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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the

InternationgtEfectrotechnicar-Commission (tEC)om aft matters of efectrotechnical standardization. |
Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part.2.

The main thsk of technical committees is to prepare International Standards. Draft International Standards
adopted byl the technical committees are circulated to the member bodies for voting., Publication ag an
Internationgl Standard requires approval by at least 75 % of the member bodies casting aote.

Attention is|drawn to the possibility that some of the elements of this document may be the subject of pgtent
rights. ISO ghall not be held responsible for identifying any or all such patent rights.

ISO 161002 was prepared by Technical Committee ISO/TC 184, Industrial automation systems |and
integration,|Subcommittee SC 5, Architecture, communications and integration frameworks.

ISO 16100 | consists of the following parts, under the general, title Industrial automation systems |and
integration +— Manufacturing software capability profiling for interoperability:

— Part 1:|Framework

— Part 2:|Profiling methodology

— Part 3:|Interface protocols and templates

— Part 4:|Conformance test methods, criteria and reports

iv © ISO 2003 — Al rights reserved
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Introduction

The motivation for this International Standard stems from the industrial and economic environment noted in the
strategic plan of ISO/TC 184/SC 5, in particular:

a) agrowing base of vendor-specific solutions;

b) usendifficulties in applying standards;

c) anepd to move to modular sets of system integration tools;
d) aregognition that application software and the expertise to apply that software are assSets of the enterprise.

ISO 161Q0 (all parts) is an International Standard for the computer-interpretable and human readable representation
of a software capability profile. Its goal is to provide a method to represent the capability of manufacturjng software

relative fo its role throughout the life cycle of a manufacturing application,.independent of a partigular system
architectlire or implementation platform.
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Industrial automation systems and integration — Manufacturing
software capability profiling for interoperability—

Part 2

Profiling methodology

1 Sco
This part
is applicg
2 Nor
The follo
only the

amendm

ISO 161
profiling

REC-xm

REC-xm

3 Terrx

For the p

pe

of ISO 16100 specifies a methodology for constructing profile’s of manufacturing software cap3
ble to software products used in the manufacturing domain.

mative references

wing referenced documents are indispensabte for the application of this document. For dated
bdition cited applies. For undated references, the latest edition of the referenced document (in

bilities, and

references,
cluding any

ents) applies.

00 (all parts), Industrial automation systems and integration — Manufacturing software capability
for interoperability

schema-1-20010502, XML Schema Part 1: Structures — W3C Recommendation 02 May 2001

schema-2-20010502-XML Schema Part 2: Datatypes — W3C Recommendation 02 May 2001

hs and definitions

urposes-of this document, the terms and definitions given in ISO 16100-1 and the following ap

31

association
semantic relationship between two or more classifiers that specifies connections among their instances

[ISO/IEC

3.2

19501-1]

base specification
base standard or widely accepted and available specification
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3.3

capability class
element within the capability profiling method that represents software unit functionality and behaviour with regard

to the softw.

3.4

are units role in a manufacturing activity

capability profile integration
process in which two or more software units interoperate using equivalent interfaces that are configured in a

compatible

3.5

manner as indicated by their capability profiles

classifier
mechanism|

NOTE (

3.6
element
atomic cong

3.7
entity

that describes behavioural and structural features [ISO/IEC 19501-1]

Classifiers include interfaces, classes, data types, and components.

tituent of a model [ISO/IEC 19501-1]

any concrete or abstract thing of interest [ISO/IEC 10746-2]

3.8
interface
abstraction

of the behaviour of an object that consists of a subset ©of'the interactions of that object togeth

set of consfraints on when they may occur [ISO/IEC 10746-2]

3.9
object
model of ar

NOTE An

entity [ISO/IEC 10746-2]

er with a

bbject is characterized by its behaviour and-by its state. An object is distinct from any other object.

object is

encapsulated, i.e. any change in its state can only occur as a result of an internal action or as a result of an interactipn with its

environment
be placed on
and offer ser
and services
function. A fU

3.10
profile

set of one
classes, co|
accomplish

NOTE 1

behaviour or on state. When the emphasis is placed on behaviour, an object is informally said to perfor
vices (an object which makes a fufiction available is said to offer a service). For modeling purposes, these
are specified in terms of the behaviour of the object and of its interfaces. An object can perform morg
nction can be performed by the.co-operation of several objects.

or more base specifications and/or sub-profiles, and, where applicable, the identification g
hforming subsets, options and parameters of those base specifications, or sub-profiles nec
a particularifunction, activity, or relationship

'his definition is adapted from ISO/IEC TR 10000-1.

