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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 International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procg¢dures used to develop this document and those intended for its further maintenance~are
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed-for the
different fypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention|is drawn to the possibility that some of the elements of this document may.be the subject of
ts. ISO shall not be held responsible for identifying any or all such patent rights. Detailq of
any patenf rights identified during the development of the document will be in the Introduction andfor

patent ri

on the IS

Any trade
constitute

list of patent declarations received. www.iso.org/patents

name used in this document is information given for the convénience of users and does ot

an endorsement.

The comnpittee responsible for this document is Technical Committe€ ISO/TC 184, Automation systems

and integr

ation, Subcommittee SC 5, Architecture, communicationand integration frameworks.
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Introduction

The motivation for ISO 16100 stems from the industrial and economic environment, in particular:
a) agrowing base of vendor-specific solutions;
b) user difficulties in applying standards;

c) theneed to move to modular sets of system integration tools;

d) the 1cLuguiLiuu that dppliLdLiUll softwareamdthe CXPET tiseto dppl_y thatsoftwarearg assets of
the enterprise.

ISO) 16100 is an International Standard for the computer-interpretable and ‘hwman| readable
representation of a capability profile. Its goal is to provide a method to represent the capability of
mdnufacturing application software relative to its role throughout the life cygle. of a manEfacturing
application, independent of a particular system architecture or implementation platform| This can
leqd to reduced production and information management costs to users‘and vendors/suppliers of
mgnufacturing applications.

IS 18435 provides a framework for harmonized use of industry and-international standards in order
to [ntegrate control, diagnostics, prognostics, capability assessment, and maintenance applidations. By
using an ISO 15745 application integration modelling approacly key interoperability interfa¢es can be
idgntified and concisely documented in terms of profiles.

ISQ 18435 also provides the elements and the rules to describe the integration requirements of
an|automation application. The elements include the ‘key aspects when integrating an afitomation
application with other applications and the relatisnships of these key aspects. The rules include the
rmation exchanges to support interoperability within an application and between applicdtions.

Thlis Technical Report describes a use case\of modelling the smart pump application described in
Annex A. The detailed manufacturing software unit profiling templates are described in Anjex B. The
detailed manufacturing software unitprofiles are described in Annex C. The information ¢xchanged
anjong manufacturing software unitsin the smart pump application based on ISO 18435 mefhodology
is glescribed in Annex D.

© IS0 2013 - All rights reserved v
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Automation systems and integration — Applications
integration approach using information exchange
requirements modelling and software capability profiling

1 _Scope

ThIis Technical Report describes an approach for using ISO 16100 and ISO 18435 to specify.information

ex
int
wi

T
re
an

2

eraction matrix element (AIME)/application domain matrix element (ADME) templates in cd
Lh ISO 16100 manufacturing software unit (MSU) capability profiles.

is Technical Report also provides an example approach as applied to deseribing the interg

l the pump diagnostics application.

Normative references

in
re

IS(

praofiling for interoperability — Part 3: Interface sérvices, protocols and capability templates

IN(
fon

IS(
an
mg

3

Fo
I1S(

3.1

application'domain matrix element

Al

TT following documents, in whole or in part, are normatively referenced in this documer

16100-3:2005, Industrial automation systems and integration — Manufacturing software

16100-5:20009, Industrial automation systemsand integration — Manufacturing software capabili
interoperability — Part 5: Methodology for-profile matching using multiple capability class struct|

18435-2:2012, Industrial automation systems and integration — Diagnostics, capability g
1 maintenance applications integration — Part 2: Descriptions and definitions of applicati
trix elements

Terms and definitions

" the purposes ©f)this document, the terms and definitions given in ISO 16100-3, ISQ
18435-2, and the following apply.

ME

en

ispensable for its application. For dated references;vonly the edition cited applies. For
erences, the latest edition of the referenced document{including any amendments) applieq.

change requirements between applications. This approach is based on the use of ISO 18435 atplication

njunction

perability

uirements of the integrated smart pump application, which comprises4the pump control application

It and are
undated

capability
ty profiling

res

ssessment
bn domain

16100-5,

[1y-in an application domain matrix to organize information exchange among applications

[SOURCE: ISO 18435-2:2012, 3.2]

3.2

application interaction matrix element
AIME

entry in application interaction matrix to denote the capabilities of the resource to support
information exchange

[SOURCE: ISO 18435-2:2012, 3.4]
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3.3
application interoperability profile
AIP

single specification referencing a group of profiles that reference parts of base specifications which may

themselves be profiles

Note 1 to entry: The group of profiles can include process profile(s), information exchange profile(s), resou
profile(s) and sometimes other AIPs.

[SOURCE: ISO 18435-2:2012, 3.5]

rce

3.4
capability class

element Wwithin the capability profiling method that represents manufacturing software unit

functionality and behaviour with regard to the software unit’s role in a manufacturing activity,
denoted ip a capability inheritance structure and as deployed in a capability aggregationstructure

as

Note 1 to gntry: The role of a MSU changes when used in different manufacturing activities; however, the MYU’s

correspondling capability class is positioned uniquely in an inheritance structure, but*can assume differ
positions ip an aggregation structure.

Note 2 to|entry: In this Technical Report, a capability class template is identical to a capability templ
(IS0 1610(-2:2003, 6.3, gives requirements for capability templates).

[SOURCE:|ISO 16100-5:2009, 3.1, modified]

3.5
capability class structure
CCS
hierarchy]of capability classes

3.6
capability profiling template
capability template

template
schema fofr a manufacturing software capability profile

Note 1 to eptry: It could be partially filled:
[SOURCE:|ISO 16100-3:2005, 3.1.14; modified]

3.7
manufacturing domain-data
MDD

ent

unified modelling lariguage (UML) class representing information about manufacturing resourges,
manufactyiring activities, or items exchanged among manufacturing resources within a particular

manufactpiringidemain

[SOURCE:IISO 16100-5:2009, 3.3]

3.8

manufacturing domain model

MDM

particular view of a manufacturing domain, consisting of manufacturing domain data and relationsh
among them, corresponding to the domain’s applications

[SOURCE: ISO 16100-5:2009, 3.5]

ips
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4 Abbreviated terms

ADID Application Domain Integration Diagram
ADME Application Domain Matrix Element

AIF Application Integration Framework

AIME Application Interaction Matrix Element

AIP Application Interoperability Profile
CCh Capability Class Structure

IG Identification Guide

MI Manufacturing Domain Data

D

MM Manufacturing Domain Model
U
D

MS Manufacturing Software Unit
0T Open Technical Dictionary

PII Proportional Integral Derivative
PLC Programmable Logic Controller
UML Unified Modelling Language
VFp Variable Frequency Drive

XML eXtensible Markup Language

5 | Applications interoperability requirements modelling

5.1 Application integration framework in ISO 15745 and ISO 18435

The application integration framework (AIF) that is explained in ISO 15745-1 provides a basis for
inegrating an automation and control system architecture within a manufacturing application
ar¢hitecture.

An integrated.manufacturing application can be modelled as a combination of a set of manyfacturing
processes, resources and a set of information exchange among the manufacturing resources, as shown
in |Figure—}.” Manufacturing resources can be further divided as several types of comnjunication
nefwotks, devices, software, equipment, material, and personnel necessary to support the [processes
anflénformation exchanges required by the application.

A set of manufacturing resources that satisfy a set of interoperability and integration requirement is
needed to realize a manufacturing application. An integrated manufacturing application is enabled by a
manufacturing system consisting of a set of integrated manufacturing resources.

The categories of application domains of interest are enumerated in ISO 18435-1 and represented using
an application domain integration diagram (ADID).

© IS0 2013 - All rights reserved 3
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- spans Domain
Integrated Manufacturing [ —
Application from ADID
1.* Integration
Manufacturing © [FEmmmmEES  Requirements
Process
’ 1.* Manufacturing
. Resource
Manufacturing 1. ’
_ 1 m : -
— Software Unit
1 *
Manufacturing -
Information Exchange Equipment
Application | 4 Other Resource Types
Interaction
Matrix Element

5.2 Elements of information exchanges in ISO 18435

[SO 1843 focuses onintegration of applications. SO 16100 focuses on interoperability of MSUs, includ

manufact
informati

ISO 18434-1 provides an overview of the integrationféquirements of a manufacturing application. T
focus is o

Figure 1 — Application integration model

iring information exchange either within one application or within different applications. T
bn exchange among resources is represented by[SO 18435.

ng
he

he

h the production operations and maintenance operations domains, including the capabiliity
assessment activities.

ISO 18433-2 provides the detailed definitipns-of the AIME and ADME structures and their relationships.

