall be included.

fest case reports shall be included in the conformance test report. 1SO 10303-32 describes the
brmance test report.

Exchange structur e test method - postpr ocessor

nuence of testing preparation, execution, analysis, and reporting activities shal form the genera
bdure as described in clause 4..Test execution and analysis activitiesfor alUT claiming

brmance as a postprocessor(of SO 10303-21 exchange structures or postprocessor of 1SO 10303
| operations input are further detailed in the remainder of this clause. Figure 2 depicts the abstrg

tout,

d in

22
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