3.11

A
An object interacts with its environment;at its interaction points. Depending upon the viewpoint, the emrp%

asis may
functions
functions
than one

f chosen
bssary to

role

named specific behaviour of an entity participating in a particular context [ISO/IEC 19501-1]

NOTE

3.12
taxonomy
classificatio

A role may be static (e.g. an association end) or dynamic (e.g. a collaboration role).

n scheme for referencing profiles or sets of profiles unambiguously [ISO/IEC TR 10000-1]
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CORBA Common Object Request Broker Architecture
IDL Interface Definition Language

OMG Object Management Group

PSL Process Specification Language

UML Unified Modeling Language

XML eXtensible Markup Language

5 Caphpbility profiling method

5.1 Capability profiling concept

The main focus of ISO 16100 is manufacturing software interoperability. Rigure 1 depicts the use of [a capability

profile cgncept to integrate interoperable software.

ISd 16100-4 Based on~"Conformance
Confformance an Testing and

Test Methods, Criteria, Registration
and Reports

Software Unit
Capability Profile

Software Unit
Capability
Profile
Database

Taxonomy
and Domain

S CELYTETrE

Ontology

)
N

%

Manufactufing
Software
Requiremgnts

Softwafe

Requirements
Analysjs

(see Figure 3)

Required Soffware
Unit Capab|lity

Based on Profiles
“‘Based on
ISO16100-3 Capability ¢
Inferface Profiling ¢ — )
Prptocols (see Figure 2) * Softwarg Unit
and Templates New Selection and Yerification,
.somplements Basedon = . Software
= ‘e, u‘ Unit
n 2
v Based on hEZS Y
ISO 16100-2 BL Ae
Profiling ws*® I
ISO 16100-1 Methodology % A Based on
Framework T L .t Inltgtr%%rea::gle
Based on Manufacturing
Software

O

information flow
relationship between conceptual elements

Figure 1 — Concept of capability profile for software interoperability

© 1SO 2003 — All rights reserved


https://standardsiso.com/api/?name=173f2521590454c8904e8e7d664755da

ISO 16100

-2:2003(E)

The interoperability of software units can be described in terms of their capabilities that are associated with the
aspects of functionality, interface and structure. These aspects, based on the framework and domain specific
application system model defined in ISO 16100-1, are defined in Clauses 5 and 6, and are further detailed in
ISO 16100-3.

A manufacturing process has a structure that is both nested and hierarchical. At each level, the manufacturing
software requirements can be modelled as a set of capability classes organized in a similar structure.

Manufacturi

ng software requirements are met by the integration of several manufacturing software units.

In this methodology, manufacturing software requirements shall be expressed in terms of software unit capability
profiles. The profiling of a software unit involves the generation of a concise statement of manufacturing capabilities

enabled b
supported g

The capabi
methodolog
unit to des
properties.

The requirg
being profil
required ca

The softwa
conformandg
defined in |

The profile

5.2 Capapility profiling process

The part of
profiling pra

A software
the concept

The suppor
template is
new templa

%]

te shall be formed using/the set of capability classes.

tiIC bUﬁWdlc uuit ;II tcllllb Uf tilU fullbtiullb pGlfUllllcd, t;IG illtﬂlfdbﬂb pIUViUICd, alluI ﬁIU
s required by the target manufacturing capability.

ity profiling methodology shall be defined in terms of the rules and elements provided inClau
y shall make use of the domain-specific attributes and methods associated with each/specific
cribe capability profiles in terms of unit name, manufacturing functions, and\other need

d profiles are compared to existing profiles in the database. When a myatch occurs, the soft
bd shall be considered to be ready for integration. When no match occurs; a new software uni
babilities shall be developed, profiled, and registered in the capability:profile database.

re units capability profile definition shall be registered in an-appropriate database after pa
e test which will be provided with the conformance test methodology and its abstract test su
50 16100-4.