General p

An AIME
informati

The set ¢f AIMEs that represénts the resource capabilities that meet the information exchar

requirem

ADME thgt qualifies interoperability relationship between two applications is elaborated in Figure
Clause A.1 has an example of an integrated application which describes the smart pump applicati
The capalility profiles of MSUs are obtained by filling adequate capability templates. Annex C shows {

examples

rocedures for constructing AIMEs’and ADMEs are also described.
Fepresents capabilities provided by a set of resources of an application in order to exchar

bn with another set of résources associated with another application.

ents to support €he interoperability of two applications comprises a key part of an ADN

of capability profiles for the smart pump applications.

ge

ge
1E.
2.
bN.
he
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| Integrated I Integrated
i Application X . Application Y
G ' >
' 1.N I 1.M
1 Resource I Resource
: 1.* | 1.*
! Process 4 s | 4 Process
Information I Tnformation
’ Exchange I Exchange ’
| .
e [ N VYT I LR S — - — —
ADME
1.* (X,Y)
AIME | __ 1.*
|1 Activities Activities —_—

The purpose of the ADME is to describe the interOperability and integration requirement

Figure 2 — AIME and ADME

templates for the smart pump apphcatlon are shown in Annex B

© IS0 2013 - All rights reserved
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5.4 Cor

541 A

The information exchanged between the MSUs provides the content for the ADME structure as descrih
in the mafufacturing domain data (MBD).

Applicatid
activities
These infq
as recipeg
control in

equipme]t status reports, alerts, and quality information).
f

The man
MDDs and

Integrated
Manufacturing
Application

Profile’ Template
= Concrete class for
profile

Profile i
Class T Template / "\ Template J -

Instance l ....... .......

Figure 3 — Activity tree of-anapplication

tent for information exchange requirements

plication requirements capability profile

n requirements capability profile in ISO 16100 describes an activity model in Figure 3. T
also describe information exchange among the resources or MSUs involved in the activ
rmation items exchanged typically include, input/output information in a MSU execution (s
, geometric data,schedules, or other activity parameters needed to perform the applicatid
formation (sGi¢h’as commands and requests for service), and status information (such as fau

acturing domain model (MDM) is a particular view of a manufacturing domain, consisting

relatlonshlps among them correspondlng to the domain’ s applications as shown in Figur¢ 4

A set of M

ed

he
ty.
ch
n),
ts,

of manufacturing 1nformat10r1 mcludmg those that are exchanged between the resources within an
application and between applications.

Information items pertaining to control of the actions of the equipment and device, e.g. the pump and
the variable frequency drive (VFD) in Figure A.1, are usually handled by MSUs but are not included in
this example.

© ISO 2013 - All rights reserved
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Methods in the action

Resources---
Support the methods
to fulfill the action

Constraints---
in the methods
/ actions

Information exchanged---
between the methods|
/actions

Relationship---

between MDDs or actions

Viateria

Secondary material

Human

Y

Recipe

v

Quality requirement

Input data

Output data

v Yy

Standard time
Actual time

Start time
End time

Standard cost
Actual cost

Predecessor

Successor.

VWorkplece / substance / ltem

Instruction / prescription

Order / Contrgl data / Product data /
Manufacturing'data

Action peffosmance report /
Progress state / Product data /
Manufacturing data

N

Figure 4 — Partial activity model represented by MDDs

5.4.2 MDDs used in ADME Content

Within a specific manufa¢turing domain, a manufacturing application can be represented
MIDDs. MDDs provide information about various aspects within a specific manufacturing dom

hs a set of
nin. MDDs

that represent infornration exchange between applications in the domain are used to enumerate the
content section in-the ADME. MDDs in Annex C are examples of ADME contents for the integra
pump application‘information exchange requirements.

ted smart

o support

Clause D.4 shows one possible example of the conveyance section to support integration of

the pump

control and the pump diagnostics applications. The channel in the conveyance section is configured to
support information exchange to meet the requirements of the integrated smart pump application.

5.6 ADME for the smart pump application

The context, content and conveyance section noted in 5.3, 5.4 and 5.5 form the ADME for expressing the

information exchange requirements that support interoperability of the pump control and
diagnostics applications within the integrated application of the smart pump application.

© IS0 2013 - All rights reserved
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6 Approach for smart pump application interoperability

6.1 Smart pump system information model

The asset design environment provides a wealth of information operating and managing the
manufacturing assets, e.g. a pump in certain manufacturing processes. ISO 15926 facilitates integration
of asset information to support the life-cycle activities and processes of production facilities. [SO 15926
providesamodel and library classes and templates for representinglife-cycle information about technical
installation and their components. Figure 5 shows the pump information model based on ISO 15926.

Equipment
—>[__Rotating Equipment _|
[ pump ]
*[ Mechanical Equipment |
__Impeller |

Induction Motor

[ Instrumentation and Control Equipment |

Flow Transmitter
s Electrical Flow Transmitter | [ Scale ]

Pump Object Information Model Individual Pump
Pump PumE il
Is whole of Has aspect Is whole of Has aspect
Is quantified as Hasscale Is quantified as Has scale
[ Dischargerate | | gpm | [ 50 ] [ gpm ]

Is conngcted to

>[ Eléctrical Flow Transmitter |
fs connected to

Is connected to

> Flow_Meter_1

Is connected to

Is connected to Is connected to

Induction Motor
— impeller_1

Figure 5 — Pump model based on ISO 15926

The inforgnation model based on ISO 15926 can be utilized in conjunction with ISO 18435 frameworK to
enable ina[r)lrmation exchange. By using an ISO 15745 based application integration modelling approalh,
information exchange requirements for key interoperability interfaces can be identified and concisely
documented in terms of resource-specific AIMEs. These AIMEs enumerate a set of particular standards
for enabling context-, content- and conveyance-oriented exchanges to enable the asset interoperability
and integration of applications dealing with asset information structures.

6.2 Resolving ambiguity using OTD

There are nowell-defined methods to define the relationships between the terms and definitions common
to the design environment and the operational environment. Many terms and definitions associated with
assets used in both the design context and the operational context are often ambiguous or inconsistent.
Their interpretation or meaning depends on the particular context. The open technical dictionary (OTD)
based on ISO 22745 resolve the ambiguity or inconsistency of these terms and definitions. The benefits

8 © IS0 2013 - All rights reserved
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of ISO 8000 (data quality) can be realized using ISO 22745 by specifying the data requirements for
messages containing master data that is exchanged between organizations; specifically requirements
for syntax, semantic encoding, and portability.

ISO 22745’s main facilitator is the OTD, a repository of concept identifiers and associated descriptions
used to define individual data elements. Once each element is described with the concept identifier from
the OTD, the descriptive elements can be stored, sent, received, and displayed by different organizations
without losing any meaning.

[SO 22745 also includes guidelines for the use of identification guides (IG). An IG is a set of rules for
dev‘ri]m'ng 2 pﬂrﬁr‘n]ar class of items to meet the rnqnirﬁmnnfc of 2 data rnr‘ipinnf An IG i Specified
using an XML schema. If all elements are included in the description, this IG facilitates, the[machine-
aided analysis of data quality because clear understanding is possible of what data are requirgd without
a gerson having to review the data. The use of an IG in constructing master data for product datalogues
cah be a pattern for use of concept identifiers in constructing application information‘exchange profiles
(i.¢. AIMEs and ADMEs ).

Thie concept identifiers used in the context, content and conveyance sectiorns.of the AIMEs and ADMEs
provide references registered in the OTD. These references point to the standards that ¢lefine the
information exchange objects. The concept identifiers are also used tofill'in the capability pijofiles and

NOTE1 ISO 29002 provides a framework for mapping the ISO 22745 0TD concept identifiers to other concept
tifier schemes. IEC 61987 definitions (list of device propertie§,‘classifications), ISO 13584 (partk libraries)
ISO 15926 object identifiers can be expressed in terms of 180722745 concept identifiers. The upe of other
corjcept identifiers and the details of these mappings are outside the scope of this Technical Report.

NOTE 2  Concept identifiers are not used in the XML exdrmples in the annexes, for better human readlability.

Application integration using ISO 18435

ISQ 18435 specifies provisions that applications are expected to satisfy, in terms of| a set of
intleroperability profiles. For exampleyif a diagnostic application requires flow informatior| from the
control application controlling a pump:to assess the overall asset condition, these two applications need
to jhave compatible profiles for this-particular information exchange. The purpose of the APDME is to
depcribe the information exchange requirements of the applications. For each application, nterfaces
used for information exchange are described using the AIME. The AIME details the resource cgpabilities
that meet the information(exchange requirements to support the interoperability of two applications.
A get of AIMEs represefits-the interface profiles supported by the applications and the corr¢sponding
regources and these AIMEs comprise an ADME.

7 | Constructing AIME and ADME for smart pump application

Overview

integrated smart pump application consists of two separate applications: control appli¢ation and
diagnostics application. By integrating these two separate applications, the resulting smart pump
application exhibits an intelligent behaviour, e.g. changing pump operation modes according to pump
diagnostics results to protect the equipment or processes. The sequence diagram in Figure D.1 in the
Annex D illustrates the example information exchange between pump control application and pump
diagnostics application for the integrated smart pump application to achieve integration.