Hatabase shall have a set of taxonomies for use in deseribing the capability profiles.

the concept of capability profile for software interoperability shown in Figure 1 related to the
cess is detailed in Figure 2.

Linit to be profiled shall be analyzed in terms of the supported paths within the capability class
for which is described in 6.2.1, The structure itself is defined in ISO 16100-3.

ed paths shall then be used.in the search for a matching template from the database. When a
found, the fields of the template shall be filled to make a profile. When no matching template ig

Corresponding
Class Path(s)

Search for
template

Analyze
Software
Unit

Cap
P

Fill in
template

ftware
Unit

rotocols

se 6. The

software
ed class

Ware unit
I with the

5sing the
tes to be

capability

structure,

matching
found, a

ability
ofile

Capability Class Structure
in Database

Create
Template if
missing

Templates in
Database

Figure 2 — Capability profiling process
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5.3 Software requirements analysis process

The part of the concept of capability profile for software interoperability shown in Figure 1 related to the software
requirements analysis process is detailed in Figure 3.

Capability profiles for each manufacturing software unit shall be derived from manufacturing software requirements
in the software requirements analysis process. As a first step, manufacturing software requirements shall be
decomposed into several primitive requirements which are fulfilled by capability classes that are selected from the
database. When a template that corresponds to the class exists, the template shall be filled with specific
requirements in order to generate a required capability profile. When such a template does not exist, a new
template shall be created based on rules for template creation described in 6.3.

Required
Capability
Manufactpring Classes )
Softwale Decompose Search for Fill in each Required
Requirenfents Requirements Template for Template Software Unit
Each Class Capability
Profiles

Create any
missing
Templatés

Capability Classes from

Database Templates from

Database Templates to

database

Figure 3 — Software requirements analysis process

5.4 Software unit selection and verification, oricreation process

The part] of the capability profile integration related to the software unit selection and verification, |or creation
process ghown in Figure 1 is detailed in Figure 4.

if existing
Software Units
& Capabilities

Chosen
Software Units

Requirefd Search Database Select Verify Software Units » 24anufacturing
Software Unit - - P{  for Each Profile Software Unit Joftware
Capability / o
Profileg if not existing
Capabilities
Existing Capability Profiles Basedl on
interoperability
Develop criteria
Capability Profiling-RProcess D [ ——— Software Unit
Newly Developed
Software Units
Key ——» flow within the process
_______ > flow entering from, or leaving to, another process within the capability profiling concept of Figure 1

Figure 4 — Software unit selection and verification, or creation process
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For each required capability profile, a search of matching capability profiles that represent available software units
shall be performed. Matching shall be performed according to the rules given in 6.6. When a match exists, the
software unit shall be added to a list of candidates. When a match does not exist, one of the following shall occur:

a) anew software unit is developed to meet the required profile;

b) thereq

c) require

uired profile is decomposed into a combination of several profiles;

ments are reconsidered against existing profiles.

The profile for the new software unit shall be registered to the database according to the profiling process in 5.2.

The select
interoperab

Pd_software units shall be veriied against the manuiaciuring soitware requirements acc
lity criteria.

6 Elements and rules for capability profiling

6.1 Taxo

A key aspe
class defin
information

The taxono
If there is &
shall be con

homy

ct of a taxonomy for capability profiles is its ability to identify the contents that constitute a
tion. A taxonomy shall be constructed that provides a means fof the interchange of the

my shall describe a partial set of activities undertaken within(the’lifecycle of a manufacturing e
need to add a new activity to the taxonomy, then the capability class associated with the ne
structed according to the rules in 6.2.

6.2 Capability classes and their content

ware unit capability class content

ity of manufacturing software unit shallbe expressed in terms of capability classes. These clas
from the manufacturing activities neted in ISO 16100-1, Figure 4. These classes shall also d
ng function, resource, and information handled by the manufacturing software unit accordi
s of the manufacturing process.

s of a software unit capability class shall include, but may not be limited to, the following:

manufacturing domain;

manufacturing‘activity as differentiated by the process it is part of, the resources involved in ¢
vity, and the_information types exchanged during the activity;

computing system as differentiated by the operating environment, the software architecture
patteraused;

brding to

capability
capability

hterprise.
W activity

ses shall
enote the
ng to the

nducting

and the

coRL4cac—0 (3 |l apd data fvnac oad i e innin oy thao cafhamara it

6.2.1 Soff
The capabi
be derived
manufactur,
requiremen
The conten
a) type of
b) type of
the act
c) type of
design
d) type of
e)
f)
9)
h)

i)

pricing

ad
SCHVICC S PTrotoCo TG totaty pC o aSCOT ot g triC—SOrtwatr ottt

supplier name, software version, and change history;
performance benchmarks;
reliability indices;

service and support policy;

terms and conditions of use.

More capability class content rules and their details are described in ISO 16100-3.
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A conceptual structure for a capability class is shown in Figure 5.

Class Name

Attributes

Type of Manufacturing Domain
Type of Manufacturing Activity
List of Resource Types

List of Information Types

List of Sub Capabilities

EFunction Type

Methods

List of services supported
(see ISO 16100-3)

Figure 5 — Conceptual structure for a capability class
6.2.2 Mpnufacturing application domain

6.2.2.1 Manufacturing application activity model

The domjain specific manufacturing application activity model and<its “three associated models for
processgs, and resources shown in ISO 16100-1, Figure 4 usé the common requirements and t
interoperpbility framework for the entire set of software units’ offered as the solution for an 3
requirements and framework.

As an offered software unit may cover only some portion.ef‘the entire application, the target part in the ¢
shall be Jabeled appropriately using the taxonomy registered and the sequence and layer number off
models.

EXAMPL (See ISO 16100-1, Figure 2)

A) Manufgcturing Activity

AA) Develop Products

AA1) Des|gn Product

AA11) Dejelop Conceptual Design

AA111) Dgfine Product Functions and/Coristraints

AA112) Generate Product Behaviours

AA113) Decompose Functions Gonstraints and Behaviours
AA114) Specify Product Configuration

AA12) Dejelop Detailed Design

AA121) Design System/Component

AA122) Apalyze System/~Component

AA123)
AA124)
AA125) Finalize ‘System/ Component Design
AA126) Pfoduce Assembly Drawings

nformation,
ne software
pplication’s

entire model
the activity

AA2) Englnnar Process

AA21) Develop Conceptual Process Plan

AA211) Select Manufacturing Process

AA212) Select Manufacturing resources

AA2121) Select Machines

AA2122) Select Tools/ Fixtures

AA2123) Select labor Skills

AA213) Estimate manufacturing Cost/ Time

AA22) Develop Detailed Process Plan

AA221) Generate Process Sequence

AA222) Generate Operations

AA2221) Determine Intermediate Machining Features
AA2222) Specify Part Setups and machining Resources
AA2223) Calculate Intermediate Machining Tolerances
AA2224) Develop machining Instructions
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AA223) Define Manufacturing Parameters
AA224) Generate Control Programs
AA2241) Generate Tools Paths

AA2242) specify Process Control Parameters
AA2243) Generate Machine Control Program
AA225) Generate Shop Floor Routing
AA2251) Determine Shop Floor Configuration
AA2252) Determine Means for Transportation
AA2253) Specify Timing

AA3) Plan Enterprise Resources

AA4) Acquire Resources

AA5) Execute Manufacturing Orders

AA51) Devel
AA52) Dispa
AA53) Track
AA54) Mana
AAB) Contro

6.2.2.2 Manufacturing process model and its profile

The manufacturing process model class is the (automated function) model derived ffom the implementat

required sp
the system

Using a mg
application

The proces
them. The
sequence 3

Each proce

6.2.2.3 M3

The manuf

P Uperauorn sequernce & Ueldllied scrieduie
ch Production Units

Production Units& Resources
pje Factory- Floor Data/ Document
Equipment & Process

bcific application activities with its appropriate taxonomy and index number (see example in §
Wwith specific resources and its information flow.

deling language such as IDEFO, the activity model describes\the requirements and data fld
system.

s model depicts the automated functions with the selected resources and information flow
process model shall be named and labeled appropriately using the taxonomy registered
nd layer number of the related (targeted) activity models.