7.2 AIME for pump control application

The control application for the pump consists of two separate applications with corresponding MSUs,
i.e. one for pump proportional integral derivative (PID) control and the other for data acquisition from
the sensors. AIMEs from the PID control and the data acquisition form one ADME which is not described
in this Technical Report. Once these two applications are integrated, one resulting AIME can be formed

© IS0 2013 - All rights reserved 9
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by replicating the context section and the conveyance section from the ADME. Symbolic names in the
matrix elements inside AIMEs and ADMEs are all replaced by the concept identifiers already registered
in the reference OTD. Figure 5 illustrates the use of concept identifiers inside an AIME. The left hand side
of Figure 6 shows the conveyance section without the concept identifiers. The right hand side of Figure 6

shows the concept identifiers used in the conveyance section of the AIME.
<Conveyance Section> <Conveyance Section>
<description>Diagnostics Example</description> <description>Diagnostics Example</description>
<informationType name="FlowRateRequestType” <informationType name="FlowRateRequestType"
pe="tFlowRateReg”> type="0161-14#01-080761#1">
<descyiption> Flow Rate Request</description> <description> Flow Rate Request</description¥
</infdrmationType> </informationType>
<infopymationType name="FlowRateResponseType” <informationType name="FlowRateResponseType"
ype="tFlowRateRes”> type="0161-1#01-018902#1">
<descyiption>Flow Rate Response</description> <description>Flow Rate Response</dgseription>
</infdrmationType> </informationType>
<chanrlelType name="DiagnosticsChannel” <channelType name="Diagnosiié&sChannel”
Jype="1S015745_ENet CommNet Profile" type="0161-1#01-1074537#1">
<descyiption>Ethernet/IP IS015745-2 Profile <description>EthernetyIP=15015745-2 Profile
</ddscription> </description>
</charnelType> </channelType>

Clause D.?

7.3 AII\IE for pump diagnostics application

The pum
AIME doe
part of th
context se
the conce

Clause D.]

7.4 ADME for the integrated smart pump application

Elements
pump dia

and the pymp diagnostics MSUs. All the remaining symbolic names in the ADMEs are all replaced by {

concept ig

Figure 6 — Concept identifiers inside AIME

shows the AIME for the pump control application.

diagnostics application consists oflsingle application with one corresponding MSU. If
5 not exist, one can be constructed:»Necessary information can be obtained from the spec
e MSU that contains methods, resources and information items to form the conveyance a
ctions of the AIME. Symbolic\names in the matrix elements inside AIMEs are all replaced
bt identifiers already registered in the reference OTD.

shows the AIME forthe pump diagnostics application.

bf all the sections from the integrated application’s ADME is derived from the pump control 4
rnostics AIMEs and information items contained in the capability profiles of the pump cont|

entifiers already registered in the reference OTD. The concept identifiers used in the mat

elements

an
fic
nd
by

nd
rol
he
rix

heed to be selected from the IG to qualify the allowable collections. The allowable collectid

ns

can be analysed to determine if they meet the interoperability requirements of the integrated smart

pump app

lication.

Clause D.4 shows the ADME for the integrated smart pump application.

8 General procedures for achieving application integration

The procedure of modelling application interoperability is as follows.

a) Specify domain(s) of interest(s) from ISO 18435 ADID and identify corresponding applications for
information exchange, e.g. control and diagnostics domains.

10
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b)

f)

g)
h)
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Profile the information exchange requirements between applications based on ISO 15745

profiling methodology.

Identify elements of application integration model of ISO 15745, i.e. information exchanges and
MSU resources that enable exchanges, e.g. information exchange between the pump control and the

pump diagnostics applications.

[SO 16100 MSU capability profiles need to exhibit information exchange and application capabilities.

Retrieve or construct the CCS for application requirements. CCSs are expressed in terms of concept

identifiers based on ISO 22745 OTD.

Identify AIMEs which fulfil the necessary information exchange between applications
including MSUs.

Identify ADMEs which fulfil the necessary information exchange between applications.

If the capability requirements of the applications are provided by the ISO 16100
capability profiles:

1) use capability requirements of ISO 16100 and fill in AIMEs and'ADMEs corresponding

resources

required

contexts;

2) usecapabilityrequirements ofISO 16100 and fillin AIMEs and ADMEs corresponding conveyance;

3) use capability requirements of ISO 16100 and fill in AIMEs and ADMEs corresponding
If the capability requirements of the applications are-provided by the ISO 18435 ADMEs:

1) use capability requirements of ISO 18435 ADMEs in context, content, and conveyanc
to construct ISO 16100 required profiles te;obtain corresponding MSUs;

2) use MSU identifiers from the ISO 16100 profile matcher to fill in the resource secti
ADMESs and corresponding AIMEs;

3) update the ADMEs and AIMEs-accordingly.

contents.

e sections

pns of the
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Annex A
(informative)

Modelling smart pump application

he
conventiopal ISO 15926 pump model illustrated in Figure 5. Figure A.1 shows the system diagram for
the smart/pump as an example.

PLC1 PLC2

Pump Control Pumyp Diagnostics

MSU1
(Data Acq.)
InputModuIe Comm. Module <:> Comm. Module

MSU3
(Speed/PID)

Information
Exchange

MSU2
(Diagnostics)

Flow Pressure emperature
‘ Sensqr W Sensor w ' 52“5; w
- {
ﬁ 0—1 [ :L
——LL
Pump Motor

Figure A.1 — Smart pump system diagram

There arq three<MSUs in the integrated smart pump application in this example. The pump contjol
application consists of a programmable logic controller (PLC), and appropriate input and communicatjon
modules tF process sensor information and communicate with VFD for adjusting the pump speed. Thé¢re
are two MSHUsTmrthe pumpcontrotapptication:

— data acquisition MSU acquires the sensor data from the sensors, e.g. flow rate, discharge pressure
and temperature;

— pump control MSU has pump control capability, e.g. speed and PID control for flow and pressure.

It is assumed that these two MSUs along with other resources comprising the pump control application
are already integrated within the pump control application as described in 7.2 and the information
exchange within the pump control application is not discussed in this annex.

The stand-alone pump diagnostics application has one MSU: pump diagnostics MSU receives sensor
information from the pump control application, performs diagnostics, and sends the diagnostics result
back to the pump control application.
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The data flow is as follows:

a) sensorinformation, e.g. flow, discharge pressure and temperature, isread by MSU1 (data acquisition)
of the pump control application;

b) necessary sensor data are sent to pump diagnostics application to perform pump diagnostics;
c) pump diagnostics, e.g. cavitation detection, is performed by MSU2 of pump diagnostics application;

d) the diagnosticresult, e.g. degree of pump cavitation, is sent back to pump control application;

e) [ MST3of the pumpcontrotapptication changes the pump operation profite; egitstowsjdown the
pump to protect the equipment or process.

A.2 Integrated smart pump application CCS

Thie following XML example represents the CCS of the integrated smart pump application.

<?yxml version="1.0" encoding="utf-8"7?>
<ChpabilityClassStructure xmlns:xsi="http://www.w3.0rg/2001/XMESgchema-instance” x¢1i:noName
spfceSchemalLocation="C:\SmartPumpll108\SmartPumpCCS.xsd”>
<CCS_Creator Name name="WG4 WG7” />
<CCS_ID id="SmartPumpCCS” />
<CCS_Root Node ID id="IntSmartPump” />
<Capability Class>
<Capability Class ID id="IntSmartPump” />
<Parent Node ID id="NONE” />
<Child Node ID>
<Capability Class>
<Capability Class_ ID id="SmapPumpControl PLC1” />
<Parent Node ID id="IntSmartPump” />
<Child Node ID>
<Capability Class>
<Capabiligy Class ID id="MSU1” />
<Parent, Node ID id="SmartPumpControl PLC1l” />
</Capability Class>
</Child Node\iID>
<Child Noda _iD>
<Capability Class>
LCapability Class_ID id="MSU3” />
<Parent Node ID id="SmartPumpControl PLC1” />
J/Capability Class>
<{/€hild Node ID>
</CapaBihity Class>
</Child Node ID>
<Child Node ID>
<Capability Class>
<Capability Class_ ID id="SmartPumpDiagnostics PLC2 MSU2” />
<Parent Node ID id="IntSmartPump” />
</Capability Class>
</Child Node ID>
Z/Capability Class>

</ 21’\21’\'5 1 '51-_‘("‘1 assStructure
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B.1 Smprtpump data acquisttion capabilityprofitngtempiate

The followying XML example represents the MSU capability template for the data acquisition MSU

<?xml vepysion="1.0" encoding="utf-8" 2>
<xs:schenla xmlns:xs="http://www.w3.0rg/2001/XMLSchema”>
<xs:eldgment name="CapabilityProfiling”>
<xs:qomplexType>

type="xs{string” />

/>

14

</xs{complexTypex
</xs:element>
<xs:conplexTypeYname="CommonPartType”>
<xs:dqequeiee>

Annex B
(informative)