5s model shall be represented as an appropriat€’profile.

nufacturing resource model and its profile

cturing resource model is the model representing the selected resources such as devices, ed

communication networks, humans, and materials used in the process model to fulfill the requiremen
information|model which specifies the infermation flow among the resources.

The resour¢e model shall be named-and labeled appropriately using the taxonomy registered and the s
and layer number of the related (targeted) activity models.

Each resoufce model shall.be-represented as an appropriate profile.

6.2.2.4 Mgnufacturing information model and its profile

The manufacturing-information model represents the data types of the events and the data exchanged
resources i$ theprocess model representing the specific scope of activities in the application activity mods

on of the
2.2.1)in

w of the

between
and the

uipment,
ts of the

equence

between
l.

The information model shall be named and labeled appropriately using the taxonomy registered and the sequence
and layer number of the related (targeted) activity models.

Each resource model shall be represented as an appropriate profile.

6.2.3 Computational model and its associated class

The computational model is a model representing the mapping of the process model, the resource model, and the

information

model described in 6.2.2.
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6.2.3.1 Class representation of the software unit

6.2.3.1.1 Class name

The information model shall be named and labeled appropriately using the taxonomy registered and the sequence
and layer number of the related (targeted) activity models.

6.2.3.1.2 Class attributes

The derived attributes of the class shall be listed with its data type and capability for external access.

6.2.3.1.3| Class operations
The deriyed operations of the class shall be listed with its signature and capability for the external'service.

The softyvare unit may be a package consisting of multiple subsequent classes. In such‘a’case, all the included
classes ghall be listed.

6.2.3.2 Associated software architecture, software design pattern class used

The typidal property of the software architecture as well as the software design pattern to be used for the software
unit’s framework shall be listed along with the role the software unit perfofms.

Architectlire design patterns and examples?) of its structure and role.are listed below.

a) Laygring architecture

EXAMPLE Structure: applications that can be decomposed.into groups of sub-tasks in which each group of spib-tasks is at
a particuldr level of abstraction. Role: N layer entity with a roleo service for N+1 layer entity.

b) BroKer architecture

EXAMPLE Structure: distributed software systerms with decoupled components that interact by remote servicg invocations.
Role: clients, servers, brokers, bridges, client- sidejproxies, server-side proxies.

Structure: the model‘contains the core functionality and data, views display information to the user, controllers

d) Masier-Slave

Structuré:"a master component distributes work to identical slave components and computes a fingl result from

Structure: makes the clients of a component communicate with representative rather than to th
itself. Role: Client, Proxy, Original.

P component

f)  Publisher-Subscriber

EXAMPLE Structure: one publisher notifies any number of subscribers about changes to its state. Role: Publisher,
Subscriber.

1) The examples are taken from F. Buschmann et al, “Pattern Oriented Software Architecture,” John Wiley & Sons, June 2000.
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6.2.3.3 Service or protocol class

The interfaces of the software unit shall be described as the service (for example, in layering architecture, the N
layer entity shall serve the N+1 layer entity) or protocol (for example, in client server architecture, the clients
interface with a specific protocol to the server) with its data type.

6.2.4 Non-functional properties of the software unit

Contrary to 6.2.2 and 6.2.3 which prescribe classification from a functional viewpoint, the following properties of the
software unit are taken from a non-functional view of the software unit.

6.2.4.1 Ve istory of the unit

The capability profile of the software unit should include vendor (supplier) name and contact address,)the newest
version of the software and its revision history.

6.2.4.2 Cgmputing facilities to be used

The following information should be included in the capability profile of the software unit:

a) procesgor — the processor type is of key importance, but its performance should, also be considered, as poor
performpance may seriously hamper effective and timely execution of the software;

b) operating system and required options — the appropriate operating system and release version requifed to run
the soffware component. Any feature to support upward compatibility miay be included in this information;

c) language — the source language for the software component, including the versions of the editor, compiler,
linker, Bnd debugger used in generating the component. Any feature to support upward compatibility may be
included in this information;

d) run-time memory — the type and amount of memory néeded to run the software component along|with any
other ryintime support;

e) disk sgace — the type and amount of media needed to store the runtime and source forms of the|software
compohent. This information shall include ahy data store, such as disk storage, required for pperating
variablgs, processing results, and fault recovery mechanisms;

f)  multi-uper support — the ability of the'software component to handle multiple users, clients, or subscripers;

g) remote|l access — the ability of the software component, as well as any other software componentg that are
downlgaded or uploaded priorto-its execution, to support remote access, control, and management;

h) add-ons and plug-ins &~software extensions required to support the runtime behaviour of the |software
capability, e.g. interpréting imported images or filtering incoming data in a non-native application format.