Capability profiling templates of application software units

<xq:sequence maxOccurs="unbounded”>
xs:element name="Template”>
<xs:complexType>
<xs:attribute fixed="SmartPumpControl PLC1_MSU 1” form={tnqualified” name="1id’

<xs:attribute fixed="SmartPumpDag” name="name” type="s:string” use="required

</xs:complexType>
/xs:element>
xs:element name="Type”>
<xs:complexType>
<xs:attribute fixed="MSU profile” name="id!{type="xs:string” use="required” /
</xs:complexType>
/xs:element>
xs:element name="CapabilityProfile”>
<xs:complexType>
<xs:sequence>
<xs:element name="Pkgtype”X
<xs:complexType>
<xs:attribute form#£”uhqualified” name="version” type="xs:string” />
</xs:complexType>
</xs:element>
<xs:element name="Common” type="CommonPartType” />
<xs:element namé={"Specific” type="SpecificPartType” />
</xs:sequence>
<xs:attributesfeorm="unqualified” name="date” type="xs:string” />
</xs:complexTypes
/xs:element>
</3xs:sequence>

<xq:element name="MSU Capability”>
xsJcomplexType>
<xs:sequence>
<xs:element fixed="SmartPumpDagMSUl” name="ID" type="xs:string” />
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:sequence maxOccurs="unbounded”>
<xs:element name="ReferenceCapabilityClassStructure”>
<xs:complexType>
<xs:attribute fixed="SP MSU1l” form="unqualified” name="id” type="xs:string” />
<xs:attribute form="unqualified” name="name” type="xs:string” />
<xs:attribute form="unqualified” name="version” type="xs:string” />
<xs:attribute form="unqualified” name="url” type="xs:string” />
</xs:complexType>
</xs:element>
</xs:sequence>
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<xs:element name="Capability Class Name”>
<xs:complexType>
<xs:attribute fixed="SmartPumpDaqg” form="unqualified” name="name” type="xs:string”
/>
</xs:complexType>
</xs:element>
<xs:element name="Reference Capability Class Structure Name”>
<xs:complexType>
<xs:attribute fixed="SmartPump Daqg” form="unqualified” name="name”
type="xs:string” />
</xs:complexType>
</xs:element>
segretemert—fame="ergion
<xs:complexType>
<xs:attribute form="unqualified” name="major” type="xs:string” />
<xs:attribute form="unqualified” name="minor” type="xs:string” />
</xs:complexType>
</xs:element>
<xs:element name="Owner”>
<xs:complexType>
<xs:sequence>
<xs:element minOccurs="0" name="Name” type="xs:string/ />
<xs:element minOccurs="0"” name="Street” type="xs:sgxring” />
<xs:element minOccurs="0"” name="City” type="xs:sgrirg” />
<xs:element minOccurs="0"” name="Zip” type="xs:stxi¥ng” />
<xs:element minOccurs="0"” name="State” type="xststring” />
<xs:element minOccurs="0” name="Country” type="xs:string” />
<xs:element minOccurs="0"” name="Comment” £ype="xs:string” />
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element minOccurs="0" maxOccurs="unbounded” name="ComputingFacilities”>
<xs:complexType>
<xXs:sequence>
<xs:element minOccurs="0" max@ecurs="unbounded” name="Processor”>
<xs:complexType>
<xs:attribute form="upgualified” name="type” type="xs:string” />
</xs:complexType>
</xs:element>
<xs:element minOccurs=”0” maxOccurs="unbounded” name="OperatingSystem’]>
<xs:complexType>
<xs:attribute form="unqualified” name="type” type="xs:string” />
</xs:complexType>
</xs:element>
<xs:element\minOccurs="0"” maxOccurs="unbounded” name="Language”>
<xs:complexType>
<xdsattribute form="unqualified” name="name” type="xs:string” />
</%¥sicomplexType>
</x5)element>
<&s<€lement minOccurs="0"” maxOccurs="unbounded” name="Memory”>
<xs:complexType>
<xs:attribute form="unqualified” name="size” type="xs:string” />
<xs:attribute form="unqualified” name="unit” type="xs:string” />
</xs:complexType>
</xs:element>
scelement minOconrs="0" maxQccnrs="n1nbhonnded” name="713 skSpace”
<xs:complexType>
<xs:attribute form="unqualified” name="size” type="xs:string” />
<xs:attribute form="unqualified” name="unit” type="xs:string” />
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute form="unqualified” name="type” type="xs:string” />
</xs:complexType>
</xs:element>
<xs:element name="ReferenceDictionaryName”>
<xs:complexType>
<xs:attribute form="unqualified” name="name” type="xs:string” />
</xs:complexType>
</xs:element>
<xs:element minOccurs="0"” maxOccurs="unbounded” name="NumberOfProfileAttributes”>

’
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<xs:complexType>
<xs:attribute form="unqualified” name="number” type="xs:string” />
</xs:complexType>
</xs:element>
<xs:element minOccurs="0" maxOccurs="unbounded” name="NumberOfMethods”>
<xs:complexType>
<xs:attribute form="unqualified” name="number” type="xs:string” />
</xs:complexType>
</xs:element>
<xs:element minOccurs="0" maxOccurs="unbounded” name="NumberOfResources”>
<xs:complexType>
<xs:attribute form="unqualified” name="number” type="xs:string” />

+eofeterEye
</#s:element>
<xg:element minOccurs="0"” maxOccurs="unbounded” name="NumberOfConstraints”>
xs:complexType>
<xs:attribute form="unqualified” name="number” type="xs:string” />
/xs:complexType>
</Hs:element>
<xgq:element minOccurs="0"” maxOccurs="unbounded” name="NumberOfExtensigns”>
xs:complexType>
<xs:attribute form="unqualified” name="number” type="xs:string? V>
/xs:complexType>
</H#s:element>
<xd:element minOccurs="0"” maxOccurs="unbounded” name="Number@QffowerLevels”>
xs:complexType>
<xs:attribute form="unqualified” name="number” type=/xsYstring” />
/xs:complexType>
</H#s:element>
<xgq:element minOccurs="0"” maxOccurs="unbounded” name="NumberOfSubtemplatesAtNextLdwe
rLevel”>
xs:complexType>
<xs:attribute form="unqualified” name="nuglder” type="xs:string” />
/xs:complexType>
</Aqs:element>
</xs{sequence>
</xs:cqmplexType>
<xs:conplexType name="SpecificPartType”>
<xs:dqequence>
<xg:element name="Reference MDM-.Name”>
xs:complexType>
<xs:attribute form="unqualified” name=”domain name” type="xs:string” />
/xs:complexType>
</H#s:element>
<xg:element name="MDD De&stription Format”>
xs:complexType>
<xs:attribute fOrm="unqualified” name="format name” type="xs:string” />
/xs:complexTypEx
</H#s:element>
<xg:element ndme="MDD Description”>
xs:compleXType>
<xs:sequence>
<xSrchoice>
<ks:element name="Set Of MDD Objects”>
<xs:complexType>
S:-sequence minQccocnrs="0" maxQccnrs="nnhonnded’”
<xs:element name="MDD Name”>
<xs:complexType>
<xs:sequence>
<xs:element name="MDD Information Exchange”>
<xs:complexType>
<xs:sequence maxOccurs="unbounded”>
<xs:sequence>
<xs:element minOccurs="0"” maxOccurs="unbounded”

name="information in”>
<xs:complexType>
<xs:attribute form="unqualified” name="name”
type="xs:string” use="required” />
<xs:attribute form="unqualified” name="value”
type="xs:string” use="required” />
</xs:complexType>
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</xs:element>
</xs:sequence>
<xs:sequence>
<xs:element minOccurs="0" maxOccurs="unbounded”
name="information out”>
<xs:complexType>
<xs:attribute form="unqualified” name="name”
type="xs:string” use="required” />
<xs:attribute form="unqualified” name="value”
type="xs:string” use="required” />
</xs:complexType>
</xs:element>

s Casicral
<xs:sequence>
<xs:element minOccurs="0"” maxOccurs="unbounded”
nahe="information inout”>
<xs:complexType>
<xs:attribute form="unqualified” nafwe="name”
type="xs:string” use="required” />
<xs:attribute form="unqualifiedA\ mrame="value
type="xs:string” use="required” />
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="MDD Const&aynts”>
<xs:complexType>
<xs:sequence>
<xs:element minOgcurs="0" maxOccurs="unbounded”
nape="Constraint name”>
<xs:complexlype>
<xs:attribute form="unqualified” name="name”
type="xs:string” use="required” />
<xszattribute name="property” type="xs:string
us¢="required” />
</%s" complexType>
</xsmelement>
</¥s¥sequence>
</xgktcomplexType>
</xs:element>
Lxsg:element name="MDD Resources”>
<xs:complexType>
<xs:sequence>
<xs:element minOccurs="0" maxOccurs="unbounded”
nape="Resource namg’>
<xs:complexType>
<xs:attribute form="unqualified” name="name”
type="xs:strig?” />
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
S QQ(I'ITQ'I’WF‘Q