6.2.4.3 Measured performance of the unit

The capability profile of the software unit should include performance data for a specific computing facility needed
for real timg (time critical) usage of the software unit. This performance data should include:

a) elapsed time (execution time) with specific input data and its constraints (fundamental performance data);

b) number of specific transactions per unit time (integrated performance data).

6.2.4.4 Reliability data of the unit
The software unit’s capability profile should include usage history, number of shipments of the software unit, its

intended safety integrity level, and whether the safety integrity level was self-determined or determined by a third
party.
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6.2.4.5 Competency

-2:2003(E)

The software unit’s capability profile should include information concerning the competency of each vendor, such
as: authority, commitment, and policies in applying the software unit; license requirements; shop floor policies, and;
operator training requirements.

6.2.4.6 Price data

The software unit’s capability profile should include the initial and operating costs of the software unit.

6.3 Capability templates and rules

A softwa
capability
capability

NOTE
structure.
structure.

Figure 6
common
defined i

Fe unit that enables or supports an activity with an associated capability class is concisely de
class.

In a hierarchical structure, a capability template is associated with each capability defined at each
In a nested structure, a similar association exists between each capability class and a template at eacl
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n ISO 16100-3.
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Figure 6 — Example template structure
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In the common part, the following set of elements shall be included:

a) template ID — an identifier of the object template;

b) software unit ID — an identifier of the manufacturing software unit that enables manufacturing function;

c) reference dictionary name — the name of a dictionary that contains the definitions of the capability classes;
d) capability class name — the name of a referenced capability class;

e) number of profile attributes — the number of attributes inherited from the corresponding capability class;

f)  numbef of methods — the number of methods provided by the software unit;

g) numbef of resources — the number of resources required in the software environment;

h) numbef of constraints — the number of conditions required to run a software unit;

i) numbef of extensions — the number of other software unit aspects as provided by the units supplier;

j)  numbef of lower levels — the extent of nesting or the deepest level in the hierarchy of the reference gapability
class sjructure;

k) numbef of subtemplates at next lower level — the number of témplates associated with subcgpabilities
compriging the target capability associated with the template at\one level below the current level in the
hierarchy or nesting.

In the part gpecific to the capability class, the following set of elenients shall be included:

a) list of attributes;

b) list of methods;

c) list of resources, e.g. type of operating systemy;

d) list of donstraints, e.g. type of architecture, design pattern;

e) list of gxtensions;

f) list of lower levels;

g) list of subtemplates.

Capability templates shall be defined using XML conventions for creating XML Schemas (see REC-xmlIs¢hema-1-

20010502 and REC=xmlschema-2-20010502). Relationships between capability templates shall be denofed using

XML conventions for transformation of XML Schemas and XML files. When a capability class is specffied in a

template and-such a class has been instantiated, then the instantiated class represents an object. Two gapability

templates are<identical if their respective attributes and operations are identical When the attributes of one

template form a subset of the attributes of another and the operations of one template form a subset of the
operations of another, then the two capability templates are considered to be compatible and have a match.

6.4 Capability profiles and rules

Capability profiles are capability templates with, at a minimum, the profiled software unit name instantiated. Other
items are fulfilled according to specification level.

Capability profiles shall be defined using XML conventions for creating XML files. Relationships between capability
profiles shall be denoted using XML conventions for transformation of XML files. When a capability template is
referenced in a capability profile and such a template has been filled, then the filled template represents a profile
object.
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6.5 Software unit profile database
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The following elements, each distinguished by the dictionary name and described in 6.1 to 6.4, are stored in
databases:

a) a set of taxonomies;

b) a set of capability classes;

c) a set of capability templates;

d) ase

Databasg¢s may be structured as a free combination of the above four elements to provide necessary se
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