<xs:attribute form="unqualified” name="name” type="xs:string”

use="required” />
<xs:attribute form="unqualified” name="action” type="xs:string”
use="required” />
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="List_ Of MDD Objects”>
<xs:complexType>
<xs:sequence minOccurs="0"” maxOccurs="unbounded”>
<xs:element name="MDD Name”>
<xs:complexType>
<xs:attribute form="unqualified” name="name” type="xs:string”
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use="required” />
<xs:attribute form="unqualified” name="action” type="xs:string”
use="required” />
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="Time Ordered MDD Objects”>
<xs:complexType>
<xs:sequence minOccurs="0" maxOccurs="unbounded”>
<xs:element name="Time Occurrence Of MDD Object”>
+reomptertye
<xs:sequence>
<xs:element name="MDD Name”>
<xs:complexType>
<xs:attribute form="unqualified” name="name” type="Ks:string

/>
<xs:attribute form="unqualified” name="action”
type="xs{string” />
</xs:complexType>
</xs:element>
<xs:element name="MDD Qualifiers”>
<xs:complexType>
<xs:sequence minOccurs="0"” maxOccurs=“idnbounded”>
<xs:element name="Qualifier Name’/>
<xs:complexType>
<xs:attribute form="ungyalified” name="name”
type="xs{string” />
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="EventiOrdered MDD Objects”>
<xs:complexType>
<xs:sequence mindccurs="0"” maxOccurs="unbounded”>
<xs:element\ name="Event Occurrence Of MDD Object”>
<xs:complexType>
<xg:8equence>
<xs:element name="MDD Name”>
<xs:complexType>
<xs:attribute form="unqualified” name="name” type="xs:string
/>
<xs:attribute form="unqualified” name="action”
type="xs{string?8/>
</xs:complexType>
</xs:element>
<xs:element name="”"MDD Qualifiers”>
Q'r"mmp'la Type _
<xs:sequence minOccurs="0"” maxOccurs="unbounded”>
<xs:element name="Qualifier Name”>
<xs:complexType>
<xs:attribute form="unqualified” name="name”

type="xs:string” />
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
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</xs:element>
</xs:choice>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element minOccurs="0" maxOccurs="unbounded” name="List Of CC_Attributes” />
<xs:element minOccurs="0"” maxOccurs="unbounded” name="List Of CC_Methods” />
<xs:element minOccurs="0” maxOccurs="unbounded” name="List Of CC Resources” />
<xs:element minOccurs="0"” maxOccurs="unbounded” name="List Of CC Constraints” />
<xs:element minOccurs="0" maxOccurs="unbounded” name="List Of CC_Extensions” />
<xs:element minOccurs="0” maxOccurs="unbounded” name="List Of CC Lower Levels” />
<xs:element minOccurs="0" maxOccurs="unbounded” name="List Of CC Subtemplates” />

—SecHrerr
/xs:complexType>
</¥s:schema>

B.2 Smart pump diagnostics capability profiling template
Thie following XML example represents the MSU capability template for the pump diagnostic§ MSU.

<?fkml version="”1.0" encoding="utf-8"?>
<xp:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema”>
xs:element name="CapabilityProfiling”>
<xs:complexType>
<xs:sequence maxOccurs="unbounded”>
<xs:element name="Template”>
<xs:complexType>
<xs:attribute fixed="SmartPumpDiag PLC2 M8U2/” form="unqualified” name="1d”
type="xs:string” />
<xs:attribute fixed="SmartPumpDiagnoseNiame="name” type="xs:string”
us¢="required” />
</xs:complexType>
</xs:element>
<xs:element name="Type”>
<xs:complexType>
<xs:attribute fixed="MSU profile” name="id” type="xs:string” use="requifed” />
</xs:complexType>
</xs:element>
<xs:element name="CapabilibyProfile”>
<xs:complexType>
<xs:sequence>
<xs:element name="Pkgtype”>
<xs:complexType>
<xs:aftribute form="unqualified” name="version” type="xs:string”|/>
</xs yeonplexType>
</xsyelement>
<xs:eleément name="Common” type="CommonPartType” />
<xg:eélement name="Specific” type="SpecificPartType” />
</xsisequence>
<Xs:attribute form="unqualified” name="date” type="xs:string” />
Lh%s:complexType>
<IxS:element>
/x5 :sequence>
</%xs:complexType>
/€8 :element>
<xs:complexType name="CommonPartType”>
<xs:sequence>
<xs:element name="MSU Capability”>
<xs:complexType>
<xs:sequence>
<xs:element fixed="SmartPumpDiagnoseMSU2” name="ID”" type="xs:string” />
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:sequence maxOccurs="unbounded”>
<xs:element name="ReferenceCapabilityClassStructure”>
<xs:complexType>
<xs:attribute fixed="SP MSU2” form="unqualified” name="id” type="xs:string” />
<xs:attribute form="unqualified” name="name” type="xs:string” />
<xs:attribute form="unqualified” name="version” type="xs:string” />
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<xs:attribute form="unqualified” name="url” type="xs:string” />
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:element name="Capability Class Name”>
<xs:complexType>
<xs:attribute fixed="SmartPumpDiagnose” form="unqualified” name="name”
type="xs:string” />
</xs:complexType>
</xs:element>
<xs:element name="Reference Capability Class Structure Name”>
<xs:complexType>

S N SCTE £ S/l

st ribute—fined=LCSmartPump—biay
type="xs{string” />
/xs:complexType>
</H#s:element>
<xd:element name="Version”>
xs:complexType>
<xs:attribute form="unqualified” name="major” type="xs:string” />
<xs:attribute form="unqualified” name="minor” type="xs:string” />
/xs:complexType>
</#s:element>
<xq:element name="Owner”>
xs:complexType>
<xs:sequence>
<xs:element minOccurs="0"” name="Name” type="xs:string% />
<xs:element minOccurs="0"” name="Street” type="xs:gtring” />
<xs:element minOccurs="0" name="City” type="xs:gftying” />
<xs:element minOccurs="0" name="Zip” type="xs:st¥ing” />
<xs:element minOccurs="0"” name="State” type={xs:string” />
<xs:element minOccurs="0"” name="Country” tyré&="xs:string” />
<xs:element minOccurs="0"” name="Comment” Agype="xs:string” />
</xs:sequence>
/xs:complexType>
</Aqs:element>
<xd:element minOccurs="0" maxOccurs="unbounded” name="ComputingFacilities”>
xs:complexType>
<xs:sequence>
<xs:element minOccurs="0" maxQeccurs="unbounded” name="Processor”>
<xs:complexType>
<xs:attribute form="ungualified” name="type” type="xs:string” />
</xs:complexType>
</xs:element>
<xs:element minOccursE="0"” maxOccurs="unbounded” name="OperatingSystem”>
<xs:complexTypek
<xs:attributg ‘form="unqualified” name="type” type="xs:string” />
</xs:comple&Pype>
</xs:element>
<xs:elemefity'minOccurs="0" maxOccurs="unbounded” name="Language”>
<xs:complexType>
<x$mdttribute form="unqualified” name="name” type="xs:string” />
</%ks)'complexType>
</%Xs*element>
<xstelement minOccurs="0"” maxOccurs="unbounded” name="Memory”>
<xs:complexType>
scattribute form="pnqualified” name="sjize
<xs:attribute form="unqualified” name="unit” type="xs:string” />
</xs:complexType>
</xs:element>
<xs:element minOccurs="0"” maxOccurs="unbounded” name="DiskSpace”>
<xs:complexType>
<xs:attribute form="unqualified” name="size” type="xs:string” />
<xs:attribute form="unqualified” name="unit” type="xs:string” />
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute form="unqualified” name="type” type="xs:string” />
</xs:complexType>
</xs:element>
<xs:element name="ReferenceDictionaryName”>
<xs:complexType>

7" Nz —y7s 7"

£ =7 1 £
O =22as po e = oE = 2aS S o ot ot

”

tvypne=" cstrina”
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<xs:attribute form="unqualified” name="name” type="xs:string” />
</xs:complexType>
</xs:element>

<xs:element minOccurs="0"” maxOccurs="unbounded” name="NumberOfProfileAttributes”>

<xs:complexType>
<xs:attribute form="unqualified” name="number” type="xs:string” />
</xs:complexType>
</xs:element>
<xs:element minOccurs="0" maxOccurs="unbounded” name="NumberOfMethods”>
<xs:complexType>
<xs:attribute form="unqualified” name="number” type="xs:string” />

</xs:complexType>
1 L

<xs:element minOccurs="0"” maxOccurs="unbounded” name="NumberOfResources”>
<xs:complexType>
<xs:attribute form="unqualified” name="number” type="xs:string” />
</xs:complexType>
</xs:element>
<xs:element minOccurs="0" maxOccurs="unbounded” name="NumberOfConstraints”>
<xs:complexType>
<xs:attribute form="unqualified” name="number” type="xs:string” />
</xs:complexType>
</xs:element>
<xs:element minOccurs="0" maxOccurs="unbounded” name="NumberOfExtensions”>
<xs:complexType>
<xs:attribute form="unqualified” name="number” type="xs:string” />
</xs:complexType>
</xs:element>
<xs:element minOccurs="0" maxOccurs="unbounded’’) Hame="NumberOfLowerLevels”>
<xs:complexType>
<xs:attribute form="unqualified” name="mumber” type="xs:string” />
</xs:complexType>
</xs:element>
<xs:element minOccurs="0" maxOccurs="unbounded” name="NumberOfSubtemplatesAf

pvel” >

<xs:complexType>
<xs:attribute form="unqualified” name="number” type="xs:string” />
</xs:complexType>
</xs:element>

</xs:sequence>
/xs:complexType>
xs:complexType name="SpegificPartType”>
<xs:sequence>
<xs:element name="Reflerence MDM Name”>
<xs:complexTypex

</xs:compldxRype>

</xs:element>

<xs:elemehf“hame="MDD Description Format”>
<xs:cOmplexType>

</¥9:complexType>

</¥stelement>

<¥s:element name="MDD Description”>
<xs:complexType>

<xs:attribéte*form="unqualified” name="domain name” type="xs:string” />

<x@rattribute form="unqualified” name="format name” type="xs:string” />

S "\‘Q(‘IHQY\(‘Q
<xs:choice>
<xs:element name="Set Of MDD _Objects”>
<xs:complexType>
<xs:sequence minOccurs="0"” maxOccurs="unbounded”>
<xs:element name="MDD Name”>
<xs:complexType>
<xs:sequence>
<xs:element name="MDD Information Exchange”>
<xs:complexType>
<xs:sequence maxOccurs="unbounded”>
<xs:sequence>

<xs:element minOccurs="0"” maxOccurs="unbounded”

name="information in”>
<xs:complexType>

<xs:attribute form="unqualified” name="name”

© IS0 2013 - All rights reserved
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type="xs:string” use="required” />
<xs:attribute form="unqualified” name="value”
type="xs:string” use="required” />
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:sequence>
<xs:element minOccurs="0"” maxOccurs="unbounded”
name="information out”>
<xs:complexType>
<xs:attribute form="unqualified” name="name”
type="xs:string” use="required” />

R £ 77 7 1 7
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type="xs{string” use="required” />
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:sequence>
<xs:element minOccurs="0"” maxOccurs="unbounded”
name="infformation inout”>
<xs:complexType>
<xs:attribute form="unqualified” aame="name”
type="xs{string” use="required” />
<xs:attribute form="unqualified*~hame="value”
type="xs{string” use="required” />
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="MDD Constsalnts”>
<xs:complexType>
<xs:sequence>
<xs:element min@reurs="0"” maxOccurs="unbounded”
name="Corfstraint name”>
<xs:complexType>
<xs:atteibute form="unqualified” name="name”
type="xs{string” use="required” />
<xsigttribute name="property” type="xs:string”
use="reqyired” />
</xs:complexType>
&/xs:element>
A/ Xs:sequence>
<Yxk:complexType>
<{/xs:element>
<xs:element name="MDD Resources”>
<xs:complexType>
<xs:sequence>
<xs:element minOccurs="0"” maxOccurs="unbounded”
name="Redource_name’>
<xs:complexType>
<xs:attribute form="unqualified” name="name”
type="xs{string” />
</xs:complexType>
celement
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute form="unqualified” name="name” type="xs:string”

use="required” />
<xs:attribute form="unqualified” name="action” type="xs:string”
use="required” />
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="List Of MDD Objects”>
<xs:complexType>
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<xs:sequence minOccurs="0" maxOccurs="unbounded”>

<xXS:

element name="MDD Name”>

<xs:complexType>

use="required” />

use="required” />

<xs:attribute form="unqualified” name="name” type="xs:string”

<xs:attribute form="unqualified” name="action” type="xs:string”

</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>

< Temes

/>

type="xs:string” />

type="xs:string” />

/>

4

<xs:complexType>
<xs:sequence minOccurs="0" maxOccurs="unbounded”>
<xs:
<xs:complexType>

</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complé&xType>
</xs:element>
<xs:element) name="Event Ordered MDD Objects”>
<xs:c¢omplexType>
<xgisequence minOccurs="0" maxOccurs="unbounded”>
<xs:
<xs:complexType>

element name="Time Occurrence Of MDD Object”>

<xs:sequence>
<xs:element name="MDD Name”>
<xs:complexType>
<xs:attribute form="unqualified” name=/'name” type="xg:string”

<xs:attribute form="unqualified” mame="action”

</xs:complexType>
</xs:element>
<xs:element name="MDD Qualifiefs”>
<xs:complexType>
<xs:sequence minOccurs="0" maxOccurs="unbounded”>
<xs:element name="Qualifier Name”>
<xs:complexType>
<xs:attribute' form="unqualified” name="name”

</xs:complexType>
</xs:element>
</xs:sequehre>
</xs:complexType>
</xs:elemeht>
</xs:sequence>

element name="Event Occurrence Of MDD Object”>

<xs:sequence>
<xs:element name="MDD Name”>
<xs:complexType>
<xs:attribute form="unqualified” name="name” type="xg:string”

<xs:attribute form="unqualified” name="action”

type=xs-string”

type="xs:string” />

© IS0 2013 - All rights reserved

</xs:complexType>
</xs:element>
<xs:element name="MDD Qualifiers”>
<xs:complexType>
<xs:sequence minOccurs="0" maxOccurs="unbounded”>
<xs:element name="Qualifier Name”>
<xs:complexType>
<xs:attribute form="unqualified” name="name”

</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
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</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:choice>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element minOccurs="0” maxOccurs="unbounded” name="List Of CC_Attributes” />
<xs:element minOccurs="0" maxOccurs="unbounded” name="List Of CC Methods” />
<xs:element minOccurs="0" maxOccurs="unbounded” name="List Of CC Resources” />

1 + (A /X7 a 7 L Ao,
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<xg:element minOccurs="0"” maxOccurs="unbounded” name:"List:Of:CCIExtensions" />
<xd:element minOccurs="0"” maxOccurs="unbounded” name="List Of CC_Lower LevelsX A>
<xq:element minOccurs="0" maxOccurs="unbounded” name="List Of CC Subtemplated™)/>
</xs {sequence>
</xs:cqmplexType>
</xs:schqma>

B.3 Smfart pump control capability profiling template

The followying XML example represents the MSU capability template for the pump control MSU.

<?xml vexysion="1.0" encoding="utf-8" 7>
<xs:schenja xmlns:xs="http://www.w3.0rg/2001/XMLSchema”>
<xs:eldgment name="CapabilityProfiling”>
<xs:dqomplexType>
<xd:sequence maxOccurs="unbounded”>
xs:element name="Template”>
<xs:complexType>
<xs:attribute fixed="SmartPumpControl PLCILMSU3” name="id” type="xs:string” />
<xs:attribute fixed="SmartPumpControl” name="name” type="xs:string”
use="reqyired” />
</xs:complexType>
/xs:element>
xs:element name="Type”>
<xs:complexType>
<xs:attribute fixed="MSU profile” name="id” type="xs:string” use="required” /
</xs:complexType>
/xs:element>
xs:element name="CapabilityProfile”>
<xs:complexType>
<xs:sequence>
<xs:element name="Pkgtype”>
<xs:complexType>
<xs:atbribute form="unqualified” name="version” type="xs:string” />
</xs:geuplexType>
</xs:ghémpent>
<xs:element name="Common” type=”CommonPartType” />
<xgnelement name="Specific” type="SpecificPartType” />
</x%Sh¥equence>
<kKsrattribute form="unqualified” name="date” type="xs:string” />
<7%s':complexType>
/¥X9:element>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:complexType name="CommonPartType”>
<xs:sequence>
<xs:element name="MSU Capability”>
<xs:complexType>
<xs:sequence>
<xs:element fixed="SmartPmupControlMSU3” name="ID" type="xs:string” />
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:sequence maxOccurs="unbounded”>
<xs:element name="ReferenceCapabilityClassStructure”>
<xs:complexType>

24 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=14362a42964852437751228ab6ea2b8c

ISO/TR 18161:2013(E)

<xs:attribute fixed="SP MSU3” form="unqualified” name="id” type="xs:string” />

<xs:attribute form="unqualified” name="name” type="xs:string” />
<xs:attribute form="unqualified” name="version” type="xs:string” />
<xs:attribute form="unqualified” name="url” type="xs:string” />
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:element name="Capability Class Name”>
<xs:complexType>
<xs:attribute fixed="SmartPumpControl” form="unqualified” name="name”

type="xs:string” />

</xs:complexType>
1 L

5%

<xs:element name="Reference Capability Class Structure Name”>
<xs:complexType>
<xs:attribute fixed="SmartPump Control” form="unqualified” name="name*“

e="xs:string” />

</xs:complexType>
</xs:element>
<xs:element name="Version”>
<xs:complexType>
<xs:attribute form="unqualified” name="major” type="xs:8tning” />
<xs:attribute form="unqualified” name="minor” type="xswstring” />
</xs:complexType>
</xs:element>
<xs:element name="Owner”>
<xs:complexType>
<xs:sequence>
<xs:element minOccurs="0"” name="Name” type¥”xs:string” />
<xs:element minOccurs="0"” name="Streetl type="xs:string” />
<xs:element minOccurs="0" name="CityA Eype="xs:string” />
<xs:element minOccurs="0" name="Zip¥ type="xs:string” />
<xs:element minOccurs="0"” name="Sfate” type="xs:string” />
<xs:element minOccurs="0"” name={Country” type="xs:string” />
<xs:element minOccurs="0" name="Comment” type="xs:string” />
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element minOccurs="0" maxQccurs="unbounded” name="ComputingFacilities”>
<xs:complexType>
<xs:sequence>
<xs:element minQccurs="0"” maxOccurs="unbounded” name="Processor”>
<xs:complexT{pe>
<xs:attribute form="unqualified” name="type” type="xs:string” />
</xs:complexType>
</xs:eleffient>
<xs:eldment minOccurs="0"” maxOccurs="unbounded” name="OperatingSystem
<xgicemplexType>
¥xS:attribute form="unqualified” name="type” type="xs:string” />
L/%s:complexType>
Qrxs:element>
<xs:element minOccurs="0"” maxOccurs="unbounded” name="Language”>
<xs:complexType>
<xs:attribute form="unqualified” name="name” type="xs:string” />
</xs:complexType>

scelement

<xs:element minOccurs="0"” maxOccurs="unbounded” name="Memory”>
<xs:complexType>
<xs:attribute form="unqualified” name="size” type="xs:string” />
<xs:attribute form="unqualified” name="unit” type="xs:string” />
</xs:complexType>
</xs:element>
<xs:element minOccurs="0"” maxOccurs="unbounded” name="DiskSpace”>
<xs:complexType>
<xs:attribute form="unqualified” name="size” type="xs:string” />
<xs:attribute form="unqualified” name="unit” type="xs:string” />
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute form="unqualified” name="type” type="xs:string” />
</xs:complexType>

© IS0 2013 - All rights reserved
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</xs:element>
<xs:element name="ReferenceDictionaryName”>
<xs:complexType>
<xs:attribute form="unqualified” name="name” type="xs:string” />
</xs:complexType>
</xs:element>
<xs:element minOccurs="0"” maxOccurs="unbounded” name="NumberOfProfileAttributes”>
<xs:complexType>
<xs:attribute form="unqualified” name="number” type="xs:string” />
</xs:complexType>
</xs:element>
<xs:element minOccurs="0" maxOccurs="unbounded” name="NumberOfMethods”>
+reompterTye
<xs:attribute form="unqualified” name="number” type="xs:string” />
/xs:complexType>
</H#s:element>
<xd:element minOccurs="0" maxOccurs="unbounded” name="NumberOfResources”>
xs:complexType>
<xs:attribute form="unqualified” name="number” type="xs:string” />
/xs:complexType>
</H#s:element>
<xd:element minOccurs="0" maxOccurs="unbounded” name="NumberOfComstraints”>
xs:complexType>
<xs:attribute form="unqualified” name="number” type="xs:s{riag” />
/xs:complexType>
</Hs:element>
<xq:element minOccurs="0"” maxOccurs="unbounded” name="Ndmb&rOfExtensions”>
xs:complexType>
<xs:attribute form="unqualified” name="number” type*"xs:string” />
/xs:complexType>
</Hs:element>
<xg:element minOccurs="0" maxOccurs="unbounded’sname="NumberOfLowerLevels”>
xs:complexType>
<xs:attribute form="unqualified” name="number” type="xs:string” />
/xs:complexType>
</H#s:element>
<xd:element minOccurs="0" maxOccurs="unbounded” name="NumberOfSubtemplatesAtNextLdwe
rLevel”>

xs:complexType>
<xs:attribute form="unqualified” name="number” type="xs:string” />
/xs:complexType>
</#s:element>
</xs {sequence>
</xs:cqmplexType>
<xs:conplexType name="SpecificPartType”>
<xs:dequence>
<xg:element name="Reference MDM Name”>
xs:complexTypeZ
<xs:attribuféyform="unqualified” name=”domain name” type="xs:string” />
/xs:compleXPype>
</ds:element®
<xg:elemen® hname="MDD Description Format”>
xs:comprtexType>
<xsyattribute form="unqualified” name="format name” type="xs:string” />
/&s ‘complexType>
</As=flement
<xs:element name="MDD Description”>
<xs:complexType>
<xs:sequence>
<xs:choice>
<xs:element name="Set Of MDD Objects”>
<xs:complexType>
<xs:sequence minOccurs="0" maxOccurs="unbounded”>
<xs:element name="MDD Name”>
<xs:complexType>
<xs:sequence>
<xs:element name="MDD Information Exchange”>
<xs:complexType>
<xs:sequence maxOccurs="unbounded”>
<xs:sequence>
<xs:element minOccurs="0"” maxOccurs="unbounded”
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<xs:complexType>
<xs:attribute form="unqualified” name="name”
/>
<xs:attribute form="unqualified” name="value”
/>
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:sequence>

<xs:element minOccurs="0"” maxOccurs="unbounded”

type="xs:string” use="required”
type="xs:string” use="required”
nahe="information inout”>

type="xs:string” use="required”

type="xs:string” use="required”

</
</xs
</xs:e
<xs:el
<Xs:
<x

nape="Constraint name”>

type="xs:string” use="requirxed?

us¢="required” />

</
</xs
</xs:e
<xs:el
<xs:
<x

nape=2Rgsource_name”>

R

<xs:attribute form="unqualified” name="namé*
/>

<xs:attribute form="unqualified” name={Vvadlue
/>

</xs:complexType>
</xs:element>
</xs:sequence>
<xs:sequence>
<xs:element minOccurs="0" maxQécurs="unbounded”
<xs:complexType>
<xs:attribute form="ungwalified” name="name”
/>
<xs:attribute fomf="tnqualified” name="value
/>
</xs:complexType>
</xs:element>
</xs:sequence>
Xs:sequence>
:complexTypeX
lement>
ement name="MDD Constraints”>
complexType>
S:sequence>
<xs:element minOccurs="0" maxOccurs="unbounded”
<xs:complexType>
<xs:attribute form="unqualified” name="name”
/>

’

<xs:attribute name="property” type="xs:string
</xs:complexType>

</xs:element>

Xs:sequence>

:complexType>

lement>

ement name="MDD Resources”>

complexType>

S:sequence>

<xs:element minOccurs="0"” maxOccurs="unbounded”

<xs:complexType>
s-attribute 'F(\YTTE"HT\(‘IHA]"\‘HQ(‘]" name="name’”

type="xs:string” />

</
</xs
</xs:e

</xs:complexType>
</xs:element>
XSs:sequence>
:complexType>
lement>

</xs:sequence>

<xs:attr

use="required” />
<xs:attr

use="required” />
</xs:compl
</xs:element
</xs:sequence>
</xs:complexType

© IS0 2013 - All rights reserved
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</xs:element>
<xs:element name="List Of MDD Objects”>
<xs:complexType>
<xs:sequence minOccurs="0" maxOccurs="unbounded”>
<xs:element name="MDD Name”>
<xs:complexType>
<xs:attribute form="unqualified” name="name” type="xs:string”

use="required” />

<xs:attribute form="unqualified” name="action” type="xs:string”

use="required” />

/>
type="xs
type="xs
/>

</xs:complexType>
</xs:element>

string” />

string” />

—SeSHeR
</xs:complexType>
</xs:element>
<xs:element name="Time Ordered MDD Objects”>
<xs:complexType>
<xs:sequence minOccurs="0" maxOccurs="unbounded”>
<xs:element name="Time Occurrence Of MDD Object”>
<xs:complexType>
<xs:sequence>
<xs:element name="MDD Name”>
<xs:complexType>
<xs:attribute form="unqualified” namez*“name” type="xs:string

<xs:attribute form="unqualified” namg="action”

</xs:complexType>
</xs:element>
<xs:element name="MDD Qualifierg!>
<xs:complexType>
<xs:sequence minOccurs=%0"” maxOccurs="unbounded”>
<xs:element name="Qéalifier Name”>
<xs:complexTypex
<xs:attribuges form="unqualified” name="name”

</xs:complexType>
</xs:elemerne>
</xs:sequence>
</xs:complexPype>
</xs:element>
</xs:sequence>
</xs:complé&xType>
</xs:element>
</xs:sequenge}r
</xs:compldxBype>
</xs:element>
<xs:elemefitvname="Event Ordered MDD Objects”>
<xs:cOmplexType>
<f£gwSequence minOccurs="0"” maxOccurs="unbounded”>
<xs:element name="Event Occurrence Of MDD Object”>
<xs:complexType>
<xs:sequence>
<xs:element name="MDD Name”>
<xs:complexType>

’

scattribinte form="1nqualified” name="name’” type="

<xs:attribute form="unqualified” name="action”

type="xs:string” />

</xs:complexType>
</xs:element>
<xs:element name="MDD Qualifiers”>
<xs:complexType>
<xs:sequence minOccurs="0" maxOccurs="unbounded”>
<xs:element name="Qualifier Name”>
<xs:complexType>
<xs:attribute form="unqualified” name="name”

type="xs:string” />

28

</xs:complexType>
</xs:element>
</xs:sequence>
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</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>

</xs:element>
</xs:choice>
</xs:sequence>
</xs:complexType>
</xs:element>

7 <l
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<xs:element minOccurs="0"
<xs:element minOccurs="0"
<xs:element minOccurs="0"
<xs:element minOccurs="0"
<xs:element minOccurs="0"
<xs:element minOccurs="0"

</xs:sequence>
/xs:complexType>
ks :schema>

</

maxOccurs="unbounded”
maxOccurs="unbounded”
maxOccurs="unbounded”
maxOccurs="unbounded”
maxOccurs="unbounded”
maxOccurs="unbounded”

name="List Of CC Methods”(¥
name="List Of CC Resourees”
name="List Of CC Const¥aint
name="List Of CC ExtenSions
name="List Of CC_lLgwer_ Level]
name="List Of C¢, Subtemplatg

© IS0 2013 - All rights reserved
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C.1 Sm|

The followying XML example represents the capability profile of the data acquisition applicatio.

<?xml vepysion="1.0" encoding="utf-8"72>
<CapabilityProfiling xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance” xsikhnoNamespad
chemaLocdtion="C:\ISO\SmartPump\SmartPumpDaqg.xsd”>

<Temglate id="SmartPumpControl PLCl MSU 1” name="SmartPumpDag” />

<Typq id="MSU profile” />

<CapdbilityProfile date="2012-12-30">

ion

30

”

/>

Annex C
(informative)

Application software unit capability profiles

artpump data acquisitiom capability profite ———— |

Pkgtype version="1.0.0" />
Common>
<MSU Capability>
<ID>SmartPumpDagMSUl</ID>
</MSU_Capability>
<ReferenceCapabilityClassStructure id="SP_MSUL*V>
<Capability Class_Name name="SmartPumpDag” />
<Reference Capability Class Structure Name, pawe="SmartPump Dag” />
<Version major="1"” minor="1" />
<Owner>
</Owner>
<ComputingFacilities>
<Processor type="logix” />
<OperatingSystem type="AB” />
<Language name="EN” />
<Memory size="32" unit="MB” />
<DiskSpace size="20" unit="GB” />
</ComputingFacilities>
<ReferenceDictionaryName />
<NumberOfProfileAttrikutes />
<NumberOfMethods />
<NumberOfResourceg />
<NumberOfConstraints />
<NumberOfExtemsieons />
<NumberOfLower¥evels />
<NumberOfgsubremplatesAtNextLowerLevel />
/Common>
Specific>
<Reférence MDM Name domain name="SmartPumpModel” />
<MRBD\Pescription Format format name=”Set of MDD Objects” />
<MPD Description>
<Set Of MDD Objects>
<MDD Name name="DataAcqg” action="Receive”>

<MDD_TInformation_Exchange>

<information in name="flow” value="" />
<information in name="pressure” value="" />
<information in name="temperature” value="" />

</MDD_Information Exchange>
<MDD Constraints>

<Constraint name name="ProcessID” property="”SensorDataAcquisit

</MDD_Constraints>
<MDD Resources>
<Resource name name="ControlLogix01” />
</MDD_Resources>
</MDD_Name>
<MDD Name name="CavInfoRequestEx” action="Send”>
<MDD Information Exchange>
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<information out name=”CavInfoRequest” value="" />

</MDD_Information Exchange>

<MDD_Constraints>

</MDD Constraints>

<MDD_Resources>
<Resource name name="ControlLogix01” />

</MDD_Resources>

</MDD_Name>
</Set Of MDD Objects>
</MDD_Description>
</Specific>
</CapabilityProfile>

</ apabitityRretiting

C.2 Smart pump diagnostics capability profile

—

Thee following XML example represents the capability profile of the pump diagnostics\application.

<?yxml version="1.0" encoding="utf-877?7>
<C@pabilityProfiling xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-ingtance” xsi:noNgmespaceS
ch¢malocation="C:\ISO\SmartPump\SmartPumpDiag.xsd”>
<Template id="SmartPumpDiag PLC2 MSU2” name="SmartPumpDiagnose” />
<Type id="MSU profile” />
<CapabilityProfile date="”2012-12-30">
<Pkgtype version="1.0.0" />
<Common>
<MSU_ Capability>
<ID>SmartPumpDiagnoseMSU2</ID>
</MSU_Capability>
<ReferenceCapabilityClassStructure id=!“SP MSU2"/>
<Capability Class Name name="SmartPumpbDiagnose” />
<Reference Capability Class_ Strucki@e Name name="SmartPump Diag” />
<Version major="1"” minor="1" />
<Owner>
</Owner>
<ComputingFacilities>
<Processor type="logik” />
<OperatingSystem type="AB” />
<Language name="EN"" />
<Memory size="82{>unit="MB” />
<DiskSpace size="20"” unit="GB” />
</ComputingFacilities>
<ReferenceDigtionaryName />
<NumberOfPnofitéAttributes />
<NumberOfMethods />
<Number@®fRésources />
<NumbexOfConstraints />
<NwmberOfExtensions />
<NumperOfLowerLevels />
<NumberOfSubtemplatesAtNextLowerLevel />
< LCommon>
<3pécific>
<Reference MDM Name domain name="SmartPumpModel” />
<MDD Description Format format name=”Set Of MDD Objects” />
<MDD Description>
<Set Of MDD Objects>
<MDD Name name="CavInfoRequestEx” action="Receive”>
<MDD Information Exchange>
<information in name="CavInfoRequest” value="" />
</MDD Information Exchange>
<MDD_Constraints>
</MDD Constraints>
<MDD Resources>
<Resource name name="ControlLogix02” />
</MDD Resources>
</MDD_ Name>
<MDD_ Name name="Diagnostics” action="Send”>
<MDD_Information Exchange>
</MDD_Information Exchange>
<MDD Constraints>
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<Constraint name name="ProcessID” property="CurrentHealthEvalu
ation” />
</MDD_Constraints>
<MDD Resources>
<Resource name name="ControlLogix02” />
</MDD_Resources>
</MDD_Name>
<MDD Name name="CavInfoResponseEx” action="Send”>
<MDD Information Exchange>
<information out name=”CavInfoResponse” value="" />
</MDD_Information Exchange>
<MDD Constraints>

MDD O . 4
T FSecFoTir

.

<MDD_§esources>
<Resource name name="ControlLogix02” />
</MDD_Resources>
</MDD_Name>
</Set_Of MDD Objects>
</MDD_Description>
/Specific>
</CagabilityProfile>
</CapabilityProfiling>

C.3 Smfrt pump control capability profile

The folloying XML example represents the capability profile of the pump.¢ontrol application.

<?xml vepysion="1.0" encoding="utf-8"72>
<CapabilityProfiling xmlns:xsi="http://www.w3.0rg/2001/XMLSEhema-instance” xsi:noNamespadeS
chemaLocdtion="C:\ISO\SmartPump\SmartPumpControl.xsd”>
<Temglate id="SmartPumpControl PLC1l MSU3” name="SmaxtPumpControl” />
<Typd id="MSU profile” />
<CapdbilityProfile date="2012-12-30">
Pkgtype version="1.0.0" />
Common>
<MSU Capability>
<ID>SmartPmupControlMSU3</LD>
</MSU_Capability>
<ReferenceCapabilityClassStducture id=”SP_MSU3” />
<Capability Class Name ndme="”SmartPumpControl” />
<Reference Capability Class Structure Name name="SmartPump Control” />
<Version major="1" minor="1" />
<Owner>
</Owner>
<ComputingFaciliti€s>
<Processor ‘type="logix” />
<OperatingSystem type="AB” />
<Language name="EN” />
<Memohy size="32" unit="MB” />
<Dié.skSpace size="20" unit="GB” />
</ComiputingFacilities>
<Refe¥enceDictionaryName />
<NumberOfProfileAttributes />
NumberOfMethods />
<NumberOfResources />
<NumberOfConstraints />
<NumberOfExtensions />
<NumberOfLowerLevels />
<NumberOfSubtemplatesAtNextLowerLevel />
</Common>
<Specific>
<Reference MDM Name domain name="SmartPumpModel” />
<MDD Description Format format name=”Set Of MDD Objects” />
<MDD_ Description>
<Set Of MDD Objects>
<MDD Name name="CavInfoResponseEx” action="Receive”>
<MDD_Information_Exchange>
<information in name="CavInfoResponse” value="" />
</MDD_Information Exchange>
<MDD Constraints>
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